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Welcome,  after  learning  something  about  the  adsorption  process.  Today  we shall  be

looking into some of the problems; to solve this kind of processes.

(Refer Slide Time: 00:29)

Here we have, if the processes we shall be talking about; we shall be looking into the

Freundlich Isotherm, Langmuir Isotherm and the BET Isotherm, how these isotherms;

this Freundlich and Langmuir are fitted and how to use these isotherms for finding out

the amount of mass adsorbed of the species.
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Now, first problem here we have that, there we are given some tables in which we have

the partial pressure versus the loading of the adsorbate for different temperatures, for the

adsorption of pure propane on the activated carbon.

So, in this case, the p represents the actual pressure of the particular species propane.

And these are given here and the pressure is given in terms of the kilopascal and the

adsorbate loading is given in terms of millimol per gram of the activated carbon.

And what we find that, for different temperatures, we are given this data and what we are

needed to do is, first draw the adsorption isotherm at the above four temperatures. And

then test the applicability of Langmuir and the Freundlich isotherm for the given data.

So, in this case, what we will do? First we shall look into the adsorption isotherm by

plotting the adsorbate loading versus the pressure.
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So, first we shall talk about the temperature of 311 K. And here we have the plotting; on

the x axis we are plotting the pressure and you have to choose appropriately the skill and

on the y axis we are plotting the adsorbate loading in terms of the millimol per gram.

So, this is the kind of plotting we get typical plotting we get. And we find that as we

learnt earlier, that initially it increases and then it slowly and slowly goes towards kind of

a  Plato  and  by  looking  at  this  particular  graph,  we  find  that  this  is  representing  a

favourable isotherm.

Next, we go to the next temperature; next higher temperature and we plot it and we find

the this case, we find that the plotting is there 2 things. And we are finding with the

increase in the temperature  the amount  has decreased as we learned that  increase of

temperature favours desorption and increase of pressure favours adsorption. So, in this

case of pressure, temperatures increased. So, we find that the amount adsorbed has also

come down.

Next, we go for the next higher temperature of 394 K and again, we find the amount

adsorbed has come still further come down. and lastly, we go to the highest temperature.

We find that this material then represents the highest temperature. By looking at the 3

these all the isotherms, we can conclude that, this one represents the lowest temperature

and this one represents the highest temperature.
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Now, coming to the fitting of the Langmuir isotherms, what we have to do that, you have

to remember that this is the equation represents the Langmuir isotherm.

So, in this case, as we learnt earlier that, if we plot the pressure by the loading versus the

pressure,  we shall  be getting  a  straight  line  equation  with  a  slope  of  b  by  a  and a.

Intercept of 1 by a and from these slope and the intercept, we can find the value of these

2 things a and b. So, that is what we shall be doing; first, let us consider this temperature

311 K. And for that, we are plotting this p versus q on the y axis. And this p on the x axis

of p by q and then, what we do? p by q versus p.

We put these values here as from this particular table, we first plot these points. Then,

through these points, we use the regression or the curve fitting to fit a straight line. This,

you can do on an excel sheet or other appropriate a processing data processing software

like origin j new plot.

So, any of these things you can use and you can find that it will give you the sum equal

base fit equation wit with the value of the correlation coefficient. And if this value goes

near the 1; that means, we are able to relate it very nicely. So, depending on the value of

the correlation coefficient, it will tell us about the goodness of our feet and in this case,

we find it is quite good fit.



So, this is  the way we are finding that we are getting a straight  line.  And from this

straight line, if we take the slope of the straight line, we shall get the value of b by a and

the y intercept. If you look into this y intercept will give us 1 by a.

So, the reciprocal of the intercept is the value of a; whereas, if we divide the slope by the

intercept, we shall be able to get the value of b. So, that is how we can find the parameter

values for the Langmuir isotherm from this kind curve.
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And then, we can do it for the other temperatures also, we find that, for each of them we

are getting different values of the a and b.



(Refer Slide Time: 05:56)
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So, here we are showing four different temperatures. We are getting these different plots

for this p by q versus p and we are getting different values of a and b.



(Refer Slide Time: 06:15)

Next, we come to the comparing these all these things, we find that, as we found for the

other ones that the highest temperature lowest temperature, you can see that these are

highest temperature. So, in this case, we find for the highest temperature. We are getting

it on a top and our lowest, we are getting at the bottom.

So, this is showing the comparison of the various plots at different temperatures. And

from this, we can see that, how this value of a and b would change for the different

temperatures.
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Now, next we come to the fitting of the same data set for the Freundlich isotherm. And

this is the Freundlich isotherm in a rearranged fashion. And in this case, as we learnt

earlier [vocalized-noise,] that if we plot the logarithm of the adsorbent loading versus

logarithm of the pressure, we would get a straight line in which the slope will be 1 by n

and the in y intercept will be log of the k, which are the parameters from the Freundlich

isotherm.

So, again we considered all the temperatures and we find that, we are fitting these things.

And  in  please  note  that,  in  this  case,  the  value  of  the  R  square  has  come  down

substantially from about 0.99 which was obtained in the previous case to this value of

0.91.

So, the value of this R square, if we compare the value of the R square for the various

isotherms, whenever we find for the for the isotherm for which the R squared is nearly 1,

that will be the best fit isotherm for. So, in this case, we find that the Freundlich is not

able to predict the adsorption behaviour as it was done previously.

So, now we have this Freundlich and this for the other temperatures also, we find these

plots.
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And we find again this value of the R square is coming almost of the same order. And in

this case, we find that in the higher temperature, they are matching. Here also, we find

for higher temperature, we are getting a very good match of 0.99.

(Refer Slide Time: 08:30)

And if you go to still higher temperature, we are getting a slight decrease, but it is quite

good.

So, what we find that, for higher temperature Freundlich is able to give us a better fitting

to the given data set than at lower temperature. But, in general, if we compare the two,

we find that the Freundlich and the Langmuir, then we find that for Langmuir, the fitted

fittings are better than the Freundlich.

So, we conclude that, the Freundlich should be the one sorry, the Langmuir will be the

one which should be used for fitting this particular dataset. And that is a how is come

conclude  that  the  propane  and  charcoal  activated  carbon.  This  pair  for  those  the

Langmuir isotherm better than the Freundlich isothermal.
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So, this is how we compare the various isotherms by fitting them individually to a given

data set. Next we come to the other problem. In this case, we shall be using the BET

isotherm to find out the amount of the particular solute adsorbed on a given adsorbent at

some particular temperature pressure.

Now, in this particular problem, we have a silica gel at the adsorbent and we have carbon

monoxide and we have been given that, we have to adsorb about 10 cubic meter of the

carbon monoxide at this particular pressure of 50 kilo Pascal and a temperature of 90.1

Kelvin. And you can say it is a cryogenic temperature very much much lower than the 0

degree centigrade; the cryogenic temperature.

And the saturation pressure for carbon monoxide at this particular temperature is given

as  241.5 kilo  Pascal.  So,  with these  data,  we have to  figure out  what  would  be the

amount that is a mass of the carbon monoxide that can be absorbed on this particular

silica gel adsorbent.
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Now, first let us see what are the things given to us. The pressure, the saturation pressure,

the temperature  and the volume to be adsorbed and we have to find out  the carbon

monoxide that can get adsorbed.
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Now, here are the parameters. First, which we have to have for this isotherm? We are

going  to  use  a  BET isotherm  and  the  parameters  are  listed  here.  And  we  shall  be

choosing  the  silica  gel  versus  carbon  monoxide  at  90.1  K  and  we  see  the  various



parameter values are in listed in this particular table. So, we shall pick up these values

appropriately.

(Refer Slide Time: 11:18)

And now, we shall be using these from this vm and theta a, if we find the value of z

which is needed for the BET isotherm. And when this is the BET isotherm here, and here

we find the ratio of p by p set as 0.27 and then we keep on plugging in the values of the

various parameters in this equation.

And in this case, V is the 10 cubic meter and then, we find this is the value we get. And

here, ultimately by knowing the V by m a value, then the m a is this V divided by this

particular value. And we get this 61.07, that is the; that means, this much is the amount

of the carbon monoxide that can get adsorbed on the silica gel for that given particular

pressure and the given temperature.

Please understand that, if the temperature or the pressure or both of them get changed,

then this amount will also get changed. And you can of course, we have to for this to

compare these values, we have to use the data appropriately.

Maybe we have to take some data from the literature and which are not listed in the

given table.



So, in the we in this particular lecture, we have learned about, how to use the Freundlich

isotherm,  the  Langmuir  isotherm  and  the  BET  isotherm  to  analyse  the  adsorption

separation in some natural gas system.
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Next,  we  come  to  a  breakthrough.  Now,  we  learned  about  breakthrough.  Their

breakthrough indicates that, when a particular adsorption bed will be taken has to be

taken for regeneration.

Now, now, the problem is here that, we have an adsorption bed to be designed to remove

water from natural gas and we have 2 adsorbents A and B to be evaluated that which one

we should take.

So, for that, we conduct to evaluate the efficacy of any adsorbent to separate a given

species. What we do? We take the breakthrough other than the (Refer Time: 13:20) also.

Then we look at a breakthrough and we find that, the we have been that permissible H 2

O concentration is 5 percent of the unit H 2 concentration and the breakthrough curves

are given by the following figures and we have to suggest that which of these 2 may be

used for separating out the water.

So, here we have the breakthrough curve that what is one is for the adsorbent A, one is

for the adsorbent B. And on the y axis, we have plotted this ratio of c exit by c inlet and



in and this C exit by C inlet is the normalized concentration and on the x axis, we have

plotted the time.

And now, we see that the nature of this to breakthrough curves seems to be almost same

similar, that is; sigmoidal nature. But, we find that, there are there differences in their

nature that, this for adsorbent A the breakthrough takes gets away from 0 optima of the

this normalized concentration at earlier time then for adsorbent B.
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Now, to solve this problem, what we shall do? We will consider this particular plots and

then we shall be locating the given permissible exit concentration, that is, 0.05. And we

draw a horizontal straight horizontal line and from this, we can see these intersection

points represents the breakthrough time.

Now, looking at the breakthrough time, we find that, this for this adsorbent A, this is

about 31 units of time and for adsorbent B, it is about 51 units of time. Now, because the

breakthrough times are different, it means that whenever the breakthrough is higher; that

means, that particular bed is able to retain the solute or the separated the particular solute

more effectively than the other bed.

So,  by  looking  at  the  breakthrough  time,  because  for  adsorbent,  we  are  finding  the

breakthrough  time  is  were  higher  than  that  for  adsorbent  A.  So,  we  conclude  that



adsorbent B should be used for this particular system. So, that is how we make use of the

breakthrough curve.
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And you can refer to these books for further detail.

Thank you.


