Chapter 18. Concentration distributions
in solids and in laminar flow

Shell mass balances, boundary conditions
 Diffusion through a stagnant film

 Diffusion with heterogeneous and homogeneous chemical

reaction
 Diffusion into a falling liquid film (gas absorption, solid dissolution)
 Diffusion and chemical reaction inside a porous catalyst

e Diffusion in a three-system component gas




Concentration distributions in solids and
in laminar flow

* Flux N, : moles of A per unit area per unit time (system fixed
in space)
_ dx
Nj, = =Dup -~ + 24Ny, + Np,)

combined molecular convective
flux flux flux

* A relationship between N, and N; is needed.




Chemical reaction

e Reaction rate: chemical reaction constant
* Homogeneous reaction Heterogeneous reaction

— ™ "o
R:’l ku Ca Nﬂ*

| surface kn A lsurlace

It is included in It is included as
the mass balance a boundary condition




18.1 Shell mass balance and boundary
conditions

e Balance
rate of rate of rate of production of
{mass of  — {mass of } + { mass of A by e =0
A in A out homogeneous reaction
Y - r - ¥

e Specified concentration at a surface
e Specified mass flux at a surface
* At the surface:

Nag = k(cap — Cap)

e Chemical reaction at the surface




18.2 Diffusion Through Gas stream of A and B
a stagnant gas film z=12

* Liquid A is evaporating into
N"."l.: + Az

gas B. T
* Constant level for liquid A ¢ »T

=
N

* A stream of gas mixture A Nl

and B flows slowly on the

top. Z

* Aand B are ideal gases < Liquid A

* Plug flow
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Concentration profiles
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Equations

* B is stationary
* Using Ng,=0

* Mass balance

* Introducing N,,

N, = x,(N, + Np) — ¢@,,9x,

Nﬂ: -

_ CDap dxy

1—x, dz

SNA:|: o SNA:|:+$2 =0

d

CLap dx,

daz

(

1 —x, dz

)=c

dNA:
dz




Equations

* |ntegrating 1 dx,
1 _Iﬂ dE -

C

* |ntegrating, again
* (no concentration as —In(1 — x,) = Ciz + G,
boundary condition)

e UsingBCs1and?2

I_IA . I_IAE%




Other calculations

* Forxg

* Avg. conc. of Binthe
tube

X B.avg

xp=1— x4

z; ]
J: (Iﬂfxﬁ])dz jﬂ (IEE{'JIEI){dg

. {IBE;’IB[)*: L

Xpg

* Rewriting

f‘: dz

X Bavg —

J, 4

Xpz — Xp

In(xg,/ x51)

; 11'1(1'52/151) 0



Rate of mass transfer at the liquid-gas
interface

e Rate of evaporation

N, _ C< Ap dIﬂl _ +CQEHR dxg
Azlz=z 1 — x4 dz |;=: Xg1 dz

e Using the previous result

¢ g
NA:I*—-' = : (X4 — X42)
T (zp — z)xphy




Experimental determination of diffusivities

Slowly |

- moving | Main fluid stream __ * Film model for mass

gas film : in turbulent flow tranSfer

e Near the surface is a
slowly moving film

I
|
|
¥, at I * Substance A diffuses
|
I
!

*r:t‘is‘urface through this film
TN | Xaatedge of film e Sharp transition from
AI oo - - stagnant film to a well
| A ] mixed fluid
Z : * Concentration

| A Direction gradient only in the

| of flow . i

| film (linear)
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18.5 Diffusion into a falling liquid film
(gas absorption)

I
=
[

Forced convection mass transfer

72

Absorption of gas A by a laminar

f,e.ﬂf:\ ! film |IC]UId B

Az L

A slightly soluble in B

o Small penetration distance
mx

B E—
e E—
.ﬂ
\ g
S
[ J

compared with film thickness

. Ex. Absorption of Oxygen in
Al g -
\ water

-
=3
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Equations

0

e (Cvaries with x and z Mass balance over a element of
volume (Ax A z W)
N.ﬂz[z WAx — NA |z+ﬂ.z WAx + N.ﬂx‘r WAz — Nﬁx‘x+ﬂu_r WAz =0

# C?Nﬂz + &Nﬂr _

* Velocity profile 2
HE{I) = Umax[l - (E) :I

0z dx
* Introducing N,, and N,, and
dc 4
Nﬂz = _@AE —~— + IH{NH: + Ngg) = Cﬂtlz(x) 7
________ Iz =) dcy _ 5 J°Cy
'f?'f,q U, J — <VAB &xz

dc, .
Ny = —Dap ax + Xa(N4 + Np) = Dyp Ix

------------------




Equations

dc 4 dc,

2
Inserting the velocity profile vmax[l - (E) ] —= = 945 e

O az

 Boundary conditions atz=0, ¢c4=0 atx=0, 4= Cy

dC 4
atx = 5, &—x =
: dc, . d%,
* For short contact times Umax — = D ap
0z &IZ
* New BCs atz =0, c,=0 atx =0, Ca = Cag
atx = oo, cy =20
* The solution is E_ﬁ — 1 — orf X = erfc—— X
A0 \/4@;*‘182/1]%“ vﬁlgﬂﬁﬁzlfvmax



Equations

 Local mass flux

dC 4
Nﬂx|x={] EE'AB Jx

_ % ABVmax
— tao mZ

 Total molar flow of A across the surface at x=0
5 L
= j J‘ Nﬂr‘r=ﬂ dz d.y
[
— WI':A[} -q.BUITIEIIf 1 [iz

4% Umnax
= ["w—-cfm\/ 1{1




18.8 Diffusion in a three-component system

e Diffusion through a stagnant gas
film (818.2, two gases) is extended
to three components

 Water (species 1) is evaporating
into air (a mixture of nitrogen
(species 2) and oxygen (species 3)

* Mass balances

d
=0 =1,2
dz “ 23
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Gas stream of A and B

~
- ~

—-

< Liquid A

J




18.8 Diffusion in a three-component system

e Species 2 and 3 are not moving

N,. =0and N;. =0
* Using Maxwell-Stefan equations.
 Two concentrations are needed, since

x1+x3+.1’3=1

* Then
dx, _ N, , dx; _ Ny,

= X, —= = X
dz D, " dz %y




18.8 Diffusion in a three-component system

Note: D,, is not included (no relative motion between 2 and 3

Integrating from a arbitraryzto L

'l"de NII, J- f‘fﬁIB J
f X C@u az; x, X3 EEH -

Mole fraction profiles for nitrogen and oxygen

X _ _Ni(L —2)) X3 _ ~ Ny(L —2)
Xop I CCE']E ’ Xap - exXp 4'.“@'13

Mol fraction profile for water vapour

B N, (L — z) N (L — z)
X, =1= x5 expl — < — Xy exp| — D,




Concentration profile

* N, is determined from BC at z=0

* Transcendental equation for N,.

NIEL NIEL
Xi0=1— 2 exp _'5@12 — X3 exp —E%H




Molecular theories for polymeric liguids

* Theories. There are two classes
* Network theories

* Single-molecule theories

* Network theories
* Developed to describe rubber behaviour
* Extended to describe molten polymer, concentrated solutions

* Assumptions about formations and rupturing of junctions are

done




Network theories. A polymer network
formed by temporary junctions (circles)

D
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The single-molecule theories

* Developed to describe polymers in very diluted

solutions

* i.e., infrequent polymer-polymer interactions.

* Polymers are represent by “bead springs”

* Theory can extent to molten polymers and

concentrated solutions




The single-molecule bead spring models.
a) dilute polymer solutions
b) polymer melt without solvent
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