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Unsteady Macroscopic Species A Mass Balance-Gas Absorption 

Example 6-concluded 
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interfacial area 
a=------

volume 

Combined molar flux 
of species A 

from gas to liquid 
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A property of the 
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Axs = column 
cross section 

- - - - - ___ Cc.v.
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Unsteady Macroscopic Species A Mass Balance-Intro

accumulation = net flow in + production + introduction

:/MA,sys) = -/DVCA + RAVsys - L _(NAS)j
R • = net rate of production 
of moles of A in the C.V. by 
reaction, per unit volume 

• 
R,Vs,,5llt 

c.v. 

transfer, 
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moles of A that flows into 

the control volume 
between t and t + lit 

moles of A that flows out of the 
control volume between t and 

t+llt 

MA .sys = cA Vsys = total moles of A in the C.V. 

!:::.MA = Lj ,outsMA,j - Lj ,insMA,j = bulk out 
introduction of moles of A 

into the C.V. by mass transfer 

across the i'h bounding 
control surface Si (C.S.) 

RA = net rate of production of moles of A in the 
C.V. by reaction, per unit volume We now have 

expressions for 
Kand /lcdf 

!:::. is "out" - "in" 
Vsys = system volume 

Aj = K(t::.cdf) =molar flux of A out throug 
he 'th C.S. 

C.S. = control surface 
C.V. = control volume 

64 

© Faith A. Morrison, Michigan Tech U. 



( ( ( 
Overall Mass-Transfer Coefficient concentrated and dilute re imes 

Liquid-phase-units 
FIim Linear driving 
force model: model: 

Liquld-phase,-unlts 
Overall Unear driving 
force model: 

NA = K
.x

(x..4.( ) - XA,b) 

NA= Kci(C..4.i( ) - CAL,b) 

( ) = PA,b or cA,b or YA,b 

1 
Kx = 1 1 

k
+ 

m"kX y 

NA = kp(PA,b - PA,J 

NA = k,c(CoG b - C4 i) 

aA = ky(YA.b - YA.i)� 

Gas-phase-units: 
Overall Unear driving 
force model: 

NA= Kp (PA,b - PA( ) ) 

= 
CAG,b - C..4.G( ) ) 

YA,b -y,.( ) 

Let's take these 

tools out tor a spin! 

choose our mass 
transfer units 

(our tools} 

1 
Ky

= 

1 m' 
-+-
ky kx 

' etc. 
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Unsteady Macroscopic Species A Mass Balance-Gas Absorption

steady 

MAGI = GAxs YAI 
z+.6z z+.6z 

MAGL = GAxsYAL 

See 

Hand notes 

No homogenous 
reaction 

Gas 
I,A 

( 

Example 6-

concluded 

moles L G = --------
, 

column area · time

A
xs 

= column
cross section 

interfacial area 
a=-----

volume 

Liquid 
B,A 

transfer, 
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Unsteady Macroscopic Species A Mass Balance 

.f:11:.s� 
Once again, let's weflt eA our 

practical problem 

( 

Example6-
,aMlim1eel 

Example 6: Height of a packed bed absorber ( �-.Svft'tl4
t:I,• I v/t..) 

How can we use mass transfer to design a packed bed gas
absorber to achieve a desired separation?

,onfrol volu""" 
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Unsteady Macroscopic Species A Mass Balance-Gas Absorption I Example 6-Continued \ 

Liauid in
i 

Distributor - Gas

r out

�1 
z + !J.z --

Liquid out

interfacial areaa=-----
volume

A property of the 
column and packing,

in operation

Mass flux 

of species A - N = Az 
from gas to liquid 

G�,,_)l.-A� -=- MAc\z

----- ___ Cc.v.
' 

I 
z ............ •········t··········�----------4.-----

Gas 

I,A 

Liquid 

B,A 

transfer, 
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Unsteady Macroscopic Species A Mass Balance-Intro 

NhM•¼J 
accumulation = net flow in + production + introduction 

moles of A that flows into 

the control volume 

between t and t + 11t 

MA.sys = CA \1sys = total moles of A in the C.V. 

!i]v[A = Lj,outs MA,j - Lj,ins MA,j = bulk out 

RA - net rate of production 

of moles of A in the C.V. by 

reaction, per unit volume 

RAV
sy

sl1t 

c.v. 

introduction of moles of A 

into the C.V. by mass transfer 

across the J'tt bounding 

control surface s1 (C.S.) 

M•llt 

moles of A thatflows outo/the 

control volume between t and 
t+t:.t 

RA = net rate of production of moles of A in the 
C.V. by reaction, per unit volume We now have 

\1sys = system volume expressions for 
Kand /l.cdf 

ti is "out" - "in" 

Aj = K(ticdf) =molar flux of A out throug 
C.S. = control surface 
C.V. = control volume 

63 he ·th C.S. 

Overall Mass-Transfer Coefficient 

Liquid-phase-units 
Film Linear driving 
force model: 

Liquid-phase-units 
Overall Linear driving 
force model: 

NA = Kx(x..4( ) - XA,b) 

NA= Kci(cAL( ) - CAL,b 

( ) = PA,b OT CA,b OT YA,b 

1 

1 1 

k
+ 

m"kX y 

Gas-phase-units: 
Film Linear driving force 

model: 

NA = kv(PA,b - PA,i) 

- y • 
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Let's take these 

tools out for a spin! 

_,.,...,..,s::c... 

NA= Kp (PA,b - PA( ) ) 
= - • 

1 

1 m' 
-+ky kx 

(d:lvk 
tAoorc,... �1.,,,·/J 

dilvk: 

'jJ'.,� 
etc. 
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Unsteady Macroscopic Species A Mass Balance-Gas Absorption 

( 

MAGI = GAxsYAI 
z+t.z z+t.z 

MAGI = GAxsYAI 
z z 

See 

Hand notes 

Example 6-
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Unsteady Macroscopic Species A Mass Balance-Gas Absorption

Example 6 Solution: 

"rate" equation 

(gas-side, species A mass 

balance ) 

"operating line" equation 

(overall, species A mass 

balance ) 

"equilibrium line" equation 

(thermodynamic equilibrium, 

dilute mixtures) 

Column height, B

(result) 

dy K
y

a -=-(y-Hx)
dz G 

y* = Hx*

( Cuss/��

/0.� -l"L.) 
p51C, 

( 

Example 6-

concluded 

Yi= y*(xz) 
y; = y*(x1) 

See Handnotes HW 4.16 
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