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Mass Transfer
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Lecture #3

Dr. Haydar Aljaafari

Molecular Diffusion
a) ii- Non-Equimolar- counter diffusion (NEMD)

Mass transfer rates of the two components are not equal but in opposite directions.
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Molecular Diffusion
a) ii- Non-Equimolar- counter diffusion (NEMD)
Example 5: Drive the rate of diffusion of reaction of producing carbon dioxide from oxygen and charcoal particle.
Solution 0, +2Co - 2Co
2 2 Na(1+ Pay —_ Dap dPa
P, RT  dz
(A) (B) Dz dPy
Na-dz== 37 0t
2N, = —Ng subin (3) (
Dyp . P; dPy . .
_Pa _ Dap dPy Nyj.dZ=- —— . —= By integration
Ny =5 (Na+ Ng) — 3527 —B) RT 7 (PctPa)
Z, Dap.Pt (Paz _ dPy
P D dP Ny.J,7dz=- ,
Ny =P_/:(NA+ ) — ﬁ'd_ZA Z4 RT "JPa1 (P+Py)
_ __ Dap.-Pt (Pe+Pa;)
Ny = Pa (— NA) — Da . 4Pa Na-Z2 = 21)= R.T -In (Pe+Pa1)
P; RT  dz (
Pt+PA2)
Pa __ Dap dpy —_ Dap. P _(PerPs)
Na— 5 (N == 37007 Na RT -7
Jalsall A (e Aalaa dlagl o3 s JSI

Molecular Diffusion

I . . P ala
b) Diffusion of A in stagnant B, or unimolecular diffusion (Ng = 0) LY Bary b Bale
. . . . . pabaial 3 -
Species A diffuses in stagnant non-diffusing B. Sl i -
disadl 3 S8 -

Examples of Counter Diffusion:
- Liquid evaporated to air

- Gas in air being absorbed into water (absorption column). SISO Shops

Deriving the Case of A diffuses in stagnant non-diffusing B (N = 0).

_Pa Dyp  dPy . _ vaporation
No =5 (Nat+Ng) - 35 .27 ; Ng=0 e
_PA Dpp dPy Py _ Dap dPy
_P_t( +0) - RT dz = NA(l_P_t ~ 7 RT a4z
Pi—Py Dap  dPy Z; Dgp.Py (Paz  dPy
N =— 48 =4 = N dz = — =0 . Pe—Pp)
al P, ) RT ' dz 4 fZ1 RT fP,«u (Pe—Po)
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Molecular Diffusion
b) Diffusion of A in stagnant B. (N = 0)

22 _ DAB Pt P2 _ __ Dap.Pt , . (P—Pa3)
Ny le dZ = fPA1 (Pt PA) = Npg(Z; —Zy) = rr (In (Pt_PAl))
Dyy. P, M
Ny= R.T (Zz _Z1) 3 Pe—Py1 =Py 5 Py — Pyp=Pp
Ny= Das - Pe " ; Log mean partial pressure Pgy = M
4 R.T '(Z, —-Zy) ‘ o ln%
B1
N, = Das (Pe ~ |y, =_ Das (P
AT R.T \Peu) @ —20) AT RT \Pu) @ —2Z0)
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Example 6 : Water in the bottom of a narrow metal tube is held at a constant temperature (293 K). The
total pressure of dry air is 1.0132 * 10> Pa at T= 293 K. Water evaporates and diffuses through the air,

the diffuses path is( 0.15 m) long. Calculate the rate of evaporation at a steady state in Kmol/ m2.sec

Given that D, = 0.25 = 10™* m? /sec and water vapor pressure at (20 °C) = 17.54mm Hg.
Solution
The water is diffused into the air but the air is not diffusing in the water, so (Ng= 0)

N, =— 248 ( Pt ) Paz—Pa 1-0977
A R.T \Ppm)' Z2-Z Prm = | =Pu = 7 —
n In5977

1atm }

Pyy =1754mmHg =17.54mmHg* ————=0.023 atm ‘

760 mm Hg N, =— 0.25*10—4( 1 ) 0-0.023 it

P4, = 0 atm (Pure air and larg bulk volume) 4 0.082+293\0.988/ " 0.15 U‘ ‘*\

V| |

Pgy =P, — Py = 1 —0.023 = 0.977 atm L “J,‘JJ

Pp, = 1 atm N, = 1.64 » 10~7 Kmol/ m?.sec

Note: in case (Pgy = Pg1) thenPgy can be equal the average of Py, & Pgq

= 0.988atm
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Example 7: Ammonia (A) diffuses through a stagnant layer of air (B), 1cm thick, at 25 °C and 1 atm total

pressure. The partial pressures of ammonia on the two sides of the air layer are: P4y =0.9 atm and P4, =0.1 atm

respectively. Air is non-diffusing. Calculate: a) The molar flux of ammonia in Kmol/ m2.sec. b) Molar and mass

average velocity for each species at Z = 0. c) Plot the partial pressure distribution path.

Given that D, = 0.214 * 10™* cm?/sec
Solution

a) For stagnant layer of air (B), (Ng=10)

(Pe=Pa1)
N, = — Dag.Pr _ (Pe-Pao)
A RT ° (Z1-Zo)
Pyjo=09atm ; Py =0latm ; P.=1latm

Dyup =0.214 % 10~* cm? /sec

=

Sl "--":'.
0 q‘ L
A

;%.
E)

]

i)

ﬁc'

—g(m? ln(l_o'l)
N 0.214+10 (E).(latm) (1=09)
AT 0.082 (241 595 g (0.01m ~0)
: Kmol. K"

N, = 1.92 * 1078 Kmol/ m?.sec
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Example 7:

Solution

b) Molar and mass average velocity for each species

- Molar average velocity (U)

1 1 1
U=- (Caug+ Cp.ug) = (Ng + Ng) == (Ny)
t t t

for (Ng=10)

-1 =Na
U=z (N +0)=7

_ P _ 1atm _ 3 :
Ci=5==———>5———=0.041 Kmol/m3 subin (*)
R.T 3at
0.082 (Emil.“l‘().ws K
1.92+10~8 Kmol/ m2.sec
U= [ m =4.6*10""m/ sec

0.041 Kmol/m3

e,
% 5

o

C4 varies along diffusion path, so u, varies as well

atZzO;PAO :09 atm =>YAO: P:O - 0—192 09
t
1
U=¢ (Cao-wao + Cpo-tpo) 5 Cp.up=Np=0
1
U o (Cao - ua0) = - (Ua0) = Vao- (Ua0)

U _ 4.6+107"m/ sec
Ugo =5 =" 09

=5.1%10""m/ sec
YAo 0.9

ug =0 (B stationary)
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Example 7:
Solution
b) Molar and mass average velocity for each species

- Mass average velocity (1)

1
u=-(paua+tppup) ; ppup=0
_ paua . _ Pi.Mwt;
u=Hm s =t
Pt R.T
Py .Mwty
u= RT ua _ .Mwty. uy — .Mwty. uy
Pt Mwiy . Mwtg Mwtg
R.T
_ Yao-Mwta. uao ok
u=ZeMrinve . )
Mwt¢

AtZ=0
y4=09 ; yp=1-y,=1-09=0.1
Mwt, =y, . Mwty +yg . Mwtpg

Mwt; =09 *17 4+ 0.1 * 29 =18.2 subin (*¥)

0.9 * 17 * 5.1%10~7m/ sec _
u= e =4.3%10""m/ sec
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Example 7:
Solution
c) Pressure distribution Plot
In (Pt—
Dag-Pt _ (Pt—Pao)

- -8 2 - _
Np =1.92 % 107° Kmol/ m“.sec = RT (Z —29)

2 (1—
0.214*10‘8(%).(1atm) lnm

1.92% 1078 = — .
0.082 (?;;‘%).2981( z -0
2197 = ln(l(;—l) by exponential both sides
(2197) _(-rs)
exp (01
Pa=1-(0.1)exp(2197)
Pp = (P - Pa)
AR H0)

1.1

P

Pag 09
038
0.7 -
0.6 e, . £
P (atm) .".{
0.4 -
03 <

0.2 -
.
- .
.
Pgo Pa1
0 0001 0002 0003 0.004 0005 0.006 0.007 0.008 0.009 0.01
Z(m)

sees PA = =PB —P(total)
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HW 3: Due date Saturday, October 26t

Q1 Oxygen (A) diffuses through a stagnant layer of nitrogen (B) at 20°C and 1 atm total pressure. The diffusion
path is 1 cm thick. The partial pressure of oxygen on one side of the layer is 0.8 atm, and on the other side, it is
0.2 atm. Nitrogen does not diffuse. Given the diffusivity of oxygen in nitrogen is D5 =0.18* 10™* m?/sec,
calculate:

1.The molar flux of oxygen.

2.The molar and mass average velocities for each species.

Q2 Ammonia (NH; ) diffuses through a stagnant layer of nitrogen (N, ) at 300 K and 1 atm total pressure. The
thickness of the stagnant nitrogen layer is L=0.01 m. The partial pressure of ammonia at the surface (Z, = 0) is
P40 =0.8 atm, and at the far side (Z=L) it is P4; =0.2 atm. The diffusion coefficient D,z = 0.16* 10~* m?/sec.
Find the partial pressure of ammonia at a distance Z=0.005 m from the surface.
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