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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 your 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 – I 
 
 

SUBJECT INDEX 
 

1. Diffusion 

1.1 Introduction to Laboratory ethics, safety rules and regulation 

Followed in lab. 

 

1.2 Experiment on to determine the gas coefficient of a volatile liquid in air 

using ‘Knudson Apparatus’. 

 
1.3 To determine Diffusivity of Carbon tetra chloride 

 
1.4 Experiment on to calculate mass transfer coefficient of 

Vaporization of Naphthalene Ball. 

1.5 Experiment on to calculate mass transfer coefficient of Camphor. 

 
1.6 To determine Mass transfer coefficient using wetted wall column. 

 

2. Absorption of CO2 in a packed column 
 

3. Drying 

 
3.1 Experiments on Batch/Tray Drying. 

3.2 Experiments on Vacuum Drying. 

4. Adsorption 

4.1 Freundlich & Languimer’s isotherm verification. 

 
4.2 Investigate adsorption of oxalic acid by activated charcoal. 

 
4.3 To plot the breakthrough curve of adsorption for a given system. 

 
4.4 To calculate the length of unused bed for the given system. 

5. Humidification 

5.1 To determine Humidity of air by using Hygrometer. 

 
5.2 To determine Relative Humidity of Humidification operations. 

 
5.3 To determine Relative Humidity of Dehumidification operations. 

 
6. Quiz on the subject 

 
7. Conduction of Viva-Voce Examinations: 

 
8. Submission 

 
09. Evaluation and marking system. 



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: 

 

Define Diffusion, Diffusion Coefficient; Mass transfer Coefficient, Absorption, Humidification, De- humidification, and 

different types of Drying operation, Adsorption. 

Different Applications of Mass transfer operations in various chemical industries. 



1. Lab Exercises: 
 

a) Purpose of these exercises is, 

Introduce the students to Diffusion, various chemicals required and safety precautions. Diffusion 

coefficients of volatile liquid & of vaporization of naphthalene. 

 
 Exercise No1: (2 Hours) – 1.2 Practical 

 

A] Aim: To determine the gas coefficient of a volatile liquid in air using Knudson Apparatus. 

 
Chemicals required: Acetone/ CCl4 Theory: 

Procedure: 1) Fill the Knudson tube with given liquid and note the level. 

2) Allow the air to flow at constant flow rate through inlet of the apparatus. 

3) Note height of liquid after a known interval of time. 

4) Repeat for different flow rate of air for a constant flow rate with varying time Interval.  

 
Observation Table: 

 

Sr.No. Elapsed 

time(t) 

kS = 

S/1000 

Time 

(Min) 

Initial Height 

L0 (mm) 

Final Height 

(L) 

(mm) 

Difference 

(L-L0) 
(mm) 

 
t/(L- L0 ) 

KS/mm 

1       

2       

3       

4       

5       

 
Calculations: 

D = (ρL * Cbm)/ 2 M S CA CT) 

Where 

D = Diffusivity m2/s 

 
CA = Molar concentration of liquid A 0.002835 Kmol/ m3 CT = 

Total Molar Conc. 0.03546 Kmol/ m3
 

Cbm = Logarithmic mean value of Cb 0.03686 Kmol/ m3
 

 

ρL = Density of liquid in 792 Kg/ m3
 

 
M = Molecular Weight of (CH3CO CH3) = 58 Kg/Kmol 

 
To calculate diffusivity plot graph 0f t/ (L- L0) Vs (L-L0) and find slope (S) and substitute values in equation. 

 

Result: 

1) D = 
 

Conclusion: 



1. Lab Exercises: 
 

b) Purpose of these exercises is, 

Introduce the students to Diffusion, various chemicals required and safety precautions. Diffusion 

coefficients of volatile liquid & of vaporization of naphthalene. 

 
 Exercise No1: (2 Hours) – 1.3 Practical 

 

A] Aim: To determine the Diffusivity of carbon tetra chloride. 

 
Chemicals required:  CCl4 Theory: 

Procedure: 1) Fill the Knudson tube with given liquid and note the level. 

2) Allow the air to flow at constant flow rate through inlet of the apparatus. 

3) Note height of liquid after a known interval of time. 

4) Repeat for different flow rate of air for a constant flow rate with varying time Interval. 

 
Observation Table: 

 

Sr.No. Elapsed 

time(t) 

kS = 

S/1000 

Time 

(Min) 

Initial Height 

L0 (mm) 

Final Height 

(L) 

(mm) 

Difference 

(L-L0) 
(mm) 

 
t/(L- L0 ) 

KS/mm 

1       

2       

3       

4       

5       

 
Calculations: 

D = (ρL * Cbm)/ 2 M S CA CT) 

Where 

D = Diffusivity m2/s 

 
CA = Molar concentration of liquid A 0.002835 Kmol/ m3 CT = 

Total Molar Conc. 0.03546 Kmol/ m3
 

Cbm = Logarithmic mean value of Cb 0.03686 Kmol/ m3
 

 

ρL = Density of liquid in 792 Kg/ m3
 

 
M = Molecular Weight of (CH3CO CH3 ) = 58 Kg/Kmol 

 
To calculate diffusivity plot graph 0f t/ (L- L0) Vs (L-L0) and find slope (S) and substitute values in equation. 

 

Result: 

2) D = 
 

Conclusion: 



Exercise No1: (2 Hours) – 1.4 Practical 
 

A] Aim: To calculate mass transfer coefficient of Vaporization of Naphthalene. 

 

Chemicals required: Naphthalene Ball 

Theory: 

Procedure: 1) Take few number of naphthalene balls. 

2) Determine diameter of each balls and final total weight. 

3) Pack the column with balls and connect it with airline. 

4) Allow the flow of air through the column for about 30 minutes. Note down the flow rate of 

air. 

5) Take out the balls and final the loss in weight. 

6) Repeat the experiment with different flow rate of air. 

 
Observation: 

1) Number of balls taken = 

2) Total initial weight of Ball = 

3) Surface area of balls = 

Observation Table: 

 

Sr.No. Flow 

Rate of 

air 
(LPM) 

Initial 

weight of 

balls 
(gm) 

Final 

weight of 

balls 
(gm) 

Loss in 

weight 

(gm/hr) 

Mass 

velocity of 

air(C1) 

RD/m2sec 

Mass 

transfer 

factor 

Mass transfer 

coefficient 

(Gm/hr m2 

atm.) 

1        

2        

3        

4        

5        

 
Calculations: 

 
Rate of vaporization of naphthalene in a current of air is given by 

 
- 1/Ap dN/dt = Kg (Ps-Po) = Ws / Ms x Ap Jd = 

Kg Pt (Sc) 2/3 / (G/ Mm) 

Where 

DN/dt = Rate of vaporization 

 
Ap = Surface area of solute particles Kg 

= Mass transfer coefficient 

Ps = Vapor pressure of solute 14.74 * 104 N/m2. Po = 

Partial pressure of solute in outgoing gases. Ws = 

Loss in weight of solute in gm/hr 

Ms = Molecular weight of solute =  128  D 

= Diffusivity of naphthalene in air 



= 0.078 cm2/sec 

 
Pt = Total pressure = 1 atm. 

 
G = Mass velocity of air = mass flow rate/CS Area Sc = 

Schmidt number= 0.257 µ/ρ DAB 

Mm = Molecular weight of air = 29 

 

 

Result: 

1) For flow rate of  LPM Kg =  gm / hr m2 atm. 

2) For flow rate of  LPM Kg =  gm / hr m2 atm. 

3) For flow rate of  LPM Kg =  gm / hr   m2 atm. 

4) For flow rate of  LPM Kg =  gm / hr m2 atm. 

5) For flow rate of  LPM Kg =  gm / hr m2 atm. 

 

 

 

 

 
Conclusion: 



Exercise No1: (2 Hours) – 1.5 Practical 
 

A] Aim: To calculate mass transfer coefficient of Camphor. 

 

Chemicals required: Camphor Ball Theory: 

Procedure: 1) Take few number of naphthalene balls. 

2) Determine diameter of each balls and final total weight. 

3) Pack the column with balls and connect it with airline. 

4) Allow the flow of air through the column for about 30 minutes. Note down the flow rate of 

air. 

5) Take out the balls and final the loss in weight. 

6) Repeat the experiment with different flow rate of air. 

 
Observation: 

1) Number of balls taken = 

2) Total initial weight of Ball = 

3) Surface area of balls = 

Observation Table: 

 

Sr.No. Flow 

Rate of 

air 
(LPM) 

Initial 

weight of 

balls 
(gm) 

Final 

weight of 

balls 
(gm) 

Loss in 

weight 

(gm/hr) 

Mass 

velocity of 

air(C1) 

RD/m2sec 

Mass 

transfer 

factor 

Mass transfer 

coefficient 

(Gm/hr m2 

atm.) 

1        

2        

3        

4        

5        

 
Calculations: 

 
Rate of vaporization of naphthalene in a current of air is given by 

 
- 1/Ap dN/dt = Kg (Ps-Po) = Ws / Ms x Ap Jd = 

Kg Pt (Sc) 2/3 / (G/ Mm) 

Where 

DN/dt = Rate of vaporization 

 
Ap = Surface area of solute particles Kg 

= Mass transfer coefficient 

Ps = Vapor pressure of solute 14.74 * 104 N/m2. Po = 

Partial pressure of solute in outgoing gases. Ws = 

Loss in weight of solute in gm/hr 

Ms = Molecular weight  of solute = 128  D 

= Diffusivity of naphthalene in air 



= 0.078 cm2/sec 

 
Pt = Total pressure = 1 atm. 

 
G = Mass velocity of air = mass flow rate/CS Area Sc = 

Schmidt number= 0.257 µ/ρ DAB 

Mm = Molecular weight of air = 29 

 

 

Result: 

1) For  flow rate of  LPM Kg =  gm  / hr  m2 atm. 

2) For  flow rate of  LPM Kg =  gm  / hr  m2 atm. 

3) For  flow rate of  LPM Kg =  gm  / hr  m2 atm. 

4) For  flow rate of  LPM Kg =  gm  / hr  m2 atm. 

5) For  flow rate of  LPM Kg =  gm  / hr  m2 atm. 

 

 

 

 

 
Conclusion: 



2. Lab Exercises: 
 

Exercise No2: (2 Hours) – 2.1 Practical 
 

A] Aim: To find out rate of absorption of CO2 in a packed column. 

 
Chemicals: 

1) NaoH- 1 to 2 N 

2) Hcl standard 

3) Bacl2 solution 25% (w/w) 

4) Co2 gas 

5) Phenolphthalein 

6) Methyl orange 

 
Apparatus/ glassware: Volumetric flask, Burette, Conical flask, measuring cylinder Theory: 

Procedure: 

1) Feed preparation: 20 lit of approx 1N NaoH solution is prepared and transferred to the supply tank.  50 ml 

of Bacl2 of 25% w/w (25% Bacl2 +75% water) solution is prepared. 

2) The flow rates of the gas and liquid phases are adjusted to predefined values. The CO2 flow     rate should 
be such that % of CO2 in the air –CO2 mixture is about 8-10%. 

3) The system is allowed to attain steady state after fixing the liquid level in the bottom section         at any 

height. This level is adjusted by changing valve opening at bottom. The time steady state should be 3-4 

times mean residence time of the liquid phase in the column. During this period the liquid level in the 

bottom section must be maintained at the marked height. Inlet and outlet liquid samples are withdrawn 

for analysis after steady state is reached. 

4) A  known  volume  of  sample  is  titrated  against  std.  Hcl  using  methyl  orange  indicator;  end point is 

yellowish to reddish. 

 

5) To another volume of the sample is added a 25% (w/w) solution of Bacl2 to ppt the Na2CO3 

.Go on adding Bacl2 solution in the sample till precipitation occurs, add some excess amount. This solution 

is then titrated against std. Hcl solution with phenolphthalein indicator. 

6) The experiment can be repeated for different flow rates. 

 

 

Observation: 

1) Height of column = 750 mm 

2) Diameter of tower = 40 mm 

3) Flow rate of NaoH =  LPH 

4) Flow  rate  of CO2 =  LPH 

5) Flow rate of Air  =  LPH 

6) Concentration of NaoH (i) =   kmole/m3 

Concentration of NaoH (i) = x1 * Eq. Wt of NaoH / Mol wt of NaoH 

7) Concentration of NaoH (O) =   kmole/m3 

8) Normality of NaoH = T1 * Concentration of Hcl / Volume of sample =x1 

9) Concentration of Na2CO3 in outlet is c (Na2CO3 (O)) = 0.5 [c (NaoH (I)) - c (NaoH (O))] 

10) Rate of absorption of CO2 = R (CO2) = 0.5 [c (NaoH (I)) - c (NaoH (O))] 



11) Rate of absorption of CO2 / Unit volume of packed tower = R (CO2) / V 

12) Volume of CO2 absorbed 

Rv = (RAa) CO2 *V*Molar volume at experimental conditions 

= m3/sec 

13) CO2 flow rate at outlet 

= Inlet flow rate of CO2 - Rv = X m3/sec 

= X m3/sec/ molal volume m3/Kmol 

= Kmol/sec at NTP V= 22.4136 m3/Kmol 

14) CO2 flow rate at inlet 

= flow rate at inlet m3/sec / molal volume m3/Kmol 

= Kmol/sec 

15) Air flow rate at the inlet 

= flow rate at inlet m3/sec / molal volume m3/Kmol 

= Kmol/sec 

16) Mole fraction of CO2 entering wit gas = y1 

= flow rate of CO2 Kmol/sec 

Flow rate of CO2 Kmol/sec + flow rate of air Kmol/sec 

17) Mole fraction of CO2 at outlet = y2 

= flow rate of CO2 Kmol/sec 

Flow rate of CO2 Kmol/sec + flow rate of air Kmol/sec 

18) (y – ye)lm = The logarithmic average of the conc. Differences at the end of tower (y – 

Ye) lm = y1 – y2 

Ln(y1 / y2) 

19) Overall gas transfer coefficient 

Gm = Flow rate of CO2  Kmol/sec + flow rate of air   Kmol/sec Cross 

sect.  Area of column Cross sect. Area of column 

= Kmol/sec.m2 

P = Operating pressure = Atmospheric pressure = 101.3 KN/ m2 

Simplifying above equation for KGa 

 
KGa = Gm (y1 – y2) / P Z (y – Ye) lm 

 
 

Result: 

Conclusion: 



3. Lab Exercises: 
 

A) Purpose of these exercises is, introduce the students to Drying, various types, safety 

precautions. 

 
Exercise No3: (2 Hours) – 3.1 Practical 

 

A] Aim: To find the critical moisture content of a given sample of CaCO3 and to study the drying at constant rate and falling rate using tray dryer. 

 
Chemical required: CaCO3 

Apparatus/glassware: Glass Dish 

Theory: 

Procedure:  1) Prepare a mixture of given composition of a given sample of CaCO3 and 

distilled Water in a tray. 

2) Keep the tray in a dryer at a constant temperature. 

3) Note the loss in weight of mixture for a fixed time. 

4) Dry the mixture until constant weight. 

5) Calculate the mixture content and rate of drying. 

 
Observations: 

1) Weight of dry solid sample = 100 gm 

2) Weight of water added = 200 gm. 

3) Weight of wet sample = W1 = 300 gm. 

4) Surface Area of tray  = m2 

Observation Table: 

Sr. 

No. 

Elapsed 

time Θ 

min. 

Weight 

of  

sample 

X (gm) 

ΔΘ 

min. 

Δ X 

grams 

Δ X/ ΔΘ 

Grams/min 

dX/dΘ 

gm/min 

Drying 

rate 

Kg/hr 

m2 

Free 

water 

gm 

Free  water 

in Kg/Dry 

solid in Kg 

 1 2 3 4 5 6 7 8 9 

1 0 300    1 0.67 226 3.05 

   20 22 1.1     

2 20 278    1.28 0.85 204 2.76 
   20 28 1.4     

3 40 250    1.48 0.99 176 2.38 

          

 

Calculations: 

1. Plot the wt of sample against elapsed time (Graph 1) 

2. From the graph fill up the table (column 1& 2) and calculate Δ X/ ΔΘ for different elapsed 

time & enter in column 5. 

3. Plot the graph of Δ X/ ΔΘ Vs elapsed time. Join the points by smooth curve. From the graph find out the values of 

dX/dΘ & fill up in column 6. 

4. Calculate and fill up columns 7, 8 & 9. For calculating free water (column8) subtract wt of tray 

sample from the wt of sample at time Θ. 



5. Plot the graph of drying rate (column 7) Vs free water (column 9). The plot shows variation of drying 

rate (N) at different values of free water X. 

6. From graph we can observe Constant rate of drying Nc 

• Critical moisture content Xc 

• Falling rate 

• Eqm. Moisture 

7. Find out the value of drying coefficient: 

• Calculate avg. dry bulb temperature and wet bulb temperature 

• Mark the point on psychometric chart. (Mark avg. wet bulb point on temp. scale. Move   

vertically   up   to   saturation   line.   Travel   right   downwards   following   constant enthalpy line 

up to vertical intersection with avg. dry bulb temp. Line. 

• Mark  the  point  representing  condition  of  air  entering  over  tray.  (Travel  horizontally 

sensible  heating  path  up  to  avg.  hot  air  temperature  at  which  test  is  conducted). Note 

absolute humidity of this point. (Y) 

• Note saturation humidity of this point (Ys). (Travel along with constant enthalpy line left 

upward up to saturation line and note absolute humidity. 

 
 

Typical observations and sample calculations: 

1. Column 2 values are taken by referring graph 1 

2. A graph of Δ X/ ΔΘ Vs elapsed time is plotted (Graph 2) 

3. Column 6 values are taken by referring Graph 2 

4. Drying rate (column 7) = (values in column 6) x (60/1000) / 0.09 where 0.09 is tray area 

5. Free water (in column 8) = wt of sample (in column 2) – wt of dry saw dust (=74) 

6. Free water Kg/Kg of dry stock (in column 9) = free water (in column ) / wt of dry sawdust(=74) 

7. Plot graph of rate of drying Vs free water (Ref. graph 3) .  from  the  graph  constant  rate  of drying (Nc) = 

1 Kg/hr m2
 

8. Calculation of drying coefficient: 

Avg. hot air temperature = 49.6 ºc 

Absolute humidity of hot air (Y) = 0.018 Kg water vapor / Kg dry air Absolute 

humidity of hot air (Ys) = 0.028 Kg water vapor / Kg dry air 

 
Ky = Nc / (Ys – Y) = 1/ (0.028 -0.018) 

 
 

Result: 100 Kg water evaporated per hour per m2 per unit humidity difference. 

 

 

Conclusion: 



3. Lab Exercises: 
 

c) Purpose of these exercises is, 

Introduce the students to Drying, various types, safety precautions. 

Exercise No3: (2 Hours) – 3.2 Practical 
 

A] Aim: To find the rate of drying of a given sample of CaCO3 using vacuum dryer. 

 

Chemical required: CaCO3 

 
Apparatus/glassware: 

 
Theory: 

 
Procedure:  1) Prepare a mixture of given composition of a given sample of CaCO3 and distilled water in a 

tray. 

2) Keep the tray in a dryer at a constant temperature. 

3) Note the loss in weight of mixture for a fixed time. 

4) Dry the mixture until constant weight. 

5) Calculate the mixture content and rate of drying. 

 
Observation: 

5) Weight of tray (W1)= 

6) Diameter of tray (D) = 

7) Area of tray (A) = 

8) Weight of dry solid sample (W2) = 

9) Weight of water added (W3) = 

10) Weight of moisture = 

11) Total weight = W = 

Observation Table: 

Sr. 

No. 

Time 

(Min) 

Total weight 

(gm) 

Loss in weight 

(gm) 

Weight of mixture 

(gm) 

X Rate of drying 

1       

2       

3       

 

Calculations: 

 
X = gm of moisture content 

 

Gm of dry solid 

Rate of drying = X 

As * t 

Where 

As = Area of tray Graph: 

Result: 

Conclusion: 



4. Lab Exercises: 
 

Exercise No4: (2 Hours) – 4.1 Practical 
 

A] Aim: To study the adsorption of acetic acid from aqueous solution by activated charcoal & examine the validity of Freundlich & Langmuir’s 

isotherm. 

 
Apparatus: Five reagent bottles with stoppers, burette, pipette, conical flasks 

 
Chemicals:  0.1N acetic acid solution, 0.1N sodium hydroxide solution, phenolphthalein indicator, powdered activated 

charcoal etc. 

 
Theory: 

 
Procedure: 

 
1) Take five clean, dry stopper reagent bottles & label them from 1 to 5. 

2) Add by means of a burette 50,40,30,20 &10 ml  of 0.1N acetic acid solution & 0,10,20,30 &40 ml 

distilled water in bottle nos. 1,2,3,4 & 5 resp. 

3) Weigh  accurately  1  gm  of  activated  charcoal  &  add  to  bottle  no.1.  Similarly,  add  1  gm 

activated charcoal in each of the remaining bottles. Stopper the bottles & shake them well. 

4) Meanwhile determine the initial concentration of acid by titrating against std.  NaoH solution using 

phenolphthalein indicator. 

5) Using dry filter papers of dual size filter the solution of each bottle in separate dry flasks. Titrate 10  ml  of  

filtrate  from  each  bottle  with  0.1Nn  NaoH  using  phenolphthalein  indicator.  Stake three readings for 

each bottle & take the mean. These readings gives the equilibrium concentration’s’  of  the  solution  i.e.  

concentration  of  acid  after  adsorption.  Tabulate  the result. 

 

Observation Table: 

 

Bottle No. Initial conc. of 

acid C0 
gm eq./lit 

Equilibrium 

Conc. of 

acid , Ce 

gm eq./lit 

Amount of 

acid 

adsorbed, 
x 

x/m log x/m log Ce 

1.       

2.       

3.       

4.       

5.       

 
Calculation: 

 
Calculate initial concentration (C0) of acetic acid in gm equivalent per lit for each sample. Also 

calculate  the  equilibrium  concentration  (Ce)  of  the  acid  solution  in  each  of  the  bottles  in  gm 

equivalent per lit. Then calculate the amount of the acid adsorbed in each bottle as follows: 

 
(C0 - Ce) x V x Eq.wt. Of the acid 

x   =    

1000 

 
Where, V = total volume (50ml) of the solution in each bottle. 



Result: 

 

Bottle 

No. 

Initial conc. 

of acid C0 gm 

eq./lit 

Burette 

reading 

Equilibrium 

Conc. of 

acid , Ce 

gm eq./lit 

Amount of 

acid 

adsorbed, 
x= C0 - Ce 

x/m log x/m log Ce 

1.        

2.        

3.        

4.        

5.        

 
 

Graph: 

 
1) Plot the graph of log(x/m) (Y-axis) against log Ce (X-axis). A straight line will be obtained this 

is in agreement with Freundlich equation. Find slope & Y-intercept values. 

 
2) Plot Ce /(x/m) (Y-axis) against Ce (X-axis). A straight line obtained shows the agreement with Langmuir 

adsorption isotherm. Calculate slope & Y-intercept. 
 

Conclusion: 

Thus Freundlich & Langmuir adsorption isotherm are studied by the above Experiment. 



5. Lab Exercises: 
Exercise No5: (2 Hours) – 5.1 Practical 

 

A] Aim: To determine amount of water absorbed by air. 

 
Chemical required: 

 
Apparatus/glassware: 

 
Theory: 

 
 

Procedure: 

1) Connect water connection of the tower to mains. 

2) Start air supply through blower and adjust predetermined air  flow  rate  by  gate  Valve provided. 

3) Start water flow rate and adjust predetermined flow rate. 

4) Put on required geyser to attain the temperature valve required at inlet to the cooling tower. 

5) Before starting the units see that all the thermometers are connected in ‘IN’ position. 

6) Now observe the temperature readings for air and water inlets and outlets after steady state         is reached. 

 
Observation: 

1) Diameter of pipe =50 mm 

2) Diameter of orifice =10 mm 

3) Coefficient of discharge of orifice =0.62 

4) Difference in manometer level = 

5) Inlet dry bulb temperature = 

6) Outlet dry bulb temperature = 

7) Inlet wet bulb temperature = 

8) Outlet wet bulb temperature = 

9) Inlet water temperature = 

10) Outlet water temperature = 

11) Flow rate of water = 

12) Density of air = 

Formula: 

Result: Amount of water absorbed by air =     

 

 
Conclusion: 



5. Lab Exercises: 
Exercise No5: (2 Hours) – 5.2 Practical 

 

A] Aim: To determine humidity of air by using psychometric chart 

 
Chemical required: 

 
Apparatus/glassware: 

 
Theory: 

 
 

Procedure: 

 
1) Wet the cloth carefully with water drop and wrap it over the bulb of the thermometer. 

2) Now place the thermometer in atmosphere. 

3) Wait for the steady state obtain. 

4) Note down the temperature shown by these two thermometers. 

5) Simply  placed  thermometer  will  give  Dry  bulb  temp.  And  thermometer  wrap  with  wet  wick give the 

wet bulb temp. Which is less than DBT? 

6) Now make DBT and WBT at pschyrometric chart and it will directly give the humidity. 

 
Observations: 

1) Dry bulb temperature = 

2) Wet bulb temperature = 

 
 

Result: 

 
 

1) Absolute humidity (H) = 

2) Saturation humidity (Hs ) = 

3) Absolute molar humidity (H) = 

4) Percentage humidity (Hp) = 

5) Relative humidity (HR) = 

6) Dew point temperature = 

 

 

Conclusion: 
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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: 
 

Document Standard: 

A] Page Size A4 Size 

B] Running text Justified text 

C] Spacing 1 Line 

D] Page Layout and Margins (Dimensions in Cms) 

Normal Page Horizantal 
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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. 


