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M
any chemical and bio-
logical processes pro-
duce a vapor stream 
that is primarily air, but 

contains a relatively low concen-
tration of valuable organic or inor-
ganic compounds. Dryer exhausts, 
reactor vents, fermenter vents and 
tank-breathing vents are typical 
sources of such vapor streams. 
The chemicals that are captured 
by treating these vent streams can 
be recycled and often have sig-
nificant value. Furthermore, due to 
emissions regulations, the chemi-
cals in these vent streams often 
must be removed before discharge  
to the atmosphere.

A common solution is to treat the 
vent streams with thermal oxida-
tion, thermal destruction or carbon 
adsorption. Thermal oxidation elimi-
nates the emissions, but disposes 
of the product and adds operating 
cost. The better solution is to treat 
the vent stream so that the valuable 
material is recovered in a form that 
can be recycled or reused by the 
process plant. For a large share of 
these streams, this pathway is feasi-
ble, typically by utilizing an absorp-
tion process. A liquid solvent (the ab-
sorbent) is employed to absorb the 
valuable component out of the gas 
stream; clean air leaves the top of 

the absorber; and a second column 
strips the captured chemicals back 
out of the absorbent so that both 
the absorbent and the product can  
be reused.

Many companies with such vapor 
streams do not realize how cost-
effective recovery by absorption 
can be. This article covers how the 
process works, why it usually beats 
the alternatives, how to choose the 
absorbent and the column internals, 
and two case studies that illustrate 
it in practice.

How absorption and stripping work
Absorption means contacting a gas 
with a liquid so that one or more 
components transfers from the gas 
into the liquid. The driving force is the 
gap between how much of the com-
ponent is in the gas and how much 
the gas would hold in equilibrium 
with the liquid. As long as the liquid 
stays lean, the gas keeps giving the 
component up. In an absorber, the 
gas enters the bottom and flows up, 
while the liquid enters the top and 
flows down. The leanest gas meets 
the leanest liquid at the top, and the 
richest gas meets the richest liquid 
at the bottom, so a driving force ex-
ists at every point in the column. 
That countercurrent contact is what 
allows a single tower bring the gas 
down to low residual concentrations 
of the captured component [1, 2].

Stripping is the reverse step. The 
rich absorbent leaving the bottom 
of the absorber column is heated, 

usually with steam, which lowers the 
solubility of the captured component 
and drives it back into the vapor 
phase. The component leaves as an 
overhead product and the regener-
ated lean absorbent comes off the 
bottom of the stripper and returns to 
the absorber. Run together, the two 
columns form a closed loop: the ab-
sorbent circulates, the air is cleaned 
and the valuable material comes  
out concentrated.

For polar compounds, such as 
alcohols or acetone, water is often 
the choice of absorbent, because 
these molecules have a strong af-
finity for water and dissolve readily. 
High solubility means lower absor-
bent circulation to capture the same 
amount of material, which allows 
both columns to be smaller.

Carbon, oxidizers or condensation?
Three other process approaches 
are common, and each has disad-
vantages when the goal is to keep 
the valuable recovered compound.
Activated carbon. Activated car-
bon beds adsorb the chemical to 
be removed onto the surface of 
the carbon. They can be effective, 
but the carbon has to be regener-
ated to get the chemical product 
back, which means the addition of 
a steam or hot gas cycle and the 
associated equipment needed to 
run it. The carbon is a consumable 
that loses capacity and must be 
replaced over time. Beds loaded 
with organics also carry a real fire 

Absorption can pull a high-value component out of an air stream and return it for 
reuse, often at a lower cost than destroying it
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risk, since adsorption gives off heat, 
and some chemicals can create hot 
spots in the bed.
Oxidizers. Thermal oxidizers burn 
the chemical. They destroy the valu-
able product and burn natural gas 
to do it. Nothing is recovered, so the 
value of the chemical in the stream 
is gone — and there is a fuel bill on 
top of that.
Condensation. Simple condensa-
tion looks attractive at first, since it 
seemingly only involves cooling the 
stream and collecting the liquid. The 
catch is that the stream is mostly air, 
which does not condense. To pull 
the chemical out, you have to chill 
the entire gas flow, which creates  a 
large cooling load. The air leaving 
the condenser is also still saturated 
with chemical vapor at whatever 
temperature to which the gas is 
cooled. By Raoult’s law, the partial 
pressure of the chemical above the 
cold liquid equals its vapor pressure 
at that temperature. For most vola-
tile chemicals, that vapor pressure 
remains high enough at any realistic 
cooling temperature that significant 
losses to the vent are unavoidable 
[1]. Reaching high levels of recovery 
by cooling alone requires refrigera-
tion, which is often difficult to eco-
nomically justify.

Absorption sidesteps the trad-
eoffs of all three methodologies. 
It does not destroy the chemical 
product, it does not burn fuel, and 

it reaches low outlet concentrations 
without chilling the gas because the 
liquid absorbent provides the driv-
ing force instead of temperature.

Choosing the absorbent 
The choice of the absorbent makes 
or breaks the design, and a few 
properties matter most. The absor-
bent should have a high-enough 
boiling point so that it does not 
leave with the purified air. A volatile 
absorbent essentially just trades 
one emission for another. At the 
same time, the absorbent should 
not be so heavy that it becomes 
viscous. This is because a viscous 
liquid wets the packing poorly and 
reduces the efficiency of mass 
transfer, which necessitates a 
taller or wider column to reach the  
same recovery [3].

If the absorbent is regenerated by 
evaporation or distillation alone, it 
must be possible to purify the ab-
sorbent with the available heating 
utilities. An absorbent that needs 
a process temperature higher than 
the available steam, or that de-
grades before it boils, is not work-
able no matter how well it absorbs.

The inlet gas almost always car-
ries some water because atmo-
spheric air is humid. The best 
absorbent has an affinity for the 
valuable chemical component over 
the water. When this is the case, the 
water mostly remains in the gas and 

the rich absorbent is clean enough 
to strip directly. When the absorbent 
also pulls in water, the two phases 
must be separated in a later step, or 
the water must be boiled off, which 
adds equipment and energy. This 
is one reason that a hydrophobic 
absorbent that rejects water is at-
tractive when the target recovered 
chemical is not water-soluble.

Column internals and packing
Absorption columns are almost al-
ways packed rather than trayed. 
The feed is a vapor stream, and 
there is usually a blower pushing 
it, so the pressure drop directly im-
pacts the fan power demand and 
operating cost. Packing has a much 
lower pressure drop than trays per 
stage, which keeps the operating 
cost down and lets a modest blower 
carry the load [1, 4].

For aqueous service, a structured 
packing with an aggressive surface 
texturing is an appropriate choice 
(Figure 1). Water has a high surface 
tension and does not spread across 
a smooth surface easily, so a pack-
ing that wets well can make a differ-
ence. Packing with an aggressively 
textured sheet surface spreads the 
high-surface-tension liquid and 
keeps the full area active for mass 
transfer, which is what an aque-
ous absorber needs. High-capacity 
packings also carry large vapor and 
liquid loads at low pressure drops, 

FIGURE 1. Structured packings utilize aggressive 
surface texturing for improved spreading in aque-
ous systems [6]

FIGURE 2. Packings like the one illustrated here utilize perforations and surface texturing to improve liquid 
spreading over smooth packing [6]
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so the column can have a smaller 
diameter without sacrificing wetting
or efficiency [6].

For organic service, structured 
packing with a moderate surface 
texture is often the most cost-ef-
fective choice in absorber and strip-
per units. Unlike aqueous systems, 
organics typically exhibit lower sur-
face tension and spread readily with 
a moderate surface texture. Certain 
structured-packing configurations 
exploit this fact by pairing a mod-
erately textured, perforated corru-
gated sheet with a modified layer-
interface geometry (Figure 2). The 
perforated and textured surface 
promotes uniform liquid-film distri-
bution across the full corrugation 
area, maximizing the active wetted 
area available for mass transfer. At 
the layer boundary, the modified 
corrugation geometry reduces the 
abrupt directional change that liquid 
and vapor experience as they tran-
sition between packing layers. With 
some packing types, that abrupt 
redirection causes premature liq-
uid accumulation at the interface, 
which is the primary capacity-limit-
ing mechanism. By mitigating that 
buildup, high-capacity structured 
packings can achieve higher op-
erating capacity while maintaining 
the characteristically low pressure 
drop typical of structured pack-
ings. This translates to a smaller 
diameter for the same throughput. 
In absorbers and strippers, where 
theoretical stage requirements are 
often modest, this combination of 
high capacity and low pressure 
drop yields a more compact and 
economical design [6].

Picking a packing size is an eco-
nomic balance. Larger corrugation 
crimp sizes handle more liquid and 
vapor before flooding, which al-
lows a smaller column diameter, but 
come at the cost of a higher height 
equivalent to a theoretical plate 
(HETP) and a taller column. Smaller 
corrugated or crimped packing is 
more efficient per foot of height, but 
floods sooner and requires more di-
ameter for the same flow. The right 
size is the one that gives the low-
est total installed cost for the load-
ing and separation at hand, and that 

determination is made on a case-
by-case basis [4, 6].

Case study: Ammonia recovery
A vapor feed containing ammonia, 
water and air enters the bottom 
of an absorber and meets a cool 
recirculating water stream flow-
ing down (Figure 3). Water takes 
up the ammonia readily, so as the 
gas rises, its ammonia content 
drops until more than 99% of the 
ammonia has moved into the liq-
uid. The cleaned air leaves the top 
of the column to the atmosphere 
and the ammonia-rich water leaves 
the bottom.

That rich water goes to a stripping 
column where heat supplied by live 
steam injection or a reboiler drives 
off the ammonia. Concentrated 
aqueous ammonia (typically 20 
wt.% NH3) leaves as the overhead 
product and clean water exits the 
bottom, returning to the absorber 
as regenerated absorbent. An in-
terchanger between the hot regen-
erated water and the cooler ab-
sorber bottoms recovers heat and 
reduces steam use, which lowers 
operating cost.

One detail matters for fermenta-
tion and similar sources. If the feed 
carries carbon dioxide, as fermen-
tation gas usually does, the CO2
follows the ammonia to the strip-
per overhead, where it can react 
and form solids that foul a conven-
tional condenser. A direct-contact 
condenser avoids that issue and 
is the preferred choice when CO2
is present [7].

Case study: Toluene recovery
A feed vapor stream containing tol-
uene, water and air enters the bot-
tom of an absorber and contacts a 
cool recirculating stream of white 
oil, a highly refined mineral oil (Fig-
ure 4). The oil takes up the toluene, 
so as the gas rises, its toluene con-
tent drops until more than 99% is 
recovered into the oil. Because the 
oil and the toluene both have very 
low water solubility, almost none 
of the water vapor in the air is ab-
sorbed, and the rich oil stays es-
sentially water free.

The rich oil goes to a stripping 
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column, where steam strips the 
toluene out of the oil and into the 
vapor. The overhead is condensed 
and phase-separated, forming a 
toluene product and an aque-
ous phase. That aqueous phase 
can be boiled to make the live 
steam for the stripper, which re-
moves the need for a separate 
wastewater stripper.

Heat integration here uses an 
interchanger with a trim cooler on 
the hot side and a stripping col-
umn preheater on the cold side. 
With the oil in this example, the 
bottom of the column sits a little 
above the boiling point of water 
at the operating pressure (about 
212°F). Because of that, the in-
jected steam does not condense 
in the column, so it adds little heat 
to the oil via its superheat. More 
steam could cover the preheat 
duty in place of the preheater, but 
that means condensing and boil-
ing recirculating water, which uses 
far more energy than a small trim 
preheater. Optimizing the configu-
ration requires balancing feed con-
ditions, utility constraints, desired 
recovery and absorbent selection, 
making each system unique to 
the application [5].

Takeaways
For air streams carrying a valuable 
organic chemical or ammonia, ab-
sorption followed by stripping recov-
ers the material in a reusable form, 
cleans the air to low residual levels 
and avoids the fuel and consum-
able costs that come with oxidizers 
and carbon beds. The economics 
come down to a few choices: the 
right absorbent for the target cap-
tured chemical; tower packings that 
wet well and keep pressure drop 
low; and a heat-integration scheme 
matched to the utilities on site. Each 
of those depends on the specific 
stream, which is why a short feasi-
bility study backed by a set of equi-
librium data is usually the first step 
toward a design worth building.  ■

Edited by Mary Page Bailey
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FIGURE 3. A simplified flow diagram of ammonia recovery by absorption and stripping is shown

FIGURE 4. A simplified flow diagram of toluene recovery by absorption and steam stripping with oil re-
generation is shown
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