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Maxwell's Law of diffusion For Binary System

Maxwell's postulated that the pressure gradient (dP,) in the direction of diffusion for a
constituent of two components gaseous mixture was proportional to:

A) The relative velocity of the molecules in the direction of diffusion.

B) The product of the molar concentration of the component.

Thus;

'dpA(l CaCp (VA — VB )dZ

-dpa= aag Ca Cg (va —vg )dz

Where va&vg= mean molecule of (A)&(B) respectively.
Ca & Cs = molar concentration of the component (A)&(B) respectively.

At equilibrium, the partial pressure gradient of the diffusing gas = dpa /dz.
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d: = AB( )( )(VA Vg )

Na=va.Ca — Na=va.( _) Ng=Vg. ( )
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For ideal gas law; P.V =n.R.T, Ca=——= =2
RT — Ma
—dpa_ Pg
2 oas (Na 77 =)

—dpa_ ans
d: :%(NA Pg —Ng .Pa)

—dpa_ aas
d: = %(NA .(Pr=Pa) = Ng .Pa)

Diffusivity coefficient (Dag) =

Q AB. PT



—dp R.T
Ir = Ds Po(Na-P7— Na.Pa—=Ng.Pa)

The above equation is Maxwell-equation.

Where: R=gas constant, T=temperature in °K,°R.
Pa,Pg=partial pressure, Pt=total pressure.

Now, applying the two cases that have been considered before, i.e. equimolardiffusion,
and diffusion through stagnant layer, then we can reach to the final equation.

a) For equimolar-counter-diffusion (EMD).
Na=- NB

—dpA_ R.T
— = D Pil Na.Pr)

DAB. ,Pa2-Pn

NA= (_R.T ) (Zz—Zl )

[Maxwell eq. for EMD]
b)For Ng =0

-dpa = Na(pepr) (Pt — P, )dz

—Dag -Pa

NA _(RT )((Zz )) (PT PAl)

Note:PT = PA]_ + PBland PT = PAZ + PBZ ,
Pa1+Pg1=Pa2+ P2 — Pa1-Paz = Pg2- Pg1
Therefore:

Dag. Pt

NA= (50 (=t

) [Maxwell eq. for Ng=0]

Where: (#) = Drift factor.

Drift factor (;) = Represent the enhancement effect on mass transfer due to
thenon diffusing component (B) and to total flow in the direction of diffusion.



Maxwell's Law for Multi-Component Mass Transfer

Consider the transfer of component (A) through a stationary gas consisting of
component B, C, D ...

Suppose that the total partial pressure gradient can be regardedas being made
up of series of terms, each represent the contribution of the individual component
gases,

-dpa= aag Ca Cg (va — vg )dz (for binary system)

But now we have:

—dpa _
dz — 0AB CA CB (VA—VB)+(1AC CACC (VA—Vc)+aAD CACD (VA—VD)+ .............

For stationary gas (B, C, D) velocities of (B, C, D) =0

Na=va.Ca —VA=T,

—dpa
dz

= [aag Cg+ aac Cct 0ap Cp .Na

Since Pe=Cg.R. T, Pc=C..R. T, Pp=Cp.R. T

—dpa_ ,Na
= ﬁ) [aas Pg + 0ac Pc + 0ap Pp]

dz

R2T2
When oag = p—p., therefore:

—dpa R.T Ps Pc Pp
= + +
dz NA( Pt ) [DAB Dac DAD]

—Pr 1 dpa
Na=(—) |l———....... *
A (R:T) [é%%-kféiﬁ-gggldz ( )

_ o —Pr dpa
Na = ( R.T) D dz



1 P P P
Put _:DA].BB + : + >

D- Dac Dap
. ey, BT Pa)
Divided equation (*) by (Pr P
NiA _—1 __Pq 1 ]dpA

CRT (Pr-Pa)'yw | Yo o Yo dz

D s D ac D ap

1 VB yc VD
Where —=5— — —
D- Das + Dac t Dap

D = effective Diffusivity = function of mole fraction

—D- Pr dpa
R.T (Pr-Pa) dz

NA:

Pr  dpa . ﬂ 72
-fPA (Pr-Pa) (D‘.PT)NAf21 dZ

After the integration:

— D~ ,Pry Pa-P .
Na = (=) ( iTm) ( Z _Z’jl)[for multi-component gas system]

Where:
Pt = P5 +Pg +P¢ +Pp [diffusing + nondiffusing]

P; = (Pt - Pa) = Pg +Pc +Pp [nondiffusing only]
Ye=Pe/Pt, Yc=Pc/Pi, Yyobp=PolP;

_ (Pr—=Pa2) — (Pr-Pa1)
andpim - (P1-Pa2)

(Pt-Pa1)
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