Question:
Jasmone (Ci1H;60) is a valuable material in the perfume industry, used in many soap and cosmetics.
Suppose we are recovering this material from a water suspension (concentration of jasmone in water

is 5mM) by an extraction with benzene. The local mass transfer coefficient in water is 3.0 - 107 o

and the local mass transfer coefficient in benzene is 2.4 - 1073 % The interfacial concentrations are

in equilibrium according to the following equation C; yenzene = 170 Cj water-

a) Calculate the interfacial concentration of jasmone in water and in benzene

b) Calculate the molar flux

c) Determine if one side is limiting the mass transport using the partition coefficients

d) Draw the qualitative liquid/liquid concentration diagram, which means identify the concentration
values, in bulk and at the interface, along with the direction of the molar flux (in the exam sheets,
not here).

e) Qualitatively identify bulk, equilibrium and interface concentrations in the equilibrium diagram (in
the exam sheets, not here).

f) Can you briefly explain in which cases we introduce the overall mass transfer coefficient? Do the
equilibrium concentration have any physical meaning?

Solution:
a) If we equate the local fluxes of jasmone:
n = kip(Ciwp — Ciwo) = ki°(Cipo — Cipp)(EQ.1)
Also, it is given that the interface concentration are in equilibrium as per the following relation:

Cigo=170*Cjw, (Eq.2)

In order to solve for Cj i :
kv (Gwp = Giwo) = kE (170 * Go = Cjpp)
Thus, we get

co = (ki Ciwp + kECip0)
s (170K + kip¢)

(Eq.3)

If we put the values from the question,

3% 1076 x 0.005 + 2.4 X 1075 x 0
C —_
JWe T (170 x 2.4 x 1075 + 3 x 1076)

Ciwo = 3.6 x107°M

Since Cjw ois in equilibrium with (; g , as per Eq. 2,



Cigo=170%Cjy, =0612%x 1073M

b) In order to solve for the molar flux, we can use the (Eq.1)
n = ki (Gwp — CGwo)
n; =3 x107°m/s x (0.005 — 0.0000036) x 103mol/m?

n; = 0.015 x 10~3*mol/m?s

c) To determine if mass transfer is limited on one side, we have to calculate mg, my; and mgyq
_ GBo~Gpn _0612x1073—170x0005 _
"B Cwo —CGwo | 36x10°6—-0005

_Geb—Cpo 0—-0.612x 1073

mw = — =170
Cje,\c/lv —Gw,0 0—3.6x10"¢

Mavg = %(mB +my) = %(170 +170) =170

Kloe 3x 1060
= 0.0007

Moy kS 170 x 2.4 x 10-5%

kioe

mavgkgw

Since « 1, the mass transfer is controlled by the water phase.



d)

where

Ciw,p = 0.005M

Cj,W,O = 0.0000036M
Cj,B,b =0

Ci,o = 0.0006M



e) The graph below is quantitative, a qualitative version is also accepted considering the
challenge in positioning Cjsp and Cjw.q at the origin.

()
M
oo Q

| V¥

CJ,B
in benzene phase

O
= ©
%Q

W0 # Cwp

le BI b

C

W
in water phase

eq _ Limb _
w170

Cip =170 X G, = 0.85M



f)

The interface concentrations are not normally known and only the bulk concentrations and local mass
transfer co-efficients are known in real life problems. Hence, it is easier to have overall mass transfer
coefficients relating the bulk concentrations. In order to convert the local mass transfer to overall
mass transfer coeffiecients, we use theoretical values as equilibrium concentration. These equilibrium
concentrations do not physically appear anywhere in the system and is just a simplification to solve
the problems.

Indeed, for the sake of knowledge, if we rigorously solve the equations of local mass transfer
coefficient to relate the flux to known bulk concentrations, interface equilibrium relation (solubility
curve) and local mass transfer co-efficients, we can derive the theoretical equilibrium concentrations
as shown below:

= kg’ (Cipo — Cr) = Ks (C]eg - Cj,B,b)Eq- 5

If we express Cj g , in terms of known quantities like k¢, kipand C; y 5, from Eq. 2 and Eq. 3, for
the first term of the equation with the local mass transfer coefficient we get

— (170ki°Ciwp + 170kECi 5 ) L
7o E 170k};€ + ko rab

_ yloc (170kip°Cjwp + 170kE°Ci55) — (170kECi 51 + kip°Cipp)
KA 170k + K°

_ ploc 170k Ciw,p — kip°Cipp
B 170kg’c + kio*

klockloc
nj = <m> (170G wp — Cipp)
w

n =\ 5o | A70C w5 — Cipp)
G

This equation when equated to the overall mass transfer coefficient from Eq.5,

1
55— | (179w = Giaw) = Ka(Clt = Cion)
kloc + kloc
w B



Thus, we get

1 170 1

Ko K KL°
and

eq _
Cig = 170G wp

Basically, in order to use the overall mass transfer coefficient and equation 5 to be valid, we MUST
impose that Cjeg,which is the theoretical concentration of jasmone in benzene, is in equilibrium with
the concentration of jasmone in water bulk



