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INTRODUCTION

1.



2

Sclentiflic research, to speak generally, msy have two
motives. In one, the -motive is the desire to extend the
boundarlies of knowledge; the other may have a special
purpose of solving problems related to Industry. However,
the lastter may reveal new knowledge while solving a problem
in the factory. Industrial research 1ls concerned not only
in discovery of truth, but also the production of something
useful; and vhich in addition, yields profit. The intention
of technical research is to create new industries or to de-
velop old industries into higher or more productive forms.

This paper 18 not the result of an attempt to reach
deep into theoretical chemistry but slmply the report on the
study of an industrisl problem. With the introduction of
solvent extraction to meet the greater demand for soybean
oil, many problems arise as to the conditions for maximum
01l yield. This problem is an attempt to determine what
moisture in soybean flakes will yleld the maximum oil when
extracted by hexane and petroleum ether., These solvents were
used because hexane 1s cormmonly used in commcrcial extraction
and petrolcum ether 1s employed in the control laborstories,

This problem becomes incressingly important at this par-
ticular period due to a shortage of vegetable oils and fats.
Thelir relation to the food and explosive industry make it im-
peratlive that every effort be made to extraet as much availa-

ble 0il as posslible. Ko important literature was found on



the subjects In truth, all literature found that eonsider-
ed the moisture as a factor was a report of experiments
performed on ground soybeans, A. A. Horvath, (3) who has
spent many years 1in the soybean industry in Asia and the
United States, is of the opinion that soybsans with 12 per
cent moisture will give the maximum yileld of oil. Soybean
0il processors have held the same opinion. The objJect of
this research 1s to determine if a lower moisture content

of soybean flskes will yield more oil by solvent extraction.

Se



HISTORICAL

4.



The production of vegetable olls and fats occupy a place
among, the world's gfeatest industries, since thelr final
products are consumed by man vherever he exlsts. A perfect
history of the development of the induétries may be obtalned
by a study of the various process methods 1in present use
throushout the world. In countries wherc little or no in-
dustrisl progress has been made, primltive methods of obtain-
ing oil still survive., The most primitive of methods (2) 1s
exposure to heat from the sun as in the case of the cocoanut,
Not many years ago the Japanese allowed fish to rot in heaps
until the o1l exuded. One of the earlier methods of ex-
traction (4) was to crush the seeds and boil the meal with
water, the 01l rising to the top and being sklmmed off from
time to time. In later methods the sceds were crushed and
pounded in mortars. The earliest form of oil press was known
a8 the wedge press. The seeds were placed in bags of horse
halr, which were placed in tanks or boxes and pressure ap=-
plied by driving a wedge Eetween two bapgs. This method of
pressing oil froﬁ soybeans is at present performed in native
Chinese mills. ‘These were superscded by screw presses, simi-
lar to a wine press, end later by hydraullc presses of varlous
types, The chief disadvantage of the older methods was the
high residual oil content of the cake. The expeller method
was developed to meet the need of a continuous operation. This

method, simllar in principlc to that of a meat grinder, when



once started, requires much less lebor and attention.

In recent years a greater demand for oll has necessi-
tated the removal of a higher percentage of the total oil
gsince the ocake from pressure methods contalns from 5 to 10
per cent oil., To meet thilis neoed, solvent extraction has
been developed. The extraction of oll by solvents is of a
comparatively recent origin since it dastes from 1843 (1)
when the large scale manufacture of c¢arbon bisulfide made
solvent operation possible. The present day extension of
the solvent process 1s due entirely to the great improve-
ment in methods of preparing and refining solvents. Former-
ly aprlied to low grade and waste materials only, the
process is now used in the extraction of oils of the

highest aquality.

6.



MATERIALS AND METHODS
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All

experiments were performed in the laboratory of a

soybean 0il separation plant. The proximity of the place

of experiments to the plant afforded an easy asccess to all

materlals needed,

A, Materials

(1)

Soybean flakes of 005 inch in thiclkmess.

(2) Extraction apparatus consisting of Butt extraction
tubes, reoflux condensers and soxhlet flasks.
(3) Copper extraction tubes,
(4) Anslytical belance.
(5) Solvents of petroleum ether and hexane.
(8) Hot water bath,
B. Methods

It is the opinlion of the wrlter that the methods were

entirely new, inasmuch as no literature was found on the

extraction of oll from flakes. Nor were any methods found

that poured solvent over the flakes as in the extractor

column of an extrgction plant.

The methods may be divided into four groups.

(1)

(2)

The soxhlet extraction method:

Five grams of Ilakes at different moisture contents
were extracted for three hours with petroleum ether.
The soxhlet extractlon method:

Pive gram semples of flakes at different molsture

contents were extracted for three hours with hexane.

8.



(3)

(4)

lga

Oopper tube extrasction method:

Ten gram semples of flakes at different moisture
contents were extracted with 100 ml. of petroleum
ether in 20 ml. portions.

Copper tube extraction method:

Ten gram samples of flakes at different moisture
contents were extracted with 100 ml. of hexane

in 20 ml, portions.
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EXPERIMENTAL



11..

Approximately thirty sets of experiments ineluding one
hundred fifty semples were extractcd by thne four methods
previously mentloned over a period of four months. Flakes
of lnown molsture content were split into several portions.
The flakes were .005 inch in thickness and were collecté&
over & twenty-four hour period. The desired moisture was
obtained by adding water or drying slowly in an air oven.

A - In tho Soxhlet extraction method, employing pe=-
troleum ether as a solvent, 5 gram samples of flalkes wsre
pleced in filter thimbles and inserted in Butt extraction
tubes, They were refluxed for three hours on a hot water
bath. The f{lasks were heated to a constant welght after e~
vaporation of the solvent and welghed to determine the per
cent oil.

B ~ Dupllcate samples were treated as above with the ex-
coption that hexane was used in place of petroleum ether. The
results are shown in Tables I and II and in the accompanying
graphs. The per cent oll extracted 1s shown at the various
moisture content of the flakes and also shown converted to a
dry basis., It was necessary to convert to a molsture free
basls for an accurate comparison of the dry material used in
each sample. There was little difforence in the smount of
0ll extractcd by the two solvents, the hexane yield being
slightly higher, but oil ylelds with both solvents increased

as the moisture wns decreased.
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TABLE I
Soxhlet Extraction Mothod
Threo Hours With Petroleum Ether

% 011 % 011
Sample No. 4 Moisture (Wet Basis) (Dry Basis)

1l 1.0 22.30 ,22.55
2 3.5 21.62 22.40
3 5.0 21.23 22. 36
4 7.0 20,70 22.26
5 9.0 20.08 22.04
6 10.0 19.80 22.00
7 11.0 19.40 21.80
8 ‘ leO 19,00 _ 21.569
9 15.0 | 17.70 20.82

10 18.0 16.38 19.97



-

TABLE I1
Soxhlet Extraction Method
Three Hours With Hexane

% 041 % 011
Sample No,. % Moisture (Wet Basis) {(Dry Basis)

1l 1.0 22448 22.71
2 3e¢b 21.81 22.60
3 | 5.0 21.47 22,60
4 7.0 21.00 22.58
5 9.0 20,42 22.45
6 10.0 20,20 22.44
7 11.0 19,60 22.02
8 ‘ 12f0 19.46 _ 21.85
) 15,0 18.02 21.20

10 18.0 16.52 20.15
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16,

The solvent extraction plant is a continuous operation,
therefore, soxhlet extraction is not commercielly practical.
In the extraction column, the solvent is poured over the
flakes as they rotate 1in baskets. The copper tube ex-
traction method was devised to simulate, as nearly as possi-
ble, the industrial method of extractlon.

C - The copper extraction tube method is very =imple in
procedure, In this case, 10 gram samples of soybean flakes
were placed in copper tubes with a filter in the bottom. The
100 ml, of petroleum ether were heated and poured over the
flakes in 20 ml. portions and allowed to drain for 30 minutes
into soxhlet flasks. The solvent was then evaporated on the
water bath until the weight of the flasks were constant.

D - Duplicate samples were treated the same as in the
previous method, with the exception that hexane was the
solvent.

The results are shown in Tables III and IV and in ac~-
companying graphg on bothtwet and dry basis. This "pour over"
method, as it nay be termed in later discussion, gives a
8lightly lower yleld. of oil than the reflux method, but there
is a greater increase in per cent oll extracted with a de-
crease in moisture. This method ylelds less oil because the

solvent is in contact with the flakes for a short time only.
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TABLE IIIX
Copper Tube Extraction Method
By Pouring 100 ml. of Petroleum Ether Over Flakes

% 011 % 01l
Sample No. 9 Molsture {Wet Basls) (Dry Basis)

1l 1.0 22.20 22442
2 3.5 2150 22.28
3 8,0 21.08 22.17
4 7.0 20436 21..88
5 8.0 19.80 21.54
6 10.0 19.30 2l.44
7 11.0 18.85 21.18
8 12,0 18.30 20.82
9 15.0 17.00 20,00

10 18.0 15.59 19.01



-

TABLE IV
, Copper Tube Extraction Method
By Pouring 100 ml,., of Hexane Over Flakes

£ o011 % 011
Sample No. % Moisture (Wet Basis) (Dry Basis)

1 1.0 22.07 22.29
2 3.6 21.37 22.14
3 5.0 20.90 22.00
4 7.0 20.14 21.66
b 9.0 19.45 21,37
6 10.0 19.10 2l.22
7 11.0 18,70 21.01
8 ' ‘ lZfO 18,20 - 20,68
9 15.0 | 16,956 19.94

10 18.0 15.32 18.68
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DISCUSSION



It has been the general opinion in the soybean indus-
try that soybeans should contain 12 per cent molsture for
maxinmm oil extraction. All experlments in this paper show=-
ed that a 1 per cent molsture content gave thoe highest yleld
of oil when extracted by solvents of hexane and petroleum
ether. These results prove that water 1s an inhibiting
factor in the extractlon of oil with hydrocarbons.

Prom the atomlic linking structure of a compound, ons
may predict its solubility behavior in a qualitative way.
Hexane 1s only slightly soluble in water (131000) (&) because
of the dissimilarity in structure between hydrocarbons and
water, From this fact, we can see how the presence of water
would have an inhibiting effect on the extractlon of oil with
a hydrocarbon. In the extractlion of oll from a substance
that contains moisture, the solvent should have a higher
bolling .-point than water, If this solvent were then heated
and poured over the flakes, the water would be vaporlzcd, al-
lowing the solvenp to penétrate the cells more readily. Hexane
has a boiling point of 148-155° F. which 1s considerably lower
than water. This point 1s proved to a certaln extent in the
two types of experiments., In the prolonged reflux method of
extraction, there is less variation in the oil yield than in
the "pour over" method. By refluxing, the flakes are held at
a higher temperature for a longer period of time, wvwhich proba-

bly vaporizes much of the water to permit better extraction.

28,



Soybeans contain the phosphatides, lecithin and cephalin
and it is quite possible that their prescnce affect the oll
vield., The phosphatides are highly hygroscoplc and may shift
into the aqueous phase in an excess amount of molsture, Since
the quallty of work done by the extractor column is based on
three hours extraction of extracted flskes in the laboratory,
this would ive a higher residual oil in the flakes; because
the phosphatides held by the water would be extraeted over a
three hour period of refluxing, With a lower molisture, the
phosphatides remain in the oils Thelr presense then lowers
the surface tension of the o0ll and results in a wetting of
the flake surface with oil, In some extrsetion methods,
phosphatides are added to the solvent as a wetting agent to
give added power of penetration.

Part of the molsture in soybesns may be in loose chemical
combination, but it is probable that a large part of it is
adsorbed by the hydrophilie groups of proteins and carbo-
hydrates. When these groubs adsorb molsture, they enclose
oll droplets surroﬁnded by water and prohibit prnetration by
the solvent, |

The solvent extraction process has the édVantage of ex=
- tracting more avallable o0il than pressure methods., In order
to hold this advantage, the solvent plant must be kept at top
capacity to prevent loss in time, labor and solvent expense.

It was found that beans containing 12 per cent molsture must

23,
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be dried to permit better cracking and flaking. In this
process, the flakes are falrly hot when they leave the flak=-
ing rolls, and in transit to the extractlion building, they
are cooled to a certaln extent. Even after the hot air is
drawn off, there is some condensation of moisture on the
flake surface and in small alr pockets. This "sweating"
process greatly deoreases the effectiveness of the solvent
in extraction of oil.

In addition to an increased oil yleld, it 1s probable
that a lower moisture ocontent in soybeans also inoreases the
tonnage of beans extracted during a glven unit of time., This
1s very important from the industrialist point of view. By
lowering the moisture from 12 to 10 per cent, there is a
marked increase in tonnage. It 1is not practical to crack
and flake beans of a much lower moisture content than 10 per
cent, but it is possible to dry the beans after flaking. As
far as the writer knows, this has not been tried commercially.

The results of this research showed that flakes of 1.0
per cent moistureucontent gave the highest yleld of oil. Thse
moisture free fiakes,did not always give higher results than
1.0 psr cent molsture flakes, This probablj was due to oxl-
dation of the oil caused by excessive heating. Polymerized
compounds of high molecular welght exhibit decreased solubili-
ty in inert solvents. The process of oxidation or "drying",

which 1s not fully understood, may be a process of polymer-



ization. It is also quite possible that a molecule of water
may enter the double bond forming hydroxy acids. In this
case the presence of several hydroxyl groups along with the
ester unions would decrease the solublility in hydrocarbons.
Flakes may be drlied to a 1.0 per cent molsture content by
heating gently and thereby preventing oxidation., PFurther
evidence of the effect of moisture may be noted in the color
of the oi1l; the more highly colored oil being extracted at
the lower molsture contents. Since one of the chief phe-
nomena associated with the ethylenie linkage is the oc-
currence of color, it would seem that water has the greater
influence on the unsaturated oils. That the color of many
compounds is an outcome of structure, 1s shown by the fact
that when the ethylenic bond is broken by the addition of
hydrogen, the color disappears. If brought in contact with
water and coertain lipases, vegetable oils hydrolyse readily
and split apart into glyecerol and the fatty acids. Since
the presence of rgtty acids is undesirable, especially if
the oil i1s to be used for food, it 1s better to extract
0lls under conditions least favorable for their formation
and vhich will yield the most oil., With materialé sueh as
soybeans, which have a comparatively low oll content,
profitable operation becomes difficult unless a high per

cent of the oil can be removed.

26,



SUMMARY
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27.

Two types of experiments were performed in the ex-
traction of soybean oil from flakes, One method was ex~-
traction by refluxing for three hours and the other by
pouring the solvents over the flekes. Two solvents, hexane
and petroleum ether, were used in both methods., The follow=
ing conclusions are based on the results:

1. The sclvents used in both methods gave the maximum
yield of oil when the soybean flakes contained 1.0
per cent molsture.

2+ The reflux method gave a slightly higher yicld of
0il than the "pour over" method.

3. Hexane gave higher ylelds by refluxing and the pe-
troleum ether yields were higher in the "pour over"
method.

4. The yield of oil in each case decreased with in-

creased molsture.
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