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Odor Control in Edible Oil Processing

W.J. GILBERT, Croll Reynolds Co., Inc., Westfield, New Jersey, and

D.C. TANDY, EMI Corporation, Des Plaines, lllinois

ABSTRACT

The problems with odor around a typical edible oil
deodorizer are discussed in detail, and a three-step
solution to eliminate these problems is presented. The
three steps are a distillate recovery system which re-
covers most of the fatty acid in the deodorizer vapor
discharge as a valuable byproduct, a closed loop baro-
metric cooling water system which keeps the fat-
laden hotwell water out of the cooling tower by re-
circulating it back to the vacuum system after cooling
with tower water in a heat exchanger, and a vapor
scrubbing system to eliminate volatile organic
compounds which are not removed in the previous
two steps.

INTRODUCTION

Identifying the source of the odor and the low threshold
of odor of many contaminants makes odor control one of
the most difficult of all air pollution control problems.
These problems can be solved, however, in certain applica-
tions where the source of the odors is well known. As an
example, a chemical reactor may produce hydrogen sulfide
as a byproduct. In this case, the nature of the odor-causing
contaminant is well understood and the treatment equip-
ment is specifically selected for that contaminant. The
problem becomes more confused as the complexity of the
odor-causing emission increases. In pulp digestion systems
used in the paper industry, reduced sulfur compounds as
well as hydrogen sulfide are produced. While the nature of
these compounds will vary with the wood being digested
and the process conditions, the odor emissions still fall into
a known class of compounds, and quantitative methods can
be applied to solve the odor problems.

As the number of contaminants and their nature diversi-
fies, the measurement of these contaminants becomes
impossible. Unfortunately, the emissions from a typical
edible oil deodorization system would fall into this cate-
gory. Deodorization is the last major refining step in the
processing of most edible oils. Although various commercial
schemes are available, all deodorization systems involve the
basic principles of steam stripping the oil under high
vacuum and temperatures to drive off various volatile
compounds. These compounds, which include free fatty
acids, aldehydes, and other trace components, all con-
tribute to “off-flavor” oils. Even if methods could be
developed to identify all of these components, the ones
actually present and their concentration would change for
each different oil, different source of the oilseeds, growing
conditions of the seeds, and operating variations in caustic
refining, bleaching, hydrogenation, or other processing
steps which precede the oil deodorization,

The other problem is the low concentrations for thresh-
old of odor of many of these compounds. Many can be
detected at the very low parts per million and some even at
parts per billion concentration levels. No analytical device
has been developed to date which can quantify odor values.
The best sensing device is still the nose; and noses can vary
in their sensitivity.

The organic material discharging from an edible oil
deodorizer can be divided into three component groups.
The first group involves condensables, the components that
will condense between the deodorization and their solidifi-
cation temperatures; the second group includes those that
are condensed and which solidify when cooled to a lower
temperature by contact with the vacuum system con-
densing water; and the final category includes those which
remain volatile even at this lower temperature. Control of
the odor problems in the vicinity of the deodorization
system caused by all three categories requires different
approaches. Each group will be discussed below with
particular emphasis on the third, noncondensable portion,
which often proves the most difficult to control.

THE DISTILLATE RECOVERY SYSTEM

The condensable organic components, usually called
distillate, have been recovered in distillate recovery systems
for almost 20 years. In the case of soybean and other
unsaturated oils, these distillate recovery systems not only
reduce the contaminants in the deodorizer discharge but
also provide a valuable byproduct for sale. As recently as
February 1977, one company has advertised their need for
this material and has even offered technical assistance in
selecting the recovery method (1). A second user is also
known to be actively seeking this material (W.R. Vicars,
Tennessee Eastman Co., personal communication, May
1977).

The typical distillate recovery system is shown in Figure
1. It consists of a tower located between the deodorizer and
the first water condensing stage of the vacuum system. In
the tower, deodorizer effluent is cooled by direct contact
with a stream of circulating distillate, which causes 90-95%
of the condensable organic material to condense. The
circulating distillate is then cooled to remove the heat of
condensation before returning to the tower. Excess distil-
late is sent to storage so the level in the tower remains
constant, and the temperature of the circulating distillate is
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FIG. 1. Deodorizer distillate recovery system.
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FIG. 2. Condenser water recycling system.

TABLE I

Typical Volatile Substances in Soybean Oil Deodorization2
(Partial List)

Component Odor description

Acetaldehyde
Dimethyl sulfide

Fruit odor, pungent
Disagreeable odor

Ethyl acetate Fragrant
2-Butanone Acetone-like
Diacetyl Strong

Acetic acid Pungent
N-Hexanal Aldehyde-like
Acetoin Aroma carrier
5-Methyl-2-hexanone Pleasant

Butyric acid

Penetrating and obnoxious
2-Heptanone -

aFrom Reference 2.

also carefully controlled to recover as much of the con-
densables as possible, to prevent any components of the
circulating stream from solidifying, and to prevent con-
densation of the vacuum system steam.

THE CONDENSER WATER RECYCLING SYSTEM

The organic material exiting the distillate tower, because
it will not condense at the tower operating conditions or is
entrained in the exit vapor, flows to the first condensing
stage of the vacuum system. The portion of this material
that will condense and solidify when in contact with the
condensing water has been one of the oil processors biggest
headaches with deodorizing systems. Typically, many of
these deodorizers have used closed circuit water systems
where the hotwell water is reused in the vacuum system
condensers after being cooled in a4 cooling tower. Although
the discharge of the distillate tower contains only a small
amount of organic material, it has tended to accumulate
both in the hotwell and in the cooling tower causing
both pollution and maintenance problems. Initially, high
efficiency packed cooling towers were used in these sys-
tems; however, many of these had to be abandoned as the
organic material would build up on the packing sub-
stantially reducing the tower efficiency and causing a
serious odor problem around the tower. Therefore, many
current installations use unfilled, higher cost towers in an
attempt to solve this problem. Although these towers do
reduce the maintenance required, there is still an odor
problem as some of the components of the organic material
become volatile when sprayed into the tower. Particularly
in populated areas, or in those states which rigidly enforce
odor emission standards, a method of eliminating this
problem must be found.
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FIG. 3. Carbon bed adsorption.

Figure 2 shows a closed loop system, in which the tower
operates only with clean water that has been introduced in
several locations. In this system, the hotwell water is not
pumped to the cooling tower but to a heat exchanger,
where it is cooled with tower water before returning to the
vacuum system. There is no direct contact between the
water streams so the tower water remains clean, and high
efficiency, lower cost packed towers can be used in new
installations, or packing installed in existing towers for
increased cooling capacity. In anticipation of heat ex-
changer fouling because of the dirty hotwell water, two
units are provided. When fouling begins, the flows are
switched to the clean exchanger and the dirty unit is
cleaned by back flushing with hot water which may contain
a detergent. The entire system, including the cleaning cycle,
can be put on automatic control relieving the operator of
any additional duties.

ODOR CONTROL OF NONCONDENSABLES

The distillate recovery and condensing water recycling
systems remove most of the odor-causing compounds in the
deodorizer effluent but do not effect volatile compounds
which pass through these systems and into the atmosphere.
In a typical deodorizer installation they exit in the final,
noncondensing stage of the vacuum system which is usually
discharged into the hotwell just below the water surface.
Table I lists some of these components that have been
identified for soybean oil deodorization. They are believed
to be a significant contributor to the odor around the
deodorizing system.

The three techniques that are used for odor control
of noncondensable materials in industrial process appli-
cations are wet scrubbers, carbon bed systems, and thermal
incineration, A typical carbon bed system is shown in
Figure 3. It relies on the adsorption of the organic con-
taminant on the surface of activated carbon particles. Once
the bed is loaded with organic material, it is regenerated by
steam stripping the organics off of the bed. This process is
particularly useful for solvent systems since the solvents can
be condensed and recovered during the regeneration cycle.

Carbon beds have not been applied successfully to
edible oil processing because of two major problems.
The first problem is the heat load in the steam being
discharged from the deodorizer vacuum system, A carbon
bed system cannot accept high temperature gases since high
temperatures reduce the bed’s capacity for organic material.
The final vacuum stage discharge would first have to be
cooled to a temperature of ca. 38 C in a separate con-
densing system to allow the effective use of carbon adsorp-
tion,

Most carbon systems have two towers; one is on-stream
while the second is being regenerated. It is during regener-
ation that the second problem develops in using carbon
systems for odor control in edible oil processing. In most
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FIG. 4. Thermal incineration with heat recovery (3).

installations the regeneration of the bed is accomplished by
steam stripping the organics from the carbon followed by
condensing of the steam and organics. However, in this
case, the odor-causing compounds are volatile, would not
condense, and therefore further treatment would be re-
quired. For treating extremely large air volumes, such a
system is possible. For example, carbon can be used to
remove odor from large ventilation systems. The quantity
of steam that is used for regeneration is much less than the
air flow, and secondary treatment of the condensed regen-
erating stream is economical. This is a special case and does
not apply to the smaller volumes treated in edible oil deo-
dorization.

Thermal incineration is another’ technique which is
used for odor control. Where all of the compounds can
be incinerated and recovery is not warranted, this technique
eliminates a discharge of any kind.

A thermal incineration system, shown in Figure 4,
relies on natural gas or oil as a fuel. Typically, the exit
gas from the process must be heated to 704-816 C and
retained at that temperature for ca. .3 to .4 sec. Some of
the energy can be recovered through a fuel gas to com-
bustion air-exchanger on the discharge, but efficiency of
such units is only ca. 50%. Thermal incineration is partic-
ularly suited to systems that involve ventilation flows
containing a high percentage of organics. This reduces the
fuel quantities required to a minimum as the organics are
available to the system as fuel.

The cost and availability of energy make thermal inciner-
ation a very doubtful technique for control of odor com-
pounds from the vacuum deodorization. Since incineration
is an energy-consuming process, its use must be limited to
systems where a high percentage of the fuel is available
from the process itself. It is also a very sensitive process
where misadjustment can partially oxidize the exit products
rather than burn them completely. For example, partial
oxidation of an aldehyde could convert it to an organic acid
which may have a lower threshold of odor.

Wet scrubbers offer the best solution for eliminating
noncondensable odor compounds coming from edible oil
deodorization. A wet scrubber is a device where a liquid is
used to contact the gas and absorb the soluble compo-
nents or capture any solid particles. Scrubbers normally
consist of two components; the first section is a contact-
ing zone where the vapor or particle is captured, and the
second section is a disengaging zone where the liquid is
eliminated from the cleaned gas. Almost all scrubbers
have these two sections in some arrangement. Scrubbers
can also be used to cool the gas and are extremely flexible
when installed as they can be adjusted as process conditions
change.

The design of wet scrubbing systems involves the de-
termination of the scrubbing liquid and selection of the
proper sized unit to assure sufficient contact time between
the liquid and gas for the required removal efficiency. As
noted earlier, it is difficult to quantify the exit contami-
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FIG. 5. Jet Venturi wet scrubber.

nants or determine the percentage removal required to
control odor. The only assured way of eliminating the odor
is by pilot testing or examination of similar commercial
installations.

COMMERCIAL INSTALLATIONS
OF WET SCRUBBERS

Two types of scrubbers have been used for odor control
in edible oil deodorization systems, and these have been
compared on the basis of actual results.

The Jet Venturi type fume scrubber (Fig. 5) has been
employed in several commercial applications and con-
sists of a spray nozzle which creates a hollow, cone-shaped
liquid spray at the vapor inlet. The liquid and gas then enter
the throat in a very turbulent state creating a further
scrubbing action. For removing condensable fatty acids in a
distillate recovery system, this type of scrubber has been
very successful. Several installations were accomplished,
and the results generally indicate a good removal of fatty
acids and removal of some of the
readily absorbed volatile components such as acetic acid.
The odor at the discharge from the system was greatly
reduced, but there was still a distinctive smell to the
exit vapor. It appears that for low or moderately soluble
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FIG. 6. Typical packed tower.

organics there is insufficient contact time between the
liquid and vapor to effect complete removal.

Packed towers provide this additional contact time
and are particularly well suited to adsorption of small
amounts of contaminants. In a typical packed tower
(Fig. 6), the gas enters the bottom of the column and
passes upward through a randomly filled bed of packing
designed to provide a high surface area with high open
space. The liquid is distributed over the surface of this
packing and passes countercurrent to the gas. This allows
the cleanest liquid to contact the most dilute gas and
thus assures the highest possible efficiency. By increasing
the height of the packed bed, the efficiency of the unit
can be increased dramatically, however, pressure drop
considerations limit most industrial applications to 3-10
feet of packing.

Figure 7 shows several common forms of packing. In
the case of edible oil deodorization there ‘is a potential
for the presence-of particles of fatty acid in the vapor,
and, therefore, the spiral-pac packing is often used. Its
open design allows the bed to handle a small amount of
particulate without plugging.

Commercial installations of vapor scrubbing systems
have shown that variations in the. type of scrubbing
solution used did effect the performance in most cases.
Alkaline solutions, particularly caustic, are often used as
the sodium hydroxide will neutralize acids to the sodium
salts which, in many cases, have higher solubility in the
scrubbing medium. Solutions containing oxidizing agents
such as sodium or calcium hypochlorite or potassium
permanginate are also used. The reaction in this case is a
two-step operation. First, the contaminant must be
absorbed into the solution; and second, it will be oxi-
dized to a more soluble form or neutral form. For
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FIG. 7. Commercial types of tower packing.
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FIG. 8. Vapor scrubbing system.

example, a ketone can be oxidized to an acid which
would be more readily soluble. In some cases, the
advantages of both types of scrubbing liquid are em-
ployed. For example, sodium hypochlorite stabilized in
an alkaline solution is an excellent scrubbing liquid
because both the oxidization and neutralization reac-
tions take place with the gas contaminants.

Wet scrubbers have high liquid-to-gas ratios, so a
recycle system is necessary where treatment chemicals
are employed.

A recent installation of a packed column to handle the
noncondensable odor-causing compounds from the final
stage of a deodorizer vacuum system involved a unit in-
stalled by EMI Corporation at PVO International in Rich-
mond, CA, shown schematically in Figure 8. The bottom of
the packed column serves as a hotwell to condense inlet
steam vapors and also provides some gas absorption as the
gas bubbles up through the liquid. The remainder of the
vapor then passes. through the actual packed bed section
where it is contacted by a countercurrent liquid stream.
The liquid collects in a small storage tank, is pumped through
a heat exchanger for cooling, and then is recirculated back
to the tower. The result has been good odor control.

The system was initially installed using water as the
scrubbing medium, although fiberglass construction was
used to allow for the future modification to other scrub-
bing liquids. After operation for approximately one-half
day, the solution in the recirculating loop became saturated
with contaminants as evidenced by a strong odor. At that
time, calcium hypochlorite was introduced into the recircu-
lating loop and eliminated the odor completely. Also, there
was no evidence of odor exiting the top of the packed
tower and discharging to the atmosphere.

The unit employed had a very high residence time in the
packed bed. The initial condensing of the steam in the



lower section increased the efficiency of the tower since the
total vapor flow in the packed section was reduced, there-
by, increasing the residence time.

To prevent buildup of the reaction products, fresh water
was added continuously to the scrubber tank to force a
small amount of the circulating solution to the water
treatment system. Although the rate of this overflow
stream was not measured, it is believed to be less than 5%
of the total contribution of the deodorizing system to the
water treatment load. Changing from calcium to sodium
hypochlorite is also being considered, particularly if con-
tinued operation indicates that the calcium in the system
causes sufficient increase in water hardness to effect the
operation of the water treatment plant or to cause scaling
in the tower or piping.
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