MASS TRANSFER



When a system contains 2 or more
components whose concentrations
vary from point to point, there is a
natural tendency for the mass to be
transferred, minimizing the
concentration differences within the
system.

This process of transfer of mass as a
result of the concentration difference is
called Mass Transfer.

The flow of mass is always in the
direction of decreasing concentration;
that is, from the region of high
concentration to the region of low
concentration.

The species simply creeps away during
redistribution, and thus the flow is a
diffusion process.
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FIGURE 14-1

Whenever there 1s concentration
difference of a physical quantity in

a medium, nature tends to equalize
things by forcing a flow from the
high to the low concentration region.
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* The diffusion rates will be higher at
higher temperatures.

(a) Liquid to gas (b) Solid to gas

* Another factor that influences the
diffusion process is the molecular spacing.

* The larger the spacing, in general, the
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g higher the diffusion rate.
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FIGURE 14-3 liquids and much higher in liquids than in
Some examples of mass transfer that solids.

involve a liquid and/or a solid.



MODES OF MASS TRANSFER

1. DIFFUSION MASS TRANSFER(Molecular or Eddy diffusion)

[t is the transport of molecules from high concentration
region to a region of lower concentration in a system of a mixture of
liquids or gases or solids.

when one of the diffusing fluids is in turbulent motion, the
eddy diffusion takes place.

2. CONVECTIVE MASS TRANSFER

[t involves transfer between a moving fluid and a surface, or
b/w two relatively immiscible moving fluids.

3. MASS TRANSFER BY CHANGE OF PHASE

Mass transfer occurs whenever a change from one phase to
another takes place. It occurs due to simultaneous action of
convection and diffusion.



MASS DIFFUSION

* Fick’s law of diffusion states that the rate of
diffusion of a chemical species at a location in
a gas mixture (or liquid or solid solution) is
proportional to the concentration gradient
of that species at that location.

* The concentration of a species can be
expressed in several ways:

1. Mass Basis
2. Mole Basis
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Mass Basis

* On a mass basis, concentration is expressed in terms of mass
density (p,)(or mass concentration), which is mass per unit
volume.

Pa= % kg/m’

* The density of a mixture at a location is equal to the sum of
the densities of its constituents at that location.

e Mass Fraction:

WA:%

p = total mass density of the mixture

* Mass fraction of a species ranges between 0 and 1

* The sum of the mass fractions of the constituents of a mixture
be equal to 1



Mole Basis

* On a mole basis, concentration is expressed in terms of Molar
concentration(C,)(or molar density), which is defined as the
number of moles of species ‘A’ per unit volume of the mixture.

e [ts unit is kmole/m?3
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e Mole Fraction:
Cq Ny . .
V4 = ra = N where C = total mole concentration of the mixture

* The mole fraction of a species ranges between 0 and 1.

* The sum of the mole fractions of the constituents of a mixture is
unity.
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* By Dalton’s law of partial pressures,
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* From perfect gas law, we have,
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FICK’S LAW OF DIFFUSION

] . . 4 | |
e Fick’s law of diffusion states that the rate of | | |
mass diffusion of a chemical species in a g {0.79
Initial N, | |
stagnant medium in a specified direction is Emcentraton; | - Il
proportional to the local concentration gradient ' 021
. . . 0
in that direction. E——
. . 0000,0 §9L 00%-le0 O 0 05%,050Ce
* Mass flux = Constant of proportionality x 30220?\1‘128002g1g§9:oo$O°Air°og0£f‘;Z
Concentration gradient cooj:o
0000 560 T o o 82 ‘Oggo.&’oo‘g
m d 0% P gcggooqg -9 23 JO?OOO%OC
P4 — _D;pP4  kg/m?sand 0070 (965 % 8 2P ROk R0 od
A dx % §.25059% 09 18085008 o )
mp _ de 2 0 €70 070 009 % e00e”0%0 e 6%
2~ Deacy Ke/m®s
— Do .- PR FIGURE 14-2
* D,p = Dittusion coefficient or Mass diffusivity of ~ ,©" " ©° . .
. . 2 < C C . 2 C C .
A to B. Its unitis ™"/ S two compartments, and the diffusion

of N, into the air when the partition
1S removed.



Diffusion Coefficient

 Fick's law describes the mass transport due

to concentration gradient.

e The unit of Diffusion Coefficient(D) is Mass  Concentration

diffusivity gradient

identical to those of Thermal l
diffusivity (a) and Kinematic - | dp,
viscosity(9).Thus Diffusion coefficient is a | Masdifusion: = =Dy A7
transport property. | . dT
Heat conduction: Q=skKM—

* The diffusion coefficients, in general, are dx
highest in gases and lowest in solids. Therbal  Tempenaticr

* The diffusion coefficients of gases are several conductivity  gradient
orders of magnitude greater than those of
liquids. FIGURE 14-11

» Diffusion  coefficients  increase  with Analogy between Fourier's law of
temperature. heat conduction and Fick’s

law of mass diffusion.



Various expressions of Fick’s law

Mass basis:
d\sh

m -pPAD
dlﬂ p AB d_\'

d( P4/P)
dx

=—PAD,p

01
dx
in kg/m?.s

=-AD,, (if p = constant)

Mole basis:

N

diff, A~

=-CADyp

—CAD;y A o

d(C,/C)

dx

ory )
=-AD,, oo (if C = constant)

in kmole /m?.s



Fick’s law in terms of Partial Pressures
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