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Module Aims, Learning Outcomes and Indicative Contents 

 أهداف المادة الدراسية ونتائج التعلم والمحتويات الإرشادية

 Module Aims 

 أهداف المادة الدراسية

 

To introduce the basic principles of chemical engineering separation processes and mass 
transfer and then proceed to study the diffusion of components and also design and 
operation of separation processes units operation such as distillation, gas-liquid 
absorption, and stripping, adsorption, liquid-liquid extraction. 

Module Learning 

Outcomes 

 

مخرجات التعلم للمادة  

 الدراسية 

1. Explain The term diffusion (mass transfer), the physical phenomena, theoretical 
concepts, and design aspects of mass transfer in separation processes, including 
distillation, gas-liquid absorption, gas-solid adsorption, liquid-liquid extraction. 
 
2. Analyse the important separation processes of distillation, gas absorption, 
adsorption, liquid-liquid extraction and carry out design calculations appropriately 
of the above processes. 
 
3. Apply simplifying assumptions to complex problems in order to gain useful 
design information individually and in a team 
 
4. Communicate (written and verbal) outcome of practical work. 

Indicative Contents 

 المحتويات الإرشادية

Introduction  
The term diffusion (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. Diffusion 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).  

 

Distillation (binary and multi-component). Calculation of number of plates, 

column height and diameter, heat transfer in condenser and reboiler. 

Crystallisation; application, theory, basic principles, super-saturation effects. 

Gas absorption including application, different types of equipment in industry, 

process design of a column to find the height and diameter of the column, 

required solvent flow rate. The concepts and procedure for their calculation of 

the number of theoretical stages, height of theoretical stages, number of 

theoretical and height of theoretical units will be explained. 
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In absorption (also called gas absorption, gas scrubbing, and gas washing), a gas 

mixture is contacted with a liquid (the absorbent or solvent) to selectively dissolve 

one or more components by mass transfer from the gas to the liquid. The 

components transferred to the liquid are referred to as solute or absorbate. 

Adsorption is a mass transfer process that is a phenomenon of sorption of gases 

or solutes by solid or liquid surfaces. The adsorption on the solid surface is that 

the molecules or atoms on the solid surface have residual surface energy due to 

unbalanced forces. 

 

Liquid-solvent extraction when the phases are immiscible, including application, 

different types of equipment in industry, solvent selection, process design of a 

column to find the height and the diameter of the column and the required solvent 

flow rate. The concepts and procedure for their calculation of number of 

theoretical stages, height of theoretical stages, number of theoretical and height 

of theoretical units will be explained. Liquid-solvent extraction when the phases 

are miscible, including application, different types of equipment in industry, 

solvent selection, process design of counter-current and cross flow stage wise 

operations to find the number of stages to meet operation constraints. 

 

Learning and Teaching Strategies 

 استراتيجيات التعلم والتعليم

Strategies 

 
Learning outcomes will be achieved through interactive lectures, tutorials and 
laboratory sessions. The lectures will be organized so that the students participate 
by organizing them in groups in the class and assigning to them points of 
discussion throughout the lecture. The tutorials will be organized so that the 
students work in groups discussing the problem at hands and its solution. Each 
group will be asked to raise and share questions with the rest of the class. All 
lecture notes and tutorial questions and their solutions will be posted on the VLE. 
The laboratory sessions will be conducted with students working in groups. 
During the sessions, the students will be challenged to explain the objectives of 
the experiments, the operation of the experiment, health safety precautions and 
error analysis of the data collected and present them in their report. The Learning 
outcomes covered by the examinations include an understanding of the 
fundamental principles of mass transfer operations and application of these 
principles to the design of operations such as distillation, gas absorption, liquid-
liquid extraction and crystallisation. 
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The assessment will be by formal examination (70%) and course work (30%). 
The formal exam, worth 70%, is of 2.0hr duration and taken at the end of 
semester 2. Formative assessment will take the form of frequent class tests on 
the unit operations of Distillation, Gas Absorption and Solvent Extraction. The 
coursework consists of a critical report of the group laboratory experiments on 
Distillation and Gas Absorption. It will include in it design and operation 
elements as well critical evaluation of the data collected. The coursework is 
worth 30% and students will have two weeks to 
complete it. Summative peer evaluation will be taken into account when 
calculating the individual mark for the coursework. 

 

 

 

Student Workload (SWL) 

 اسبوعا ١٥الحمل الدراسي للطالب محسوب لـ 

Structured SWL (h/sem) 

 الحمل الدراسي المنتظم للطالب خلال الفصل 
112 

Structured SWL (h/w) 

 الحمل الدراسي المنتظم للطالب أسبوعيا 
7 

Unstructured SWL (h/sem) 

 الحمل الدراسي غير المنتظم للطالب خلال الفصل 
88 

Unstructured SWL (h/w) 

 الحمل الدراسي غير المنتظم للطالب أسبوعيا 
6 

Total SWL (h/sem) 

الفصل الحمل الدراسي الكلي للطالب خلال   
200 

 

 

Module Evaluation 

 تقييم المادة الدراسية 
 

As 

Time/Nu

mber 
Weight (Marks) Week Due 

Relevant Learning 

Outcome 

Formative 

assessment 

Quizzes 2 10% (10) 5, 10 LO #1, 2, 10 and 11 

Assignments 2 10% (10) 2, 12 LO # 3, 4, 6 and 7 

Homework. 1 10% (10) Continuous All 

Report 1 10% (10) 13 LO # 5, 8 and 10 

Summative 

assessment 

Midterm Exam 2 hr 10% (10) 7 LO # 1-7 

Final Exam 3hr 50% (50) 16 All 

Total assessment 100% (100 Marks)   

 

 

 



5 
 

Delivery Plan (Weekly Syllabus) 

 النظري المنهاج الاسبوعي 

Week   Material Covered 

Week 1 Diffusion , flick's law, modes of diffusion  
 

Week 2 Diffusivity coefficient in liquid and gas 

Week 3 Absorption, equilibrium of gas and liquid   
 

Week 4 Packed tower 
 

Week 5 Tray tower 
 

Week 6 Calculation of tower diameter, stripping 

Week 7 Extraction, differential type 
 

Week 8 Completely immiscible 
  

 

Week 9 Party miscible 

Week 10 Distillation , vapor-liquid equilibrium 

Week 11 Continuous distillation 

Week 12 flash distillation 

Week 13 adsorption 

Week 14 Physical adsorption and Chemisorption. 

Week 15 Exam 

 

Delivery Plan (Weekly Lab. Syllabus) 

 المنهاج الاسبوعي للمختبر 

Week   Material Covered 

Week 1 Lab 1: To determine the Liquid phase mass transfer coefficient in a wetted wall column. 

Week 2 Lab 2: To determine the diffusion coefficient of an organic vapour i.e. CCl4 in Air. 

Week 3 Lab 3: To study the effect of temperature on the diffusion co-efficient. 

Week 4 Lab 4: To determine the Vapour-Liquid Equilibrium (VLE) curve for the CCl4 toluene 
mixture(Computerized). 

Week 5 
Lab 5: Continuous Distillation Column 

Week 6 Lab 6: Liquid-liquid extraction in packed bed column. 
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Week 7 Lab 7: Simple batch distillation 

Week 8 Lab 8: Absorption in Packed Column with Mass Transfer. 

 

 

Learning and Teaching Resources 

 مصادر التعلم والتدريس 

 Text 
Available in the 

Library? 

Required Texts 

1. Treybal R.E., Mass Transfer Operations, McGraw Hill  
2. McCabe W.L., Smith J.C. & Harriott P., Unit Operations 
in Chemical Engineering,  
McGraw Hill.  
 

Yes 

Recommended Texts 

3. Seader J.D.& Henley E.J., Separation Process Principles.  
4. Rousseau R.W., Handbook of Separation Process 
Technology, John Wiley  
5. Foust A.S. et al, Principles of Unit Operations, John Wiley 

No 

Websites https://www.usb.ac.ir/FileStaff/6885_2019-4-27-19-27-38.pdf 

   

 

 

                     Grading Scheme 
 مخطط الدرجات 

Group Grade التقدير Marks (%) Definition 

Success Group 
(50 - 100) 

A - Excellent 100 - 90 امتياز Outstanding Performance 

B - Very Good   89 - 80 جيد جدا Above average with some errors 

C - Good 79 - 70 جيد Sound work with notable errors 

D - Satisfactory  69 - 60 متوسط Fair but with major shortcomings 

E - Sufficient   59 - 50 مقبول Work meets minimum criteria 

Fail Group 
(0 – 49) 

FX – Fail   )(49-45) راسب )قيد المعالجة More work required but credit awarded 

F – Fail   (44-0) راسب Considerable amount of work required 

     
 

Note: Marks Decimal places above or below 0.5 will be rounded to the higher or lower full mark (for example a mark 
of 54.5 will be rounded to 55, whereas a mark of 54.4 will be rounded to 54. The University has a policy NOT to 
condone "near-pass fails" so the only adjustment to marks awarded by the original marker(s) will be the automatic 
rounding outlined above. 

 



الحقيبة الدراسية

كركوك/الكلية التقنية الهندسية

قسم هندسة تقنيات الوقود والطاقة
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Diffusion
The term diffusion (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. Diffusion 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).
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Diffusion



Diffusion



Diffusion



Diffusion



Diffusion

)



Diffusion
Modes of diffusion

There are two modes of diffusion:



Diffusion
1. Stagnant diffusion (Mass transfer through a stationary second component): 

In several important processes, one component in a gaseous mixture will be transported relative 

to a fixed plane, such as a liquid interface, for example, and the other will undergo no net 

movement. In gas absorption a soluble gas A is transferred to the liquid surface where it 

dissolves, whereas the insoluble gas B undergoes no net movement with respect to the interface. 

Similarly, in evaporation from a free surface, the vapour moves away from the surface but the 

air has no net movement. The mass transfer process therefore:



Diffusion
Since stagnant diffusion layer: NB = 0



Diffusion
Example 10.1: Ammonia gas is diffusing at a constant rate through a layer of stagnant air 1 mm thick. Conditions 

are such that the gas contains 50 percent by volume ammonia at one boundary of the stagnant layer. The ammonia 

diffusing to the other boundary is quickly absorbed and the concentration is negligible at that plane. The 

temperature is 295 K and the pressure atmospheric, and under these conditions the diffusivity of ammonia in air is 

0.18 cm2/s. Estimate the rate of diffusion of ammonia through the layer.

 

Solution: 

If the subscripts 1 and 2 refer to the two sides of the stagnant layer and the subscripts A and B refer to ammonia 

and air respectively, then the rate of diffusion through a stagnant layer is given by:



Diffusion
where:



Diffusion
2. Counter diffusion: 

i. Equimolecular counter diffusion: 

When the mass transfer rates of the two components are equal and opposite the process is said to be one 

of equimolecular counter diffusion. Such a process occurs in the case of the box with a movable 

partition. It occurs also in a distillation column when the molar latent heats of the two components are 

the same (λA = λB). At any point in the column a falling stream of liquid is brought into contact with a 

rising stream of vapour with which it is not in equilibrium. The less volatile component is transferred 

from the vapour to the liquid and the more volatile component is transferred in the opposite direction. If 

the molar latent heats of the components are equal, the condensation of a given amount of less volatile 

component releases exactly the amount of latent heat required to volatilize the same molar quantity of 

the more volatile component. Thus, at the interface, and consequently throughout the liquid and vapour 

phases, equimolecular counter diffusion is taking place (NB =  ̶  NA). 



Diffusion

Since equimolecular counter diffusion: NB =   ̶ NA



Diffusion
Drift Factor: 

 For stagnant diffusion:

From Dalton's Law of partial pressures: PT= PA+ PB 

By definition, PBm, the logarithmic mean of PB1 and PB2, is given by:



Diffusion

* Thus, the bulk flow enhances the mass transfer rate by a factor 
𝐏𝐓

𝐏𝐁𝐦
, known as the drift factor. 

 



Diffusion
Example: In an air-carbon dioxide mixture at 298 K and 202.6 kPa, the concentration of CO2 at two planes (3 

mm) apart are 15 vol.% and 25 vol.%. The diffusivity of CO2 in air at 298 K and 202.6 kPa is 8.2*10-6 m2/s. 

Calculate the rate of transfer of CO2 across the two planes, assuming: 

a. Equimolecular counter diffusion. 

b. Diffusion of CO2 through a stagnant air layer.

Solution: 

𝑷𝑨𝟏 = 𝒚𝑨𝟏 . 𝑷𝑻= (0.25) (202.6) =50.65 kPa

𝑷𝑨𝟐 = 𝒚𝟐. 𝑷𝑻 = (0.15) (202.6) =30.39 kPa 



Diffusion
a. Equimolecular counter diffusion. 



Diffusion
ii. Unequimolecular counter diffusion: 

When the mass transfer rates of the two components are unequal and opposite, the process is said to be the unequimolecular 

diffusion, such a process occurs in a chemical reaction.

Since unequimolecular counter diffusion:          NB =  ̶  n NA



Diffusion

Example: Species A in a gaseous mixture diffuses through a (3 mm) thick film 

and reaches a catalyst surface where the reaction A → 3B takes place. If the 

partial pressure of A in the bulk of the gas is 8.5 kN/m2 and the diffusivity of A is 

2*10-5 m2/s. Find the mole flux of A, given the pressure and temperature of the 

system are 101.3 kPa and 297 K, respectively.



Diffusion
Solution:



Diffusion
Maxwell's Law for multicomponent mass transfer 

This argument can be applied to the diffusion of a constituent of a multicomponent gas. Considering the transfer of component, 

A through a stationary gas consisting of components B, C, D, ... etc, if the total partial pressure gradient can be regarded as 

being made up of a series of terms each representing the contribution of the individual component gases. The mass transfer rate 

can be calculated from the previous equations using the effective diffusivity of A in the mixture (DAm).

Calculation of the effective diffusivity of (A) in the mixture (DAm): 

Let A be the diffusing species through stagnant mixture of B, C, D ….. etc. 

where: DAm is the effective diffusivity of A in the mixture. 

Since stagnant diffusion layer of the mixture: NB = NC = ND = 0    

𝐍𝐀= − 𝐃𝐀𝐦 𝐂𝐓
𝐝𝐗𝐀

𝐝𝐳
  + 𝐗𝐀(𝐍𝐀)          …………………………. (2)



Diffusion

Now consider binary system for diffusion of A in B.

𝐍A = −DABCT
𝐝𝐗A
𝐝𝐳

+ XA NA + 𝐍B

Since stagnant diffusion layer: NB = 0

𝐍𝐀 = −𝐃𝐀𝐁𝐂𝐓
𝐝𝐗𝐀
𝐝𝐳

+ 𝐗𝐀 𝐍𝐀

𝐍𝐀 𝟏 − 𝐗𝐀 = −𝐃𝐀𝐁𝐂𝐓
𝐝𝐗𝐀
𝐝𝐳

𝐍𝐀
𝐂𝐓

𝟏 − 𝐗𝐀
𝐃𝐀𝐁

= −
𝐝𝐗𝐀
𝐝𝐳

𝐍𝐀

𝐂𝐓

𝐗𝐁

𝐃𝐀𝐁
=

𝐝𝐗𝐁

𝐝𝐳
 ……………………(4)
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Diffusion
Similarly for diffusion of A in D.

𝐍A = −𝐃AD𝐂T
𝐝𝐗A
𝐝𝐳

+ 𝐗A 𝐍A + 𝐍𝐃

Since stagnant diffusion layer: ND = 0



Diffusion

 For dilute mixture (low concentration of A), XA → 0



Diffusion
Example: Nitrogen is diffusing under steady condition through a mixture of 2% N2, 20% C2H6, 30% C2H4 and 48% C4H10 at 

298 K and 100 kPa. The partial pressure of nitrogen at two planes (1mm) apart are 13.3 & 6.67 kPa, respectively. Calculate the 

rate of N2 across the two planes. The diffusivity of N2 through C4H10, C2H6 and C2H4 may be taken as 9.6*10-6 m2/s , 14.8*10-6 

m2/s and 16.3*10-6 m2/s, respectively. 

Solution:

Since stagnant diffusion:
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Diffusion



Diffusion



Diffusion
In partial pressure form:

Example: A sphere of naphthalene having a radius of 2 mm is suspended in a large volume of still air at 318 K 

and 101.3 kPa. The surface temperature of naphthalene can be assumed to be 318 K and its vapour pressure at 

this temperature is 0.555 mmHg. The diffusivity of naphthalene in air at 318 K is 6.92 * 10-6 m2/s. Calculate the 

rate of naphthalene evaporation from surface. 

Solution: 

The sphere is suspended in a large volume of still air means:
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Diffusion



Diffusion
For the mass transfer from surface (A=4π 𝑟0

2):



Diffusion

Example: Calculate the rate of burning of carbon particle 2.56 cm radius in an atmosphere of pure oxygen at 1000 K and 1 atm. 

Assuming a very large blanking layer of CO2 has formed a round the particle. At the carbon surface PCO2=1 atm and PO2=0. 

At very large radius PCO2=0 and PO2=1 atm. Given the diffusivity of oxygen in carbon dioxide = 1.032 cm2/s. 

Solution:

 

The diffusion is equimolecular counter diffusion:
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Diffusion

equations
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Diffusion



Diffusion
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Distillation
The separation of liquid mixtures into their various components is one of the major operations

in the process industries, and distillation, the most widely used method of achieving this end, is

the key operation in any oil refinery. In processing, the demand for purer products, coupled with

the need for greater efficiency, has promoted continued research into the techniques of

distillation. In engineering terms, distillation columns have to be designed with a larger range in

capacity than any other types of processing equipment, with single columns 0.3–10 m in

diameter and 3–75 m in height.

Distillation: is the separation of liquid mixture by partial evaporation. The essential

requirement is to have a vapor composition different from liquid.



Distillation
Vapour–Liquid Equilibrium 

Vapour–Liquid Equilibrium 

The composition of the vapour in equilibrium with a liquid of given composition is determined

experimentally using an equilibrium still. The results are conveniently shown on a temperature–

composition diagram as shown in Figure below.



Distillation



Distillation
In the normal case shown in Figure (a), the curve ABC shows the composition of the liquid

which boils at any given temperature, and the curve ADE the corresponding composition of the

vapour at that temperature. Thus, a liquid of composition x1 will boil at temperature T1, and the

vapour in equilibrium is indicated by point D of composition y1. It is seen that for any liquid

composition x the vapour formed will be richer in the more volatile component, where x is the

mole fraction of the more volatile component in the liquid, and y in the vapour. Examples of

mixtures giving this type of curve are benzene–toluene and n-heptane–toluene.
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Distillation
In Figures (b) and (c), there is a critical composition xg where the vapour has the same

composition as the liquid, so that no change occurs on boiling. Such critical mixtures are called

azeotropes. For compositions other than xg, the vapour formed has a different composition

from that of the liquid. It is important to note that these diagrams are for constant pressure

conditions, and that the composition of the vapour in equilibrium with a given liquid will

change with pressure.



Distillation
For distillation purposes it is more convenient to plot y against x at a constant pressure, since

the majority of industrial distillations take place at substantially constant pressure.



Distillation
The vapour-liquid equilibrium data is calculated from: 

1. Raoult's and Dalton's law for ideal system: 

For an ideal mixture, the partial pressure is related to the concentration in the liquid 

phase by Raoult’s law which may be written as: 

Where: 
PA: is the partial pressure of component A. 
PAo: is the vapour pressure of component A. 
PB: is the partial pressure of component B. 
PBo: is the vapour pressure of component B. 
xA: is the mole fraction of component A in liquid phase. 
This relation (Raoult’s law ) is usually found to be true only for high values of xA, or correspondingly low values of xB, 
although mixtures of organic isomers and some hydrocarbons follow the law closely. 
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Distillation

2. Relative volatility (α):

The relationship between the composition of the vapour yA and of the liquid XA in equilibrium 
may also be expressed in a way, which is particularly useful in distillation calculations: 
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a.
b.
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Distillation
2. Flash or equilibrium distillation: 
Flash or equilibrium distillation, frequently carried out as a continuous process, consists of vaporizing a definite fraction of 
the liquid feed in such a way that the vapour evolved is in equilibrium with the residual liquid. The feed is usually pumped 
through a fired heater and enters the still through a valve where the pressure is reduced. The still is essentially a separator in 
which the liquid and vapour produced by the reduction in pressure have sufficient time to reach equilibrium. The vapour is 
removed from the top of the separator and is then usually condensed, while the liquid leaves from the bottom. 



Distillation

The values of xA and yA required must satisfy, not only the equation, but also the appropriate equilibrium 

data. Thus these values may be determined depends on the equilibrium relationship: 

First, plot the equilibrium data (x, y), then assume the value of xA and find the value of yA from the equilibrium plot. 

Substitute the assumed value of xA and the calculated value of yA in Eq.(2). If the right side of Eq.(2) equal to the left side then 

the assumed xA and the calculated yA represents the mole fraction of more volatile component in liquid and vapour phase, 
respectively. If not, repeat the assumption. 
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Distillation
Example (2): A liquid mixture containing 40 mol% of n-heptane and 60 mol% of n-octane is to be continuously flash vaporized 

at 1 atm. The product vapour is 70% of the feed. What will be the composition of the vapour and liquid. Given 𝛂𝐀𝐁=2.16. 
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3. Continuous (Rectification) distillation: 

Fig: Continuous fractionating column with rectifying and stripping sections 



Distillation

Fig: Continuous fractionating column with rectifying and stripping sections 



Distillation
We must know some main points in this tower (fractionating tower): 

1. The temperature various along the tower (Tw > Tf > Tt). 

2. The feed differs from each process were it could be: 

a. Cold liquid (subcooled). 

b. Liquid at boiling point (saturated liquid). 

c. Vapour at boiling point (saturated vapour). 

d. Partially vaporized. 

e. Supper heated vapour. 

3. Whenever we increase LR the tower height will decrease. 

4. We have a reflux ratio of: R=LRD 

5. Whenever we find a process with a reboiler means that the tower used is a distillation tower. 

6. The feed is pumped from anywhere: 

a. Form up or middle or bottom of the tower. 

b. From reboiler. 



Distillation
If the xf is small, the feed is pumped from the bottom tower. 

If the xf is large, the feed is pumped from the top tower. 

 When the feed pumped from the reboiler, all the tower is rectifying tower. 

 When the feed pumped from the top, all the tower is stripping tower. 

7. Reboiler is a single mass transfer stages with 100% efficiency. 

No. of stages = No. of plates + 1 

Continuous distillation can be divided depends on the number of components in 

the feed stream into: 

1. Binary mixture. 

2. Multi-component mixtures. 



Distillation

The most common things needs to be calculated in the distillation column tower are: 

1. Actual and minimum number of plates. 

2. Reflux ratio and minimum reflux ratio. 

3. The heat added in the boiler (Qr). 

4. The heat removed in the condenser (Qc). 



Distillation
The McCabe-Thiele Method 

The simplifying assumption for the McCabe-Thiele method is that : 

latent heat of vaporization of component A ≠ latent heat of vaporization of component B 

i. Rectifying section operating line equation: 

Overall material balance between plate (n) 

and the top product indicated by the loop I: 

Since the molar liquid and vapour overflow is constant: 
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Where: λ is the molar latent heat of the vapour. 



Distillation

A material balance of the more volatile component over the whole column 

gives: F 𝑥𝑓=D 𝑥𝑑 +W 𝑥𝑤 



Distillation

From the definition of q, it follows that the slope of the q-line is governed by the nature of the feed as follows: 
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Effect of the condition of the feed on the intersection of the operating lines for a fixed reflux ratio. 
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Here: The number of plates (from this figure) will equal (N = ∞) because the triangles will reach point E, and will not 
come out of that point. 



Distillation
There are two methods to estimate (Rmin): 
1. Calculation of (Rmin) by graphical method. 

(Rmin) is obtained when the top operating line (Rectifying line) intersects the equilibrium curve at the feed point. 
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Minimum number of stages (Nmin) 

1. Calculation of (Nmin) by graphical method. 

If no product is withdrawn from the still, that is D = 0, then the column is said to 

operate under conditions of total reflux and the top operating line has its 

maximum slope of unity, and coincides with the line x = y. If the reflux ratio is 

reduced, the slope of the operating line is reduced and more stages are required 

to pass. 



Distillation



Distillation

Efficiency of Column 



Distillation
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Distillation
The Lewis–Sorel method 

This method is used to calculate the mole fraction of components on the plates and 

the number of plates by stage to stage calculations for binary mixture with one 

feed only. There are two types of calculations: 

1. Calculations from top to bottom section: 
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The area under the curve = 96 kmol
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Absorption of Gases 
((Gas – Liquid Separation)) 

Presenter by:

Dr. Mohammed Qader



Absorption
Absorption of Gases:- In absorption (also called gas

absorption, gas scrubbing, and gas washing), a gas mixture is

contacted with a liquid (the absorbent or solvent) to

selectively dissolve one or more components by mass

transfer from the gas to the liquid. The components

transferred to the liquid are referred to as solute or absorbate.



Absorption
Absorption is used to separate gas mixture; remove impurities,

contaminants, pollutants, or catalyst poisons from gas; or recovery

valuable chemicals. Thus, the species of interest in the gas mixture

may be all components, only the component(s) not transferred, or

only the component(s) transferred. The opposite of absorption is

stripping (also called desorption), wherein a liquid mixture is

contacted with gas to selectively remove components by mass

transfer from the liquid to the gas phase.



Absorption
There are two types of absorption processes:

1. Physical process (e.g. absorption of acetone from acetone – air mixture by water).

2. Chemical process, sometimes called chemi-sorption (e.g. absorption of nitrogen oxides by

water to produce nitric acid.

Equipment:

Absorption and stripping are conducted in tray towers (plate column), packed column, spray

tower, bubble column, and centrifugal contactors. The first two types of these equipment will

be considered in our course for this year.
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1. Tray tower:

A tray tower is a vertical, cylindrical pressure vessel in which gas and liquid,

which flow counter currently, are contacted on a series of metal trays or plates.

Liquid flows across any tray over an outlet weir, and into a down comer, which

takes the liquid by gravity to the tray below. The gas flows upward through

opening in each tray, bubbling through the liquid on the other tray. A schematic

diagram for the flow patterns inside the tray column is shown below.
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Figure : Typical cross-flow plate (sieve) 
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2. Packed tower:

The packed column is a vertical, cylindrical pressure vessel containing one or more

section of packing material over who's the liquid flows down wards by gravity as a film

or as droplets between packing elements. Gas flows upwards through the wetted packing

contacting the liquid. The sections of packing are contained between a lower gas –

injection support plate, which holds the packing, and an upper grid or mish hold – down

plate, which prevent packing movement. A liquid distributor, placed above the hold –

down plate, ensures uniform distribution of liquid as it enters the packing section.
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Figure: Types of packing (a) Raschig rings (b) Pall rings (c) Berl saddle ceramic 
(d) Intalox saddle ceramic (e) Metal Hypac ( f ) Ceramic, super Intalox. Figure: Packing absorber column. 
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General Design Consideration:

Design or analysis of an absorber (or stripper) requires consideration of a number of factors, including:

1. Entering gas (liquid) flow rate, composition, temperature, and pressure.

2. Design degree of recovery (R) of one or more solutes.

3. Choice absorbent (solvent) agent.

4. Operating pressure and temperature and allowable pressure drop.

5. Minimum absorbent (solvent) agent flow rate and actual solvent flow rate as a multiple of the minimum rate needed to make
the separation.

6. Number of equilibrium stages.

7. Heat effects and need for cooling (heating).

8. Type of absorber (stripper) equipment.

9. Height of absorber (stripper) column.

10. Diameter of absorber (stripper) column.
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The ideal absorbent (solvent) should have:

a. High solubility for the solute(s) to minimize the need for absorbent (solvent).

b. A low volatility to reduce the loss of absorbent (solvent) and facilitate separation of absorbent
(solvent) from solute(s).

c. Be stable to maximize absorbent (solvent) life and reduce absorbent makeup requirement.

d. Be non – corrosive to permit use of common material of construction.

e. Have a low viscosity to provide low pressure drop and high mass and heat transfer rates.

f. Be non – foaming when contacted with gas so as to make it unnecessary.

g. Be non – toxic and non – flammable to facilitate its safe use.

h. Be available, if possible.

The most widely absorbent (solvent) used are water, hydrocarbon oils, and aqueous solutions of acids
and bases. While the most common stripping agents used are water vapor, air, inert gases, and
hydrocarbon gases.
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1. Packed tower:

Absorption and stripping are frequently conducted in packed columns, particularly when:

(1) the required column diameter is less than 0.6 m.

(2) the pressure drop must be low, as for a vacuum service.

(3) corrosion consideration favor the use of ceramic or polymeric material.

(4) low liquid holdup is desirable.

The gas liquid contact in a packed bed column is continuous, not stage-wise, as in a plate column. The liquid

flows down the column over the packing surface and the gas or vapour, counter-currently, up the column. In

some gas-absorption columns co-current flow is used. The performance of a packed column is very dependent

on the maintenance of good liquid and gas distribution throughout the packed bed, and this is an important

consideration in packed-column design.
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Example (1):

Ammonia is to be removed from a 10 percent ammonia–air mixture

by countercurrent scrubbing with water in a packed tower at 293 K so

that 99 percent of the ammonia is removed when working at a total

pressure of 101.3 kN/𝑚2. If the gas rate is 0.95 kg/𝑚2.s of tower

cross-section and the liquid rate is 0.65 kg/𝑚2. s, find the necessary

height of the tower if the absorption coefficient KoG.a = 0.0008

kmol/ 𝑚3.s. kPa., The equilibrium data are: 𝑌∗=0.8 X .
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Since the equilibrium is linear: 

NOG =
1

(1−ϕ)
ln[ (1 − ϕ)

𝑌1

𝑌2
+ 𝛟]

NOG =
1

(1−0.68)
ln[ (1 − 0.68)

0.11

0.001
+ 0.68] = 11.19
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The exit solvent concentration from the absorber (𝑋1) is calculated from the equilibrium relationship as below:
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Overall solute material balance on the absorber column:
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NOG =

1

(1−ϕ)
ln[ (1 − ϕ)

𝑌1

𝑌2
+ 𝛟]

NOG =
1

(1−0.577)
ln[ (1 − 0.577)

𝑌1

0.01 𝑌1
+ 0.577] = 8.8
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2. Tray or plate tower:

The plate column is a common type of absorption equipment for large installations.

Bubble-cap columns or sieve trays are sometimes used for gas absorption,

particularly when the load is more than can be handled in a packed tower of about 1

m diameter and when there is any probability of deposition of solids which would

quickly choke a packing. Plate towers are particularly useful when the liquid rate is

sufficient to flood a packed tower. Phase equilibrium is assumed to be achieved at

each tray between the vapor and liquid streams leaving the tray. That is, each tray is

treated as equilibrium stage. Assume that the only component transferred from one

phase to the other is solute A.
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To find the total number of trays, we substitute (n) by (N) to get:
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2. Plate efficiency (Em):

The proportion of liquid and vapour, and the physical properties of the mixtures on the trays, will vary up the column, and

conditions on individual trays must be examined, as suggested by Murphree (1925). For a single ideal tray, the vapour leaving

is in equilibrium with the liquid leaving, and the ratio of the actual change in composition achieved to that which would occur

if equilibrium between Yn and Xn were attained is known as the Murphree plate efficiency (Em). The plate efficiency can

be expressed in terms of gas and liquid as given below:
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Calculation of the Height Equivalent of a Theoretical Plate (HETP):

The height of a theoretical plate (HETP), also called the height of an equivalent equilibrium stage, is the height of

packing that will give the same separation as an equilibrium stage. The relationship between transfer units (HOG)

and the height of an equivalent theoretical plate (HETP) is given by:
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Absorption
Example (1): Calculate the height of plate column with tray spacing of 0.51 m and plate
efficiency based on gas phase 40% to reduce the concentration of NH3 from 5.5 mol% to 0.1
mol% in an NH3-Air mixture using fresh water. The gas and liquid flow rates are 300 and 400
Kg/ m2.hr, respectively, and the equilibrium relationship is such that the vapor pressure of NH3

over the liquid is negligible.
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