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This article describes some common packed tower

fume scrubber design and maintenance errors that

can lead to undesirable conditions, frequent mainte-

nance, and safety hazards. Design, process, and op-

eration adjustments are suggested to maximize the

performance of wet scrubbers. 

P
acked tower fume scrubbers are used for the
abatement of gaseous emissions from various
sources such as chemical process equipment

and other industrial exhaust airstreams. Many wet
scrubbers achieve less-than-expected emission re-
sults and require frequent shutdown because of
problems that can be eliminated or reduced with
changes to their design and operation. In this article,
the following topics are discussed: causes of poor
scrubber operation, design considerations for ease of
maintenance and optimum efficiency, and methods
for reducing biological growth.

Causes of poor scrubber operation

When a scrubber’s pump is on and the fan is draw-
ing air, this does not necessarily mean that the scrub-
ber is working properly. Various items within the
scrubber unit and supporting equipment must be
checked and consistently maintained after installa-
tion and start-up. Even with proper operation and a
good checklist, a poor design can lead to less-than-
desirable operating conditions and downtime.

The following items are common causes of reduced
scrubber efficiency.

Insufficient sump fluid replenishment

For scrubbers using overflow or blowdown to main-
tain fresh solution, the fresh water makeup rate must
be adequate to maintain the concentration gradient
between the liquid and the gas phases. The concentra-
tion gradient for a given unit depends on several vari-
ables, and if the gradient is not maintained, the
efficiency of a system can drop quickly and signifi-
cantly. In some cases, if the gradient is lost, contami-
nants can be stripped from solution. When this
happens, the inlet loading of a particular contaminant
can be lower than the tested outlet concentration.

Two techniques for sump replenishment are over-
flow and blowdown. The overflow method is more
common and is easier to operate because it has no in-
strumentation besides a flowmeter. Fresh water is
added through an adjustable flowmeter at a continu-
ous rate while the sump liquid overflows into the
scrubber drain at a predetermined location. In the
blowdown method, liquid is forced to drain by the
recirculation pump. If blowdown is inadequate, the
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Fabrication of a 40,000 CFM wet scrubber designed
to reduce hydrochloric acid gas emissions by over 99
percent from a semiconductor manufacturing
facility. Polypropylene was chosen over fiberglass
because it is smooth, nonporous, and does not
promote biogrowth.
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rate of scaling and algae growth will increase. Sedi-
mentation will also increase. 

Sump level controls and solenoid valves or flow con-
trol valves must be provided in the recirculation pip-
ing to allow fluid to be discharged at a measured
rate. With either method, the makeup water rate
must be high enough to compensate for evaporation
losses, which can range dramatically, depending on
system size and atmospheric conditions. Proper
makeup water rate is the most important factor in
keeping the concentration gradient in check.

Incorrect sizing of circulation pumps

To determine pump size and selection for a given
unit, hydraulic calculations for the recirculation sys-
tem must be performed. Three variables affect the re-
quired design head of a pump: friction losses
through piping and fittings, pumping height, and
pressure loss of nozzles. If add-in items, such as bas-
ket strainers, are not accounted for in the system de-
sign, the pump flow rate will suffer and efficiency
will be reduced. 

Improper pH control

Inadequate addition of the pH-neutralizing agent
can significantly reduce scrubber performance. If

ammonia is being scrubbed, with sulfuric acid as the
neutralizing agent, improper pH management can
greatly diminish scrubbing efficiency. 

Incorrect pH probe location

A common error with pH-control systems is placing
the pH probe at an incorrect location from the chemi-
cal supply injection pipe. Locating a pH probe
within 12 inches of the chemical injection pipe does
not give a true indication of the scrubber liquid pH.
Incorrect pH probe location causes the controller
and the On/Off switch for chemical injection to con-
tinuously “chase” one another.

Excessive velocity profile

Scrubbers have velocity constraints that play a key
role in their performance. Once a scrubber has been
installed and is in operation, its cross-sectional area
has been established permanently. If a unit is de-
signed for 10,000 CFM, for example, and the fan is
exhausting 14,000 CFM, the performance and effi-
ciency decrease while pressure loss increases. Ex-
ceeding the design velocity profile of a unit affects
mist eliminator performance, absorption, and evap-
oration losses. 

Channeling caused by plugged spray nozzles

Spray nozzles can be an operator’s nightmare and
the cause of frequent and expensive unplanned shut-
downs. Plugging should be expected with scrubbers
that incorporate spray nozzles. When a nozzle plugs,
the packing area directly below it does not receive liq-
uid. This creates an area where no absorption is oc-
curring, and scrubber efficiency is decreased.

Channeling caused by poor air distribution and
rectangular housings

In vertical scrubbers, inlets are located 90 degrees
from the air direction through the packed tower. The
incoming airstream must make an abrupt 90-degree
turn into the packing. Very few scrubbers are de-
signed to account for such an abrupt turn. Because air
follows the path of least resistance, it continues
straight through the inlet to the back wall of the ves-
sel, where it is disturbed, spirals, and creates a vortex
up through the packed bed section. This channeling
creates dead spots within the packed bed. The now-
channeled airstreams pass through the packed bed at
higher velocities below the designed retention time.
Air also follows the same general undisrupted path

Vertical wet scrubber with redundant recirculation
pumps.
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Controlling pH

Whenever possible, monitor pH some distance away
from the chemical injection area. To measure pH as it
exits the packed bed section, utilize a catch cup just
below the packing to capture liquids that fall from
above it. The catch should be plumbed to the exterior
portion of the unit, where liquid flows through the
pH probe and back down into the sump area. 

Inject chemicals close to the pump suction. Use a
pipe with small perforations to act as a distribution
device as chemical is brought into the unit.

Chemical should exit the pipe near the pump suc-
tion area. The holes in the pipe allow sump water to
mix with the neutralizing chemical before it enters
the recirculation piping. The pump impellers pro-
vide an excellent means of turbulence and mixing to
prevent the channeling of liquid through the piping
and packed bed.

Instrumentation

Monitor and alarm the following instrumentation:

• pH

• Fresh water makeup

• Pump flow rate

• Pump pressure

• Pressure drop (scrubber and mist eliminator)

• Sump levels

• Blowdown

• Sump temperature

• Airflow (Monitor this in the duct system at a suit-
able location before the scrubber)

Accessibility 

Design mist eliminators for ease of removal for in-
spection, cleaning, and replacement. Encapsulate
mist eliminators to prevent potential bypass. Pro-
vide access doors for operators to inspect the packed
bed section, sump area, pump area, and liquid distri-
bution section. To prevent leak points, position ac-
cess for the sump area above water level. Also
provide view ports for easy inspection of internals.
Borosilicate glass works well as a window. Unlike
clear PVC or Plexiglas, it resists fading and with-
stands the heat of high-intensity lights. Locate win-
dows between the water line and the packing
bottom, at the packed bed section, and at the liquid
distribution section. Where possible, use slide
shades to prevent light from entering the scrubber. 

through rectangular scrubber housings. Dead spaces
are common in rectangular vertical and horizontal
scrubber housings. Design for these units must also
account for inefficiencies in air distribution. 

Biological growth

The buildup of biological growth in packed bed sec-
tions and mist eliminators adversely affect scrubber
performance. In acid scrubbers, in which pH is typi-
cally maintained between 8 and 9, biological growth
is common. Without treatment, this growth can cre-
ate areas of channeling and can increase pressure
drop through the scrubber.

Design considerations for ease of
maintenance and optimum efficiency

For ease of maintenance and optimal operating effi-
ciency, a scrubber should incorporate the following
design elements. 

Pump redundancy

Scrubbers should include redundant pumps to en-
sure that the control system is capable of automated
switch-over in case of pump loss or low flow. Pres-
sure gauges and flowmeters should be used on dis-
charge piping. Pumps should be oversized by 125
percent to ensure adequate capacity and operation.

Dual-stage scrubber complete with pH control and
instrumentation to monitor scrubber parameters.
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Methods for reducing biological growth

To reduce biological growth, follow these guide-
lines:

• Acid wash the unit periodically or shock it with an
approved cleaning solution to destroy algae and
other biological organisms.

• Use a chlorinating or brominating system to de-
stroy algae and other biological organisms.

• Use UV light devices to disinfect supply and recir-
culation liquid.

• Segregate all sources of phosphoric acid or other
phosphates that feed algae, and scrub them with a
strong, caustic solution at a pH of 10 to 11.

• Field experiences suggest reduced growth in units
constructed with polypropylene versus those con-
structed with fiberglass. Porosity and pinholes
tend to be breeding areas, which are common in
units constructed from fiberglass material.
Polypropylene and PVC materials are homoge-
neous and therefore do not have the porosity is-
sues that fiberglass does.

• Place sliding shades over all clear-view doors to
prevent light from entering the unit.

This article touches on just a few common causes of
reduced efficiency in wet packed bed scrubber sys-
tems. Proper design of a high-efficiency scrubber sys-
tem requires much more than just a pump, a vessel,
and a spray header. Routine preventive maintenance
schedules are important to avoid compounding
problems and costly downtime. Reputable scrubber
manufacturers can provide periodic preventive
maintenance inspections and follow-up reports that
allow for trending of system parameters and early
recognition of potential or existing problems. 

Kyle Hankinson is vice president of KCH Engineered
Systems, a North Carolina-based manufacturer of corro-
sion-resistant exhaust systems and air pollution control
equipment. Direct questions to Kyle at KCH Engineered
Systems, 144 Industrial Dr., Forest City, NC 28043, 828-
245-9836; khankinson@kchservices.com.


