NPTEL — Chemical — Mass Transfer Operation 1

MODULE 2: DIFFUSION

LECTURE NO. 1

2.1 FICK’S LAW OF DIFFUSION
2.1.1 First law of diffusion (Steady state Law)

Adolf Fick (1955) first described the molecular diffusion in an isothermal, isobaric
binary system of components A and B[1-3]. According to his idea of molecular
diffusion, the molar flux of a species relative to an observer moving with molar

average velocity is proportional to the concentration gradient in a certain

direction.

J,oc % (2.1)
Or

J,=—D,p dd% (2.2)

Where, Ja is the molar flux of component A in the Z direction. Cp is the
concentration of A and Z is the distance of diffusion. The proportionality constant,
Dag is the diffusion coefficient of the molecule A in B. This is valid only at steady
state condition of diffusion. The Equation (2.2) is called Fick's first law of
diffusion. If the concentration gradient is expressed as the gradient of mole
fraction and in three dimensional cases, the molar flux can be expressed as

8xA+axA+axA
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JA:—CDAB( (2.3)
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2.1.2 Prove that mutual diffusivities of species A and B are equal

iIf gas mixture is ideal when total pressure is constant.

Substituting the Equation (2.2) for Ja into Equation (1.21) in module 1, the molar
flux with negligible bulk movement of component A of the binary gas mixture can

be represented as

dy
N,=-CD,; =2+Yy,N 2.4
A AB dZ yA ( )
Similarly for component B, it can be written as
dy
N, =-CD, —2+y.N 2.5
B BA dZ yB ( )
Since Na + Ng =N and ya + yg = 1, addition of Equations (2.4) and (2.5) gives,
d d
CD,, %z—CDBA % (2.6)
Differentiation of the equality, ya+ yg = 1 with respect to Z, gives
%:_% (2.7)
dz dz
Substituting the Equation (2.7) into Equation (2.6) one can get
Dag = Dga (2.8)

From Equation (2.8) it is seen that for a binary gas mixture, the diffusivity of A in

B equals the diffusivity of B in A.

2.1.3 Unsteady state Diffusion
If the change of concentration of a component A of the diffusive constituents in a
mixture occurs over a time at a point, the Fick’s law of diffusion at unsteady state
condition can be expressed for Z-direction as
Ch _ D o°C,

ot " oz?
Both the diffusive and non-diffusive constituents affect the rate of unsteady state

(2.9)

diffusion. The diffusivity at unsteady state condition can be expressed in terms of

activation energy and the temperature as
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E
Dae =Dy eXp(_R_.?.) (2.10)

The activation energy (Ep) for the diffusion decreases the rate of diffusion

whereas temperature increases the diffusion rate.

Joint initiative of 1ITs and 11Sc — Funded by MHRD Page 3 of 3



