Refining and Fractionating Soybean Oil With Furfural®
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FTIE production of fully refined soya oil fractions
from crude degummed oil by means of liquid-
liquid fractionation has been accomplished using

furfural as the selective polar solvent. It has been
known for some time (1, 2) that glyceride oils may
be fractionated on the basis of unsaturation within
the glyceride molecule by means of partially miseible,
selective, polar solvents. More recently a process has
been developed employing these prineiples for not
only fractionating sova oil into a drying oil but also
for preparing a fully refined raffinate for food oil
purposes.

Fractionating and refining of sova oil by means of
liguid-liquid techniques with furfural is dependent
upon the fact that the oil is not completely miscible
with the solvent at normal temperatures. Therefore,
when ecrude or degummed soya oil is contacted with
furfural below the temperature of miscibility two
fractions are obtained. The raffinate or oil predomi-
nant phase has concentrated in it the more saturated
glycerides and the break constituents with the more
unsaturated glycerides, free fatty acids, chlorophyll,
other pigments, and unsaponifiable constituents con-
centrating in the furfural predominant extract phase.
Although it is impossible to obtain effective separa-
tions in a single batech extraction, very remarkable
fractionations have been obtained by employing con-
tinuous countercurrent extraction with the use of
reflux.

In order to clarify the operation of refining and
fractionating in continuous countercurrent columns,
a simplified drawing is shown in Figure 1.
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Iurfural in a ratio of three to five parts per part
of feed oil is fed into the top of the primary column.
Degummed soya oil is introduced at an intermediate
point between the furfural feed and the reflux posi-
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tion and reflux is introduced near the bottom portion
of the column. The reflux medium may be extract
product oil, naphtha or a combination of naphtha and
extract product oil.

The raffinate solution or food oil fraction passes
out the top of the primary eolumn to evaporators and
strippers operating under vacuum for the complete
removal of solvent. This raffinate or food oil fraction
has removed from it the free fatty acids, chlorophyll,
and other natural pigments. The break constituents
present in the feed oil are concentrated in the raf-
finate and are fully removed from it by a special
inexpensive method, the details of which cannot be
disclosed at this time. This raffinate is a fully refined
oil and may be hydrogenated directly without any
further refining.

The more unsaturated glycerides, free fatty acids,
chlorophyll, carotene and other natural pigments, un-
saponifiable constituents, and traces of break material
are concentrated in the furfural extraect fraction ob-
tained in the primary column. This extract solution
may be distilled if desired for the removal of solvent,
however, the resulting extract oil will then be quite
dark and have concentrated in it the free fatty acids
present in the original oil.

It has been found that the major portion of the
free fatty acids, chlorophyll and other natural pig-
ments, unsaponifiable matter, and traces of furfural
soluble break constituents can be removed from the
more unsaturated glveerides by countercurrently
extracting the extract solution from the primary
column with naphtha in a secondary column. The
naphtha generally used for this secondary extrac-
tion, as well as for a reflux medium in the primary
column, is a high flash V. M. and P. naphtha with
a boiling range of 145°C. to 185°C. The solvent is
removed from this naphtha extract fraction, leaving
a break free, high iodine value paint oil fraction of
good color and low free fatty acid content. This prod-
uct is a varnish grade oil and may be used directly
in the varnish kettle without further refining.

The furfural solution obtained from the bottom of
the secondary column yields on distillation a black
by-product amounting to 0.5 to 1.09% of the feed oil.
This by-product is a concentration of the free fatty
acids, coloring pigments, and unsaponifiable matter.

Experimental Data

Fractionation of the Oid. Tn any solvent refining
process one of the major costs of operation is that of
steam and water required for solvent removal and
recovery. The quantity of steam required per pound
of feed oil is in direct proportion to the solvent ratio
employed and likewise the quantity of condenser
water required is in direct proportion to the solvent
ratio. A large reduction in solvent ratio will there-
fore result in considerably reduced cost of operation.

The fractionation of soya oil at solvent ratios of 6

_to 14 parts per part of feed oil has been previously

reported (3). This present report is limited to the
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results obtained in fractionating degummed soya oil
with furfural in amounts varying from 3 parts to
5 parts per part of feed oil. At these low solvent
ratios and at the relatively low yields of extract or
paint oil fraction obtained, it is possible effectively
to use naphtha alone as a reflux medium. As such
it is used in the range of .2 to .3 parts per part of
feed oil when low solvent ratio fractionations are
employed. The results obtained at 3 to 1, 4 to 1, and
5 to 1 solvent ratios, when fractionating soya oil in
a commercial plant, are shown in Table I. In this
plant the primary extraction column was 22 inches
in diameter and 87 feet high, the packing being one-
half inch Berl saddles.

TABLE 1
X E Iodine
Solvent Ratios % Extract Extract Values Feed
Yield Raffinates
3tol 16.2 152.3 132.6 135.6
4tol 26.0 152.5 128.5 135.1
5_7t0 1 34.6 152.2 125.6 135.1

It will be observed in Table I that although the
lodine values of the three extract fractions are main-
tained relatively constant at all three solvent ratios,
the iodine value of the raffinate decreases with an
increase in extract yield.

The above fractionationsat 3to 1,4 to 1, and 5to 1
solvent ratio were eonducted on solvent extracted de-
gummed soya oil. These runs were made on a series
of tank cars from one producer and all cars had rela-
tively the same physical constants. The physieal con-
stants of the feed oils used are given in Table II.

TABLE II
Solvent Extracted Degummed Feed Oil Used

Solvent Ratio.......vccvvreereraciireniinnnn 3tol 4to1 5to 1
Todine Value........... 135.1 135.1
Free Fatty Acids %. . 0.49 0.43 0.43

% Unsaponifiable M 1.62 1.37 1.37
Lovibond Yellow..... 70 70 70
Lovibond Red.. 13.5 13.6 13.6

% Chlorophyll $.00020 0.00018 3.60018
% Carotene.,.... 0.0052 0.0051 0.0051

Since the above feed oils have essentially the same
constants the products produced at the varying sol-
vent ratios may be compared to determine the effect
of solvent ratio on the produect.

Extract. The iodine value of the extracts produced
at all three solvent ratios was essentially the same.
The composition of these extracts as determined by
the alkali isomerization procedure (4, 5) is shown in
Table ITI. The method used was the tentative pro-
cedure sent out to collaborators by the 1948 Spec-
troscopy Clommittee of the American Oil Chemists’
Society.

TABLE III

Composition of Soya Extracts Produced at Different
Solvent Ratios

Solvent Ratio.. 3tol 4t01 5t01
% Linolenic,... 11.9 11.9 11.9
% Linoleic.. 61.3 61.8 62.1
% Oleic....... 16.2 16.2 15.0
% Saturated!.. 10.6 10.1 11.0
% Todine Valu 152.3 152.5 152.2

1The per cent saturated acids determined by the alkali isomerization
procedure includes the unsaponifiable matter,

An examination of the results listed in Table IIT
show that the compositions of extracts of similar

iodine value are essentially similar even though pro-
duced at different yields.

A comparison of the composition of a feed oil with
that of the extract is given in Table IV.

TABLE IV
Composition of Feed Oil and Soya Extract

| Feed Oil | Extract
Iodine Valu dassa 152.2
% Linoleni . 8.0 11.9
% Linoleic. 55.3 62.1
% Oleie.......... . 21.2 15.0
% Saturatel....... 15.5 11.0
% Drying Acids (Linoleic and Linglenic)..| 63.3 74.0

‘The per cent saturated acids determined by the alkali isomerization
procedure includes the unsaponifiable matter.

From Table IV it is noted that the extract fraction
contains approximately 119; more drying acids than
the feed oil and has had removed from it a similar
amount of non-drying oleic and saturated acids.

Bodying Rate of Extract. The time required for
each of the soya extracts produced at 3 to 1, 4 to 1,
and 5 to 1 solvent ratios to reach a Gardner-Holt Z,
body was determined under very carefully controlled
conditions. The equipment used was a 13-gallon
closed stainless steel kettle, equipped with agitator,
an inert gas feed, and a 2-inch vent connected to a
suction venting fan. Ileat was applied to the kettle
by means of electrie strip heaters which were con-
trolled by a Variae transformer. The temperature
was continuously recorded on an automatic recording
instrument so that at the end of the run a time-tem-
perature record was permanently available. This per-
manent record gave assurance that the bodying was
carried out at a constant temperature throughout the
run. The bubbling of inert gas in the oil during
bodying and venting the kettle to a suction fan
made possible the production of bodied oils having
acid values and bodying losses comparable to larger
scale commercial operations. In all runs a bodying
temperature of 575°F. was used and 0.2 cu. ft./min,
of inert gas was bubbled through the sixty-pound
charge.

The properties and the time required to prepare
each of these bodied extract oils is given in Table V.

TABLE V
Bodying Rates of Soya Extracts

3t01 J 4to1 I sto1 | Lipced
Time t0 Facecerrrrrnnees | 135 135 | 130 10.3
Color (Gardner)... . 9.0 8.0 8.0 ‘ 8.0
Acid Value 15.4 158 | 151 12.0

2Alkali reﬂn;d and bleached.

Unecatalyzed soya extract required about 3 to 314
hours more time to reach a Z, body than a refined
and bleached linseed oil. Although more time is
required for the cooking, the color of the final bodied
oil in the case of extracts produced at 4 to 1 and 5
to 1 solvent ratios is equivalent to alkali refined and
bleached linseed oil. The color of the extract pro-
duced at 3 to 1 solvent ratio is somewhat darker,
probably due to a greater concentration of natural
pigments in the original extract. The acid value of
the bodied uncatalyzed extract is somewhat higher
than that of the linseed due to the longer cooking
time required. The bodying rates of the extracts of
similar iodine valuec are shown to be essentially the
same even though these extracts are produced at
different yields.
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A sample of the soya extract and an alkali refined
and bleached whole soya oil were ecatalyzed with
0.25% beta methyl anthraquinone (6) and their
bodying rates to Z, viscosity compared with alkali
refined linseed oil as well as alkali refined and
bleached linseed oil. These rates are shown in
Table VI.

TABLE VI

Bodying Rates of Catalyzed Soya Extract vs. Linseed and
Catalyzed Whole Soya

Linseed | Linseed | Soya Whole
oin Qil? 1 Iixtract Soya 0il
None None 0.25 0.25
9.3 10.3 7.5 11.0
13.0 12.0 9.0 17.0
9.0 8.0 8.0 8.0

1Alkali refined.
2Alkali refined and bleached.

An examination of Table VI shows that soya ex-
tract catalyzed with 0.259, beta methyl anthraquin-
one bodies to Z, viscosity from 2 to 3 hours faster
than uncatalyzed linseed oil and approximately 3%
hours faster than whole soya oil catalyzed with an
equivalent amount of beta methyl anthraquinone.

Drying of Extract Oi. The comparison of drying
rates of various oils when testing clear films with
added drier gave results which were not reproducible
due to difficulty in obtaining uniform film thickness
with clear oils. In order to obtain results which
would show the true drying characteristic of the
oil in question, a test was devised whereby the oil
was ground with a single pigment, rutile titanium
dioxide, and thinned with solvent and drier. The
drying results obtained by this simple grind showed
differences in oils not perceptible in the clear oil
films and also the drying rates obtained were in bet-
ter correlation with complete paint formulations.

This one pigment paint was ground on a laboratory
stone mill, using the following proportions:

Material Grams \%igit
Rutile Titanium Dioxide 400 50
: 267 33
133 17

The above proportions of pigment, oil, and thinuer
were mixed together and then ground to give a stock
paste. To 40 grams of the ground stock paste there
was added 1.75 grams of a drier in naphtha solvent
consisting of 3.15% lead and 0.69% mangancse as
naphthenates. The final stock after the addition of
drier had the following specifications:

0.42% lead on hasis of oil,
0.08% manganese on basis of oil,

27.0 % pigment volume eoncentration,
4.0 1b. oil per gallon,

It is emphasized again that the above mixture is
not to be considered a complete paint formulation
but merely a means of checking the drying charac-
teristies of oils.

Soya extracts produced at 3to1,4t0o1, and 5 to 1
solvent ratios, crude and alkali refined linsced oil as
well as crude and alkali refined soya oil were ground
into a single pigment paint as deseribed above. These
paints were all ground on the same mill under identi-
cal grinding conditions.

In order to obtain comparative drying results the
drier was added to all paints at the same time and

they were then applied on glass panels with a Bird
Applicator to a film thickness of .0015 inch. The
paints were allowed to dry under room temperature
conditions of approximately 80 to 85°F. The time
required for these one-pigment paints to set to touch
was then noted and in this manner it was possible
to obtain comparative drying rate of soya extract
with linseed oil as well as with whole soya oil. The
results of these drying tests are given in Table VII
and it will be noted that the soya extract and erude
linseed oil set to touch in essentially the same time.

TABLE VII
Drying Rates of Tinseed, Soya Extract, and Whole Soya

Todine Set to Touch

0il Value Time in Hours
3 to 1 Extract... 152.3 4.0
4 to 1 Extract 152.5 4.0
5 to 1 Extract 152.2 4.0
Crude Linseed.. 177.4 4.0
Refined Linseed 180.3 3.5
Crude Soya.... 134.5 7.5
Refined Soya 134.8 7.5

In addition to the above drying tests the soya
extract has been formulated into complete paints and
found to be equivalent to linseed oil in drying and
durability. Exposure panels as well as test houses
formulated into outside white house paints show the
paint prepared from 1009, soya extract to be equiva-
lent in respect to durability, dirt collecting, and color
retention to that prepared from linseed oil. After a
two-year period test houses located in industrial areas
show the dirt collection of linseed oil paint and soya
extract paint to be about equal.

Conclusions Regarding Extract. From the evidence
presented above it has been concluded that degummed
soya oil may be inexpensively refined at relatively low
furfural to oil ratios so as to yield an extract fraction
which is a varnish grade, break free oil and which is
equivalent to linseed oil in drying.

Raffinate. The soya raffinate or food oil fraction
drawn off the top of the primary fractionation column
is lower in iodine value and free fatty acid content
than the feed oil. In addition to the removal of frec
fatty acids, there has also been the removal of objee-
tional natural pigments from the oil. The break con-
stituents which have been concentrated in the raffi-
nate are removed by a simple inexpensive method, the
details of which cannot be disclosed at this time.

A comparison of the properties of raffinates pro-
duced at 3 to 1. 4 to 1, and 5 to 1 solvent ratios with
their corresponding feed stock is given in Table VITI.

TABLE VIII
Properties of Feed Qil and Raffinates

3to1 4to1 | 5to 1

Feed i[(nfﬁnule Feed ‘Rnﬁinatel Feed !le‘aﬂim\m

Todine Value......... 135.7 |132.3 1351 |128.5 135.1 |125.0

% Free Fatty

Acid....coecieeen, 0.49 0.061 0.43 0.037 0.43 0.044
Lovibond Red.......| 13.5 1.8 13.6 1.7 13.6 1.7
Lovibond Yellow..| 70 18 70 20 70 17

Gardner Break..... Positive | Negative | Positivel Negative Positive| Negative

An approximation of the carotenoid pigments was
made from a spectrophotometric curve of the oil in
cyclohexane solution. The oil showed an absorption
maximum at 4,480 to 4,500 Angstrom units. The
carotenoid pigments are expressed as per cent beta-
carotene. It was felt that such a method was suffi-
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ciently accurate to compare the relative quantities of
carotenoid pigments in the raffinate and feed stocks.

In order to determine the approximate amount of
chlorophyll present in the feed stock and the raffinate
oil a spectrophotometric curve of the oils undiluted
by solvent was determined. Maximum absorption was
obtained in the range of 6,500 to 6,800 Angstrom
units. When maximum absorption was obtained at
6,700 Angstroms, calculations were made on the basis
of chlorophyll-a, and when maximum absorption was
obtained at 6,525 Angstroms the calculations were
made on the basis of chlorophyll-b (7). The amount
of chlorophyll shown in Table I1X is the total calcu-
lated chlorophyll present in the sample. This analysis
showed that 95.5% of the chlorophyll was removed
by the solvent process at 3 to 1 ratio, 97.2% at 4 to 1
ratio, and 98.4% at 5 to 1 ratio. The amount of chlo-
rophyll present in the feed oil and the raffinate is
shown in Table IX.

TABLE 1X
Chlorophyll Content of Feed Oils and Raffinates

3to1l
Feed | Raffinate
% Chlorophyll.. .0002 ! .000009
% Chlorophyl 5.5
% Carotene. .00001
e Carotene r 998
4to1
Feed ‘ Raffinate
Yo Chlorophyll..ccciceineiirciecrenecenieans ] .00018 .000005
% Chlorophyll removed [0 PN 97.2
% Carotene.........c...... .0051 .00003
% Carotene removed 994
S5tol
Feed Raflinate
%o Chlorophyll....ccovcvcreciiiicerecrenrcreinane, .00018 000003
% Chlorophyll removed IS 98.4
% Carotene..........u..... .0051 .00003
% Carotene removed....ccccevveveeeeviiien|  viveeens i 99.4

The sova raffinate or refined food oil fraction is
somewhat similar to alkali refined and bleached soya
oil in its properties. These properties are compared in
Table X to those of a commercially available refined
and bleached soya oil as well as to a sample of sol-
vent extracted degummed oil which was refined and
bleached in the laboratory.

TABLE X
Properties of Solvent Refined and Alkali Refined Oils

Commercial

Laboratory?!
4tol Refined & Refined &

Raffinate Bleached Bleached
Iodine Value........ceirereneennn. 128.5 135.4 134.8
S Free Fatty Acid. 0.037 0.02 0.12
Lovibond Yellow. 20 20 23
Lovibond Red.. 1.7 2.0 2.3
% Chlorophyll.. . 05X104 | 03X 10-4 N3 X104
O Carotene...ouvuvcvvceirerananen 3 X104 §  .05X10- 1 X104

1The original oil used was the same as used in preparing the 4 to 1
solvent ratio raffinate.

The solvent refined oil is comparable to alkali re-
fined in respect to free fatty acid econtent as well as
chlorophyll and carotene content. Pigments other than
chlorophyll or carotene are likewise removed by the
Molecular Selection process as evidenced by the lower
Lovibond red color obtained. This lower Liovibond
red color is probably obtained due to solubility of

some red or brown pigment in the furfural predomi-
nant fraction.

The three refined oils listed in Table X were given
a laboratory hydrogenation and deodorization to de-
termine the processing characteristics and final color
of a melted shortening. Hydrogenation was at 30 lb.
pressure, 300°F., in the presence of 0.11% active
nickel (used as Raney nickel catalyst). Hydrogena-
tion rates were comparable for a 1-liter batch charge
of oil. Deodorization was accomplished in all-glass
equipment at 200°C. and 1 mm. absolute pressure.
The results obtained by hydrogenating and deodoriz-
ing these samples are given in Table XT. The prop-
erties of two well-known commercially available short-
enings are likewise listed in this table for the purpose
of comparison.

TABLE XI

Lab. Comm, e B
Refined Refined Commercial
4tol and and i Shortenings
Raffinate | Bleached |Bleached ————
Soya Soya No. 1 No. 2
Hydrogenation Rate ’
1.V. decrease/min..... 1.05 0.985 0.935 | oo | s
i i 68.5 71.3 71.3 69.7 75.3
020 L0438 016 039 .082
Lovibond Yellow 4.0 5.0 13 5.5 5.5
Lovibond Red 0.22 0.5 1.3 0.87 0.90

From Table XT it can be observed that the rate of
hydrogenation of the solvent refined oil is comparable
to that of the alkali refined. The color of the final
hydrogenated and deodorized oil 1s considerably bet-
ter than the alkali refined oil or the commercial short-
enings. The reason for this improved color of final
hvdrogenated and deodorized produet is undoubtedly
due to the removal of pigments in solvent refining of
the oil which are not removed by alkali refining.

The ecomposition of the raffinates produced at 3 to
1,4 to 1, and 5 to 1 solvent ratios is given in Table
XTII. These compositions were determined by the
method of alkali isomerization using the Beekman
Spectrophotometer.

TABLE XI1

Composition of Soya Raffinates

| 38t01 4101 5to 1

i Raffinate Raffinate Raffinate
lodine Value... . 132.6 123.5 125.6
% Linolenic. 71 ! 6.1 5.5
% Linoleic 53.4 ' 50.0 50.8
% Oleic. i 24.9 30.0 26.8
¢ Saturat 14.6 13.9 16.9

1The per cent saturated acids determined by the alkali isomerization
procedure includes the unsaponifiable matter.

The above three raffinates do not differ too greatly
in composition despite the fact that there is some
slight change in iodine value. The best comparison
to show the trend in change of composition is be-
tween the raffinate produced at 3 to 1 ratio having
an iodine value of 132.6 and that produced at 5 to 1
ratio having an iodine value of 125.6. The raffinate
of 125.6 iodine value has a lower linolenie and linoleie
acid content and a higher oleic and saturated acid
content than the 132.6 iodine value fraction as is to
be expected.

A comparison of the composition of the raffinate
produced at 5 to 1 solvent ratio with that of the feed
oil from which it was produced is given in Table
XITL
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A raffinate having an iodine value approximately
10 units lower than that of the feed oil shows appre-
ciable reduction in the linolenie and linoleic acid
content over that of the feed oil. The relatively high
drying aecid content still remaining in this raffinate
helps to explain why it is possible through more effi-
cient methods to fractionate sova oil into 70% extract
of 153 iodine value and 309% raffinate of 95 iodine
value (3). In order to operate in this manner higher
solvent ratios are required and the cost of operation
per pound of oil processed is inereased somewhat due
to inereased steam and water consumption.

TABLE XIII
Composition of Whole Soya Oil and 5 to 1 Soya Raffinate

51t01 Degummed
Raffinate Soya 0il

lodine Value . 125.6 135.1
% Linoleic. . 50.8 55.3
% Linolenic . 5.5 8.0
% Oleic......... i 26.8 21.2
% Saturated?! 16.9 15.5

1The per cent saturated acids determined by the alkali isomerization
procedure includes the unsaponifiable matter.

Conclusions Regarding Raffinate. It has been
found possible to fully refine crude degummed soyva
oil at relatively low solvent ratios to produce frac-
tions which hydrogenate as rapidly as alkali refined
oil and which on deodorization yields a product of
improved color. Operations at low solvent ratio en-
able the process to produce a drying oil fraction and

at the same time be competitive with alkali refining
in respect to cost of operation.

Soya By-Product. The by-product produced at
three solvent ratios was uniform in yield and in com-
position. This composition is given in Table XIV.

TABLE XIV
Composition of Solvent Refining By-Product

............... . 099

.. 1497

42.0
Unsaponifiable Matter 7.5%
Tocopherol... 2.5%
Color....ccoivnnnns Black

From the composition given in Table X1V it can
be seen that the by-product is a concentration of free
fatty acids, eoloring matter, and unsaponifiable con-
stituents. This fraction therefore, is an excellent raw
material for the production of high iodine value fatty
acids, sova sterols, and tocopherol. The by-product
after saponification and subsequent acidification and
vacuum distillation yielded distilled fatty acids with
an iodine value of 160.
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The Semicontinuous Deodorization of Fats'

A. E. BAILEY, Votator Division, The Girdler Corporation, Louisville, Kentucky

OMMON batch deodorization of edible fats and
oils, which has changed little in its essentials
during the past 30 to 40 years, 1s in several
respeets a somewhat unsatisfactory process. For one
thing, it requires a great deal more steam than would
appear reasonable for a straightforward stripping
operation. On the average, about 25 pounds of strip-
ping steam are used for each 100 pounds of oil deo-
dorized (4). To this amount must be added 75 to
100 pounds for the maintenance of vacuum, hence in
many refineries the steam chargeable to the deodoriza-
tion department approaches 50%¢ of the total amount
consumed in the plant. In recent years steam require-
ments have been reduced by the general adoption of
Dowtherm heating to produce high operating temper-
atures, but the benefits of high temperature deodori-
zation are limited by the faect that carbon steel and
many other common metals and alloys used for deo-
dorizer construction have a pro-oxidant effect on the
oil which becomes serious as the temperature rises to
high levels. Nickel and aluminum are not injurious
to the stability of the oil at elevated temperatures
(8), but the latter metal is lacking in structural
strength and also presents cleaning problems, whereas
nickel, even when used in eclad construction, is so
costly that it has not found wide use.
The upper shell and vapor outlet of a batch deo-
dorizer are invariably much cooler than the oil charge

1 Presented at 22nd annual meeting, American il Chemists’ Society,
New York City, Nov. 15-17, 1948,

and form an effective condensing surface for easily
condensible materials carried by the stripping steam.
It is generally recognized that reflux from the upper
portions of the deodorizer is a factor contributing
greatly to the difficulty of stripping the last traces
of volatiles from the oil. The expedient of jacketing
and heating the upper shell has been proposed (6),
but not generally adopted. Decreasing the headspace
above the oil or constricting the upper portion of the
vessel to inerease the steam veloeity will minimize
reflux but will at the same time tend to increase loss
of oil from the deodorizer by entrainment.

Part of the relative inefficiency of steam utilization
in deodorization as presently practiced is inherent in
bateh operation. Owing to the lack of flexibility of
steam ejectors, the consumption of steam for main-
taining vacuum on batch vessels cannot be reduced
during heating or cooling periods when little strip-
ping occurs, and actually the injection of steam is
required only to agitate the oil mass and promote
heat exchange with heating or cooling coils. In large
plants reasonably good smoothing of steam, water,
and Dowtherm vapor loads is attained by staggering
the operating cyveles of a number of deodorizers, but
small bateh deodorizer installations are characterized
by intermittent heavy demands for these various
utilities, interspersed with periods when demands are
low or non-existent.

Continuous deodorizing systems overcome the dis-
advantage of batch deodorization with respect to



