
Jawaharlal Nehru Engineering College 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Laboratory Manual 

 
MASS TRANSFER OPERATIONS-II 

 
For 

Third Year Students Chemical Engineering 

 
 
 
 
 
 
 
 
 
 
 
 

 
16, Dec 2003 – Rev 00 – Chem Engg. – ISO 9000 Tech Document 

 
 

© Author JNEC, Aurangabad 



Vision of Chemical Engineering Department 
 

To create competent technocrats in Chemical Engineering field with human values 
 

Mission of Chemical Engineering Department 

M1)  Developing competence in Chemical Engineering students through quality education. 

M2)  Imparting industrial and environmental safety systems to the students through teaching-learning process. 

M3)  Preparing Chemical Engineering graduates with human values. 
 

Program Educational Objectives (PEOs) 

PEO1)   SCOPE: Pursue career as chemical engineer in various fields. 

PEO2)  HIGHER STUDIES: Pursue higher studies in different specialization. 

PEO3)  ENTREPRENEUR: Be ready to take on entrepreneurial role to cater the need of industry, business and society. 

PEO4)  AWARENESS: Be dealing with design and implementation of industrial and environmental issues/studies. 

PEO5)  PROFESSIONALISM: Understand the importance of lifelong learning, professionalism and social 
responsibilities. 
 

Program Specific Outcomes (PSOs) 

PSO1)  Ability to design safe processes and practices in Chemical industry 

PSO2) Ability to analyze and evaluate chemical engineering unit operations and unit processes for its smooth operation 
and up-gradation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



FORWARD 
 
 
 
 
 
 
 

 
It is my great pleasure to present this laboratory manual for Third year 
engineering students for the subject of Mass Transfer Operation keeping in view 
the vast coverage required for visualization of concepts of Mass Transfer 
Operation with simple language. 
As a student, many of you may be wondering with some of the questions in 
y o u r  mind regarding the subject and exactly what has been tried is to answer 
through this manual. As you may be aware that MGM has already been awarded 
with ISO 9000 certification and it is our endure to technically equip our 
students taking the advantage of the procedural aspects of ISO 9000 
Certification. Faculty members are also advised that covering these aspects in 
initial stage itself, will greatly relived them in future as much of the load will be 
taken care by the enthusiasm energies of the students once they are  
conceptually clear. 

 
 
 
 
 
 
 
 
 
 
 

 
Principal 



 
 
 
 
 
 

 

LABORATORY MANNUAL CONTENTS 
 
 
 
 
 

This manual is intended for the Third year students of Chemical Engineering 
branch in the subject of Mass Transfer Operation. This manual typically 
contains practical/Lab Sessions related Mass Transfer Operation covering 
various aspects related the subject to enhanced understanding. 
We have made the efforts to cover various aspects of the subject covering 
Various Mass transfer operations used in chemical industry will be complete in 
itself to make it meaningful, elaborative understandable concepts and 
conceptual visualization. Students are advised to thoroughly go through this 
manual rather than only topics mentioned in the syllabus as practical aspects 
are the key to understanding and conceptual visualization of theoretical aspects 
covered in the books. 

 
 
 

Good Luck for your Enjoyable Laboratory Sessions 

 
 
 
 
 
 
 
 

S D YADAV of Chemical Engineering Department 



MASS TRANSFER OPERATION – II 
 

SUBJECT INDEX 
Prerequisite 

 

1. Introduction to basic Laboratory Instrument like Refractometer. 
 

2. To prepare Std. solution of liquid and solid chemical. 
 

1. Extraction 
1.1 Experiment on Liquid - Liquid Extraction. 
1.2 Experiment on solid-Liquid Extraction (Leaching). 

 
1.3 Experiment on Liquid- Liquid Extraction column. 

 
1.4 Experiment on Spray Liquid Extraction column. 

 

2. Distillation 
2.1 To verify Rayleigh Equation. 

 
2.2 Experiment on steam distillation. 

 
 

2.3 Distillation with total Reflux and calculate minimum No. of plate 

 
2.4 Distillation with desired reflux and calculate minimum No. of plate using 

 
2.5 Experiment on Height Equivalent to Theoretical Plate. 

 
2.6 Activity co-efficient 

 
2.7 Experiment on Packed bed distillation column. 

 
2.8 To study the vapor liquid equilibrium curve. 

 
2.9 Azeotropic Distillation. 

 
2.10 Extractive Distillation 

 
3. Crystallization 
4. Quiz on the subject 

 
5. Conduction of Viva-Voce Examinations 

 
6. Submission 

 
7. Evaluation and Marking Systems 



DOs and DON’T DOs in Laboratory: 

1. Do not enter the laboratory without wearing apron, preferably use shoes. 

 

2. Safety should be given topmost priority. 

 
3. Follow the instructions given by the teacher. 

 
4. Do not touch any Equipment/Chemicals without prior permission. 

 
5. Check the glassware before getting issued. 

 
6. Handle the chemicals carefully as per instructions. 

 
7. Do not pipette any solution/chemical with mouth. 

 
8. During performance of the practical if any glassware is broken inform immediately. 

 
9. Return the borrowed apparatus after the experiment is over. 

 
10. Observe safety precautions while performing the experiments. 

 
Instruction for Laboratory Teachers:: 

1. Submission related to whatever lab work has been completed should be done during the 

next lab session. 

 
2. The promptness of submission should be encouraged by way of marking and evaluation 

patterns that will benefit the sincere students. 

 
WARMUP EXCERCISES: 

Extraction, Distillation, Fractionation, 
Different Types of distillation, extraction, Adsorption. Different Applications of Mass transfer 
operations in various chemical industries. 



1. Lab Exercises: 

a) Purpose of these exercises is, 

Introduce the students to Extraction (i.e. liquid-liquid extraction & solid – liquid extraction), 

various chemicals required and safety precautions. Applications of Extraction in chemical 

industries. 

 

Exercise No1: (2 Hours) – 1.1 Practical 
 

A] Aim: To prepare the ternary phase diagram for distribution of a given system. 

 

Chemicals required: Acetic Acid, Benzene, and Phenolphthalein indicator, 

NaoH Apparatus: Ten volumetric flasks, four separating Funnel and stand, One 

Burette, Theory: 

Procedure:  1) Prepare four mixtures of different compositions of a given system. Ex. Acetic 

acid, Water, Benzene. 

2) Allow the mixture to settle and separate the layers using separating funnel. 

3) Note down the volume of layer and analyze it by titrating 10 ml with standard 

NaoH solution. 

4) Repeat the experiment with other three mixtures and draw the ternary phase 

Diagram. 

Observation: 

1) 1st sample = 50 ml (W) + 50 ml (B) + 10m1(A) 

2) 2nd sample = 50 ml (W) + 50 ml (B) + 20m1(A) 

3) 3rd sample = 50 ml (W) + 50 ml (B) + 30m1(A) 

4) 4th sample = 50 ml (W) + 50 ml (B) + 40m1(A) 

 

 
Observation Table: 

 

Sr.No. Vol. of 

water 

phase(ml) 

Volume of NaoH 

reqd.(ml) 

Vol. of 

Benzene 

phase (ml) 

Volume of NaoH 

reqd.(ml) 

1     

2     

3     

4     

5     



Equilibrium data for Ternary phase system 

 
Benzene Water Acetic Acid 

2% 70% 28% 

5 55 40 

8 48 44 

13 38 49 

25 25 50 

40 16 44 

45 14 41 

50 12 38 

75 06 19 

 

Calculations: 

Sample No. Water Phase Benzene Phase 

Xww Xaw Xab Xbb 

     

     

     

     

Where 

Xww = Wight fraction of water in water phase 

Xaw = Weight fraction of Acetic acid in water phase 

Xbb = Weight fraction of benzene in benzene phase 

Xab = Weight fraction of acetic acid in benzene phase 

Result: 

Extract weight %  Raffinate weight %  

Acetic Acid Water Acetic Acid Benzene 

    

    

    

    

Conclusion: 

Ternary phase diagram show that acetic acid is more soluble in water than benzene. 



Exercise No1: (2 Hours) – 1.2 Practical 
 

 

A] Aim: To study solid liquid extraction for single stages multiple countercurrent operations. 

 

Chemicals required: Benzoic Acid, NaoH 

Apparatus: One 500 ml Beaker, Remi Motor and stirrer, One Separating Funnel, Ten volumetric 

Flasks, Burette, Measuring cylinder 

Theory: 

 

 
Procedure:  1) Take 200 gm of sand in a beaker and 5 gm of benzoic acid .Add 200 ml of 

Distilled Water and mix for about 10 minutes. 

2) After allowing sufficient settling time. Decant clear solution and note the 

Volume. 

3) Analyze the decanted solution for benzoic acid. 

4) Repeat the procedure by adding same amount of distilled water at each 

Stage until the concentration of acid in decanted solution remains constant. 

Observation: 

1) Initial weight of Benzoic acid = 5 gm 

2) Normality of NaoH = 0.1 N 

 

 
Observation Table: 

 

 
 

Sr. 

No. 

Vol. of solvent 

removed (ml) 

Vol. of NaoH 

required (ml) 

Normality Of solution 

removed (N) 

Conc. Of Solution 

( gm/lit ) 

1     

2     

3     

4     

5     



Calculations: 

No. of stages can be calculated as 

Cn = 1 

(R+1) n 

 

Where 

n = No. of stages. 

Cn = (Final concentration of solute removed) 

 
 

(Initial concentration of solute) 

 

 
R = (Amount of solvent removed) 

 
 

(Amount of solvent retained) 

 

 
 
 

Result: 

 

 
For extraction of Benzoic acid from sand with help of water the no. of stages theoretically is 

  And practically is  - 

 

 
 
 

Conclusion: 



Exercise No1: (2 Hours) – 1.3 Practical 
 

A] Aim: To determine overall height of a transfer unit using liquid - liquid extraction column 

 

Chemicals Required: Benzene-20Lit, Acetic Acid 2 Lit, Sodium Hydroxide – 100 ml 

(For Titration), Phenolphthalein indicator. 

Apparatus: Ten volumetric flasks and stand, One Burette, Plastic Beaker 

Theory: 

Procedure: 

1) Prepare 1 mol of Acetic Acid by adding: 57ml of acetic acid / Lit of Benzene. 

2) The extraction column is filled with Benzene- Acetic Acid mixture of 1 to 2 kmole / m3. 

3) The rot meter reading for both phases is adjusted to a prefixed value. The recommended 

range of velocity is 1 to 4 x 10-2 m/s. 

4) The outflow from the column is adjusted in such a way that the liquid –liquid interface is 

maintained at a suitable height .The interface is maintained at the same height while 

taking all further observations. 

5) The Raffinate flow and extract flow are controlled through the Extract rot meter by 

opening the valve. 

6) From above either Raffinate or Extract can be controlled at a time through Rota meter 

while conducting the Experiment. 

7) The first observation should be taken after two times the mean residence time of 

dispersed and continuous phase (depending on which is larger).The following 

measurements are done after allowing sufficient time for steady state to be attained i.e. 

roughly 600 sec. 

8) At steady state conditions note the following : 

i) Flow rate of feed, water, and extract. 

ii) Density of feed, water, extract and Raffinate. 

9) Titrate the feed, extract and Raffinate samples using standard NaoH solution. 

Observations: 

1) Flow rate of feed= 

2) Flow rate of water = 

3) Flow rate of extract = 

4) Density of feed= 

5) Density of water = 

6) Density of extract = 

7) Density of Raffinate = 

Observation Table: 

Sr. No. Vol. of Sample Volume of NaoH required 

1   

2   

3   

 



Calculations: 

1) To find YE = kg acetic acid / kg H2O 
CE = Concentration of acetic acid in extract, kmole / m3. 

E = density of extract, kg / m3 

YE = Concentration of acetic acid in the extract expressed as kg acetic acid / kg 

H2O = 60 CE / E –60 CE 

 

2) To find XF = kg acetic acid / kg Benzene 

CF = Concentration of acetic acid in extract, kmole / m3. 

F = density of feed, kg / m3 

XF = Concentration of acetic acid in the feed expressed as kg acetic acid / kg 

Benzene = 60 CF/ F –60 CF 

 

3) To find XR = kg acetic acid / kg Benzene 
CR = Concentration of acetic acid in extract, kmole / m3. 

R = density of extract, kg / m3 

XR = Concentration of acetic acid in the extract expressed as kg acetic acid / kg 

Benzene = 60 CR / R –60 CR 

4) Yo = Concentration of acetic acid in the water kg acetic acid / kg H2O. 

5) FR = Mass velocity acetic acid free benzene kg / m2s. 
FE = Mass velocity acetic acid in water kg / m2s. 

FR = VR R (1- XR) / C.S. area 

Where 

VR = Flow rate of Raffinate. m3 / s 

XR = XR kg acetic acid / 1+ XR kg Raffinate 

FE = VE E (1- XE) / C.S. area 

Where 

VE = Flow rate of Extract. m3 / s 

XE = XE kg acetic acid / 1+ XE kg extract 

 

 
6) YE = FR / FE . XR 



7) (NOR)= dX / X-X* 
8) (NOE)= dY / Y*-Y 
9) (HOE) = Overall height of a transfer unit (extract phase) 

= Z / (NOE) 

10) (HOR) = Overall height of a transfer unit (Raffinate phase) 
= Z / (NOR) 

11) KORa = Overall volumetric mass transfer coefficient (Raffinate phase) in 
Kg Benzene / m3s 

= FR / HOR 

12) KOEa = Overall volumetric mass transfer coefficient ( extract phase ) in 
Kg water / m3s 

= FE / HOE 

Results: 

1) Overall height of a transfer unit (extract phase) = 

2) Overall height of a transfer unit (Raffinate phase) = 

3) Overall volumetric mass transfer coefficient (Raffinate phase) in kg Benzene / m3s = 

4) Overall volumetric mass transfer coefficient (extract phase) in kg water / m3s = 



Exercise No2: (2 Hours) – 2.3 Practical 
 
 

A] Aim: To determine overall height of a transfer unit using spray liquid extraction column 

 
 
 

Chemicals Required: Benzene-20Lit, Acetic Acid 2 Lit, Sodium Hydroxide – 100 ml 

(For Titration), Phenolphthalein indicator. 

Apparatus: 

Theory: 

Procedure: 

1) Prepare 1 mol of Acetic Acid by adding: 57ml of acetic acid / Lit of Benzene. 

2) The extraction column is filled with Benzene- Acetic Acid mixture of 1 to 2 kmole / m3. 

3) The Rota meter reading for both phases is adjusted to a prefixed value. The 

Recommended Range of velocity is 1 to 4 x 10-2 m/s. 

4) The outflow from the column is adjusted in such a way that the liquid –liquid interface is 

Maintained at a suitable height .The interface is maintained at the same height while 

taking all further observations. 

5) The Raffinate flow and extract flow are controlled through the Extract Rota meter by 

Opening the valve. 

6) From above either Raffinate or Extract can be controlled at a time through Rota meter 

While conducting the Experiment. 

7) The first observation should be taken after two times the mean residence time of dispersed 

and continuous phase (depending on which is larger).The following measurements are 

done after allowing sufficient time for steady state to be attained i.e. roughly 600 sec. 

8) At steady state conditions note the following: 

i) Flow rate of feed, water, and extract. 

ii) Density of feed, water, extract and Raffinate. 

9) Titrate the feed, extract and Raffinate samples using standard NaoH solution. 

 

Observations: 

1) Flow rate of feed= 

2) Flow rate of water = 

3) Flow rate of extract = 

4) Density of feed= 

5) Density of water = 

6) Density of extract = 

7) Density of Raffinate = 



Observation Table: 
 

Sr. No. Vol. of Sample Volume of NaoH required 

1   

2   

3   

 

Calculations: 

1) To find YE = kg acetic acid / kg H2O 
CE = Concentration of acetic acid in extract, kmole / m3. 

E = density of extract, kg / m3 

YE = Concentration of acetic acid in the extract expressed as kg acetic acid / kg 

H2O = 60 CE / E –60 CE 

 

2) To find XF = kg acetic acid / kg Benzene 
CF = Concentration of acetic acid in extract, kmole / m3. 

F = density of feed, kg / m3 

XF = Concentration of acetic acid in the feed expressed as kg acetic acid / kg 

Benzene = 60 CF/ F –60 CF 

 

3) To find XR = kg acetic acid / kg Benzene 
CR = Concentration of acetic acid in extract, kmole / m3. 

R = density of extract, kg / m3 

XR = Concentration of acetic acid in the extract expressed as kg acetic acid / kg 

Benzene = 60 CR / R –60 CR 

4) Yo = Concentration of acetic acid in the water kg acetic acid / kg H2O. 

5) FR = Mass velocity acetic acid free benzene kg / m2s. 
FE = Mass velocity acetic acid in water kg / m2s. 

FR = VR R (1- XR) / C.S. area 

Where 

VR = Flow rate of Raffinate. m3 / s 

XR = XR kg acetic acid / 1+ XR kg Raffinate 

FE = VE E (1- XE) / C.S. area 



Where 

VE = Flow rate of Extract. m3 / s 

XE = XE kg acetic acid / 1+ XE kg extract 

 

 
6) YE = FR / FE. XR 
7) (NOR) = .dX / X-X* 
8) (NOE) = .dY / Y*-Y 
9) (HOE) = Overall height of a transfer unit (extract phase) 

= Z / (NOE) 

10) (HOR) = Overall height of a transfer unit (Raffinate phase) 
= Z / (NOR) 

11) KORa = Overall volumetric mass transfer coefficient (Raffinate phase) in 
Kg Benzene / m3s 

= FR / HOR 

12)KOEa = Overall volumetric mass transfer coefficient ( extract phase ) in 
Kg water / m3s 

= FE / HOE 

Results: 

1) Overall height of a transfer unit (extract phase) = 

2) Overall height of a transfer unit (Raffinate phase) = 

3) Overall volumetric mass transfer coefficient (Raffinate phase) in Kg Benzene / m3s = 

4) Overall volumetric mass transfer coefficient (extract phase) in Kg water / m3s = 



2. Lab Exercises: 
 
 

 
b) Purpose of these exercises is, 

Introduce the students to Distillation, various types, various chemicals required and safety 

precautions. Applications of Distillation in chemical industries. 

 

Exercise No2: (2 Hours) – 2.1 Practical 
 

A] Aim: To verify Raleigh’s equation. 

 

Chemicals required: 

Apparatus: 

Theory: 

Procedure:  1) Prepare a known mixture of acetic acid and water. 

2) Note the initial weight and calculate no. of moles of each component. 

3) Keep this mixture in a flask and connect condenser and cooling water supply. 

4) Start heating the still and distill 2/3rd of the feed over into the condenser. 

5) Tabulate the data and check the validity of Raleigh’s equation 

Observation: 

1) Volume of acetic acid in feed = 

2) Weight of acetic acid in feed = 

3) Moles of acetic acid in feed = 

4) Volume of water in feed = 

5) Weight of water in feed = 

6) Moles of water in feed = 

7) Mole fraction of water in feed (Xf) = 

8) Volume of residue = 

9) Weight of residue = 

10) Moles of residue = 

Observation Table: 
 

Sr. No. Vol. of residue (ml) Vol. of NaoH required (ml) 

1 10  

2 10  

3 10  



Calculations: 

The Rayleigh’s equation is 

Ln F/W = dx 
 

(Y-x) 

 

Where 

F = Moles of feed 

W = Moles of residue 

Xf = Mole fraction of MVC in feed 

Xw = Mole fraction of MVC in residue 

x, y = Mole fraction of MVC in liquid and vapor in equilibrium with each other. 

MVC = more volatile component 

 

Graph: 

Using the given equilibrium data, plot the graph of 1/ (y-x) Vs x .To solve the integration; 

calculate the area under the curve between xf and xw. 

Result: 

 

 
Conclusion: 



Exercise No2: (2 Hours) – 2.2 Practical 
 

A] Aim: To perform steam distillation. 

 

Chemicals: 

1) Toluene or Benzene 

2) Distilled water 

Apparatus: Round bottom flask, condenser, beaker, measuring cylinder, separating funnel. 

Procedure: 

1) Prepare a known mixture of toluene or Benzene & distilled water. 

2) Keep this mixture in a flask connects with steam generating flask & condenser, cooling 

water supply. 

3) Start heating the still for steam generation & distill the feed over into condenser. 

4) Tabulate the data. 

 

Observation: 

1) Volume of water in feed = 

2) Volume of toluene or Benzene in feed= 

3) Volume of water in steam purging flask= 

4) Volume of water in separator= 

5) Volume of toluene or Benzene in separator= 

6) Time required for distillation= 

 
 

Calculations: 

Vol. of water in distillate 
 

% separation of water = -------------------------------------- 100 

Vol. of water in feed 

 

 
Vol. of toluene or Benzene in distillate 

% separation of toluene = -------------------------------------------- 100 

Vol. of toluene or Benzene in feed 

 

 
Result:  1) Separation of water = % 

2) Separation of toluene or Benzene = % 

 

 
Conclusion: Thus we have studied steam distillation for water-toluene system.... 



Exercise No2: (2 Hours) – 2.3 & 2.4 Practical 

Aim: 

1. To verify the rayleigh equation. 

 
2. To obtain the T-x data under total reflux condition at steady state and compare it with 

theoretical value. 

 
3. To operate the column under total reflux condition and calculate the minimum number 

of theoretical plate using fenske’s equation. 

 
4. To operate the column under any desired reflux condition and calculate theoretical 

number of plate using Mc-Cabe Thiele’s method. 

5. To calculate the overall efficiency of the sieve plate distillation column. 

 

Chemicals required: Methanol 4 Lit, Water 

Apparatus: beaker, measuring cylinder, volumetric flask 
 

Theory: 

Procedure: 1. Prepare calibration chart of refractive index and liquid composition of methanol. 

 

2. Prepare methanol-water solution by mixing known amount of distilled water and methanol 

(composition of methanol in solution should be in the range of 15 to 25 % by volume). 

 

3. Measure the refractive index of feed solution. Note down the volume of methanol. 

 

4. Close all the valves V1-V13. Ensure that ON/OFF switches given on the panel are at OFF 
position. 

 

5. Fill vessel with methanol-water solution by open the funnel valve V1 and air vent valve V2. 
 

6. Close the funnel valve V1 and the air vent valve V2. Switch ON the main power supply. 
 

7. Set the temperature of solution above boiling point of methanol but less than 100oC (say 90oC) 

by the DTC. 

 

8. Switch ON the heater. Switch ON the cyclic timer and set the total reflux condition. 

 

9. Open the air vent valve V10 provided at the top of condenser and after observing vapour 
coming out of it close the valve V10. 

 

10. Switch ON the pump and set the condenser cooling water flow rate by adjust the valve V12. 
 

11. Wait till required temperature or steady state condition achieves. Note down the 

temperatures of each tray. 



12. Now take out the samples from each tray by open the valve V3-V9. 
 

13. Also collect the distillate and bottom product by open the valve V11 and V13 respectively. 
 

14. Cool down the samples to room temperature & measure their refractive indices. 

 

15. Now adjust the cyclic timer to a desired reflux ratio & wait for steady state. 

 

16. Note down the temperatures of each tray. Now take out the samples from each tray by 

open the valve V3-V9. 
 

17. Also collect the distillate and bottom product by open the valve V11 and V13 respectively. 

 

18. Cool down the samples to room temperature & measure their refractive indices. 

 

Repeat the experiment for different set point temperatures & reflux ratios. 

 
Observations: 

 

Relative volatility α = 3.32 

Molecular weight of Water MW = 18 g/mole 

Actual number of plates NA = 7 

Enthalpy of feed HF = 0 kJ/kmole 

 

Observations at total reflux condition 
 

R =    

V =  Lit 

TF =  oC 

R.IF 
 

   

R.IB 
 

   

R.ID 
 

   

 
 

Sr.No. T (
o
C) R.I 

1   

2   

3   



− 

Sr.No. T (
o
C) x xthe 

1    

2    

3    

 

xF =    

 
xB =    

[From R.I vs x graph, value of x corresponding to R.IF] 

[From R.I vs x graph, value of x corresponding to R.IB] 

xD = [From R.I vs x graph, value of x corresponding to R.ID] 

To calculate the property of methanol ( ρ ) at temperature TF (
o
C) from data book. 

3 
(kg/m ) 

 
ρV 

F = 
MM 1000 

x 

(kmole) 

B = F − xD  F (kmole) 

xB − xD 
 

F x 
ln 

B x
F  =    

B 

F (1 x ) 
α ln  F    =    

B(1− xB ) 
 

F x F (1 − x ) 
E = ln 

B x
F  − α ln   F  

B B(1 − xB ) 

x (1 − x ) 
ln      D B  

N = xB (1 − xD ) − 1 
m lnα 

 
 

Result: 

 

 
Conclusion: 

ρ =    



Exercise No2: (2 Hours) – 2.5 Practical 
 

 

A] Aim: To find the height equivalent to a theoretical plate for a packed bed column 

 

Chemicals required: Acetic acid, Phenolphthalein indicator 

Apparatus: Round bottom flask, condenser, beaker, measuring cylinder, packed column 

Theory: 

Procedure:  1) Prepare a known mixture of acetic acid and water and charged into a batch still 

2) Insert the thermometer. Connect the condenser and run the cooling water. 

Start heating the still. Carry out the distillation until reflux is obtained. 

3) Collect the condensate and analyze the composition. 

 

Observation: 

1) Temperature of distillate = 

2) Height of packed bed = 

3) Distillate collected = 

4) Burette reading = 

5) Normality of NaoH = 

Observation Table: 

 

 
 

 
 

 
 

 

Calculations: 

Fen sky’s Equation 

 

 
N+1= log [(Xd/1-Xd) *(1-Xw/Xw)] 

 
 

Logavg 

Sr. 

No. 

Feed 

Composition 

For Distillate 

Vol. of NaoH Required 

(ml) 

1   

2   

 



Where 

N = No. Of plates 

Xd = Mole fraction of more volatile component (MVC) in distillate 

Xw = Mole fraction of acetic acid in residue 

Xw = 1-Xd 

Avg = Relative volatility. 

Z = Ht * NT 

Where 

Ht = Height equivalent to theoretical plate 

Z = Height of packing 

 

 
 

 

Result: 

Height equivalent to theoretical for packed bed column is = 

 
 

 
 

Conclusion: 



Exercise No2: (2 Hours) – 2.6 Practical 
 

 

A] Aim: To calculate the activity coefficient for a given System. 

 

Chemicals required: Acetic acid, Phenolphthalein indicator 

Apparatus: 

Theory: 

Procedure:  1) Prepare a known mixture of acetic acid and water from 0 mole % acid to 100 

Mole % acid. 

2) Determine the density of each mixture. 

3) Take known quantity of mixture in the still fitted with thermometer and start 

cooling water supply in the condenser and heating still. 

4)  After reaching steady state (denoted by constant temp.) stop heating & take 

out the samples from the still. 
5) After cooling samples analyze them for acetic acid content. 

6) Repeat the experiment with different feed composition. 

 

Observation: 

1) Volume of acetic acid in feed = 

2) Volume of water in feed = 

3) Volume of residue = 

4) Volume of distillate = 

Observation Table: 

 

Sr. 

No 

. 

Feed 

Composition 

Boiling 

Point(0C) 

Volume For Distillate 

Volume of NaoH 

Required(ml) 

For Residue Volume of NaoH 

Required(ml) 

1      

2      

3      

 

 

 

 

 

 
Calculations: 

 



Pa =Pa * Xa * Va 

Where 

 
 

Pa =Ya * Pt 

 

 
Pb =Pb * Xb * Vb 

Where 

 
 

Pb =Yb * Pt 

 

 
Where 

Pa = Partial pressure of water 
 

Pb = Partial pressure of acetic acid 

Pa = Vapor pressure of water 

Pb = Vapor pressure of acetic acid 

Xa = Mole fraction of water in residue 

Xb = Mole fraction of acetic acid in distillate 

Ya = Mole fraction of water in residue 

Yb = Mole fraction of acetic acid in distillate 

 

 
Result: 

 
 

 
 

Conclusion 



Exercise No2: (2 Hours) – 2.7 Practical 
 

 

A] Aim: To perform an experiment on Packed bed distillation column to find the No. of theoretical stages.. 

 
 
 

Chemical: Acetone, Water 

 

 
Apparatus: Packed bed distillation column 

 

 

Theory: 

 
 

Procedure: 1) Feed preparation: 

a) Prepare binary feed solution of 58% (by weight) Acetone, Water 

b) Feed the solution into Reboiler up to @ 75% level. Keep the Reboiler feed valve closed. 

 

2) Boiler operation: 

a) Fill water in boiler up to @ 75% level. 

b) Ensure working of safety valve for high pressure. 

 

3) Start up: 

a) Feed the solution into Reboiler up to @ 75% level 

b) Adjust the cooling water circulation rate to @ 100 Lph. 

c) Initially the system is vented to atmosphere by opening cock on the top of Reboiler, 

condenser and reflux drum. Close these cocks as the vapor exits. 

d) Keep reflux rotameter valve full open and distillate rotameter fully close throughout 

experimentation. 

e) The distillation is continued for sufficient time for steady to be aimed. 

 
Observations: At the steady state following observations are recorded. 

1) Temperature of bottoms: 

2) Vapor temperature at the column centre = 

3) Vapor temperature at the column top = 

4) Reflux temperature = 

5) Density of bottoms at ambient temperature = Kg/m3 

6) Density of reflux at ambient temperature = Kg/m3 



7) Condenser cooling water flow rate = Lit/hr 

8) Water temperature at the condenser inlet = 

9) Water temperature at the condenser outlet = 

10) Reflux flow rate = 

11) Heat input to the system = 

Calculations: 

1) A plot of x-y* data for Acetone-water systems is to be prepared 

 
2) The mole fraction of Acetone in the bottoms (xB) and the mole fraction of Acetone in the 

distillate can be calculated as given below 

XB =  wt. fraction Acetone / Mol. Wt 

Wt. fraction Acetone / Mol. Wt + wt. fraction water/ Mol.wt. 

Similarly the value of xD can be computed. At total reflux we can write 

YB = xB and YD = xD 

3) Number of transfer Units (NTU) 

 
= yD dy / ya y* - y 

 
4) Height of a transfer unit (HTU) = Packed height / NTU 

 
5) HETP = Packed height / No. of plates 

 
6) (HETP)o = K1G d h1/3 ( 

 
Relative volatility (-) = y* (1-x) / x (1-y*) 

 
Mass velocity of vapor G can be calculated as follows 

Let R be the reflux rate m3/s 

–R density of reflux Kg/m3 

 
Mass flow rate of reflux M Kg/s = R–R 

G = M / ¶/4 d2 Kg/m2 s 



Exercise No2: (2 Hours) – 2.9 Practical 
 

A] Aim: To separate mixture by using Azeotropic distillation. 

 

Chemicals: 

1) Ethanol and Benzene 

2) Distilled water 

Apparatus: condenser, beaker, measuring cylinder, separating funnel. 

Procedure: 

1) Prepare solution of toluene and carbon tetrachloride 500 ml with 100 ml of 

CCl4. 
2) Close all the valves V1-V6. 

3) Ensure that switches given on the panel are at OFF position. 

4) Fill water in the water tank. 

5) Charge the feed solution in the distillation still by open the funnel valve V1. 

6) Switch ON the power supply. 

7) Switch ON the heater. 

8) Gradually increase the dimmer stat upto 100 volts to 150 volts and Observe temperature. 

9) When temperature starts increasing switch ON the pump. 

10) Open the valve V2 and by-pass valve V3 and allows cooling water to pass through the 

condenser. 

11) Maintain temperature above 60 and below 75 oC by adjusting the heat 

input from the dimmer stat. 

12) After observing constant temperature collect sample of distillate by open the valve V4. 

13) Repeat the experiment for different feed mixture (Increase the composition of CCL4). 

 
CLOSING PROCEDURE: 

 
1) When experiment is over switch OFF the pump. 

2) Switch OFF the heater. 

3) Switch OFF the main power supply. 

4) Drain the vessel by open the valve V5. 

5) Drain the water tank by open the valve V6. 

 

Observation: 

1) Volume of water in feed = 

2) Volume of Ethanol or Benzene in feed= 

3) Volume of water in separator= 

4) Volume of Ethanol or Benzene in separator= 

5) Time required for distillation= 

 
 

Calculations: 

Vol. of Ethanol in distillate 
 

% separation of Ethanol = -------------------------------------- 100 

Vol. of Ethanol in feed 



 

Vol. of Benzene in distillate 

% separation of Benzene = --------------------------------------------100 

Vol. of Benzene in feed 

 

 
Result: 1) Separation of Ethanol = % 

2) Separation of Benzene = % 

 

 
Conclusion: Thus we have studied Azeotropic distillation for Ethanol water-Benzene system.... 



Exercise No2: (2 Hours) – 2.2 Practical 
 

A] Aim: To separate mixture using Extractive distillation. 

 

Chemicals: 

1) Toluene or Benzene 

2) Distilled water 

Apparatus: Round bottom flask, condenser, beaker, measuring cylinder, separating funnel. 

Procedure: 

1) Prepare solution of toluene and carbon tetrachloride 500 ml with 100 ml of 

CCl4. 
2) Close all the valves V1-V6. 

3) Ensure that switches given on the panel are at OFF position. 

4) Fill water in the water tank. 

5) Charge the feed solution in the distillation still by open the funnel valve V1. 

6) Switch ON the power supply. 

7) switch ON the heater. 

8) Gradually increase the dimmer stat upto 100 volts to 150 volts and Observe temperature. 

9) When temperature starts increasing switch ON the pump. 

10) Open the valve V2 and by-pass valve V3 and allows cooling water to pass through the 

condenser. 

11) Maintain temperature above 60 and below 75 oC by adjusting the heat 

input from the dimmer stat. 

12) After observing constant temperature collect sample of distillate by open the valve V4. 

13) Repeat the experiment for different feed mixture (Increase the composition of CCL4). 

 
CLOSING PROCEDURE: 

 
1) When experiment is over switch OFF the pump. 

2) Switch OFF the heater. 

3) Switch OFF the main power supply. 

4) Drain the vessel by open the valve V5. 

5) Drain the water tank by open the valve V6. 

 

Observation: 

6) Volume of water in feed = 

7) Volume of Ethanol or Benzene in feed= 

8) Volume of water in separator= 

9) Volume of Ethanol or Benzene in separator= 

10) Time required for distillation= 

 
 

Calculations: 

Vol. of Ethanol in distillate 
 

% separation of Ethanol = -------------------------------------- 100 

Vol. of Ethanol in feed 



 

Vol. of Benzene in distillate 

% separation of Benzene = --------------------------------------------100 

Vol. of Benzene in feed 

 

 
Result: 1) Separation of Ethanol = % 

2) Separation of Benzene = % 

 

 
Conclusion: Thus we have studied steam distillation for water-toluene system.... 



Exercise No3: (2 Hours) – 3.1 Practical 
 

 

A] Aim: To perform crystallization. 

 
 
 

Chemical: Mgso4, Water 

 

 
Apparatus: Crystallizer 

 

 
Theory: 

 
 

Procedure: 1) Prepare a saturated solution of MgSO4. 7H2O in water at 80 °С by dissolving 66.2gm 

MgSO4. 7H2O in 100gm solution ((1.956 gm MgSO4. 7H2O) per gram of free water) If anhydrous 

MgSO4. Is available then dissolve 32.5 gm of MgSO4. In 100gm of solution at 80 °С (0.4815gm 

MgSO4 per gm of free water) the crystallize should be filled to ¾ the capacity prepare about 2 

lit. Of solution of MgSO4. 7H2O by first heating 1 Kg of water about 80 °С. By switching on the 

heating coil and then dissolving 1 Kg MgSO4. 7H2O in it purity mixing the Agitator should be used 

for the effective mixing (The Density of the slurry has been taken as 1684 Kg/lit) after mixing has 

been achieved, step the electric supply to the electric heater. 

 

2) Now the fix Agitator speed (N) at same value in the range 2-10 RPM. 

 
3) Decrease the RPM of more than 6 and allow the flow of cold water at 20 °С to pass through 

the jacket at a prefixed rate with the help of water by pass valve record the calibrated 

rotameter reading. 

4) Record the temp. Of inlet water, outlet water and solution Temp. With the help of respective 

thermocouple. 

5) Put 10gm MgSO4. 7H2O in the crystallizer when the temp. Reaches to 50 °С for readimg. 

 
6) Carry out crystallization for about 2 hrs. 

 
7) After 2 hrs stop the cooling water supply open the valve fixed at the cone of the crystallizer 

and collect the slurry in the bottom receiving tank that is fixed with a mesh at the top. The 

crystals shall be collected on mesh and liquid in the tank. 



8) Collect all the crystals from mesh on filter paper and weight. Let the wt of crystals be P Kg. 

 
9) Step 1to 7 may be repeated with addition of known wt of feed crystals at step 5. 

 
10) Step 1to 7 may also repeated for the different values of agitator speed (N). 

 
Formulae: 

 
1) Amount of wet crystals of MgSO4. 7H2O collected = P= gm 

 
2) Crystal yield = feed – mother liquor 

 
3) % Recovery = (P / Crystal yield ) * 100 

 

 

 
Result: 1) crystal yield = 

 
2) % Recovery = 

 

 

 
Conclusion: 



5. Quiz on the subject: 
 

 

Quiz should be conducted on tips in the laboratory, recent trends and subject knowledge of the 

subject. The quiz questions should be formulated such that questions are normally from the scope 

outside of the books. However twisted questions and self formulated questions by the faculty can 

be asked but correctness of it is necessarily to be thoroughly checked before the conduction of 

the quiz. 

 
 

6. Conduction of Viva-Voce Examinations: 
 

 

Teacher should oral exams of the students with full preparation. Normally, the objective questions 

with guess are to be avoided. To make it meaningful, the questions should be such that depth of 

the students in the subject is tested Oral examinations are to be conducted in co-cordial 

environment amongst the teachers taking the examination. Teachers taking such examinations 

should not have ill thoughts about each other and courtesies should be offered to each other in 

case of difference of opinion, which should be critically suppressed in front of the students. 

 
 

7. Submission: 
 

 

8. Evaluation and marking system: 
 

 

Basic honesty in the evaluation and marking system is absolutely essential and in the process 

impartial nature of the evaluator is required in the examination system to become popular amongst 

the students. It is a wrong approach or concept to award the students by way of easy marking to 

get cheap popularity among the students to which they do not deserve. It is a primary responsibility 

of the teacher that right students who are really putting up lot of hard work with right kind of 

intelligence are correctly awarded. 

 
 

The marking patterns should be justifiable to the students without any ambiguity and teacher 

should see that students are faced with unjust circumstances. 


