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Mass Transfer

Fall 2024

Lecture #2

Dr. Haydar Aljaafari

Diffusion

Diffusion is the process by which molecules move from an area of higher concentration to an area of
lower concentration, driven by the concentration gradient. It occurs in gases, liquids, and solids.

Classification of Diffusion:

1. Molecular Diffusion (or Laminar Diffusion):
» Occurs due to random molecular motion in a medium.
 Directed by Fick's Laws of Diffusion. ;
» Happens naturally in gases, liquids, and solids where molecules spread out evenly over time.
Example: The spreading of a perfume scent in a room, or a drop of ink in water.

2. Eddy Diffusion (or Turbulent Diffusion):

« This occurs in turbulent flows, where mixing happens due to eddies or F 2]
swirls in the fluid. \
« Itis much faster than molecular diffusion because of the large-scale mixing. -
Example: The rapid mixing of dye in a turbulent river. r" ?'—__ —]
E

Molecular Diffusion is significant in stagnant or laminar flowing media, but not in turbulent media.
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1.Molecular Diffusion (Laminar Diffusion)

Molecular Diffusion

— 1 —
Gas Liquid Solid
a) Equimolar (Ny = —Ng)

b) Diffusion of A in stagnant B (Ng = 0)
c) Diffusion through varying path
d) Diffusion through varying area
e) Diffusion of A and B plus Convection

f)  Multicomponent diffusion
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Molecular Diffusion

The basic Law of diffusion called “Fick's Law".

Molar Flux of A in B ]Aa% = J, = —Dyp d% C I PR TN AP | S ——— (1D

d.

2
where D,p = diffusion coefficient or diffusivity of A in B, it is a physical property (;n;)

)

Z = Distance in the direction of diffusion (m)

. . [Kmol
C4 = molar concentration of Ain (

m3

U = Molar average velocity = (cl) »Ci.u;
t

For the case of A diffusing in B

U== (Ca-us+ Cg.up) subin (1)
t
dc 1
_DAB d_ZA = CA.uA _CAC_t (CA.uA+ CB.uB)
dc c C dc
—Dap —o = Na - c_/:( Ns + Np ) =| Ny =c_/:( Na+ Np ) - Dap— |2
AR Bulk Flow Molecular Diffusion

:% y.‘\l s
5 °
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Molecular Diffusion
For gases
P=CRT=C,=~% ; C4=-" Subin(2) . ®
: &
Pa Pa * % o
Ny =% (Na+ Np) — Dup . * & o
&
P D dpP L
Ny =7 (Ng + Np) = 728 A 3) *% ® o .
Pr=P..ys =ya =i—A subin (3) ° .
t @
' %
&
= _ Dup-Pe  dya
Ny =y,(N4g + Np) RT dz e ® °
@
Ny =y,(N4 + Ng) =D s 4
a=Ya(Ng + Ng) —Dyp.Ce. - 4
Bulk Flow Molecular Diffusion
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Molecular Diffusion p
a) Counter diffusion (j- equimolar & ii- non-equimolar) t b
B2
Species A and B diffuse in each other but in opposite directions. Py
Examples of Counter Diffusion: Hauid Ppi
- Vapor and liquid in a distillation column. v Tvapour Py
- Two tanks connected. eia
olady) Sy o) gy (pfalal
bz -
LinSES -
- Oxygen diffuses into carbon particles producing I‘ Ahge gl -
carbon dioxide which diffuses back. s Qe Jsdl 2 85 -
-
a@ ! % Q
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Molecular Diffusion
a) I-Equimolar (N, = —Ng)

A and B diffuse at equal rates in opposite directions.

P Dp  dP
Ny =P_/:(NA+NB — o g T 3

N4 =—Ng subin (3)

—Pa _ Dag dP
NA_Pt( + Ng) RT ' dz
—_ Dap dPy -
Na= RT  dz
By integration
D Pygp —P . .
N,=-— -2 2241 | (Laminar Flow — Gas — Equimolar)
R.T Zy -7

Molecular Diffusion
a) i- Equimolar (N, = —Ng)

Example 2 : Prove that for equimolar diffusion D45 = Dgy

Solution
for equimolar N4 = —Npg ----- (*)
—Pa _ Dap dPy —_ Dap dPs oK
NA_Pt( + Ng) RT ' dz = Na= RT ° dz )
=Ps _ Dpa dPg =_ Dpa dPp okk
NB_Pt( + Ng) RT ' dz = Np = RT ' dz **
Sub (**) & (***) in (*)
Dag dP Dga dP
— X =t o) ;P =Py+Pp > dP,=dP,+dPp=0 =dP,=—dPg
sub (dP, = — dPg) in (****)
D D
+ =2 =+ 24, = | Dap =Dpg
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Example 3 : A uniform tube (0.1) m long and (0.01) m inside diameter containing Nitrogen gas.

Ammonia gas is diffusing through the pipe. At point (1), P4; = 1.013 * 10* Pa, and at point (2) P4,

2
0.507 * 10* Pa. The total pressure is P, = 1.013 * 10° Pa, and the diffusivity D, = 0.2 * 10~% "

sec’

Calculate: 1) Fluxes of (A) and (B) at temperature = 298K. 2) The rate of molar transfer for (A) & (B).

Solution Pa=1.013 10* Pa P42=0.507 « 10* Pa
Ppy=1.013 105- P,y Pp;=1.013 +10°-Py,
Z1 =0m Zz =0.1m
1) The system is closed at constant Temperature and pressure, So the diffusion follow equimolar (N, = —Np)
D Pz —P 0.23+10™*  0.507 *10* — 1.013 x10* _ Kmol
Ny=-— 22 2o a o Npg=— = =220 —— =47%1077
RT ' Z-7Zy 8.314+298 0.1-0.0 m2.Sec
For(B) Ppy =Py —Pa1 ; Pga=P;—Pyz ;Dsp=Dpy
D Pps —P _7 Kmol
Np=— B4 B2 -4 7%1077 =2
RT ' Z-Z3 m2.Sec

DR, ALJAATAR

O

Example 3 :
Solution

2) The rate of molar transfer for (A) & (B).

The rate of molar transfer of (A) =1,

ra
N, =
A area

=>14=Ny.Area
=4.7*1077 . 7 .(0.01)?=36.66* 10~* Kmol

Sec

rg=Np.Area=-36.66*10"12 X%
Sec

What if the question asked about Mass Transfer rate for A and B ?
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Example 4 : Two large vessels are connected as shown below. Vessel (1) contains 80% N, (A) and
20% 0, (B). Vessel (2) contains 20% N, (A) and 80% 0O, (B). The temperature and the total pressure
are (20 °C) and (2 atm). Calculate:

- The flux and rate of transport of N, and 0, from vessel 1 to vessel 2.

- The partial pressure of N, in the tube (0.05 m) from vessel (1) .

- Th net molar flux (N, ).

Given that diffusivity of N, — 0, is 1.01%10~5 ™

Solution

1) Closed System, So the diffusion foll imolar (N = —N Ya1=80%
) osed System, So the diffusion follow equimolar (N 4 B) o = 20% Yz = 80%

_ Dap  Paz—Pa1
Ny=—- = . ==—*=
R.T Zy —Z4
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Example 4 :

Solution
1) Pyy = Py xy4q > P4y =2atm*0.8=1.6atm

Py = Py *yuy = Py =2atm *0.2=0.4atm Va1 = 80% Yz = 20%
Ppy =P — Py ; Pgo = Py — Pyy Yp1=20% Y2 = 80%
Pgy =2—16 =04atm ; Pg, =2—04=16atm

1.01%1075  0.4-1.6 _¢ kmol
. = 33%107°
0.082 %293 ~ 0.15 -0 m2 .sec

kmol

NAZ_

; Ng=—N; =—33x%10"°

m2 .sec
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Example 4 :

Solution

2) Partial pressure of N, (P, )

Ya1=80% Yaz=20%

The pressure change is linear between 1 and 2 Yoy = 20% Vo = 80%
_ Pax—Pa _ 04-16 _

dP, /dZ = 77 © oo 8 atm/m
AtZ = 0.05m
dP/dzZ = PaPa _ Pa-l6 _ g atm/m = P, =1.2atm

A 0.05 -0
3) Th net mass flux
Nnet = NA.MWtA + NB.MWtB

=33+1076*28+(-3.3%1076)*32 = Nper =-1.344 % 1075 —9
m<.sec
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HW 2: Due Date Saturday, October 19th
Q1

A tube of length 1 m separates two chambers. One chamber contains pure oxygen (O,) at a pressure of 1 atm,
and the other contains pure nitrogen (N,) at a pressure of 1 atm. The gases diffuse through the tube, and the
system operates under steady-state conditions with equimolar counter-diffusion.

The diffusion coefficient for O, in N2is D 43=2.0 * 107> m?/sec at 298 K.

Calculate the molar flux of oxygen, using the linear form of Fick's first law.
Solution

=8.18 * 10~° mol/ mZ2.sec

Q2

Consider a binary gas mixture of species A and B undergoing non-equimolar counter-diffusion in a long tube.
Species A is diffusing to the right at a rate three times faster than species B which is diffusing to the left. The
total pressure is constant, and the system is isothermal at temperature T. Derive the equation for the molar

flux of species A.
Solution

3D, P 128
Ny= -~ a5 In :;‘,L
2RT z— 2=z 1- 554
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