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Gas Absorption
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Absorption represents a vapor recovery operation where
the desired component is transferred from a gas to the
liquid phase through countercurrent mass transfer.

# This unit operation is modeled as a cascade of
equilibrium stages

# The assumption of equilibrium is weak and is corrected
by the use of tray efficiencies
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# Given a vapor feed, there are 4 degrees of freedom:
1. Pressure (P)

2. Number of equilibrium stages (V) for a desired
recovery of key component (or vice versa)

3. Temperature (1j) of the absorbing liquid stream
4. Flowrate (L) of the absorbing liquid stream
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Given these 4 specifications, we can derive the mass
balance relations
The liguid and vapor streams leaving a stage are at
equilibrium. Thus
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If we define an absorption factor A; = e i/ we can write

1V

the above equation as
Z/L' = AZ'UL'

For each stage, the absorption factor A; will be different. If
we assume a constant absorption factor Ag, for all the
Lstages, we get simplified mass balance equations. J
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For the first stage, we have:

[1+v1 = lgp+ v
or w9 = (AE—I—l)Ul—lO

For each subsequent stage, we have:

Vig1 = lit+vi—1liq
vit1 = (Ap+1v; — Apvi

Writing the above balance from tray 1 to tray N relates the
vapor flow at the bottom, vy to the vapor flow at the top,
v1 and the liquid flow at the top, .

N N-1

onpr =Y (Ap) v — Y (Ap)'
N—+1 ; E 1 ; E) 40 J
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Define
N

Oy =) (Ap)’

1=0

Multiplying both sides of the above equation by (1 — Ag)

results In:

N+1

- > (4p)'

= 1=1

Mz

(1—Ag)p

which implies
1 — Ag—l—l

1— Ag
which simplifies the relationship for vy to:

ON =

vN+1 = Bnvr — By—1lo
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vN+1 = Onvr — By—1lo

The ligquid flow rate at the bottom can be calculated from an
overall mass balance to yield:

IN =vN41+ 1o — 01

The above equations are valid for any component £ in the

Lcolumn. J
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Calculation of Number of Stages
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We define a recovery fraction, r, for the key component n
as follows:

vp = (1 =7r)ong

Substituting this in the mass balance equations in the
previous slide, we get

Uy = BN —71)vne — Br-1lh

Substituting for G5 In terms of Ag, and solving for NV results
In the Kremser equation:

ly + (r — AE)URT+1
In — -

o - In{Ag} o
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If none of the key component appears in the liquid feed
(I = 0), the above equation simplifies to

r— Ap)
v & ﬁﬁ;ﬂ)}

We choose 4 degrees of freedom:

# r, the recovery of the key component, n

# Overhead column pressure

# Solvent temperature (assume isothermal operation)
o

The absorption factor A = 1.4 (choose this as initial
L guess) which fixes the liquid flow rate J
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Absorption Algorithm

Select key component n, fix recovery (typically
r = 0.99), fix P and solvent temperature.

Calculate Ly from

Ly
b VN—|—1Kn
Py (T)
L() — 1.4VN_|_1

P

Calculate the number of stages from the Kremser
equation

g — Ap(1 — T)U]n\’[_l_l

In{Ap} .
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# Calculate absorption factors for non-key components

Ly P

Ak = k £ n
Vg1 P2(T) 7
or Ak — 1.4
QL /n

# Calculate aggregate terms (5 values) for non-key

components
5k _ [1 . (Ak)N—I—l}
N 1 — Ak
e L= (ADY]
S I Y

o |
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# Complete the mass balance for all components

k k
koo “N+1+5N—1lk
N N

1 k
- | UN+1
G

# |f necessary, readjust P and 7" and return to step 1
under the following conditions

1. If the temperature of [, IS too high, increase L
(check with bubble point equation).

2. If too much solvent vaporizes in vy, Increase P or
decrease 7.

3. If too many undesirable components are absorbed,
Increase 7', decrease P, or select a more suitable
solvent for absorption.
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