—Xercise problem 1

Helium/Argon mixture is diffusing through a 100 nm pore at 1 bar and 25 °C. Report Dmolecular, Dk and
D.is for helium at 1 bar and 10 bar. Calculate Diota at 1 and 10 bar pressures.

Dyear = 0.7 cm?s™! at 1 bar At 1 bar,

Dmolecular — 07 sz/S
b 8kyTd?
K \/ Om . \/8 #1.38 % 10723 %208 * (100 * 10~2)>

- 9% 3.14 *0.004/(6.022 * 1023)

¢ = = 0.419 cm?/s
d2

D, = P

Vis 32;71 1

(100%107%)* )
vis = *10° = 0.016 cm~/s
32 % Q% 105

e = 2%107° Pas

1/D = 1/Dg + 1/D = D = 0.262 cm?/s

molecular

Dy, =D+ D, = 0278 cm?/s

At 10 bar,

D =0.7/10 = 0.07 cm?/s

molecular

DK = 0419 sz/S /D = I/DK_I_ 1/Dmolecular = D =0.06 sz/S

— — 2
D, =0.016%10 = 0.16 cm?*/s - PI: L Drotar = D + D,y = 0.22 cm*/s
=1 1



—Xercise problem 2:
Capillary condensation

Water at 25 °C and 1 bar has a vapor pressure of 23.8 torr. Calculate the equilibrium vapor
pressure in a capillary with diameter of 2 nm.

¥, = surface tension = 0.072 N/m

6@ = contact angle = 30 degree

V, = molar volume = 0.018/1000 m>/mole

2Vl Yy
Puarcurvea = Foarplar €XP\ = (r/cos O)RT

= 9.6 torr 40% of the Psat for flat interface

=Pi-L



—Xercise problem 3

An electrochemical cell is composed of an ion-selective membrane which separates two well-mixed
compartments filled with electrolytes. You are working as a process engineer, and need to screen a
newly launch membrane. To do this you decide to place the membrane in cell such that:

t=0, CFO —_ IM

Calculate the diffusion coefficient for a membrane if

@t =1hr, (cgp—cp) = 0.5M

Compare above with the diffusion coefficient for another
membrane when

Dziln Cro — Cpo ﬂ:AH<1 N 1>
Pt Cr— Cp L \Vg Vp

=Pi-L

Porous
diaphragm
z=0]z=L
Well-mixed Well-mixed
CF Cp
Vi =1 liter Ve =1 liter
A =1m*> L = 100 um
M
H = 01—
M




Porous

AH [ 1 1 1*0.1 1 1 )
= + — + — 2% 10° diaphragm
L \Vy V, 10~4 \ 10-3 ' 103 :=0|z=1L
Membrane 1 Well-mixed Well-mixed
c P ¢
D = iln TR0 R0 ) ! In L — 96*10~ ! m2s~! d b P
Bt \ cp—cp 2#106%3600 \ 0.5
Ve = 1 liter L V=1 liter
Membrane 2
D, _ In(1/025)
D,  In(1/0.5) = 1 m?
L = 100 um
M
H = 01—
M

=Pi-L ;



