Lecture 9.
Absorption and Stripping (1)
[Ch. 6]
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Absorption vs. Stripping

« Absorption (gas absorption, gas scrubbing, gas washing)

— A gas mixture is contacted with a liquid (absorbent or solvent)
to selectively dissolve one or more components (solutes or
absorbate) by mass transfer from the gas to the liguid

— Used to separate gas mixtures; remove impurities,
contaminants, pollutants, or catalyst poisons from a gas; or
recover valuable chemicals

— Example: removal of H,S and CO, from natural gas using MEA
(monoethanolamine)

 Stripping (desorption)

— A liguid mixture is contacted with a gas to selectively remove
components by mass transfer from the to the

— Example: removal of H,S from sour crude ol



Coupling of Absorber and Stripper

e Absorbers are frequently coupled with strippers to permit
regeneration (or recovery) and recycling of the absorbent

Other gases Captured CO, + Stripping vapor

CO,rich solvent —

 Because stripping is not perfect, recycled absorbent
contains solutes (absorbates)



Absorption Factor & Stripping
Factor

Exit gas
25 °C
90 kPa
>
Liquid absorbent kmol/h
25 °C Argon 6.9
101.3 kPa 0,  144.291
> N,  535.983
kmol/h Water 22.0
Water 1943 Acetone 0.05
Feed gas
25°C
101.3 kPa 30
-]
kmol/h Exit liquid
Argon 6.9 \’/ 25 °C
0, 144.3 101.3 kPa
N, 536.0 — >
Water 5.0 mo
Acetone 10.3 0, 0.009
N 0.017
Water 1,926.0
Acetone 10.25

« Absorption factor, A = L/(KV)

Water 89.2 0.031
Acetone 1.38 2.0
Oxygen 0.00006 45,000
Nitrogen 0.00003 90,000

Argon 0.00008 35,000

The larger the value of A, the fewer the
number of stages required for absorption

The required absorbent flow rate {
< the K-value of solute ¥

< temperature { and/or pressure T

» Stripping factor, S = 1/A = KV/L



Equipment for Absorption and
Strlgplng
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Contacting Tray in a Trayed Tower

-
;_(i} Tray above

T

}<——Length of :l s
liquid flow path, Z; rears
Froth

===—=—=xJfoam

o -
,UO: O‘
5. 6 o o~ [ b o°%°°%
- [+] 4]
o UOOQO 00000 00000 OQOOQ Uoocol:
Seo o Cog0 0 JGhan Joaee Lodos
o o?“n °o°°n°o%°o °o%°o°n%°o
'

w,?‘_‘r‘mﬂc foo“ooou"oo“coc:oo‘
— Y4k “00000 00000
- lanall o' - " o 0, 0 o
—~ 090 %0 5004
r'f'\r_,_' (o ——— pll ~ -l.\ooooooog
~ Froth ~ e ™ °% %
e ali e — o

— — ~ ~—
o e— — ~— "‘1£ o
e = o

Downcomer |- &5

apron—_f——

Gas
flow

Tray below

Tray diameter, D,

 |deal operation

. phase equilibrium at
each tray between
the vapor and liquid
streams leaving the
tray

— Each tray is treated
as an equilibrium
stage



ings for Vapor Passage
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Trayed Tower & Packed Column
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» Additional separation capacity can be achieved by replacing all or
some of the trays with sections of random or structured packing



Equilibrium Curve and Operating
Line for Absorber

e For trayed tower,
Mass balance
X,L'+Y

n+1

Equilibrium relation

"Tx X I+ X,)

Xo L' e Y,V
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V'=X L4YV' fla |
Y =X (LYVY+Y, = X, (L1V)
n
LY I(L+Y,) N
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The operating line is above the equilibrium line
because, for a given solute concentration in
the liquid, the solute concentration in the gas
IS always greater than the equilibrium value



Equilibrium Curve and Operating
Line for Stripper

e For trayed tower,
Xn+1s L Y V

Mass balance ]
X L+YV' =X L+Y V' N
Yo =X (LTV)+Y, = X, (LTV) e
Il/ n
Equilibrium relation
_ Yn _ Yn /(1+Yn) !. 1
Tox, X I+ X)) TS
Y, v \‘"’/Xl,—l_”
g (top)
! j 3 The operating line lies below
& the equilibrium line
{botiom)
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Number of Equilibrium Stages

Operating line

0
 The operating line relates the
solute concentration in the vapor
passing upward between two
stages to the solute concentration

in the liquid passing downward
between the same two stages

» The equilibrium curve relates the
solute concentration in the vapor
leaving an equilibrium stage to the
solute concentration in the liquid
leaving the same stage

Equilibrium curve

Stage 3
(bottom)

¢ X,

Stage 1
(bottom)

Absorber

X, ¥,




