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1. 

INTRODUOTION 



. ...,. 

Scientific researoh, to speak generally, may have two 

motives. In one, the-motive is the desire to extend the 

boundaries of knowledge; the other may have a special 

purpose ot solving problems related to industry_ However, 

the latter may reveal new knowledge vmile solving a problem 

in the tactory. Industrial researoh is ooncerned not only 

in discovery ot truth, but also the production of something 

useful; and whioh in addition, yields profit. The intention 

ot technical research is to create new industries or to de-

velop old industries into higher or more produotive to~s. 

This paper is not the result of an attempt to reach 

deep into theoretical ohemistry but s~ply the report on the 

study of an industrial problem. With the introduction of 

solvent extraction to meet the greater demand for soybean 

oil, many problems arise as to the conditions for maximum 

oil yield. This problem is an attempt to determine what 

moisture in soybean tlakes will yield the maximum oil when 

extracted by hexane and petroleum ether. These solvents were 

used beoause hexane is oonwonly used in commercial extraotion 

and petroleum ether is employed in the control laboratories. 

This problem beoomes inoreasingly important at this par

ticular period due to a shortage ot vegetable 011s and rats. 

Their relation to the tood and explosive industry make it im-

peratlve that every ettort be made to extract as much availa-

ble oil as possible. No important literature was found on 



.". 

the subject. In truth, all literature found that consider-

ad the moisture as a factor was a report of experiments 

perfor.med on ground soybeans. A. A. Horvath, (3) who has 

spent mnny years in the soybean industry in Asia and the 

United states, is of the opinion that soybeans with 12 per 

cent moisture will give the maximum yield of oil. Soybean 

oil processors have held the same opinion. The object of 

this researoh is to deter.minc 1f a lower moisture content 

of soybean flakes will yield more oil by solvent extraction. 

Q. 4. 4. 
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HISTORIOAL 



The production or vegetable oils and rats occupy a place 

rumone the worldts greatest industries, since their £inal 

products are consumed by man vmerever he exists. A perfect 

history of the development o£ the industries may be obtained 

by a study of the various process methods in present use 

throuGhout the \"lorld. In countries whero little or no in

dustrial progress has been made, primitive methods o£ obtain

ing oil still survive. The most primitive of methods (2) is 

exposure to heat £rom the sun as in the case o£ the cocoanut. 

Not many years ago the Japanese allowed £ish to rot in heaps 

until the oil exuded. One o£ the earlier methods of ex

traction (4) was to crush the seeds and boil the meal with 

vmter, the 011 rising to the top and being skinuned off from 

tinle to time. In later methods the sE)eds were crushed and 

pounded in mortars. The earliest form of oil press was ImO'l;m 

as the wedge press. The seeds were placed in bags of horse 

hair, which were placed in tanks or boxes and pressure ap

plied by driving a wedc;e between two bags. This method of 

pressing oil from soybeans is at present per£ormed in native 

Chinese mills. These were superseded by 'screw presses, simi

lar to a wine press, and' later by hydraulic presses ot various 

types. The chie£ disadvantage of the older methods was the 

hlEP residual oil content of the cake. The expoller method 

was developed to meet the need ot a oontinuous operation. This 

method, similar in principlo to that of a meat grinder" when 

5. 
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onoe started, requires. much less labor and attention. 

In reoent years a Greater demand for oil has neoessi

tated the removal of a higher percentage of the total 011 

since the oake from pressure mothods oontains froDl 5 to 10 

per oent oil. TO meet this noed, solvent extraotion has 

been doveloped. The extraotion of 011 by solvents is of a 

oomparatively recent origin since it dates from 1843 (1) 

V'Then the large scale manufacture of carbon bisulfide made 

solvent operation possible. The present day extension of 

the solvent process 1s due antirely to the great improve. 

ment in methods of preparing and refining solvents. Former

ly applied to low grade and waste materials only, the 

process is now used in the extraction of oils of the 

highest quality. 

6. 



MATERIALS AND ME'THODS 



All experiments were performed in the laboratoI"".f of a 

soybean oil separation plant. The proximity of the place 

ot experiments to the plant afforded an easy access to all 

materials needed • 

.&.. Materials 

(1) Soybean flakes of .005 inch in thickness. 

(2) Extraction apparatus consisting oi' Butt extraction 

tubes, reflux condensers and soxhlet i'lasks. 

(3) Oopper extraction tubes. 

(4) Ana.lytical balance. 

(5) Solvents at petrolewn ether and hexane. 

(6) Hot water bath. 

B. Methods 

It is the opinion of the writer that the methods were 

entirely new, inasmuch as no literature was found on the 

extraction of oil trom flakes. Nor were any methods found 

that poured solvent over the flakes as in the extractor 

column of an extraction plant. 

The methods may be divided into four groups. 

(1) The soxblet extraction method: 

Five grams ot flakes at difterent moisture contents 

were extracted tor three hours with petroleum ether. 

(2) The soxhlet extraction method: 

Five gram samples of flakes at difterent moisture 

contents were extracted for three hours '\."Jith hexane. 

8. 



(3) Oopper tube extFaction methods 

Ten gram samples of flakes at different moisture 

oontents were extraoted with 100 ml. ot petroleum 

ether in 20 ml. portions. 

(4) Oopper tube extraotion method: 

Ten gram samples of fiakes at diffel"ont moisture 

oontents were extracted with 100 ml. of hexane 

in 20 ml. portions. 

, ; 14k .a; 
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EXPERIMENTAL 



Approx1mately thirty sets or eXperiments including one 

hundred fifty srunples-were extraotod by the four methods 

p:r'eviously mentioned over a. pel'i·.)d of rour months. Flakes 

of Itno~m moisture content were split into several portions. 

The :flakes ware .005 inch inthiokness and were colleoted 

over a twonty-four hour period. The desired moisture was 

obt8ined by a.dding water or dryinG slowly in an air oven" 

A - In tho 80xhlet extrrrction method, employing pe-

troleum ether as a solvent, 5 gram samples of flrutes were 

plaoed in ti1terth1mbles and inserted in Butt extraotion 

tubes. They were retluxed tor three hours on a hot water 

bath. The flasks wel~ heated to a oonstant wei~~t arter e

vapora.tion of the solvent and v/eic;hed to determino the pOl' 

cent oil. 

B - Duplicate samples were treated as above with the ex

ception that hexane was used in plaoe of petroleum ether. The 

results are shown in Tables I and II and in the accompanyinG 

eraphs. The per oent oil extracted is shown at the various 

moisture content of the flakes and also shown converted to a 

dry basis. It was necessa~J to convert to a moisture free 

basis for an acourate oomparison of the dry material used in 

each srumple. There was little difforence in the wmount of 

oil extracted by the two solvents, the hexane yield being 

slir~tly higher, but 011 yields with both solvents increasod 

as the moisture wns decreased. 

* .... 
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1 

2 

3 

4 

5 

6 

7 

a 

9 

10 

TABLE I 

Soxblet Extpaotlon Method 

Three Hours With fet~leum Ether 

~ Moisture 

1.0 

5.0 

7.0 

9.0 

10.0 

11.0 

12.0 

15.0 

18.0 

~ Oil 
(Wet Basis) 

22.30 

21.62 

21.23 

20.70 

20.08 

19.80 

19.40 

19.00 

l7.70 

16.38 

% Oil 
(Dprsl Ba.sis) 

22.53 

22.40 

22.26 

22.04 

22.00 

21.80 

21.59 

20.82 

19.97 

.. ,4.# 



1 

Sample No, 

1 

2 

3 

5 

6 

7 

8 

9 

10 

TABLE II 

Soxble.t Extl"aotlon Method 

'I'hree Hours With Hexane 

,; Mol·sture 

1.0 

7.0 

10.0 

11.0 

12.0 

18.0 

~ 011 
!Wet Basis) 

21.81 

21.47 

21.00 

20.42 

20.20 

19.46 

18.02 

16.52 

% 011 
{D:r;:y Basls) 

22.71 

22.60 

22.60 

22.68 

22.44 

22.02 

21.86 

20.15 

. . ~""---_t 1liiie _tUM_' 
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Tne solvent ext~action plant 1s a continuous operation, 

therefore, soxhlet extraction is not commercially practical. 

In the extraction column, the solvent is poured over the 

flakes as they rotate in baskets. The copper tube ex~ 

traction method was devised to simulate, as nearly as possi

ble, the industrial method of extraction. 

o - The copper extraction tube method is very simple 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 graphs on both wet and dry basis. This "pour over" 

method, as it may be termed in later discussion, gives a 

slightly lower yield of oil than the reflUX method, but there 

is a greater increase in'per cent oil extracted with a de

crease in moisture. This method yields less oil because the 

solvent 1s in contact with the flakes for a Short time ~nly. 

.• ! 



TABLE III 

Ooppe~ TUbe Extv8ct1on Method 

By Pouring 100 ml. ot PetroleUlll Ether Over Flakes 

Sample No. % Mo1sture 

1 1.0 

2 3.5 

3 

4 7.0 

5 9.0 

6 10.0 

7 11.0 

8 12.0 

9 15.0 

10 18.0 

10 011 
(Wet Bas1s) 

22.20 

21.50 

21.06 

19.60 

18.85 

18.:50 

.17.00 

15.59 

% 011 
(Dry Baais) 

22.42 

22.28 

21.88 

21.54 

21.44 

21.18 

20.00 

19.01 

K , #Q 4$9. 



TABLE IV 

Copper ~be Extraction Method 

By Pouring 100 ml. ot Hexane OVer Flakes 

Sample No. ~ Moisture 

1 1.0 

2 3.5 

3 5.0 

4 7.0 

5 9.0 

6 10.0 

7 11.0 

8 12.0 

9 15.0 

10 18.0 

% Oil 
twet Basis) 

22.07 

20.90 

20.14 

19.45 

18.70 

18.20 

16.32 

~ 011 
(pry Basis) 

22.29 

22.14 

22.00 

21.66 

21.37 

21.22 

21.01 

20.68 

19.94 

18.68 

5 U 444 

18. 



IS .. , 
t7 

IS-

/4 

12-

.v 1/ 
~ 
::::> 
oj,,) 

'" .... 10 
I:l 
<::" 

'" ~ q , 
III q) 
III 

.II'" <.J 
",; <6 a .. .a... 

:.:: U) co 
-> Cl... .... 
to :z: 

7 ~ C10 
fIJI) 

OD: 
CI .. 
I~ 

ellA. 
god 

• Q 

C '" r.A. 

e:i 
.. I) 
c -
~l!i 

,; 
c 

4 

3 

.1 

/5" I'" 17 /fl. 1'1 ..7/ :21. ::z.? 
Ceht. O i I 



• 

I 

13 

1.2. 

e1 ;11 
1J 
1.1) --o 10 
t 

..1..0-

• 

• 



21. 

DISCUSSION 



It has been the general opinion in the soybean indus

tr.1 that soybeans should contain 12 per oent moisture for 

maximum oil extraotion. All experiments in tl~s paper show

ed that a 1 per cent moisture oontent gave the hiBhost yield 

of oil vmen extracted by solvents of hexane and petroleum 

ether. These results prove that water is an inhibiting 

factor in the extraction of oil with ~drooarbons. 

From the atomIc linking structure ot a oompound, one 

may prediot its solubility behavior in a qualitative way. 

Hexane 1s only slIghtly soluble in water (111000) (5) b •• auae 

of the dissimilarity in struoture between hydrocarbons and 

water. From this faot, we can see how the presenoe of water 

would have an inhibiting effect on the extraction of oil with 

a hydrooarbon. In the extraction of oil from a substanoe 

that contains moisture, the solvent should have a hi[;her 

bollin~·point than water. If this solvent were then heated 

and poured over the nakes, the water '/lIould be vaporized, al

lowing the solvent to penetrate the oells more readily. Hexane 

has a boiling point of 148-1550 F. which is oonsiderably lower 

than water. This point is proved to a oertain extent in the 

two types ot experiments ~ In the prolonged reflux method of 

extraotion, there is less variation in the oil yield than in 

the "pour over" method. By refluxinc, the flakes are held at 

a hiGher temperature for a longer period ot time, ~hioh proba

bly vaporizes much of the water to permIt better extraction. 

liS 
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Soybeans contaIn the phosphatides, lecithin and cephalin 

and It is quIte possiDle that their presence aftect the oil 

yield. The phosphatides are hIghly hygroscopio and may shirt 

into the aqueous phase in an excess wmount or moisture. Since 

the qual 1 ty or worli: done by the extractor oolumn is based on 

~ee hours extraotion 01' extracted flakes in the laboratory, 

this l.';lould cive a higher residual oil in the flakes; because 

the phosphatides held by the water would be extraoted over a 

three hour period or refluxing. With a lower moisture, the 

phosphatides remain in the 011. Thelr pHsence then lowers 

the surface tension or the 011 and results in a wetting 01' 

the tlake surtace with 011. In some extraction methods, 

phosphatides are added to the solvent as a wetting agent to 

give added power ot penetration. 

Part of the molsture in soybeans may be in loose chemical 

combination, but it 1s probable that a large part of it Is 

adsorbed by the hydrophi11c groups or proteins and carbo

hydrates. When these groups adsorb mo1sture, they enclose 

oil droplets surrounded by water and prohib1t prnetration by 

the solvent. 

The solvm t extraotion prooess has the advantage or ex

tracting more available oil than pressure methods. In order 

to hold th1s advantage, the solvent plant must be kept at top 

oapaoity to prevent loss in time, labor and solvent expense. 

It was round that beans containing 12 per cent moisture must 

$I$ltpt 



be dried to permit better oraoking and flaking. In th1s 

process, the flakes are fairly hot when they leave the flak

ing rolls, and in transit to the extraction building, they 

are oooled to a oertain extent. Evon after the hot air is 

drawn off, there is some oondensation of moisture on tho 

flake surface and in small air pockets. This "sweating" 

prooess greatly decreases the effeotiveness of the solvent 

in extraotion of oil. 

In addition to an increased oil yield, it is probable 

that a lower moisture oontent in soybeans also inoreaaes the 

tonnage of beans extraoted during a given unit of t~e. This 

is vezry important from the industrialist point of view. By 

lowerinG the moisture from 12 to 10 per cent, there is a 

marked inorease in tonnage. It is not praotioal to craok 

and flake beans of a much lower moisture oontent than 10 per 

oent, 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 researoh showed that flakes of 1.0 

per cent moisture oontent gave the highest yield of 011. The 

moisture free flakes.did not always give higher results than 

1.0 per cent moisture flakes. This probably was due to oxi

dation of the 011 caused by exoessive heating. Polymerized 

compounds of high moleoular weight exhibit deoreased solubili

ty in inert solvents. The process of oxidation or "dryingfl, 

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

- g OM 



ization. It is also quite possible that a molecule ot water 

may enter the double bond torming hydroxy acids. In this 

case the presence ot several hydroxyl groups along l,id th the 

ester unions \"!ould decrease the solubility in hydrocarbons. 

Flakes may be dried to a 1.0 per cent moisture content by 

heating gently and thereby preventing oxidation. FUrther 

evidence of the effect of moisture may be noted in the color 

of the oil; the more highly colored oil being extracted at 

the lower moisture contents. Since one of the ohiet phe

nomena associated with the ethylenic linkage is the oc

currenoe of color, it would seem that water has the greater 

influence on the unsaturated oils. That the color of many 

compounds is 8n outcome of struoture, is shown by the fact 

that when the ethylenic bond is broken by the addition of 

hydrogen, the color disappears. It brought in contact with 

water and certain lipases, vegetable oils hydrolyse readily 

and split apart into glycerol and the fatty acids. Since 

the presence ot tatty acids is undesirable, especially it 

the oil is to be used tor tood, it is better to extract 

oils under conditions least tavorable for their for.mation 

and which will yield the'most 011. With materials suCh as 

soybeans, which have a comparatively low 011 content, 

profitable operation becomes difficult unless a high per 

cent of the oil can be removed. 
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Two types of experiments were per!'onaed in the ex

traction of soybean oil from !'lakes. One method was ex

traction by refluxing for three hours and the other by 

pouring the solvents over the !'lakes. TvJO solvents, hexane 

and petroleum ether, were used in both methods. The follow

ing conclusions are based on the resultsl 

1. 'l'he solvents used in both methods Gave the maximum 

yield of oil when the soybean flakes oontained 1.0 

per cent moisture. 

2. The reflux method gave a slightly higher yield of 

oil than the "pour over" method. 

3. Hexane gave higher yie14s by re!'luxing and the pe

troleum ether yielcls were hir)ler in tho "pour over" 

method. 

4. 'l'he yield o!' oil 1n each case decreased with in" 

creased moisture. 
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