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Course outline

Course title and 
number Unit Laboratory  64468

Semester and year Second sem. Academic year: 2010/2011
prerequisite Unit operation
Recent textbook Laboratory manual,

Suggested references  McCabe, Smith and Harriott, Unit operations, 3rd Edition
 C.J. Geankoplis, Transport processes and unit operation, 3rd Edition.
 Robert E.Treybal, 3rd Edition, Masstransfer operations McGraw-Hill 

Book Company ISBN 0-07-065176-0    , 
Course description The primary objectives of this class are to improve your problem-solving and 

self-directed learning skills coupled with an ability to work in teams. The data 
each team obtains, analyzes, and reports must be objectively considered and 
applied properly. The laboratory project should be motivated by a practical 
problem and must clearly demonstrate how the findings address the larger 
system and/or a final product. Again, problem-solving, self-directed learning, 
and the ability to work in teams are vital for success in professional and 
personal life. Unit Ops Lab is about teaching skills as much as content. 

The students carrying out complex experiments on pilot plant systems.  This 
course provides good oppurtunity of training on the main industrial 
operations: distillation, absorption, liq/liq extraction. And evaporation

Instructor Dr. Husni ODEH,  E-mail: hmodeh@najah.edu
Course type compulsory,
Course level: 4th year and  5th year students 

Course content and teaching time table
Topics
Gas absorption measurements:

1. Hydrodynamics measurements on packed column, first by dry column then with 

water/air system

2. Mass transfer measurement with carbondioxide/water system. Analysis on gas side by 

using gas analysis equipment provided

3. Calculation rate of absorption of carbon dioxide into water from analysis of liquid 
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solution

4. Calculation rate of absorption of carbon dioxide into caustic soda solution  from 

analysis of liquid solution flowing down absorption column

5. Showing the amount of carbon dioxide removed from the air stream equals the 

amount taken by caustic soda solution. And Mass transfer measurement with 

carbondioxide/water system. Analysis on liquid side by using gas analysis equipment 

provided

Liquid/liquid extraction Experiments:

1. Determination of distribution coeffient

2. Basic operation of liquid /liquid absorption colpumn.

3. Overall mass balance and mass transfer coefficient with the aqueous phase as the 

continuous medium

4. Overall mass balance and mass transfer coefficient with the aqueous phase as the 

continuous medium and Determination of solvent recovery

Experiments on distillation unit:
Batch distillation:

1. Determination the pressure drop over the distillation column for various boil-up rates.

2. Using refractometer for determening mixture composition

3. Determination overall column efficiency

4. Distillation at constant reflux ratio, variation of top and bottom composition with time

5. Steady state distillation of binary mixture , McCabe- Thiele/Ponchon Sarvorit 

determination no of theoretical plates.

6. Effect on column performance of feed plate location

Evaporation 
Demoneatration and operating of the evaporator and steam generator 
Evaporation experiment, by deionized water

Final examination 1
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16

Intended learning outcomes of this lab credit:
1. The improvement of students problem-solving and self-directed learning skills coupled with an 

ability to work in teams. 
2. The student will understan in depth the leared theoretical material relevant to the subject.
3. Each team of student will demonestrate on the existed an experimental system  a complete process 

with its operational parameters
4. The student will practice writing complex experimental report with it all components ( Abstract, 

objectives, prosedure,…) 
5. The data each team obtains, analyzes, and reports must be objectively considered and applied 

properly. 
6. Again, problem-solving, self-directed learning, and the ability to work in teams are vital for success 

in professional and personal life. Unit Ops Lab is about teaching skills as much as content. 

7. The students will be able to operate independently 
8. The students carrying out complex experiments on pilot plant systems.  This course provides 

good oppurtunity of training on the main industrial operations: distillation, absorption, liq/liq 
extraction.

Grading:
Reports: 35%

            Quizes and performance 10%
            Mid exam 20%
            Final Exam 35%

Dishonesty
Students are expected to be honest and ethical in their academic work.  Academic dishonesty is defined 

as an intentional act of deception in one of the following areas:
 Cheating- use or attempted use of unauthorized materials, information or study aids, especially during exam 
writing.

When evidence of academic dishonesty comes to the instructor's attention, the instructor will document the incident, 
permit the accused student to provide an explanation, advise the student of possible penalties, and take action. The 
instructor may impose any academic penalty up to and including an "F" grade in the course after consulting with his 
head department and informing the student of the action taken
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An-Najah National University
Department of Chemical Engineering

Unit Operation Lab, 64468.
Second term 2011

Instructions for Preparing Laboratory Reports
The report must be prepared according to the following outline. 

1. Title Page
The Title page should be separate from the rest of the report. It should contain: 
a. The title of the experiment. 
b. The number of course.
c. The names of the writer and his co-worker(s), their ID numbers, and group number.
d. Name of the instructor to whom the report is submitted
e. The date when the experiment was run
f. The date of submission of report
A sample title page is shown on page xv, which can be used when submitting reports.

2. Abstract
The abstract should be informative, and should be written in about three to five sentences. It 
should cover all phases of the investigation. It must include the following: 
a. An introductory statement about the subject matter 
b. Brief description of what was done and how it was done.
c. Selected results (numerical values, if available).
d. Brief assessment of the results e.g. some percentage errors in
Experimental results in comparison with theoretical values.
While writing the abstract, no reference should be made to graphs, tables or equations inside the 
report.

3. Introduction
This section should include few sentences discussing the physical and/or chemical principles 
involved in the experiment. The importance and relevance of the experiment to real applications 
may also be stated. 

4. Theoretical Background
This section should include the theory behind the experiment. It should also contain all those 
equations, which are used to acquire a certain result. Theoretical correlations, which are used for 
comparison with experimental results, should also be included. 

5. Procedure
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Here, you should briefly describe the actual step-by-step procedure you followed in running the 
experiment. It should be written in your own words, e.g. the needle valve was manipulated in 
order to adjust the liquid flow rate. 

6. Results
The results should be presented in the form or Tables or graphs. The Table should contain the 
results obtained from experiments and from theoretical knowledge. 
Comparisons may also be presented in terms of percent deviation between experimental values 
and theoretical predictions.

7. Discussion of Results
In this section you should discuss your experimental results and observations. If the results are 
obtained in terms of graphs, then interpret them also. Describe observed trends and possible 
relationship between parameters e.g. how a change in one variable affects another. Also show 
how you make comparison with the values obtained theoretically and discuss the deviation of 
experimental results from theoretical values. The possible source of errors should also be 
mentioned.

8. Conclusions and Recommendations
Conclusions are the series of numbered sentences which answer the questions posed at the 
beginning of each experiments. Conclusions should also include main results (numerical values) 
and the errors between the experimental and theoretical values.  What you have learned from the 
experiment should be mentioned as well. 
Recommendations are the proposals for future work, e.g. suggested changes in equipment, Study 
of new variables, or possible experiments in relative fields. Like the conclusions, the 
recommendations are usually listed by numbers, and each consists of only a sentence or two.

9. Literature Cited
Here, you should list the books, Journal’s articles, etc. used in writing your report and analyzing 
the experiment. The reference should be completed (name of the book, author, volume, date of 
publication, pages, etc.). References should be arranged alphabetically by author’s names.

10. Nomenclature
The symbols, which are used in the report, should be defined in the nomenclature in alphabetical 
order. The accompanying definitions must include proper units. 

Appendices
All appendices and graphs should be attached at the end of the report. 

A1. Raw Data: 
It should contain the raw data (in the log sheet) collected during the experiment. 

A2. Analysis of Data and Sample Calculations:
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This shows how the collected experimental data are analyzed and transformed into experimental 
results by using the appropriate equations. Also, how the theoretical results are obtained using 
theoretical in terms of percentage error. Sample calculations should contain each step, which is 
used to acquire certain results. 

Organization and Neatness
The students must organize their reports in accordance with the format described earlier. It is 
required/encouraged to use computer packages such as EXCEL, SIGMAPLOT, HARVARD, 
GRAPHICS or any other suitable engineering software to draw graphs. The neatness will include 
how the student has organized his report, neat handwriting, accuracy in grammar and spelling, 
numbering pages, figures, tables and equations. Additional points will be given to those students 
who use computers in preparing their reports.
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Sample Cover Page

Unit Operation Laboratory

       Batch Distillation

(Experiment no. 1, Performed on: February 20, 2008)

         Prepared by: Naser Jaber

Group members: N. Jaber

A. Daqa      √

           M. Badran   √

                           Submitted to: Dr. Husni Odeh
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    Chemical Engineering Department

            An-Najah National University

February 26, 2009

PART 1
Gas Absorption
Column UOP7
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Plot:

∆Pa (kPa) vs. v (m/s) of the packed column

∆Pa (kPa) vs. F (m/s*(kg/m3)-1/2)of the column

Determination of flooding regime.

Comparison these results of that’s of tray columns

F factor = velocity * (air density)-1/2
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PART 2
Liquid /Liquid

Extraction Unit UOP5
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Commissioning
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       EXPERIMENT B

      Hydrodynamics of packed column

a. The aqueous phase as the continuous medium.

b. The organic phase as the continuous medium.
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1. Fill out the calculated data in the table.

2. Plot the results in triangle diagram to prepare an equilibrium curve.

3. Plot the results as Y versus X producing an equilibrium curve.
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PART 3 Distillation
Column UOP3cc

PART 3
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Distillation Column
UOP3CC

Introduction to Distillation

Distillation has always been and will continue to be one of the most important industrial processes for separating the 

different components of a liquid mixture

Laboratory scale distillation columns are needed to provide adequate practical training for student engineers and 

plant operators in a safe environment. They may also be used to acquire process separation data, of use in full-scale 

plant design

The UOP3CC allows the study of both batch and continuous distillation, packed or plate column operation, 

operation under atmospheric pressure or under vacuum, azeotropic distillation, and manual, PID, PLC or computer 

control of the process. Data logging of the process is also possible.

Description of Distillation Column
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All numerical referees relate to the figures (1, 2, 3,4)

The equipment comprises a 50 mm diameter sieve plate column made up of two glass sections (3) and (4) each 

containing four sieve plates. The columns are separated by a central feed section and arranged vertically for counter-

current vapor/liquid flow. Also installed within the framework are:

Reboiler (13) 

Two 5 litre feed tanks (5), (6)

Peristaltic type feed pump (7)

Condenser (8)

Bottom (9) and top (10) product tanks

Decanter (11)

Reflux valve (12)

Azeotropic dosing vessel (24)

Vacuum pump (20)

The Reboiler (13) situated at the base of the column is manufactured from 316 stainless steel and incorporators a 

flameproof immersion type heating element. Either each batch or continuous distillation can be carried out using this 

reboiler.

In continous operation, valve (V1) is open and bottom product flows from the reboiler through the bottom product 

cooler (15) to the bottom product tank (9). It is possible to preheat the feed to the column by directing the feed 

through a spiral coil in the bottom product cooler where heat is transferred from product leaving the reboiler at the 

boiling point. 

For batch operation, valve (V1) remains closed so that the reboiler can be filled with initial charge (10 to 12 litres) 

of binary mixture.

A level sensor (17) inside the reboiler protects the heating element from overheating due to low operating level and 

a sign glass 18 allows the level in the reboiler to be observed.

Feed mixture from either of the feed tanks is pumped by pump (7) to the base, centre or top of the distillation

column at connections (A), (B) or (C).

The glass column incorporates a total of eight sieve plates in two sections (3) and (4) each containing four plates. 

Each plate (D) is located by a central support rod (E) and incorporates a weir (F) and downcomer (G) to create a 

liquid seal between successive stages.
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Figure 1: UOP3cc Continuous Distillation Column
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Figure 2: Distillation Column 
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Figure 3
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Figure 4: Control Consol 
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INDEX TO EXPERIMENTS

Batch Distillation

1. To determine the pressure drop over the distillation column for various boil-up rates

2. Use the refractometer for determining mixture compositions

3. To determine the overall column efficiency.

4. Distillation at constant reflux ratio-variation of top and bottom compositions with time.

Continuous Operation

1. Steady state distillation of a binary mixture, McCabe-Thiele/Ponchon Savarit 

determination of no. of theoretical plates.

2. Effect on column performance of feed plate location.
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EXPERIMENT A

BATCH DISTILLATION

Objective

To determine the pressure drop over the distillation column for various boil-up rates

Theory

The total pressure drop across each tray is the sum of that caused by the restriction of the holes in 
the sieve tray, and that caused by passing through the liquid (foam) on the top of the tray.
As the velocity of the vapors passing up the column increases then so does the overall pressure 
drop. The velocity is controlled by varying the boil-up rate which is done by varying the power 
input to the broiler. Under conditions with no liquid present, the sieve trays will behave like an 
orifice in that the pressure drop will be proportional to the square of the velocity. Due to the fact 
that there is a liquid head however, this square relationship does not become apparent until the 
head of liquid has been overcome and foaming is taking place.

Procedure

1. Before starting, make sure all valves on the equipment are closed
2. Open valve V10 on the reflux pipe.
3. Fill the boiler with 10 liters of mixture (methanol & water) to be distilled.
4. Turn on the power to the control panel and set the temperature selector switch to T9 (the 

temperature in the reboiler).
5. Open valve V5 admitting the cooling water to the condenser at the flow rate on F11 of 

approximately 3 liters/min.
6. On the control panel turn the power controller for the reboiler heating element anti 

clockwise until a reading of approximately 0.5 kW is obtained on the digital wattmeter.
7. When the equilibrium condition is reached the boil up rate can be measured by operating 

valve V3 so that all the condensate is diverted into a measuring cylinder and the time 
observed to collect a set quantity.

8. Take reading of pressure drops over both the rectifying (top) and the stripping (bottom) 
sections by opening the valves V6 & V7 on the manometer. (When opening the valves, 
make sure always to open valve V6 then V7 to prevent vapor from the column to entering 
the manometer).close the valves in the same order, when finished the pressure drop 
reading.

9. Set up the boil-up rate in 250 Watt increments up to maximum 1.5 kW by adjusting the 
boiler heater power controller.
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Results

Power (kW)
Boil-up Rate
(litres/hr)

Pressur Drop (cm H2O) 
Top Bottom Overall

Degree of Foaming 
on Trays

The comment “  Degree of Foaming on Trays” should be filled in using descriptive words e.g. 
None, gentle Localised, Violent Localised, Foaming Gently Over Whole Tray, Foaming 
Violently Over Whole Tray, Liquid Flooding in Column.

 From the results, plot the curve relating pressure drop as a function of boil-up rate on log/log 
graph paper.
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EXPERIMENT B

BATCH DISTILLATION

Objective

Use the refractometer for determining mixture composition

Theory

It is essential to have a convenient quick method of determining the composition of the binary 
mixture taken from the various sample points on the distillation column. Such a method involves 
the use of a refractometer since the refractive index of these mixtures varies with composition.

For the system Methanol/Water, mixtures of known concentration can be made up and their 
refractive indexes measured. The refractometer measured the critical angle of the liquid under 
test and each concentration will show a different critical angle.

The refractive index
The ratio of the velocity of light in vacuum to the velocity of light in a medium is referred to as 
the medium's refractive index, denoted by the letter n. The velocity of light in a vacuum is 3.0 x 
108 m/s or about 186,000 miles/s. the index of refraction n equals the ratio of the velocities of 
light in vacuum (c) to that in the medium (v), that is n = c/v. Light slows down when it enters a 
substance, so the refractive index will always be greater than 1.
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Figure 5. Light incident on a glass plate. The reflected part of the ray is shown along with the 
light path for the refracted component.

Procedure

1. Measure the refractive index (R.I) of pure methanol and pure water.
2. Make up small quantities of 25 mol percent, 50 mol percent, 75 mol percent methanol and 

measure their R.I. 
3. calculate the volume of constituents to use as follows:

For 25 mol percent methanol, ie. 75 mol percent water

Molecular weight of  methanol = 32
Molecular weight of water = 18

Density of methanol = 0.791 g/ml
Density of water = 1 g/ml

Water

WaterWater

Methanol

MethanolMethanol

Methanol

Methanolmethanol

WM

Vol

WM

Vol
WM

XVol

..

.

100

25













Thus
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Methanol

Water

Water

Methanol

Methanol

Water

WM

WM

Vol

Vol







.

.
1

100
25

Water

Methanol

Methanol

water

Methanol

Water

ρ

ρ
Χ

M.W

M.W
Χ3

Vol

Vol


Methanol

Water

Vol

Vol
= 

1

0.791
Χ

32

18
Χ3

MethanolWater Vol1.3348Vol1 

Results

Methanol 

Concentration R.I.

100%

75%

50%

25%

0%

1. Plot graph of refractive index versus mol percent methanol in methanol/water mixture.
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EXPERIMENT C

BATCH DISTILLATION

Objective

To determine the overall column efficiency at varying boil-up rates

Equipment Set up

The equipment will be set up to operate at total reflux so that the charge of feed mixture can be 
loaded directly into the reboiler.

Equipment

1. Distillation Column
2. Refractometer 
3. 250 ml measuring cylinder graduated in mls.
4. stop watch
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Chemicals/materials

1. Methanol
2. Deionized Water

Theory
To calculate the number of theoretical plates for a given separation at total; reflux fenske 
developed the following formula:

 av

x

x

x

x

n
AB

bA

B

dB

A

log

.log

1






























Where n = number of theoretical plates
xA = mole fraction of more volatile component
xB = mole fraction of more volatile component
av = average relative volatility

Subscripts d , b indicate distillate and bottom respectively

bdav  .

the efficiency is given by,

100%Χ
platesactualofNumber 

platesal theoriticofNumber 
E 

Knowing the composition of distillate and bottom and the corresponding volatilities, the column 
efficiency can be determined.

Procedure

1. Before starting, make sure all valves on the equipment are closed

2. Open valve V10 on the reflux pipe.

3. Fill the boiler with 10 liters of mixture (methanol & water) to be distilled.

4. Turn on the power to the control panel and set the temperature selector switch to T9 (the 

temperature in the reboiler).
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5. Open valve V5 admitting the cooling water to the condenser at the flow rate on F11 of 

approximately 3 liters/min.

6. On the control panel turn the power controller for the reboiler heating element anti 

clockwise until a reading of approximately 0.75 kW is obtained on the digital wattmeter.

7. When the equilibrium condition is reached the boil up rate can be measured by operating 

valve V3 so that all the condensate is diverted into a measuring cylinder and the time 

observed to collect a set quantity.

8. Take a sample of the overheads through valve V3. When doing that, be careful never to 

drain the condensate return line.

9. Record the refractive index for the taken overhead sample.

10. Take a sample of the bottom through valve V2. 

11. Record the refractive index for the taken bottom sample.

12. Repeat this procedure for several different boil-up rates to cover the operating range of 

the column.

13. Determine the concentrations of the components in the taken samples by using calibration 

graph (see experiment B).

Results

TABLE OF RESULTS

Boil-up 
Rate
(l/hr)

Rectifying Stripping

R.I. (XA)d
Temperature 

(ºC)
R.I. (XA)b

Temperature 
(ºC)

T1 T5

T2 T6
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T3 T7

T4 T8

Average Average

T1 T5

T2 T6

T3 T7

T4 T8

Average   Average        

1. Calculate the number of theoretical plates.

EXPERIMENT D

BATCH DISTILLATION

Objective

To carry out a distillation at constant reflux ratio-varying top and bottom compositions with 
time.

Equipment Set up

 The equipment will be set up to operate at total reflux so that the charge of feed mixture 
can be loaded directly into the reboiler.
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Equipment

1. Distillation Column
2. Refractometer 
3. 250 ml measuring cylinder graduated in mls.
4. stop watch

Chemicals/materials

1. Methanol
2. Deionized Water

Theory

Since there is no feed, no bottom product, the liquid flow in the column is equal to the vapor 
flow in the column.

LV 
A material balance over the M.V.C. (most volatile component) gives:

1nn  xyV  L

Since V = L this gives

1 nn xy

Procedure

1. Before starting, make sure all valves on the equipment are closed

2. Open valve V10 on the reflux pipe.

3. Fill the boiler with 10 liters of mixture (methanol & water) to be distilled.

4. Turn on the power to the control panel and set the temperature selector switch to T9 (the 

temperature in the reboiler).

5. Open valve V5 admitting the cooling water to the condenser at the flow rate on F11 of 

approximately 3 liters/min.
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6. On the control panel turn the power controller for the reboiler heating element anti 

clockwise until a reading of approximately 0.75 kW is obtained on the digital wattmeter.

7. Set the reflux controller to the desired value i.e start with 5:1, meaning 5 sec back to 

column and 1 sec to top product receiver.

8. When the equilibrium condition is reached the boil up rate can be measured by operating 

valve V3 so that all the condensate is diverted into a measuring cylinder and the time 

observed to collect a set quantity.

9. Take a sample of the overheads through valve V3. When doing that, be careful never to 

drain the condensate return line.

10. Record the refractive index for the taken overhead sample.

11. Take a sample of the bottom through valve V2. 

12. Record the refractive index for the taken bottom sample.

13. Record the temperatures T8 - T1 to calculate the average column temperature.

14. Repeat this procedure for different reflux ratio.

15. Repeat the whole procedure for several different boil-up rates to cover the operating 

range of the column.

16. Determine the concentrations of the components in the taken samples by using calibration 

graph (see experiment B).

Results

TABLE OF RESULTS

Boil-up 
Rate
(l/hr)

Rectifying Stripping

Reflux Ratio =

R.I. (XA)d Temperature 
(ºC)

R.I. (XA)b Temperature (ºC)
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T1 T5

T2 T6

T3 T7

T4 T8

Average   Average   

T Column average (ºC) = 

Reflux Ratio =

R.I. (XA)d Temperature 
(ºC)

R.I. (XA)b Temperature (ºC)

T1 T5

T2 T6

T3 T7

T4 T8

Average   Average   

EXPERIMENT E

CONTINUOUS DISTILLATION

Objective

Steady state distillation of a binary mixture under continuous operation.

Equipment Set up
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 The equipment will be set up to operate 
at total reflux so that the charge of feed 
mixture can be loaded directly into the 
reboiler.

Requirements

1. Distillation Column
2. Refractometer 
3. 250 ml measuring cylinder graduated in mls.
4. stop watch
5. Calibration curve for the feed pump.
6. Calibration graph for refractometer.
7. Equilibrium data for methanol/water at atmospheric pressure.

Chemicals/materials

1. Methanol
2. Deionized Water

Theory

Calculation of number of plates using the LEWIS-SOREL method

Material Balance of top of column 

1n nV L D 

With respect to M.V.C. this becomes

1 1

1
1

n n n n d

n
n n d

n

y V L x Dx

L D
y x x

V V

 




 

 

Since the liquid overflow is constant 1n nL L 

1
1

n
n n d

n n

L D
y x x

V V


 

R
Vt

D

xd
Ln+1Vn

Palte n

Plate n+1
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Material Balance of bottom of column.

1m mV L W 

With respect to M.V.C. this becomes

1 1m m m m wy V L x Wx  

1
1

m
m m w

m m

L W
y x x

V V


 

Since the liquid overflow is constant 1mLm L 

1
1

m
m m w

m m

L W
y x x

V V


 

Equations (1) and (2) combined with the equilibrium 
curve can be used to calculate the composition on the 
various plates working from the condenser down to 
the still. The plate which has a composition nearest to 
that of the feed should be used as the feed plate.
Consequently the number of theoretical plates and position of entry for the feed can be 
calculated.

Procedure

1. the feed to the column must be admitted at the mid point (onto try 5)

2. Turn on the power to the control panel and set the temperature selector switch to T9 (the 

temperature in the reboiler).

Lm+1
Vm

Plate m+1

Plate m

W
xw
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3. Open valve V5 admitting the cooling water to the condenser at the flow rate on F11 of 

approximately 3 liters/min.

4. On the control panel turn the power controller for the reboiler heating element anti 

clockwise until a reading of approximately 0.75 kW is obtained on the digital wattmeter.

5. Start the experiment with total reflux.

6. Before switching on the reflux switch, Set the reflux ratio to 5:1, meaning 5 sec back to 

column and 1 sec to top product receiver.

7. When the column has stabilized at total reflux, the flow of feed and the reflux can be 

started at the same time.

8. It is advisable to set a feed flow 2 litres/hr.

9. After feeding approximately 3 litres take a sample of the overheads through valve V3. 

When doing that, be careful never to drain the condensate return line ie . partially open 

V3 to leave a small amount of liquid in the line all the time.

10. Take a sample of the overheads through valve V3. When doing that, be careful never to 

drain the condensate return line.

11. Record the refractive index for the taken overhead sample.

12. Take a sample of the bottom through valve V2. 

13. Record the refractive index for the taken bottom sample.

14. Record the temperatures T8 - T1 to calculate the average column temperature.

15. repeat the sample taking a further three times during the experiment (before feed runs 

out)

Table of results

Power (kW) =

Feed Position =
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Feed Flow Rate (l/hr) =

Reflux Ratio =

Rectifying Stripping

R.I. (XA)d R.I. (XA)b

Trial # 1

Trial # 2

Trial # 3

Trial # 4

Trial # 5

EXPERIMENT F

CONTINUOUS DISTILLATION

Objective
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Effect of varying the feed position under 
continuous operation.

Equipment Set up

Requirements

8. Distillation Column
9. Refractometer 
10. 250 ml measuring cylinder graduated in mls.
11. stop watch
12. Calibration curve for the feed pump.
13. Calibration graph for refractometer.
14. Equilibrium data for methanol/water at atmospheric pressure.

Chemicals/materials

1. Methanol
2. Deionized Water

Theory

Calculation of number of plates using the LEWIS-SOREL method

Material Balance of top of column 

1n nV L D F  

With respect to M.V.C. this becomes

1 1

1 1

n n n n d F

n n F
n d

n n n

y V L x Dx Fx

L x FxD
y x

V V V

 

 

  

  

Since the liquid overflow is constant 1n nL L 

1 1n n d F
n

n n n

L x Dx Fx
y

V V V
   

Material Balance of bottom of column.

1m mV L W 

R
Vt

D

xd
Ln+1Vn

Palte n

Plate n+1

Lm+1
Vm

Plate m+1

Plate m

W
xw
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With respect to M.V.C. this becomes

1 1m m m m wy V L x Wx  

1
1

m
m m w

m m

L W
y x x

V V


 

Since the liquid overflow is constant 1mLm L 

1
1

m
m m w

m m

L W
y x x

V V


 

As the feed is introduced in the top of the column m nL L and also m nV V

Procedure

1. The feed to the column must be admitted above the top plate.

2. Turn on the power to the control panel and set the temperature selector switch to T9 (the 

temperature in the reboiler).

3. Open valve V5 admitting the cooling water to the condenser at the flow rate on F11 of 

approximately 3 liters/min.

4. On the control panel turn the power controller for the reboiler heating element anti 

clockwise until a reading of approximately 0.75 kW is obtained on the digital wattmeter.

5. Start the experiment with total reflux.

6. Before switching on the reflux switch, Set the reflux ratio to 5:1, meaning 5 sec back to 

column and 1 sec to top product receiver.

7. When the column has stabilized at total reflux, the flow of feed and the reflux can be 

started at the same time.

8. It is advisable to set a feed flow 2 litres/hr.

9. After feeding approximately 3 litres take a sample of the overheads through valve V3. 

When doing that, be careful never to drain the condensate return line ie . partially open 

V3 to leave a small amount of liquid in the line all the time.

10. Take a sample of the overheads through valve V3. When doing that, be careful never to 

drain the condensate return line.
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11. Record the refractive index for the taken overhead sample.

12. Take a sample of the bottom through valve V2. 

13. Record the refractive index for the taken bottom sample.

14. Record the temperatures T8 - T1 to calculate the average column temperature.

15. repeat the sample taking a further three times during the experiment (before feed runs 

out)

Table of results

Power (kW) =

Feed Position =

Feed Flow Rate (l/hr) =

Reflux Ratio =

Rectifying Stripping

R.I. (XA)d R.I. (XA)b

Trial # 1

Trial # 2

Trial # 3

Trial # 4

Trial # 5
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PART 4
Single Stage
Evaporator
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1.1 Introduction
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Steam Generator
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Start Up
 Turn on the main switch.

 If the heater does not turn on, press reset and try again.
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Shut Down
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2. Operating instruction:

2.1 Commissioning

 Close the valves V2, V3, V4, V5, V6, V7, V8, V9, V13, V15, V16, V17, V20 and V21
 Open the valves V1, V12, V14, V18 and V19
 Open partially the valves V10, V11, V22 and V23
 Connect the plant to the electrical supply: three-phase + N +G, P=3 kW
 Connect the plant to the tap water and to a water drain (see plant synoptic and labels on 

the pipe) using the rubber pipe and the metal hose clamps supplied
 Connect the pressure reducers under the switchboard to the compressed air line (6bar) 

using the pipe supplied and set the pressure following the labels
 Open the main air supply
 Close the pneumatic valve FV1 using the related knop (Ga1 flow control) positioned on 

the switchboard (rotating clockwise = increase the valve opening, anti clockwise = 
decrease the valve opening); the pressure on the related manometer is proportional to the 
degree of opening of the valve: 0.5 bar = valve completely close, 1 bar = valve fully open

 Connect valve V6 with the steam line using the flexible pipe for steam supplied: the 
steam pressure must be at maximum 4.5 bar (max. consumption about 20 kg/h)

 Open the main feed steam valve (V1 on steam generator)
 Open the main water flow line
 Set the cooling water flow rate to the condenser E2 at 150 l/h about using valve V10
 Insert the E.L.C.B (الامان)
 Pull the emergency knob out
 Press the pushbutton “ START”
 Fill the feeding tank D1 with the solution to be concentrated
 Open partially valve V22
 Start the vacuum pump G3 (switch to 1).
 Control the residual preesure, at -0.7 bar (=300 mbar) for example, with the valve V22: 

closing the valve the vacuum increase
 حیث عندھا یجب 3ومن ثم طفي مضخة22ملاحظة: للتاكد من ان المضخة سلیمة بدون تنفیس یمكن اغلاق  صممام 

PI3ان لاتزید  قراءة
 Open the valve V6
 Open valves V7 and V8
 Open the valve FV1 (steam flow control) at 50% ( detemined by needle position on the 

red FV1) using the related knop on the switchboard
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3- Safety
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Prepare calibration curve nD vs. concentration g/100 ml
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      Determination of steam consumption
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