Mass Transfer Coefficients
Prof. Bishnupada Mandal
Department of Chemical Engineering
Indian Institute of Technology, Guwahati

Lecture — 09
Mass transfer coefficient concept and classifications

Welcome to the second module of the course mass transfer operation. In this module we
will discuss Mass Transfer Coefficients, before going to the today’s first lecture let us
have small recap on our previous lecture. In our previous know module particularly we

have discussed diffusion mass transfer.

(Refer Slide Time: 01:01)

ﬁf‘ffww Mows Toones
i Mofosulsn Diffusie
@:ﬁwﬁ Qifpurie
'D,ﬁm&w MW’*W’{S
i i ’ Preadi i

Under which we have a discussed concept of molecular diffusion and convective
diffusion. We have also considered diffusion measurements, gas then liquid and solid, we

have also discussed its prediction.
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Module 2: Lecture 1

Concept of Mass Transfer Coefficients

¢ What is mass transfer coefficient?
o Types of mass transfer coefficient

« Diffusion of A through non diffusing B
¢ Equimolar counterdiffusion of A and B

» Relation between the gas-phase mass transfer coefficients, K, and Ky

So, in this lecture, we will consider concept of mass transfer coefficient. In the first
lecture we will mostly concentrate on the what is mass transfer coefficient, type of mass
transfer coefficient, diffusion of A through non diffusing B and in that case what should
be the mass transfer coefficient. Then we will discuss equimolar counter diffusion of A
and B and we find out the different mass transfer coefficient related to the system and
finally, we will discuss the relation between the gas phase mass transfer coefficients K G

and KY.
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Concept of Mass Transfer Coefficients

¢ The mass transfer coefficient is defined as follows:

» Rate of mass transfer « concentration driving force (.. the
difference in concentration)

» Rate of mass transfer « Area of contact between the phases
s [, W, = Rate of mass transfer (kmol/s) of the solute A,
AC,= Concentration driving force between two points,
a = area of mass transfer,
—W, 0aAC,

== W,=klaAC,  Wherek the proportionality constant, called the
____smass fransfer coefficient,



The mass transfer coefficient is defined as the rate of mass transfer as we know is
proportional to the concentration driving force that is the difference in concentration and

also the rate of mass transfer is proportional to the area of contact between the phases.

So, if we consider W A is the rate of mass transfer in terms of kilomole per second of
particular solute A and if the concentration driving force between the two points is delta
CA,thatisCAland CA2,CA 1 minus C A 2 delta C A is the concentration driving
force and the area of mass transfer is a in that case we can write W A is proportional to a
into delta C A concentration driving force. So, from this we can write W A would be
equal to k ¢ a into delta C A. This k ¢ over here is basically the proportionality constant

and it is called the mass transfer coefficient.
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Concept of Mass Transfer Coefficients

o If Ny is the molar flux (expressed as kmol/im2.s, say), we may write

Wy =(aNs = k. a0y
Na _ molar flux

= r r ien =s—S=
Mass transfer coefficient, k. AC4  concentration driving force.

# For the purpose of comparison, we may recall the definition of
heat transfer coefficient:

heat [lux
temperature driving force, AT

== Heat transfer co-efficient, h=

So, this is the mass transfer coefficient. Now, if we considered N A is the molar flux
which is expressed in kilomole per metre square second we may write W A would be
equal to a into N A because W A is the molar flow rate that is kilomole per second. So, if
we multiplied by the area a then the unit would be molar flow rate that is k mole per
second. So, then if you substitute N A, it would be k ¢ a delta C A and from this we can
write mass transfer coefficient. So, mass transfer coefficient k ¢ would be equal to from
this relation we can write k ¢ would be equal to N A by delta C A; that means, the molar

flux divided by the concentration driving force.



For the purpose of comparison, we may recall the definition of heat transfer coefficient.
We know for heat transfer coefficient h, which is the heat flux divided by the temperature
driving force. So, it is in the similar fashion we can write the mass transfer coefficient is

the molar flux divided by the concentration driving force.
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Concept of Mass Transfer Coefficients

¢ The inverse of mass transfer coefficient is a measure
of the mass transfer resistance.

o If the driving force is expressed as the difference in
concentration (kmol/m?, say):

» the unit of mass transfer coefficient is m/s

(or cm/s, ft/s, etc. which Is same as the unit of velocity).

The inverse of mass transfer coefficient is a measure of the mass transfer resistance. So,
1 by mass transfer coefficient would be the resistance for mass transfer. If the driving
force is expressed as the difference in concentration that is kilomole per metre cube say,
then we can write the unit of mass transfer coefficient would be meter per second. So,
this is a unit of velocity. So, we can also write in terms of centimetre per second or in

feet per second with no different length in it which is the same of the unit of the velocity.
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Concept of Mass Transfer Coefficients

o If the mass transfer coefficient is expressed as the ratio of the
local flux and the local driving force, it is called the local mass
transfer coefficient.

local flux

Local mass transfer coefficient=—————
local driving force

o When it Is expressed as the ratio of the average flux (over a
surface) and the average driving force, it is known as the average
mass transfer coefficient. -

bk Bl

average flux

Average mass transfer coefficient = ——————
average driving force

Now, if the mass transfer coefficient is expressed as the ratio of the local flux and the
local driving force, then it is called the local mass transfer coefficient. So, the local mass
transfer coefficient can be written as local flux divided by the local driving force. Now,
when it is expressed as the ratio of the average flux that is over a surface if the flux
changes and if we take the average then the average flux divided by the average driving
force then it should be named as average mass transfer coefficient. So, average mass

transfer coefficient would be equal to average flux divided by the average driving force.
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Types of Mass Transfer Coefficients

¢ Convective mass transfer can occur in a gas or a liquid medium.

o Afew choices of the driving force
» Difference in concentration

» Difference in partial pressure

» Difference in molar fraction

o In the case of heat transfer, the temperature difference Is the
only driving force,



Convective mass transfer can occur in a gas or in a liquid medium, but it does not occur
in the solid medium. So, in these two cases a few choices of the driving force can be
written, one is the difference in concentration. So, in case of concentration driving force
it diffuses from the high concentration to the low concentration. So, the solute moves
from higher concentration to the lower concentration, we can also write the driving force
in terms of the partial pressure difference of a particular component. So, partial pressure

is another driving force. We can also write in terms of the molar fraction.

So, mole fraction can be written as the driving force. But in case of the heat transfer the

temperature difference is the only driving force.
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Types of Mass Transfer Coefficients

o Different types of mass transfer coefficients have been
defined depending upon:

(I) Whether mass transfer occurs in the gas phase or in the
liquid phase

(1) The cholce of the driving force
(1li) Whether it is a case of diffusion of A through non-diffusing B or

a case of counterdiffusion.

¢ If the transport of mass occurs through a stagnant film of
thickness & , we may write down

Flux = mass transfer coefficient x driving force

So, different type of mass transfer coefficient have been defined depending upon the
driving force and also it depends on whether the mass transfer occur in the gas phase or
in the liquid phase. And second is choice of driving force, as we said before it is also
depends on the driving force and the third one is whether it is a case of diffusing of
component A through non diffusing B or whether it is a equimolar counter current
diffusion or the counter diffusion. If the transport of mass occur through a stagnant film
of thickness delta, then we can write down the flux as mass transfer coefficient into

driving force.
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Diffusion of A through Non-diffusing B

» Mass transfer in the gas phase
Ny = km = pa2) = kyOa = yao) = kel = C) ™
WRETe k. k,,and k, = the gas phase mass transfer coefficients

The unit of mass transfer coefficient (k,) is kmol/m?s(Ay)
where Ay stands for driving force in mol fraction unit.

¢ Mass transfer in the liquid phase: ﬁ
Na= kylop = x42) = ki (Coy = Caz) Ve

where ky and k; = liquid phase mass transfer coefficients, the
subscript 1and 2 refer to two positions in a medium

So, the mass transfer in the gas phase in that case we can write N A would be equal to k
G p a 1 minus p a 2 which would be equaltok y, y A1 minusy A2 isequaltokc, CAl
minus C A 2. So, this is termed as equation 1. In this case the k G, k y and k ¢ these are
the gas phase mass transfer coefficient; k G that is when we define the driving force in
terms of the partial pressure difference, when we define the driving force as a mole
fraction unit then it is k y and when we define the concentration unit we define the mass

transfer coefficient as k c.

So, three different mass transfer coefficient is defined over here in case of gas phase
depending on the driving force we use. The unit of mass transfer coefficient k y we can
easily calculate from these flux equation and which is kilomole per metre square second
divided by the driving force. Here delta y stands for the driving force in mole fraction
unit. In case of the liquid we can write N A is the flux is equal to k x into x A 1 minus x A
2 is equal to k L C A 1 minus C A 2. So, this is equation 2 for the mass transfer in the
liquid phase.

So, the mass transfer coefficient k x and k L these two are the mass transfer coefficient in
the liquid phase and the subscript for both the equations, subscript 1 and 2 refer to the

two position in the medium it is considered.
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Diffusion of A through Non-diffusing B

¢ [fthe gas phase is ideal: Ny= glpys =Pag) = by = Yz = kelGyy =G
The concentration term in eq. (1) is given by

Ci=pa/RT
Where p, = The partial pressure of A.
¢ Supposing that the distance between the two locations 1 and 2 is &

(the film thickness), the expression of mass transfer coefficient can
be obtained by comparing eq.(1) with

DR D,P
N_\ =#[P-‘. _p\:]= AR [P,I _p.\:]
RT(x; =% )Py RTipyu
Where Priv = logarithmic mean partial Po Py
pressure of species B ,T,[ Py }
Py,

Now, if we consider the gas phase is ideal in that case, the concentration term in equation
one which is this the concentration term C A we can write as p A by R T, the partial
pressure of component a divided by R T. So, in that case p A is the partial pressure of
component A. Now, suppose that the distance between the two locations A and 1 and 2 is

delta that is the film thickness.

The expression of mass transfer coefficient can be obtained by comparing equation 1
with this equation, this we have already defined in case of diffusion N A would be equal
to D AB p t, p tis the total pressure by R T x 2 minus x | P BLM into p A 1 minus p A 2
would be equal to D AB P t divided by R T 1 p BLM, here | is the thickness over here x 2
minus x 1. Later we will define as delta into p BLM into partial pressure difference
where, the p BLM is the logarithmic mean partial pressure of species B. We can define it

p B2 minus pB 1 dividedby InpB2bypB 1.
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Diffusion of A through Non-diffusing B

¢ The expression of mass transfer coefficient can be obtained by

comparing eq.(2) with
W e
! Mgy I
rrole b[dﬁpﬂiaw
Where Xy = logarithmic mean partial pressure of species B
< e

o

So, the expression of mass transfer coefficient can be obtained by comparing equation 2
with this equation; equation 2 in the liquid phase with the other equation in case of the
diffusion that is N A would be equal to D AB rho by M average divided by 1 x BLM into
x A 1 minus X A 2. In this case x BLM it would be logarithmic mean of mole fraction of

component B not partial pressure mole fraction of species B which is x B 2 minus x B 1

divided by Inx B2 by x B 1.
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Diffusion of A through Non-diffusing B

2
o Gasphase: .= DasPe ky = D»;B i k= DasPt ‘
' FRTSpgy _ RT8ppy < Spa

o The relation among the three types of gas phase mass transfer
coefficients (i.e. kg, ky, and k) can be easily obtain from eq. 3.

_ Dag (p/M)ay = Das ’
o Liquid Phase: k= TME kl'sx,m
Here, I=8

o the relation between the two types of liquid - phase mass
transfer coefficients, k, and k; can be obtained from eq. 4.

ke = RT kg; ky = Pekg k= (p/M)ang ki



In case of gas phase we can define k G is equal to D AB P t by R T delta p BLM.
Similarly, for k y in terms of the mole fraction unit of the component gas phase mole
fraction unit that is equal to D AB P t square divided by R T delta p BLM and k ¢ would
be equal to D AB P t by delta p BLM. So, this is equation 3. The relation among the three
types of gas phase mass transfer coefficient that is k G k y and k ¢ among these 3 can
easily be obtained from these 3 relations. In case of liquid phase, we can write k x would
be equal to D AB rho by M average divided by delta x BLM and k L would be D AB by
delta x BLM.

So, this is equation 4 and here we have considered the I the thickness between the two
points where the diffusion is occurring as delta the diffusion length. The relation between
the two types of liquid phase mass transfer coefficient similarly to the gas phase we can
obtained from k x and k L relations in equation 4 among these two. So, k ¢ would be
equal to R T k G, k y would be equal to P t k G and k x would be rho by M average k L.

So, this is the final relations we can obtained among these mass transfer coefficient.
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Equimolar Counterdiffusion of A and B

¢ The set of notations for mass transfer coefficients are used here with _
aprime () '

Gasphase: Ny= k' (pa1—paz) =Ky Oa—ya2) =k'c (o= Cr

Liquid Phase: N,y = k', (x4 —x42) = k'1(Cas = Caz)
o Comparing eq. (6) for gas-phase transport with

N = Dm'.l;"-

Dy
L] 'ﬁ (¥i=) d‘m (Pl, p4;]

o Comparing eq. (7) for liquid-phase transport with

N

D, (p/M),,
e s 7 -(xi._xl_)

Now, the set of notations for mass transfer coefficient used in case of equimolar counter
diffusion of a and b. So, if we considered equimolar counter diffusion here we have
defined the mass transfer coefficient with a sign of prime. So, like in gas phase, we can
write N A would be equal to k G dash into the partial pressure driving force p A 1 minus

p A 2 which is equal to k y dash into the mole fractions driving force that is y A 1 minus



y A 2 is equal to k c dash into the concentration driving force C A 1 minus C A 2 this is
equation 6. In case of liquid phase, similarly we can write N A would be equal to k x

dash x A 1 minus x A2 is equal to k L dash C A 1 minus C A 2.

Now if we consider equation 6, for the gas phase transport with this relations N A equal
toDABPtbyRTlyA 1l minusy A2isequalto DABby RTI1p A1 minus p A2, then
we can also compare equation 7 for the liquid phase transport with this relation N A

would be equal to D AB rho by M average divided by 1 x A 1 minus x A 2.
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Equimolar Counterdiffusion of A and B

o We can have the following expressions for the mass
transfer coefficients in this case:
= % e Dﬂﬂ P t
0 RTS YisispT

O

Gas phase: K =

k'

Liquid Phase: K',= w

Conversion: k', =¥ k'y= RTkg';
t

kK= (p/ M)ayg k= Cag k',

Then we can have the following expression for the mass transfer coefficient in this case.
Gas phase we will get k G dash would be equal to D AB by R T into delta, k y dash
would be equal to D AB P t by R T and k ¢ dash would be D AB by delta.

Similarly, this is equation 8. Similarly, we can get for liquid phase k x dash would be
equal to D AB rho by M average by delta and k L dash would be D AB by delta. So, this
is equation 9. Now, if we convert among them then we will get k ¢ dash would be equal
to R T by P t k y dash which would be equal to R T k G dash and k x dash would be
equal to rho by M average k L dash would be equal to C average k L dash.
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Equimolar Counterdiffusion of A and B

o Ifthe concentration of A Is expressed in the mole ratio unit, the mass
transfer coefficients k, and k, are expressed as:

Conversion: N, = ky(Yy; —Yy2) for the gas phase

and N, = ky(Xyy — Xyp) for the liquid phase

o where ¥, and X, are the concentrations of A in the gas or in the liquid
phase in mole ratio unit [note that similar expressions can be written
using the mass ratio (mass A/ mass B) unit as well].

X4

e Y= =t
Note that n_l-y,,‘/and i,

Now, if the concentration of A is expressed in mole ratio unit, the mass transfer
coefficient k capital Y and k capital X are expressed as N A would be equal to k capital Y
Y A 1 minus Y A 2 for the gas phase.

That means here k Y A 1 and capital Y A 2 they are not mole fraction unit they are mole
ratio unit and similarly for the liquid phase N A would be k capital X X A 1 minus X A2
here, capital X A 1 minus X A 2 are the mole ratio unit in the liquid phase. So, Y Aand Y
X A capital Y A and capital X A are the concentration of A in the gas or in the liquid
phase in mole ratio unit, note that similar expression can be written using the mass ratio
unit that is mass of A by mass of B unit as well. So, here in this case, as we said it is
mole ratio unit; that means, it is a capital Y A would be equal to small y A divided by 1

minus y A.

That is the solute free basis, this we need to consider when we consider different know
systems or applications of mass transfer coefficient for different mass transfer operations.
Similarly for liquid phase capital X A would be equal to small x A divided by 1 minus

small x A.
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Different types of mass transfer coefficients

Diffusion of A through Equimolar counterdiffusion Unit of the mass
non diffusing B of Aand B transfer coefficient
Flux, N, Mass transfer | Flux, N, Mass fransfer
coefficient coefficient

Gas-phase mass transfer
Kl =p) | |, _ DB |k (py—pp) [Ke's D mol

" RTSp,, RTé (time)(area)(p,)
k\l‘}yﬂl V) L 2 |0 -v0) K =lm P ol

Y™ RT8pg, Ve 2 RTS (time)(area)(dy,)
kcE?ﬂ ~Ca) e Dz R ke (Ciy = Cao) o Dyp. mol

" Bpgy £B (time)(area)(AC,)

Now, different types of mass transfer coefficient as we have discussed for both diffusion
of A through non diffusing B and equimolar counter diffusion of A and B, we will
summarize them in a tabular format for gas phase mass transfer the flux we write k G
into the partial pressure unit say p A 1 minus p A 2 and its mass transfer coefficient k G is

D AB P or Pt divided by R T delta p B M.

And in case of equimolar counter diffusion of A and B, the flux is kG dash p A 1 minus p
A 2 and the mass transfer coefficient is k G dash is equal to D AB by R T into delta. The
unit of mass transfer coefficient over here is mole per time in per area per partial pressure
gradient. Similarly, if we write in terms of the mole fraction unit k y the flux in case of
diffusion of A through non diffusing B, we can write the flux k y is N A would be equal
to ky y Al minus y A 2 and its know mass transfer coefficient in this case is D AB P t
square divided by R T delta p B M.

And in case of equimolar counter diffusion, flux N A would be k y dash into y A 1 minus
y A 2 and then, in this case the mass transfer coefficient k y dash D AB P t by R T delta.
In this case, the unit of mass transfer coefficient would be mole per unit time per unit
area per the mole fraction difference. Similarly, in terms of the concentration we can
write k ¢ C A 1 minus C A 2, k ¢ would be equal to D AB P t by delta p B M and in case
of equimolar counter diffusion, it is k ¢ dash C A 1 minus C A 2 and k c dash is equal to

D AB by delta.



So, here instead of all other remain sames it will be the concentration driving force in

case of the unit of mass transfer coefficient remaining all other same.
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Different types of mass transfer coefficients

Diffusion of A through|Equimolar counterdiffusion Unit of the mass

non diffusing B ofAand B transfer coefficient
Flux, N, Mass transfer | Flux, N, Mass transfer
coefficient coefficient
Liquid -phase mass transfer
by (€1 = Cag) wel Dy k;'(ﬂﬂl -Cp2) K _Dg mol
:}_ﬁxgu T (time)(area)(AC,)
kyCeqn = x42) = DygC ky Ceps = x42) i _CDyg mol
\ & Bgy s (time)(area)(AX )
Conversion
i ky R b
kGRT = — ky=ke; by =— T S
G % y= ol BL Cov k. = RTk; = Rd ky.. k = O -

Now, if we consider the liquid phase mass transfer, similarly for liquid phase also we
have considered k L and k x unit which is given over here k L into the concentration
driving force then k X into the mole fraction driving force and then their mass transfer
coefficient is written in the respective terms. And here also it is the unit of mass transfer

coefficient will depend on the driving force we are considering for the mass transfer.

Now, if we convert among these all these mass transfer coefficient we can write K GR T
would be equal to R T by P t k y would be equal to k ¢ and k L would be equal to k x by
C average. In case of the liquid phase, we can write k ¢ dash would be equal to R T k
capital G dash would be equal to R T by P t into k y dash and k L dash would be equal to
k x dash by C average. So, this is the conversion among the mass transfer coefficient

both in the gas phase as well as in the liquid phase.
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Different types of mass transfer coefficients

o The former class of coefficients (kg IEJ‘ ke, ky,and k; ) are inherently
associated with the log mean concentration of the other species (B)
which is non-diffusing.

o Accordingly this type of mass transfer coefficient has a dependence
on concentration because of the term pg;; or xg, (this dependence
can however be ignored at low concentrations of A).

o On the contrary, the coefficients (k;', k,', k', k,',and k;') do not
have dependence on concentration.

o The second type of coefficient,k; is called ‘Colburn-Drew mass
transfer coefficient’ :

The former mass transfer coefficient; that means, in case of the know diffusion of
component A through non diffusing B that is k G, k y, k ¢, k x and k L these are
inherently associated with the log mean concentration of the other species B which is
non-diffusing. So, if we consider the species B is non-diffusing then, these mass transfer
coefficients would be associated with the log mean concentration gradient. Accordingly
these type of mass transfer coefficient has a dependence on concentration because of the

term p BLM or x BLM.

This dependence can however, be ignored at low concentration. So, if we considered
very low concentration this dependency of the logarithmic term or the p BLM or x BLM
term in case of gas and the liquid phase we can ignore when the concentration of
diffusing species that is component A is very low. On the other hand, in case of the
equimolar counter diffusion of component A and B in that case the coefficient k G dash,
k y dash, k ¢ dash, k x dash and k L dash do not have dependence on concentration. The
second type of mass transfer coefficient or like k ¢ dash is called Colburn Drew mass

transfer coefficient.
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F-type coefficient

» Another type of mass transfer coefficient called the F-type
coefficient has been proposed (Treybal 1980, Benitez 2002).

o This coefficient, similar to the Colburn-Drew mass transfer
coefficient, is not concentration dependent even in the case of
‘diffusion of A through non diffusing B'.

o If we integrate over a film of thickness &, we get

Where
N, = Ny [DggP; H[NA‘/(N" HNe)] - Y Yo p'“;g:
=
Na+ Ng RT ’M (N, +Ng)] = yaq and
DypPy _

__ N Fln[Nn/{Nﬂ‘NaJ]'?Az \/T_ v
NatNo™ [N,/ (N, + Ng)] = i

Now there is another type of mass transfer coefficient which is called F-type coefficient
and proposed by Treybal and Benitez in 1980 and then 2002, this is F-type mass transfer
coefficient. This coefficient similar to the Colburn Drew mass transfer coefficient and is
not concentration dependent even in case of the diffusion of A through non diffusing B
ok. So, if it is on for both the cases that is equimolar counter diffusion of component A
and B and also the case where diffusion of A through non diffusing B both cases it is

independent.

This F-type mass transfer coefficient is independent on the concentration terms. Now if
we integrate over a film of thickness delta from this F-type mass transfer coefficient we
can obtain N A would be equal to N Aby N Aplus NBD ABPtby RT In N A divided
by N A plus N B minus y A 2 divided by N A by N A plus N B minus y A 1. So, we can
write N A by N A plus N B into F which is this part is written as F into In NA by N A
plus N B minus y A 2 divided by N A by N A plus N B minus y A 1. So, this is equation
10; y A is the mole fractions it is p A by P t. So, partial pressure of component a divided
by the total pressure and D ABPtby R Tis F.
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F-type coefficient

¢ The F type mass transfer coefficient which is independent of
the concentration of the diffusing species.

o If we compare eq. (10) with eq. (3) for the case of diffusion
of A through non diffusing B, it is easy to find out that

Ny Dmﬂl [NAKNN'NH)]— Yaz ‘

Ny= n
* Nty BT INA/(~4+NBJJ‘J‘41
M Fln[wm +Ng)] - vz
Nat Mg [0/ + M) = i

2
= = Dag Py = Dag Py = DapP
F = kepaum ks RTSpgi’ ™Y~ RTSpuw’ ¢ 8pown

The F type mass transfer coefficient which is independent of the concentration of the
diffusing species and if we compare equation 10 with equation 3 for the case of diffusion
of A through non diffusing B, it is very easy to find out F is equal to k G p BLM and this
is the equation 3 and 10. So, we can from there if we compare we can write F would be

equal to k G p BLM.
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F-type coefficient

¢ For equimolar counterdiffusion:

Fand k'; are related as F = k';P,

which is independent of partial
pressure of the diffusing species.

Now, for equimolar counter diffusion, F and k G are k G dash are related as F is equal to

k G dash P t, which is independent of partial pressure of diffusing species.
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Relation between kg and ky

Solution:

The driving force in the mole ratio unit, Y between two points 1 and 2
can be written as

3 Pa1 Paz
Yy =Yy = —————
K‘“ I,‘%J Pe=par Pe—paz

i
_ Pipar = Pubaz = Pebs + Pusbz P)}(Pm =~ Pa)

PR @;@ v

—5Pa1—Paz = (Va1 = Ya2) ——

Now, what is the relation between the k G and k y. So, now, we will find out the driving
force in case of mole ratio unit Y that is k capital Y between the two points 1 and 2 we
can write as capital Y A 1 minus capital Y A2 would be equaltop A1 by Pt minusp A 1
minus p A 2 divided by P t minus p A 2. Now if we just re solve it then we will get Pt p
Alminusp A2pA2minusPtpAlpluspAlpA2divided by PtminuspAlintoPt
minus p A 2 which would be equal to Pt p A 1 minus p A2 by p B 1 into p B 2. So, this

we will obtain.

Now, if we just rearrange this relations just to calculate the partial pressure difference we
can write p A 1 minus p A 2 would be equal to capital Y A 1 minus Y A 2 this part and
then multiplied by over here p B 1 p B 2 divided by P t. So, after rearranging we will

obtain this partial pressure difference.
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Relation between kg and ky

Solution:

Now we have

Dyp P
Ny = ke(pas—paz) = ﬁ(ﬂu = Pﬂ]

Dag Py Pr1PB2
Vi =Y, = ky(Vy =Y,
RTﬁpm_M( Al AE) P Y( Al .12)

Now, we have N A is equal to k G p A 1 minus p A 2. Now, if we substitute that p A 1
minus p A 2 which we have obtained we will get D AB P t divided by R T delta p BLM p
A 1 minus p A 2. So, we will have finally, k Y into Y A 1 minus Y A 2.

(Refer Slide Time: 34:03)

Relation between kg and ky

o since Ny = ky(Yy; = Yyz), we may write

ky = DAstPﬂz:k Pg1Pg2
/ RTpgim g Pr/

o Asimiliar relation between k'; and k'y (in case of
equimolar counterdiffusion) applies

Since N A is equal to k Y capital Y A 1 minus Y A 2, we may write capital k Y would be
equal to D AB p B 1 into p B 2 divided by R T p BLM would be equal to k G p B 1 into
p B 2 divided by P t. A similar relations between k G dash and k Y dash in case of the

equimolar counter diffusion applies.
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Relation between k' gand k'y

Solution:  We know that ﬂm'ﬂ;ﬁﬁmi'ym)%‘/
: I

D,
Now we have N, = K's(pas —paz) = %&m =Py

DAE' Y, PEIFBE_@ Y,
RTS ( Al 42) [ j( Al ﬂ)

since Ny = k'y (Y4, — Yyo), we may write

DapPEPB2 _ 0 PB1PE? e
k'y = AB =k ;
! RTS ¢ p v

Now, we know that p A 1 minus p A 2 would be equal to capital Y A1 minus YA2p B 1
into p B 2 by P t. So, we have N A is equal to k G dash p A 1 minus p A 2 is equal to D
AB R T deltap A 1 minus p A2.

So, if we substitute D AB by RT delta into capital Y A1 minus Y A2 intop B 1 intop B
2 divided by P t. So, this part we can write k Y dash into Y A 1 minus Y A 2, from this we
can write y A dash N A is it since N A is equal to k dash Y Y A 1 minus Y A 2 we can
write y k Y dash would be equal to this D AB p Bl into p B2 divided by RT into delta.
So, we can get this would be equal to k G dash p B1 intop B2 by P t.
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Relation between k' gand k'

Solution:

* Conversion among the Gas Phase Mass Transfer Coefficients

i _ 1 PBiM _ | DPBiM _ o ) s
F=kepgu -"fyT = keF =keP, = k;' = k«’cﬁ.

v

« Conversion among the Liquid Phase Mass Transfer Coefficients

el

F = kyxgy = kxguC =kiC =k i ky

Conversion among the gas phase mass transfer coefficient, we can write F would be
equal to k G p BLM would be equal to k y p BLM divided by P t which is equal to k ¢ p
BLMbyR T.

We can write k G dash P t would be equal to k y dash which is equal to k ¢ dash Pt by R
T. Now conversion among the liquid phase mass transfer coefficient we can write F is
equal to k x x BLM would be equal to k L x BLM into C is equal to k L dash C would be
equal to k L dash rho by M is equal to k x dash. So, this is in case of the liquid phase and
this is in case of the gas phase, for both the systems one is equimolar counter diffusion

and another one is diffusion of A through non diffusing B.
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Typical Values of Mass Transfer Coefficients and Film

Thickness

o Gas phase mass transfer coefficients, k, ~102 m/s;
film thickness, 6~ 1 mm

o Liquid phase mass transfer coefficients, k. ~10° m/s;

film thickness, 6~ 0.1 mm

Now, typical values for the mass transfer coefficient and the film thickness, for gas phase
mass transfer coefficient it is k ¢ is around 10 to the power minus 2 metre per second and
for a film thickness of delta of 1 millimetre. In case of liquid phase mass transfer
coefficient k ¢ is equal to or k L is equal to 10 to the power minus 5 metre per second and

the film thickness is close to delta is would be about 0.1 millimetre.
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Example 1.1

Large volume of pure N, gas at atmospheric pressure is flowing over
a pool of liquid of methanol, which is evaporating. N, is assumed to
be insoluble in the liquid. The gas phase mass transfer coefficient of
methanol is kg = 210 kmolim?s kPa. Assume vapour pressure of
methanol at 298K is 10 kPa.

(i) Calculate ki, k., k and F

(ii) If the diffusivity of methanol at 298K is 2x10-° m?/s, calculate the
thickness of the gas film EEEn

Now, let us take an example large volume of pure nitrogen gas at atmospheric pressure is

flowing over a pool of liquid of methanol, which is evaporating. Nitrogen is assumed to



be insoluble in liquid. The gas phase mass transfer coefficient of methanol which is

given k G is 2 into 10 to the power minus 5 kilomole per metre square second kilopascal.

Assume vapour pressure of methanol at 298 Kelvin is 10 kilopascal. Now, we need to
calculate k y k c capital k Y and F. If the diffusivity of methanol at 298 Kelvin is 2 into
10 to the power minus 5 metre square per second calculate the thickness of the gas film.
So, here the diffusivity values are also given which is equal to the mass transfer

coefficient in the gas phase.
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Example 1.1: Solution

Large volume of pure N, gas at atmospheric pressure is flowing over a pool of
liquid of methanol, which is evaporating. N, is assumed to be insoluble in the
liquid. The gas phase mass transfer coefficient of methanol is kg = 2x10%
kmol/m?s kPa. Assume vapour pressure of methanol at 298K is 10 kPa.
(i)Calculate ki, k., k,and F
(i)l the diffusivity of methanol at 298K is 2x10% m?/s, calculate the thickness
of the gas film

Solution: In this case diffusion of methanol occurs through non
diffusing N,
() Given, P,=1atm=101.3kPa -

R= 0.082 (m* atm/kmol K) = 0082 x 101.3 m* kPalkmo K)
= 8.3066 (m* kPalkmol K)

T=298K.
k, = kg P,=2x10* (kmol/m?s kPa) x 101.3 kPa =2,03x10 (kmolim?s Ay)

Now, in this case the diffusion of methanol occurs through non diffusing nitrogen. So,
the first thing it is given that the pure nitrogen is diffusing at atmospheric pressure. So,
the total pressure P t is 1 atmosphere which is 101.3 kilopascal. Now, R is known to us is
0.082 metre cube atmosphere per kilomole Kelvin which is we can write in terms of the

metre cube kilopascal kilomole Kelvin in this unit.

And which is 8.3066 metre cube kilopascal per kilomole Kelvin. So, and temperature is
given is 298 Kelvin. So, k y is equal to k G P t. So, we can just substitute k G which is
given and p t is known to us. So, k y would be equal to 2 into 03 into 10 to the power

minus 3 kilomole per metre square second delta y.
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Example 1.1: Solution

Large volume of pure N, gas at atmospheric pressure is flowing over a pool of
liquid of methanol, which is evaporating. N, is assumed to be insoluble in the
liquid. The gas phase mass transfer coefficient of methanol is k; = 2x10%
kmolim?s kPa. Assume vapour pressure of methanol at 298K is 10 kPa,
(i)Calculate k, k., ky and F
(ii)If the diffusivity of methanol at 298K is 2105 m?/s, calculate the thickness
of the gas film

Solution: (Cont..)
k. = kg RT = 2x10% (kmol/m?s kPa) 8.305} (m? kPa/kmol K) x 295:5_,

=0,0495 m/s
Pu= 10 kPa

iie pyy=Pr Py =(101.3-10) kPa =913 kPa

Also, “[:a' 0,iepy=P=1013kPa ./

k ¢ would be equal to k G into R T which is equal to 2 into 10 to the power minus 5
kilomole per metre square second kilopascal into R into T. If we substitute R and T then
we can get is 0.0495 metre per second. So, the partial pressure of component A that is
nitrogen is given as 10 kilopascal. So, we can calculate p B 1 which P t minus p A 1
which is 91.3 kilopascal and p A 2 is 0 that is p B 2 would be equal to P t which is equal
to 101.3 kilopascal. So, bothp A1 thenp A2 p B 1 and p B 2 are known to us.
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Example 1: Solution

Large volume of pure N, gas at atmospheric pressure is flowing over a pool of
liquid of methanol, which is evaporating. N, is assumed to be insoluble in the
liquid. The gas phase mass transfer coefficient of methanol is kg = 2:10%
kmolim?s kPa. Assume vapour pressure of methanol at 298K is 10 kPa.
(i)Calculate k, k, ky and F
(ii)If the diffusivity of methanol at 208K is 2x10-5 m?s, calculate the thickness

of the gas film
Solution: (Cont..) _p PP, 0913 x1013
ky=k=p ==2X10"=0r
v
= 183 X107
(s)m"(av)
pBZ_pBI 10].3 e 91.3
= = e iy Bl e i
F=kipyy =2%107X !ﬂ(m) =2107"x ln(w)
Pr1 913

= 192072 kmol/m? s -



So, we can calculate capital k Y would be equal to k Gp B 1 into p B 2 by P t. So, if we
substitute this would be equal to 1.83 into 10 to the power minus 3 kilomole per metre
square second into the driving force delta Y. F is equal to k G P BLM. So, if we
substitute we can calculate P BLM and then if we substitute over here it would be equal
to 2 into 10 to the power minus 5 and it is 1.92 into 10 to the power minus 3 kilomole per

metre square second.

(Refer Slide Time: 42:19)

Example 1.1: Solution

Large volume of pure N, gas at atmospheric pressure is flowing over a pool of
liquid of methanol, which is evaporating. N, is assumed to be insoluble in the
liquid. The gas phase mass transfer coefficient of methanol is kg = 2:10°%
kmolim?s kPa. Assume vapour pressure of methanol at 298K is 10 kPa.
(i)Calculate k, k., ky and F
(ii)If the diffusivity of methanol at 208K is 2x10- m?s, calculate the thickness
of the gas film

% D Dug F
Solution: (Il _ DwP > Dyh o Pl
) ke RE iy %ﬁ?ﬁaw 702 RTR fam

Dyg = 2x10° m2fs; P, = 101.3 kPa

R= 0082 (m* atm/kmol K) = 8.3066 (m* kPa/kmol K)

T =298K. kg = 2x10 kmolim?s kPa

So, F is calculated and we need to calculate the thickness of the gas film for k G as we
know it is D AB P t by R T delta, delta is missing over here delta and from here we can

write, if we rearrange delta would be equal to D ABPtby R Tk G p BLM.

So, delta from here we can write delta would be equal to D AB P t divided by R Tk G p
BLM. So, D AB is given to us and is 2 into 10 to the power minus 5 metre square per
second P tis 101.3 kilopascal and R is known to us, temperature is also known to us and

k G is given. So, if we substitute D AB Pt R T k G and p BLM then.
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Example 1.1: Solution

Large volume of pure N, gas at atmospheric pressure is flowing over a pool of
liquid of methanol, which is evaporating. N, is assumed to be insoluble in the
liquid. The gas phase mass transfer coefficient of methanol is kg = 2x10%
kmol/m?s kPa. Assume vapour pressure of methanol at 298K is 10 kPa.
(i)Calculate k, k., ky and F
(ii)If the diffusivity of methanol at 298K is 210 m?/s, calculate the thickness
of the gas film

Solution: (ii) (Cont.)
_ Pea~Pe1 _ 101.3-91.3

Ppim = =
P 101.3
“‘{pn) In(g17)
=96.213

6=0425mm

P BLM as we have soon earlier p BLM we can calculate for in this case it is 96.213. So,

we can calculate delta using the earlier equations which is equal to 0.425 millimetre.

Thank you very much for attending this lecture. In the next lecture we will continue for

dimensionless analysis of the mass transfer coefficient.



