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T HE purpose of this bulletin, which was first 
published in 1929, is to present information, par

ticularly from an enainecring standpoint, on the 
practicability of soybean oil production in the 
American Corn Belt, with special r efer ence to the 
state of Iowa. While it is necessary to discuss the 
growing of the crop, this phase of the work has been 
gleaned from the books, bulletins, and the publica
tion r ef erred to in the text, and should in no wise 
be accepted on the authority of the writers of this 
bulletin. 

Publications of the Iowa Agricultural Experiment 
Station have been freely consulted, especially Bulle
tin 309, Soyb ea,ns in Iowa Farming, by Albert Mighell, 
H. D. Hughes, and F . S. Wilkins; Bulletin 234, Soy
bean lI ay for Fattening Lambs; Bulletin 204, Soy
beans as a lI O?ne Grown Supplement for Dairy Cows, 
by R. C. McCandlish, E. Weaver, and L. A. Lunde; 
and circular 84, Soyb eans, by H. D. Hughes and F. 
S. Wilkins. Much assistance was secured through 
private communication from H. D. Hughes, Professor 
of Farm Crops; F . S. Wilkins, Assistant in Farm 
Crops; and C. L. Holmes, formerly Professor of Ag
ricultural Economics. 

Much of the information in the original manu
script was compiled by J. H . Arnold, then Research 
Fellow of the Engineering Experiment Station. The 
research studies carried out in the Chemical Engineer
ing laboratories were under the direction of the fac
ulty of that department, particularly F. C. Vil
brandt, formerly Professor of Chemical Engineering, 
and H . A. ·webber, Associate Professor of Chemical 
Engineering. 
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Processing the Soybean 
0. R. SWEENEY 

Head, Chemical Engineering Department 

and 

LIONEL K . ARNOLD 

Assoc. Chemical Engineer , Engineering Experiment Station 
Iowa State College 

The Soybean and the Farm Problem 

Characteristics of the Soybean 

The soybean is an annual legume native to eastern Asia, where it 
has formed an important source of protein food for many centuries. 
As shown in Table 1, soybeans are composed of oil, protein, water, 
mineral matter, fib er, and carbohydrates. Soybean meal r efers to 
the ground bean from which the oil has been expressed or extracted. 
Soybean flour is made by grinding the meal. The oil is valuable 
as a linseed oil substitute as well as for other uses. The meal is a 
high grade stock food. 

TABLE 1. SOYBEAN ANALYSES. 

Oil* 

I 

Protein 

I 

Water 
I 

Fiber 

I 

Ash I Ca,bo- No. of 
% % % % % hydrate varieties Reference 

% 

lt 20 .35 35 . 40 7. 70 4.60 5. 79 26.16 7 (24) 
t . 18 . 91 37.83 10.23 5.23 4 . 44 23.46 16 (32) 

18. 73 33.88 13.48 4 . 52 4.37 24. 05 14 (32) 
19.00 35 .40 9 .60 5.00 4.80 26.20 - (32) 
20 . 04 34.99 7 . 74 4.52 5. 79 26.57 6 (27) 

* An average of 151 samples gives 20. 7 5 per cent. (38). 

Soybeans, like corn, are found principally in t emperate regions. 
Early, medium, and late varieties are available for use in the various 
regions of the United States. They will thrive on almost all types 
of soil. Inoculation with nitrogen-fixing bacteria is necessary for 
satisfactory results, but the soybean bacteria are quite hardy, and 
thrive even in acid soils. Practically all of the aaricultural experi
ment stations have issued bulletins dealing with the details of soy
bean cultivation. 
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' TABLE 2. USES OF THE SOYBEAN. t 

{
Hay 
Ensilage 
Soiling 

~/i~r~~'..~ .. ~~~~~··-····· BMC~kffi~~ 
Infant foods . u ?6 

{

Human fo od ........... . 
MeaL................... Stock feed 

Fertilizer 

Breakfast foods l 
Macaroni B1scu1t 
Crackers 

Glycerine 
Explosives 

Milk 

~~::::ls !Butter sub~titute 
Food products La~·d substitutes 
Waterproof go~d~--· ~ d1ble ~nl s 
Linoleum Salad 01ls 

~ Seed .... Oil.. .... ................. . Paints JS ft 
Soap Stock .............. 1Ho dsoaps 0 w 

Food products .... 

Celluloid \ ar soaps 
Rubber substitute 
Printing inks 
Light ing 
Lubricating 

Dried beans .... .. ..... . 

Soy sauce 
Boiled beans 
Baked beans 
Soups 
Coffee substitute 
R oasted beans 
Vegetable milk. ...... . 
Breakfast foods 

{

Green vegetables 
Green beans............ Canned 

Salads 

Uses of the Soybean 

Cheese ........... . 

Condensed 
Fresh milk 
Confections 
Casein 

j
F resh 
Dried 
Smoked 
Fer
mented 

The soybean has many uses as shown by Table 2 (27) .* A vegeta
ble milk (toniu) is prepa1·ed by boiling the meal in water about a 
half hour and filterin°· off the residue ( 41) . Soybean curd (tofu) is 
prepared by coagulation of the solids in the milk. Soybean cheese 
(miso ) is made by fe rmentin O' the proteins precipitated from thr. 
milk. 

Because of the almost entire absence of starch from soybean carbo
hydrate, soybean flour has been developed as a diabetic food. The 
r eady digestibility and high nutritional value of soybean flour have 
r esulted in its use in such products as bread rolls muffins cookies 
doughnuts, sausages, pancak e flour, maca;.oni ~10odles 'and do; 
food. ' ' 

5 

In addition to their hi~h n~1tritional value, soybeans and soybean 
pro_ducts_ p~oduce 1?ene~c1al dietary effects caused probably by either 
thelI' lec1th111 or v1tam111 content. However, the soybean oil causes 
soft flabby flesh when fed in any considerable quantity as has been 
shown in hog fe eding studies. 

The amount of oil ·which can be fed with the benencial r esults 
exceeding the undesirable ones from flabby flesh has not been deter
mined by biological chemists. However, as is pointed out later , soy-

tFrom "The Soybean." By Piper a nd Morse M cGraw-Hill 1923 
*S_ee references foll.owing text wi th correspondi'ng number. 1'his h~lds true for all numbers in paren

thesis tbruout bulletm. 
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TABLE 3. COMPOSITION OF SOYBEAN AND OTHER FLOURS.t 

Constituents 

Flour and Meal 

Soybeans:j:. ...................................... . 
Soybean** ....................................... . 
Wheat .. ........................................... . 
Corn meal.. ............... ...................... . 
Rye .. ............................................... . 
Graham ........................................... . 
Whole wheat.- ................................ . 
Soybean flour* ............................... . 

Water 
% 

6.14 
6 . 10 

12 .00 
10.00 
9.00 
9.60 

10.90 
7 .65 

Ash 
% 

5 . 24 
6 .20 
0.45 
0.90 
1.10 
1.80 
1.05 
6 .08 

tFrom Piper and Morse: The Soybean, M cGraw-Hill. 
tFrom whole bean. 

Fat 
% 

20. 71 
4 . 50 
1.00 
2 . 70 
1. 50 
2.20 
2.00 

20.38 

**From Soybean Cake analysi s by Bur. of Chem. U. S. D. A. 
*By E . Kupelwieser quoted by Horvath (21) . 

Fiber 
% 

1. 72 
2.05 
0 . 20 
0.80 
0 .65 
1.90 
1.00 
1.63 

Protein 
% 

39.56 
47 .30 
11.00 
8.50 

12.00 
12.60 
12 .00 
40 .65 

Carbo-
hydrates 

% 

26 .63 
33 . 85 
77 .35 
77.10 
75.85 
71.90 
73.05 
21.93 

bean oil meal is an excellent hog food, free from the soft pork effect. 
The use of soybean fl.our in the human diet has given very satisfac
tory results. 

Because of the high lecithin _ content of properly prepared soybean 
flour, it is being used where the emulsifying action of the lecithin is 
valuable, as in ice cream, in chocolate malted milk mixtures and 
chocolate candy. 

Lecithin is a complex fatty material containing phosphorous 
and nitrogen. It is soluble in oils, fats, and alcohol but forms a col
loidal solution in water. It is found in association with oils and fats 
of both animal and vegetable origin. The largest source of lecithin 
of animal origin is probably eO'g yolk which contains 7 to 10 per
cent. Soybeans contain from 1.5 to 2.0 percent lecithin. Lecithin has 
been made from . egg yolk as a pharmaceutical preparation for the 
treatment of such diseases as tuberculosis, neurasthenia, chlorosis, 
scrofula, and rickets. The lecithin from egg yolk is expensive. It 
has been estimated (20) that a pound of soybean flour contains the 
equiv~le1:1t of $25.00 worth of egg lecithin. The emulsifying action 
?f lec1~h111 has been used in Europe in margarine manufacture. It 
1s. possible to extract the lecithin from the beans with the oil by a 
mixture of benzol and alcohol from which the lecithin may be sep
arated by blowing in steam. Flour made from whole beans or ex
pressed meal contains the lecithin. In making the fl.our it is neces
sary to heat the beans to a temperature high enough to destroy the 
enzymes present to prevent the fl.our from having a rancid and 
'' beany'' taste. 

rrhe whole beans are usable as a food when baked boiled or 
roasted. The roasted beans are used as a coffee substitute. 'The 
green _beans may 1?e us~d as green vegetables or in salads. A soy 
sauce 1s prepared 111 Ch111a by f ermenting a soybean-wheat mixture 
by rather ?rude emp~rical methods. A similar product is now being 
produced 111 the Umted States by modern factory methods usinO' 
strict bacteriological control. 

0 
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In •a research, study on possible edible forms of soybeans, in 
the chemical engineering laboratories at Iowa State College, Holt 
(17) found that beans soak~d 18 to 24 hours in salt_ed_ water could 
be cooked in hot grease to give a palatable product similar to salted 
peanuts. Tl1e best processing t emperature was found to be 170° C. 
It was n ecessary to have sufficient hot fat to prevent the tempera
ture from dropping more than 20° C. Beans roasted without soak
ing were hard and unpalatable. 

Nelson (25) found that by heating soybeans in fat at 100° C. for 
five minutes, roasting at 160° C. for 20 minutes, and grinding fine, 
a product was formed which, when mixed with seybean oil, resem
bled peanut butter. The addition of salt improved the flavor. A 
mixture of one-half soybean butter and one-half p eanut butter r e
sembled peanut butter very closely. 

Fairall (11) made a very palatable break.fast food from soybeans 
as follows: Whole soybeans were heat ed in fat at 100° to 110° C. for 
fi ve minutes and then centrifuged to remove the fat . They were 
then split in an attrition mill and the hulls removed. 1'hey were 
then crushed to a size which would pass a 14-m sh screen and be re
tained on a 28-mesh screen. To each pound of soybeans was added 
one ounce of saturated salt solution and two ounces of saturated 
sugar solution and the whole stirred. The mixture was spread out 
i.n shallow pans about one-quarter inch to one-half inch deep and 
baked about one hour at 160° C. or until a satisfactory brown color 
developed. F airaJl r ecommends that this food be served with cream 
and sugar. 

Sovbean cas in like milk casein, can be used to make a waterproof 
glue.~ Large qua~tities of soybean glue a_re r eported as_ being used 
in the production of plywood on the Pacific Coast. It is also used 
for laminating insulating board. 

In addition to use as a glue, casein is used as a sizing material for 
paper; as a textile watet-proofing materia_l ; and as a p3:int medium. 

Zenor and Tillson ( 42), in the chem1cal laborat?ries at I~wa 
State Colleo'e studied the production of adhesive materials 
from soybea~1' meal. They ground soybean meal in a ball mill 
with water, using one pound of meal to one gallon of water, cen
trifuO'ed the suspension in a super-centrifuge, and evaporated the 
solution to a syrupy consistency. The solution contained all ot ~he 
water-soluble proteins and carbohydrates. The residue contammg 
proteins, glycinin, phaseolin, insolu?le carbohydrates, ~rabans, gal~c
tans and fib er, was then treated with one percent sodmm hydroxide 
solution and centrifuged, leaving a residue of fib er and galactans. 
This residue was hydrolyzed by refluxing with nitric acid and fil
tered. The filtrate contained mucic acid. The solution, after treat
ment with caustic soda, was treated with one percent hydrochloric 
acid solution to precipitate the proteins which were filtered out and 
dried. The solution containing the arabans was evaporated to a 
syrup. The adhesives thus produced were used to paste togeth er 
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TABLE 4. BREAEING STRENGTHS OF SOYBEAN ADHESIVE:::,. 

Adhesive S ubstance Breaking strength 
lbs . per sq. in . 

Arabans...................... ............................................................................ .......................... 59* 
Ara bans·--······················································································································· 41 
Soluble carbohydrates.. ................................................................................................ 45* 
Soluble carbohydrates·- ································•···•···························································· 59 
Muci c Acid...................................................................................................................... 42t 
Casein .............................................................................................................................. 54 

*Paper, ins tead of joint, tore. 
tJoint slipped. 

strips of paper which were then tested in a t ension t esting machine 
of the type used for t esting paper and t extiles . r:rhe results are sum
marized in Table 4. 

Plastics are made by treating soybean casein with formaldehyde. 
Considerable work has been done in the chemical engineering labora
tori es by Campbell (7) on the substitution of furfural for the formal
dehyde. These casein plastics are being used in the production of 
button~ and various automobile knobs and small parts. 

Dailey (9) working in the chemical e1wineering laboratories at 
Im,va State College concluded that it was not feasible to make a 
plastic dfrect from soybean-meal by dissolving the casein out with 
dilut e sodium hydroxide and precipitating it with acetic acid. 

Later, Forst er (15 ) in the same laboratory, found that a plnstic 
could be produced direct from extracted soybean meal by kn cad inO' 
with one cubic centimeter of 10 percent sodium hydroxide per O'ram 
of meal. No filler is necessary with this type plastic. Dailey found 
that a plastic could be made by heating extracted soybean meal with 
phenol , caustic soda, and paraformaldehyde at 115° to 125° C. for 
12 to 15 minutes and moldin g at 135° to 145° C. 

Soybeans in Iowa 

Th e production of soybeans in Iowa has in cr eased to a point where 
extensive uses other than sred will be r equired to ·warrant further 
increases. It is estimated from assessor's reports that about 
1,004,000 acres ·were planted to soybeans in Iowa in 1935 of whi.ch 
it is expected that 250,000 acr es will be harvested for seed. (24) A 
large production of soybeans is desirable for the following reasons: 

(A) Soybeans are a more profitable crop than oats, and should, 
therefore, largely displace oats in corn rotations, especially in poorer 
oat-producing sections. 

(B) Soybeans, like other legumes, add nitrogen to the soil and 
leave the soil in excellent condition for th e following corn crop. 

(C) Soybeans may be grown to excellent advantage in soils too 
acid for such legumes as alfalfa, sweet clover , and red clover. 

(D) The oilmeal obtained, wh en the oil is removed from the 



TA~LE 5. COST OF GROWING SOYBEANS. 

Item 

Labor 6.4 hours at 20 cents ..................................................... .............. ...................... . 
Horse labor 13.9 hours at 7 cent s ...................................................... ......................... . 
Equipment ............................................................................... ...................................... . 
Manure, as for corn .... ........................................................................ ......................... . 
General expense and overhead .................. ................................................................. . 
Threshing, 25 bushels at 6 cents .. ·-············································································· 
Twine ...... ....................................................................................................................... . 
Building charges .... ...................................... ......................................... .................... .... . 
Land charges ........................................................ ......................................................... . 
Seed-2 bushels at $1 .00 ............................................................................................. . 

Total cost per acre .... .......................... ......... ............................................... ................. . 

8~:~ ~:~ ~~:~:t ::~~ ~g ~~:~:l ~::t:L::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

Cost 

$ 1.28 
. 97 

1. 57 
2 .44 
1.20 
1.50 

. 10 

.50 
5.00 
2 .00 

$16 . 56 
$0.66 
$0 .83 

beans, offers a highly satisfactory solution to the high protein feed 
problem confronting the stock farmer. 

(E) The establishment of oil mills in rural communities is a de
sirable industrial development. 

The culture of soybeans, which is similar to that of corn, is given 
in detail in various state agricultural bulletins, such as Bulletin 309 
of the Iowa Agricultural Station, Soyb eans in Iowa Farming (23), 
which gives details of best 0 Towing and harvesting methods witli 
comparative costs . Costs vary, but the cost under present Iowa 
conditions is estimated in Table 5 which is based on data from Prof. 
John A. Hopkins of Iowa State College revised to present costs · 
from data in Bulletin 309. 

With a yield of 20 bushels per acre soybeans ·would have to be 
sold for about $1.10 a bushel to return the same profit as corn. This 
is well within the pr ice of $1.63 a bushel, which, as is subsequently 
shown, can be paid by the oil mills. At the latter price a yield of 
only 10.1 bushels is necessary to break even with the growing cost 
of $16.56 an acre. Even ·with this low yield and r eturn, soybeans 
would be a more satisfactory crop than oats which are produced at 
a loss. While the actual yields of soybeans grown on a large scale 
is at present an unsettled question, it is believed that under good 
conditions a yield of at least 20 bushels an acre should be secured. 
Yield data from various experiment stations are given in Table 6. 

It is not recommended that soybeans be substituted for corn in 
the Corn Belt but rather for oats as a crop to rotate with corn. 

The Soybean and the N itrogen Problem 

Nitrogen is one of the essential plant foods. If nitrogenous fe rtil
izers are not supplied in some way the nitrogen content of the soil 
will decrease gradually until the soil becomes unproductive. In 
spite of the fact that nitrogen exists in the atmosphere to the extent 
of 70,000,000 pounds above each acre ( 40) , over $100,000,000 is 

11 

TABLE 6. YIELDS OF SOYBEAN SEED IN VARIOUS LOCALITIES. 

Bushels 

I 
Varieties Years of 

I 
Locality Reference 

per acre tested test grown 

14.93 20 6 Maryland Agr . Exp . Sta. Bui. 277 
15.22 - 5 Maryland Agr. Exp. Sta. Bui. 201 
18 . 96 - - Missouri Agr. Exp. Sta. Bui. 172 
11 .34 9 1 Michigan Agr . Exp. Sta. Bui. 227 
17 .03 44 2 to 11 Illinois Agr. Exp. Sta . Bui. 198 
25 . 55 57 1 to 5 Delaware Agr. Exp. Sta. Bui. 96 
21.57 32 4 to 8 Virginia Agr. Exp. Sta. Bui. 235 
19.52 13 7 Ohio Agr. Exp. Sta . Bui. 384 
21. 73 21 12 Ohio Agr. Exp. Sta. Bui. 384 
18.54 11 1 to 12 Ohio Agr. Exp . Sta. Bui. 384 
16.40 7 2 Wisconsin Agr. Exp. Sta. Bui. 375 
14 .20 13 3 Wisconsin Agr. Exp. Sta. Bui . 375 
16.36 5 5 Wisconsin Agr. Exp. Sta . Bui. 375 
18 .02 12 3 Wisconsin Agr. Exp. Sta. Bui. 375 
21. 00 6 2 Ohio Agr. Exp. Sta. Bui. 237 
23.37 13 2 Ohio Agr. Exp. Sta. Bui. 237 
24.04 5 2 Ohio Agr. Exp. Sta. Bui. 237 
22. 54 10 4 Ohio Agr. Exp. Sta. Bui. 237 
22.86 24 2 Ohio Agr. Exp. Sta. Bui. 237 
26.24 6 1 Ohio Agr. Exp. Sta. Bui. 237 
24.9 3 8 Iowa Agr . Exp. Sta. Bui. 309 
29.3 5 4 Iowa Agr. Exp. Sta. Bui. 309 
26 .9 7 3 Iowa Agr. Exp. Sta. Bui. 309 
29 . 7 10 2 Iowa Agr. Exp. Sta. Bul. 309 
24 .3 4 5 Iowa Agr. Exp. Sta. Bui. 309 
22.8 6 4 Iowa Agr. Exp. Sta. Bui. 309 

spent annually in the United States for commercial fertilizers. The 
solution of the problem of nitrogenous material for fertilizers lies 
in the efficient utilization of atmospheric nitrogen fixation. Six or 
seven pounds (18) of nitrogen per acre per year are :fixed in the air 
during electrical storms and washed down by the rain and snow. 
Certain soil bacteria such as Acetobacter are probably responsible 
for the accumulation of large amounts of available nitrogen in the 
soil. Organic matter is necessary for their development, but if 
present to such an extent as to render the soil acid it becomes 
harmful. 

The growing of legumes is the easiest, cheapest, and most effective 
means .of supplying the soil with nitrogen. The soybean is particu
larly efficient in removing large quentities of nitrogen from the air 
when growing on soil of low nitrogen centent. Unlike our two prin
cipal oil producing plants-cotton and flax-it does not rob the soil 
of nitrogen but replenishes the supply of it in the soil. The straw 
from the beans may be returned to the soil as a fertilizer, and the oil 
meal from the beans fed to the stock on the farm where the beans are 
grown. If the manure is returned to the soil eighty percent of the 
nitrogen, and nearly all of the phosphorous and potash, are replaced 
( 41). As a result , a valuable oil has been produced, a high protein 
feed produced at low cost, and the nitrogen content of the soil in
creased to a point where the needs of a succeeding corn crop may be 
adequately met. Oats extract plant food from the soil, and are pro
duced at an actual :financial loss to the farmer . 
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TABLE. 7. VALUE O:E; SOYBEAN MEAL AS A SUPPLEMENTAL FEED FOR HOGS. 

P ounds feed necessary Value of sup-
Dail y fo r 100 pound gain Cost of plemental 

Feeds used gain extra food as a corn 
(lbs .) S upple- Extra corn** replacement 

Corn ment co rn* per tont 

Corn only ········••················ \ 0 .50 585. 83 250. 43 $ 3.118 
Linseed meal... ................... 1.11 339. 73 56.62 4.33 0.054 $ 108 . 00 

oybean meal.. .................. 1. 27 335.40 37 .27 167 . 20tt 

T a nkage ......................... ... 1. 86 318. 82 35.43 5.27 0 .066 
oybean meal.. .................. 1. 67 315. 52 39.44 1. 97 0 .025 
oybeans ............................ 1. 40 313. 55 65.32 

Tankag 1. 500 349. 82 38.869 4.279 0 . 0535 
Soybean rneaL. .......... ...... . 1 .506 345. 54 43 . 193 
Soybeans ..... ...................... 0. 91 369.5 65. 7:j: 
T a nkage ............................ 1.00 385.2 31.0ii 15. 7 

* Corn req uired in exce. s of that required when soybean meal is used a s a supplemental feed. 
** Calculated at 70 cents per bushel. Tankage $60 a ton. 

t Cost of extra corn divided by number of pounds supplemen tal food times 2000. 
tt Value as replacement feed for !in eed meal (linseed meal at $46 per ton) is 

$46/2000X56 . 62 -$0. 054 =$1. 357 fo r 37. 27 lb. or $72. 80 a ton. 
i 13 . 4 pound mineral mixt ure at $14.33 a ton . 

ti 2. 1 pound sa lt a t , 20 . 00 a ton . 

The Soybean and the Protein Problem 

One of the difficult pro bl.ems confronting the stock farmer today 
is to se ure low cost protein feed for balancing rations. The soy
bean, which has been an important source of protein food in ~~ina 
and J apan for many centuries, is the cheapest and most efficie1_1t 
producer of vegetable protein available to the farme~. 1:1he protern 
of the soybean is superior to other ve 0 ·etable protems m com~on 
nse b cause, unlike them, it contains the proper amounts of ammo 
acids necessary :f:or biological efficiency as a food_. . . 

In spite of this suitability of the soybean protem the bean itself is 
not a ·desirable hog feed to use in quantity. The large amount of 
oil in the beans may cause both digestive disturbances and soft pork. 
Soft pork brino·s a lower price than the normal product and there
fore is undesirable from the producer's standpoint. The obvious 
r emedy is to r emove most of the oil and feed the resulting meal. This 
gives a food of higher protein content which has been shown by 
various experiments (16) (31), to be superior to the soybeans and 
to linseed meal. 'J.1he superiority of the soybean meal as a corn 
supplement in feeding hogs is shown in Table 7. The value of $72.80 
a ton for soybean meal in comparison with linseed meal shows the 
soybean meal to be the cheaper of the two since it commonly sells 
at about $40.00 a ton. The other tests give it an average value of 
$56.00 a ton compared with the soybeans at $36.73 a ton, or $1.10 
a bushel. Other tests give the soybean meal from a ton of beans as 
worth more than the ton of beans itself for feeding purposes. The 
comparative nutrient val ues are given in Table 8. 
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TABLE 8. NUTRIENT VALUE OF COMMON STOCK FEEDS.** 

Digestible nutrients (percent) Total 
1- - - --- -- - --- - - --, Nutritive protein 

I Protein Fat 

Soybean mea l (12) 
Solvent*............... ............... 41. 9 0.9 
Pressurel .. ........... ..... ......... 39. 8 5. 5 

Tankage (60%) .. ....... ............... 56. 2 7 . 2 
Fish meal.. .... ............................ 40. 1 8 .3 
Cotto nseed meal.... .. .......... ...... 37. 0 8.6 
Gluten meal.. .............. .............. 30. 2 4.4 
Soybeans.................................... i~: ~ 
Linseed meal ... .. ........................ . 

16.1 
6. 7 

Wheat bran...................... .......... 12. 5 3 .0 
Middlings.. ................................ 13 .4 4.3 
Oat ............................................ 9 . 7 3 .8 
Corn, shell ed.............................. 7 . 5 4 .6 
C owpea ha.y .. .. .......................... 13. 1 1.0 
Soybean hay......... ........... .......... 11 . 7 1. 2 
Alfalfa hay................................ 10. 6 0. 9 
Crim on clover bay.................. 9 . 7 1. 0 

*Extraction method. 

Carbo-
hydrates 

31.2 
29. 6 

21. 8 
43.9 
24. 7 
32 .6 
41.6 
46.2 
52 .1 
67 . 8 
33. 7 
39 .2 
39.0 
36.8 

Total 

75 . 1 
81.8 
71.4 
58 .8 
78.2 
84 .0 
94 . 1 
77 .9 
60.9 
69.3 
70 .4 
85. 7 
47 .8 
51. 1 
50 . 5 
47 .5 

ratio % 

0.793 
1.054 
0 .3 
0.5 
1.1 
1.8 
1. 8 
1.6 
3.9 
4 . 2 
6 .3 

10.4 
2.7 
3.6 
3.9 
4.0 

46.0 
43.8 
60 .4 
51.4 
44.1 
35.5 
36.5 
33.9 
16.0 
17 .4 
12 .4 
10.1 

tHydrauli c-press method . . . . d. 
**Henry, W. A., a nd M orrison, F. B., Feeds and F eed111g, Henry-Morrison Co., 1922. , Appen ix 

p, 13. 

The Soybean and the Vegetable Oil Problem 
The World W ar made it apparent that the United States is no 

lono·er independent of foreign sourc s of vegetable oil supply. 
While, normally, considerable quant ities of oils are imported, war
time importations reached enormous values, and served to draw at
tention to the importance of developin°· further the American ve0 ·e
table oil industry. Our post-war industrial development has emp_h a
sized the need for vegetable oils, which are important raw materials 
in numerous industrial chemical processes . Paints, edibl e fats and 
oils and soaps are the principal products manufactured from crude 
veo'etable oils, while hundreds of lesser uses can be enumerated. I1in
se:d oil the principal paint and varnish oil is produ ed from flax
seed. Much of the seed used by American mills is imported from 
the Argentine, Russia and India; present annual import:1-tions 
amounting to about a half-billion pounds of seed, corresponding to 
about 150,000,000 pounds of linseed oil, or 37 per cent the total pro
duction. 

Although the demand for linseed oil is steadily increasing, it is 
unlikely that there will be much increase in the American acreage 
planted to flax, since the plant is notorious _as . a so~l robber, a?-d 
hence is not favored by farmers except on virgm so1l. Future m
creased demands will undoubtedly be met by increased importation 
of ArO'entine flaxseed, thereby not only making the United States de
pende~t on a foreign country for an important source of oil! but also 
removing a Jarge amount of money from the country which could 
well be retained here through increased domestic production of oil-
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bearing seeds. The ~ultivation of the tung tree, from which Ch~na 
wood oil-a valuable paint oil-is derived, on _several. large F~or1da 
plantations, is a step in this direction. Increasmg the :product~or1 of 
soybean oil will also relieve the impending shorta~e of lmseed_ 011 to a 
larO'e extent although, because of its lower drymg power 1t prob
abl; cannot' displace linseed oil entirely. Varnish made ~rom soy
bean oil is abnormally flexible and bakes to a very hard fimsh . Soy
bean oil enamels are superior to those made from linseed oil or tung 
oil (37) since they undergo less yellowing with age. When" blown" 
at 500°,F. for several hours, soybean oil thickens to a consistency 
desirable for making baking japans, and when hea.ted to 500° F. 
for a few minutes, it bleaches more permanently and to a greater 
degree than linseed oil. . 

Experimental work by Enemark (10) show~ that the produc~1~n of 
linoleum from soybean oil instead of linse d 011 should no~ be d1ff1c:u~t 
for a linoleum expert. In his experimental work he obtamed no v1s1-
ble signs of oxidation from mechanic~! agitation or ae~ation for 24 
hours with manganese borate, lead lmoleate, cobalt lmoleat_e, and 
linoleic acid at 25° to 50° C. When the temperature was raised to 
275° to 290° C. for from 4 to 6 hours both mechanical stirring and 
aeration gave brown gummy material. When so_ybean oil containing 
these driers was allowed to flow down over muslm sheets a good coat 
of oxidized oil was accumulated on the cloth. The cobalt linoleate 
O'ave the best dryincr action. The oxidized oil was scraped from t~e 
cloth and heated to fusion (150° C.) when 12 percent melted rosrn 
and an equal amount of kauri gum were added. To this mixture was 
added filler . Three fillers were used : ground cork, 31/s pounds to one 
pound of the cement; wood flour, 3½ pounds to one pound of cement; 
and finely ground corn cobs, 3½ pounds to one pound of ceme?t. ~he 
mixture was pressed in a heated hydraulic press. The material with 
cork filler gave a very promising material, that with corn cob filler 
not so good, and that with wood flour a rather brittle product. Soy
bean oil may also be used in printing inks. 

In the Orient, soybean oil has been used as an edible oil for cen
turies. American margarine manufacturers have found it to be a 
satisfactory substitute for cottonseed oil in the preparation of butter 
substitutes. The supply of American grown cottonseed appears to 
remain about constant, the 1933 production being very nearly the 
same as for 1912 without much variatioh during the intervening 
years. The inroads of the boll weevil, together with the increasing 
tendency of the southern farmer toward diversified. farming ,_ indi
cates that in the future a decrease rather than an mcrease m the 
amount of American grown cottonseed is to be e.xpected. Increased 
demands must therefore be supplied by increased importation or do
mestic production of other oils. Coconut oil imports, for example, 
increased fivefold between 1912 and 1925 and have increased slightly 
since then. Peanut oil and soybean oil are to be looked to as the 
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TABLE 9. EFFECT OF FILTRATION WITH VARIOUS DECOLORIZERS ON THE COLOR 
OF SOYBEAN OIL. (26) 

Temperature 
No. Filtering material P ercent during Time of 

lVIa teria l Agitation Agitation 
OF Min. 

1 Fullers Earth 15 202 15 
2 Fuller s E arth 10 221 15 
3 Fuller s E arth 10 302 5 
4 Fullers Earth 10 221 5 
5 Fullers E ar th 10 221** 5 

6 Fullers E arth* 10 248 5 
7 Kieselguhr 15 221 15 
8 Bentonite 10 248 5 
9 Bone Black 15 212 5 

10 Filchar 15 212 5 

11 Special Carbon 15 212 5 
12 Corncob Char 10 248 5 
13 Calcined Cob Char 10 248 5 
14 Calcined Cob Char 10 248 5 
15 P eat (ground) 10 248 5 

16 P eat Char 10 248 5 
17 Peat Ash 10 248 5 
18 Peat Ash 15 248 5 
19 P eat Ash 20 24 5 
20 P eat (ground) 10 248 5 

21 P eat Char 10 248 5 
22 Peat Ash 10 248 5 

Not filtered .................................................................................................. 

*Treated with hot hydrochloric acid and calcined. 
**Filtered at 32°F. 

Tintometer 
Reading 

Red Yellow 

1.0 16.0 
1.0 25 .0 
1.0 13.0 
1.0 23.0 
1.0 25 . 0 

1.0 12 . 0 
- -
1.0 14.0 
1.0 14 .0 
1.0 21.0 

1.0 31.0 
1.0 31.0 
1.0 11.0 
1.0 27 .0 
1.0 39.0 

1.0 10 .0 
1.0 10.0 
- 4.0 
- 3.0 
1.0 21.0 

1.0 31.0 
1.0 21.0 

2 . 5 
I 

70 . 0 

most promisino· substitutes for cottonseed oil which can be produced 
in the United Stat es. 

Oils to be used for edibl e purpos s r equire refining to remove ran
cidity, undesirable odor or t aste, and fr equently to improve the color. 
Agitation of th oil with a small amount of caustic soda solution is us
ually all that is r equired to r emove the rancidity. Odor, taste, and col
or can frequently b improv d by filtering the oil throu 0 ·h various ab
sorbent materials. Peirce (26) working in the chemi al engineering 
laboratories studied the ffect of fiJterin°· soybean oil through ful
ler's earth, kiesel 0 ·uhr, bentonite, bone black, cob charcoal, and peat 
ash (Tabl e 9) . His proc -dm: was to a 0 ·itate the oil with JO to 20 
percent of the decolorizing material for 5 to 15 minutes at tempera
tures ranging from 212° to 302°F . and th n filter . The color of the oil 
·was determined before and nfter :filtering by a tintometer in terms of 
red and yellow intensities. The 0Teatest r eduction in color was secured 
by the use of peat ash. The color was improved by the materials tried. 
Repeated :filtration with fuller's earth and p at ash gave better re
sults than a sinde filtration (Table 10), two :filtrations givino· prac
tically a colorless oil. Exposure of the oil to ultra violet light from 
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TABLE 10. ··EFFECT OF REPEATED FILTRATION WITH FULLERS EARTH AND PEAT 
ASH ON COLOR OF SOYBEAN OIL. (26) 

No. of 

I 

TintometerReadings 
No. t imes M ethod 

I fil te red Yellow Red Blue 

a 0 70 2.5 3 
1 4 23 1.0 -
2 4 4 0 . 5 -
3 4 l. 5 - - -
4 4 l. 5 - -

b 1 3 14 l. 0 -
2 3 2.5 -- -
3 3 l. 5 --- -
4 3 l. 5 - -

C 1 2 25 1.0 --
2 4 3. 5 0 .5 -

d 1 3 23 0 . 5 -
2 3 9 - -
3 3 2 - -
4 3 1 - -

e 1 6 18 1.0 -
2 6 3 0 .5 -
3 6 l. 5 - - -
4 6 1.0 - -

f 1 19 4 - -
2 19 1 . 5 - -
3 19 l. 5 - -

NOTE: No. (a) to (e) incl. Fullers earth; No. (f) peat ash. 
The numbers under " Method" refer to conditions given in Table 9. 

both sunlight and a mer cury vapor lamp produced a high degree of 
bleachino· (~l1able 11). Atternpts by P eirce (26) to bleach soybean 
oil with chemicals were not as promising as the treatment with ultra
violet light and the filtration. Bleaching powder bleached fairly well; 
chlorine darkened the oil; and potassium dichromate had little 
effect. Boric acid and hydrogen peroxide had slight bleaching ac
tion. 

One method of deodorizing which is used considerably in such oils 
as cottonseed is steam distrnation. This method was tried on soy
bean oil by Beck er and Ahrens ( 4). Oil treated first with caustic 
soda was distilled at 149° F. under 25 inches vacuum, giving after 8 
hours of distillation an oil with no obj ectionable odor and practically 
the same color as originally. Untreated oil under similar conditions 
came to the same odor in 5 hours . Distillation at 212° F. produced a 
darker oil with less satisfactory odor r eduction. The best r esults were 
secured on untreated oil di.stilled at 85° C. and 25 inches vacuum. Un
der these conditions the odor was reduced to an insignificant amount 
in 2.5 hours. 

H eating raw soybean oil to high t emperatures darkens it consid er
ably and intensifies the beany odor, thus makinO' it undesirabl e as an 
edible oil. Luebke (22) found that treatment with caustic soda to 
remove the free fatty acids, followed by filtration through fuller's 
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TABLE 11. EFFECT OF ULTRA-VIOLET LIGHT ON THE COLOR OF SOYBEAN OIL (26) 

Source of 

I 

Time of Tintometer R eadings 
Ultra-vio let Oil tt. ed Exposure 

H ours Yellow lled 

Sunlight Origina l 0 70* 2 . 5 
12 7 1.0 
30 0 .5 0.1 
42 0 .5 0.1 

Sunlight Bleached 0 1.0 -
12 0 . 5 -
30 0.4 -
42 0.4 -

Mercury vapor Original 0 70* 2.5 
Lampt 1 7 1 

2 2 

Mercury vapor Bleached 0 1 -
Lamp"!" 1 1 -

*Also : Blue 3.0. 
tQuartz tube mercury la mp at di stance of 10 cm. 

earth, gave an oil which could be heated. to 225°C. for a short time 
without darkening. H e found a ten percent caustic treatment gave 
best r esults. After standin g for 24 hours to settle the foots form ed, 
the oil was heated for t en minutes to remove moisture. After cooling, 
fiv e percent fuller's earth was added with continuous stirring and 
the oil filtered. The oil was th en heat ed to 225°C. for 20 minutes 
which bl eached it considerably. It still had an und sirable odor 
which was partially r emoved by bubbling carbon dioxide throuo·h it. 
~l1his refining r equired for each hundred pounds of oil one p~und 
sodium hydroxide, ten pounds full er's earth, and 26 pounds of ear
bon dioxide, costing about $1.66. During the r efining there was also 
a t en percent loss of oil, most of which would be recoverable as soap 
stock. 

Data by Almond (2) indicated that best r esults in steam distilla
tion are secured with 20 inches of mer cury and a temperature of 
217°F and with oil previously treat ed with caustic soda. Almond 
checked_ his original data secured in glassware by larger scale equip
ment usmg two-gallon batches of oil. 

Forman (14) studied the effect of activated alumina and "Alorco " 
absorbent in r emovin g odor from the oil. He was interested in re
moving undesirable odor without changing the colorino· materially 
since for certain purposes, such as oleomargarine man~facture th~ 
natural colored oil is preferable. H e found that much of the ~dor 
was removed by a preliminary vacuum steam distillation at 180°C. 
and 20 inches of mercury for two hours. Higher temperature and 
lower t emperature destroyed more co]or. When alumina was shaken 
with oil thus treated and the mixture set aside for five weeks a con
siderable jrnprovement in odor was notj ceable. Steam distilled oil 
was filtered through activated alumina at 25° and 100°C. There was 
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a deciaed deodorization with small amounts of removal of color, 
better results being secured at the lower temperature. Filtration of 
the crude oil through the Alorco absorbent produced decided decolor
ization and deodorization. 

Burkett (6) treated the oil with sulfuric acid after treating with 
caustic soda. He then steam-distilled the oil using conditions found 
best by Forman. The additional treatment with the acid gave very 
little improvement over Forman 's method. A new method of treat
ing the beans previous to expressing the oil, based on the rapid in
activation of the enzymes at hiO'h t emperatures in the absence of oxy
gen (20), was also investigated by Burkett. The beans were heated 
for five minutes in vegetable short ning at 100°C., ground, and the 
oil expressed. The resulting oil was practically free from objec
tionable odor. 

Large amounts of vegetable oils are consumed by the soap indus
try, with coconut oil and palm oil the principal ones at present. 
Twenty-five years ago cottonse d oil was used in greater amounts 
than these two, but during the war it lost its 1 adership, the amount 
dropping from 36.2 percent of the total in 1912 to only 2.2 percent in 
1923 and to less than 1.0 percent in 1934. rrhe consumption of coconut 
oil increased from 21.6 percent in 1912 to 54.5 percent in 1923 and to 60 
percent in 1934, while that of palm oil rose from 2.1 in 1912 to 20.8 
percent in 1923 and 27.2 percent in 1934. Palm oil is not dutiable, 
and most of the coconut oil com s from the Philippines and hence is 
not subject to tariff regulations. rrhe n et r esult of this r eplacement 
of cottonseed oil by palm oil and coconut oil has been that the A meri
can soap industry, instead of using an oil produced in this country, is 
now forced to import over three-fourths of its oil. It is quite prob
able that the increased use of coconut oil in butter substitutes may 
require that other oils be found to r eplace it as soap stock, for which 
it is becoming too high-priced. During 1917, to meet an inflated 
wartime demand for soap, soybean oil formed 19.5 percent of the oil 
used for soap stock. A prominent soap manufacturer has stated 
that soybean oil is quite suitable for this purpose, and, were a larger 
supply available, more of it would undoubtedly be used. For hard 
soaps it is necessary to mix soybean oil with tallow or other hard fats. 
Alone, it is rather difficult to saponify completely, but when mixed 
with other oils it can be handled r eadily. AccordinO' to Horvath (19) 
a caustic soda solution greater than 8.5° Baume should not be used 
with pure soybean oil althou 0 ·h a higher concentration may be used 
in mixtures of the oil with other fats. He r ecommends soybean oil 
soaps as particularly suitable for use with hard and salt waters . Soft 
soaps similar to those from linseed oil can be :r:n.ade from soybean oil. 

Blair (5) working in the ch emical en°'ineerin0' laboratories at Iowa 
State College studied the val'iation in lathe1-ing power of soybean oil 
soap made with varying percentages of sodium hydroxide and potas-
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TABLE 12. UNITED STATES VEGETABLE OIL PRODUCTION.* 

Year Linseed Oil 
I 

Cottonseed Oil 

I 
Soybean Oil Total all oils 

lbs. lbs. lbs. lbs. 

1914 406, 669, 000 1,789,777,000 2,764,000 2,338,185,000 
1918 375,452,000 1,282,823,000 79,861,000 2,308,685,000 
1922 456,514,418 934, 627,442 751 , 108 1, 834 , 380,750 , 

1926 720, 109 , 940 1,760,529,592 2,645,514 2,930,909,422 
1927 776,714,498 1,806,756,866 3,087,670 
1928 751,444,531 1,460,468,881 4,715,908 
1929 763,576,494 1,584,360 , 725 11,008,743 2,951,000,000 

1930 516,326,277 1,616,101,513 14, 387 , 460 2,719,000,000 
1931 520, 735, 372 1,416,799,761 39,149,653 2,539,000,000 
1932 326, 569, 465 1,571,048,918 39,445,464 2,380,000,000 
1933 405, 948, 180 1,399,655,043 26,532,955 2,397,000,000 

*U. S. Dept. Com. Bur. Census "Animal and Vegetable Fats and Oils" reports for 1927-1933. 

sium hydroxide. The lathering test was made as follows : A solution 
of one gram of soap in 800 cubic centimeters of distilled water was 
made up. Twenty cubic centimeters of this solution were shaken 20 
times in 10 seconds in a 50 cubic centimeter graduate. The result 
was read as the heighth of the lather. H e found that a mixture of 
sodium hydroxide and potassium hydroxide gave a soap superior to 
sodium hydroxide alone and that 25 percent potassium hydroxide 
was nearly as effective as 100 percent. He found that the sodium 
soap of soybean oil lathers poorly but that its lathering power may 
be improved by the addition of other substances. Rosin increased 
the lathering power with optimum results at 10 percent of the weight 
_of the_ oil. rrhe most effective additions tried for increasing the 
lathermg power of the sodium soap, were 20 percent lard or cocoa
nut oil and 40 percent triethanolamine or sodium silicate. 

Softley (35) after experimental work on soybean oil soaps con
cluded that much better soap may be made from soybean oil which 
has been heated above 180°C for one-half hour than with the crude 
oil; soap from soybean oil lath ers well but not as well as cocoanut oil 
soap; soap containing as high as 70 percent soybean oil soap is very 
sa tisfactor.y. 

If a sufficient supply were available, domestic soybean oil could 
probably be substituted for the 150,000,000 pounds of linseed oil now 
imported, thus utilizing about 15,000,000 bushels or the product from 
750,000 acres of land. About 100,000,000 pounds of tung oil are im
ported and if soybean oil were subsistuted for this, an additional 
10,000,000 bushels of beans or the product of 500 000 acres would 
be required. Soybean oil can be substituted in ~art for the oHs 
u~ed in soap manufacture and as edible oils. The coconut and palm 
01ls amount to over 600,000,000 pounds. The potential market for 
the soybean oil is thus about 850,000,000 pounds per year in excess 
of present production. This would correspond to about 85,000,000 
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TABLE 13. VEGETABLE IL IMP RTS I TO NITED TATE,'.* 

----

Year Coconut oil Tung oil Palm oil Linseed oil Soybean oil 
lb . lb . lbs. lb . lbs. 

1914 5 ,012,000 30, 139,000 49,092,000 12,554,948 
1020 216,327,103 67,962, 1.50 41,948,224 35, 200, 109 112,213,750 
1925 233,174 ,452 101,553,519 52,624,334 13 , 607,141 19,492,900 
1927 293 ,36 ,704 9,650,411 159 ,911,079 944,432 14,014 ,792 
192 290, 630, 702 109, 221,771 169,227,565 173,447 13,116,220 

1929 41 l , 930,213 119,677 , 71 201, 16 ,442 9,960,961 19 ,489,129 
1030 317,919,253 126, 322, 599 287, 492, 580 2,125,342 , 348 , 352 
1931 32,5, 174 , 560 79 ,311,155 258,144,609 235,492 4,916,253 
1032 240, 110,580 75,022,229 217,167,294 25,243 404,572 
1933 316, 07 ,135 11 , 759,963 2 7,4 2, 36 11,257 , 14 3,669 , 048 

*U. '. Dept. Corn .. Hur. Census "Aninial and Vegetable Fats and Oils," repor Ls for 1927-1933. 

bush els of beans if pl'oduced hy the most efficient m thodR. 'l:his 
product ion would r equir , at 20 bu h ls to the acre, about 4,250,000 
a •J' in ndd it ion to the present ac1:ea 0 ·e. 

fany us s fo1· soybeans are undeveloped in Ame1·ica at present. 
The ut ilization ·which will actually take plac in the futur is de
pendent upon onditions which cannot be ac urately determined. 

Soybean oil has been destruct ively dist i llcd to give products re
sem.bJin<Y petroleum. Satow (19) fanned a calcium. soap from the 
oil and destructively distilled it. H e obtained about 20 percent 
Ji ·ht oil (under 150°0 .); 60 p rcent middl oil (150°-300°0); 10 per-

nt h avy "p troleum" (300-330°0); and about six p re nt r c.- i
du oil. l1orty 0 ·allons of soybean oil y jelded about 2 gallons of th 
oils listed, 3 pounds 0 ,Jyce1'in -, and 480 cubic feet o-E oml ustible gas. 

Reil (29) in the chemical n°·i n erinff laboratories at Iowa Stat 
olleo"e era k d soybean oil by heat jno" it to 350°0 with animal char
oa l a a catalyst. 'rhe product as made in glass equipment was a 

pale yellow with a di agreeable odor. A run in metal equipment gavr 
a procJu t discolored by metallic salts . The produ t was distill ed t o 

TABLE 14. IMPORTS A r D EXPORT, OF OYBEA SA D 'OYBEAN OIL.* 

Yenr 

1014 
1919 
1025 
1927 
1928 
1929 
1930 
1931 
1932 
1933 

Imports of 
oybeans 

lbs. 

1 ,929,435 
4,368,000 
3,811 ,897 
4,1 9,168 
4,255,734 
4,337, 160 
3,851,796 
3,544,089 
2,550,941 

469 ,691 

Imports of 
Soybean Oi l 

lbs. 

12 ,554,948 
195, 80 ,421 

l!), 402,900 
14,914 ,792 
13,116 ,220 
19,4 9,129 
8, 34 , 352 
4,916,253 

404,572 
3,609,048 

Exports of 
oybean Oil 

lbs. 

519,668 
1 , 184,343 

852,307 
12() , 096 
517,000 
897. 536 
45,722 

*Compi led fr m d11La in U.S. D . A. Yearbooks and U.S. Dept. Com. Bur . Census , "An imal and Vege
tab le Fats and Oil s" reports for 1927-1933 . 
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TADLE 15. CONSUMPTION OF OYBEAN OIL BY IND STlUES 
I N THE UNITED STATES, 1934.* 

(Quantities in thou ·ands of pounds.) 

Industry 

Compound. a nd vegetable shor tenings 
Oleomargarine 
Other edib le products 
Soap 
Paint and varn i, h 
Linoleum and ilcloth 
Printing Ink 
Mi ·c . Products 
Loss , includ ng foots 

Total 

Soybean oi l 
u ·ed lb. 

2,735 
24 

509 
1 ,354 

10,451 
2, 43 

5() 
2, 109 

23 
20 , 007 

Total a ll oils 
and fat· us d 

1 ,214,742 
214,132 
292,466 

1 ,474,415 
320, 04 

67, 11 
15,544 

259,143 
159,856 

4 , 028,003 

*B ureau of Census Data quoted in: Anon. "Soapers Used M ore I<ats in 1034" , oap XI, No . 4 : 
30-1 (Apri l 1935). . 

·ive fractions hav ing specific grnvities from 0.742 to 0.8635 vis
cosities from 69 to 187 seconds Saybolt, ·aponificat ion numbers 'from 
J .6 to 123, flash and fire test ranging from 5° at 1·oom t mperatures 
to 217° and 256 °]?. respectively. Coke containin°· 71 pci·cent carbon 
remained behind. 

Smith (34) as a result of similar tudies obtain d fractions of the 
followino· characteristi ·s : spe ·ific gravity, 0.760 to 0.874; viscosity 
37 to. 185 seconds Saybolt; saponification numb 1· 1.0 to 112; fia. h 
and fire t ests from 5° at room temp rature to 215° and 250° . Al
strnnd (3) heated soybean oil in a reflux s t-up with bone harcoal 
at 2~0°C: for J .5 hours while bubbling hydrogen thl'ough it. 'J1h _ J·e
sult_m()" 011 rese1?1-bled a me~ium >Ta~ lubl"icatino' oil, having the fol
low mg properti s : fla ·h pomt, 3 3°F . · fir e point 433 °F . pour l)Oint 
2900.1:~ 'fi . ' . . ' ' ' 

. 
1

. ; spec1 c 0Tav1ty, 0.9315; sapomficat10n number 23 .8; and 
Maumene number 47. 

In Manchuria (19) blown soybean oil is mixed with a heavy 
petroleum ~ro_du ·t and used fo r greas in°· railway ca1· axle.. Th 
untr eated 011 1s used a~ a s~1bstitute for rnpe oil in ra ilway signal 
la!11ps . . -1\ rub?er subst1tnte 1s made from soyb an oil by treating· it 
with mtnc acid and ammonia. Anoth r rubbel.' substitute is rna l 
by treatin°" the oil with sulfur chloride. Soybean oi] is also made into 
a 'Naterpoofing material for concrete. 

Tables ~3 and 14,_ sh~wing the American imports and exports o-E 
~oybean ?11 , emphas1~.e 1t_s status as a utility oil , :apable of supply
mg wartime needs eHect1vely as a substitut fo1 · other oils. U r lcr 
the stre_ s of :wartime demands, imports of soybean oil in 1918 wer 
over thirty times th 1913 imports, while from 1916 to 1920 o-r at 
quantities of this oil wer brought over from the Orient. 

Th tariff of 2.5 cents a pound applied in 1921 and incrca ed to 3.5 
cents in 1930 has materially r duced the imports. Since this tariff 



Percent 
oil 

20.35 
20.37 
18.91 
18 . 73 
18. 51 
20.44 
17 .01 
18.00 
18 .07 
18.38 
17 .12 
17 .50 
20.07 
19.63 
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TABLE 16. OIL CONTENT OF SOYBEANS. 

Varieties 
(Number) 

7 
6 

16 
14 
3 

50 
1 

51 
51 

2 
23 

4 
30 

Reference 

U. S. Dept. Agr., Bulletin 931 
Tenn. Agr. Exp. Sta. 
Satow, Researches on Soybean Oil Extraction 
Satow, Researches on Soybean Oil Extraction 
Maryland Exp. Sta. Bui. 277 
North Dakota Agr. Exp. Sta. Bul. 118 
Ohio Agr. Exp. Sta. Monthly Bui., 1923, p . 146 
Delaware Agr. Exp. Sta. Bul. 96 
Mississippi Agr. Exp. Sta. Bui. 227 
Mi sissippi Agr. Exp. Sta. Bui. 235 
Ohio Agr. Exp. Sta. Bui. 237 
Henry and Morrison, Feeds and Feedi•ng, Appendix 
Piper and Morse, Th e Soybean, p. 126 
Maryland Agr. Exp . Sta. Bui. 277 

18. 78% = Average of above. . . 
18 . 00 has been taken as a fair figure on which to base the calculat1on of the sales return on OJI. 

went into effect there has been a steady increase in the amount of 
soybean oil produced in the United States. There i~ at pres~nt ti~~ 
a demand on the part of certain farm leaders for an mcrease 111 tariff 
on vegetable oils. Such an increase on linseed and tung oil might 
readily lead to practically no imports and ~heir. substitution b;y soy
bean oil. This is also true of the other oils with the exception of 
such oils as are imported duty free from the Philippines. In addi
tion the increase in consumption of vegetable oils due to increase in 
population and other causes is a factor. 

Methods of Producing Soybean Oil 

The Hydraulic Press Method 
Oil presses have been used in Manchuria for centm:ies to remove 

oil from the soybean. These presses are very crude affairs, and natur
ally are ineffcient. In r ecent years the development of the hydral1lic 
press has produced apparatus which is capable of dealing with lin
seeds much more efficiently than the early hand- or wedge-press . In 
all cases the principles involved are the same; first, the preparation 
of the seed by grinding and cooking, with the object of rendering 
the oil more easily separable from the seed, and second, the forcing 
out of the oil from the ruptured oil-cells by the application of pres
sure. 

The first step in milling soybeans is cleaning the seed. This ordi
narily is not necessary, as the seed is usually quite free from foreign 
material when received, but if not, a seed cleaner should be used. 
The beans are broken up in a disk huller, which breaks each bean 
into several pieces and thus enables the crushing rolls to handle them 
more easily. From the huller the beans go to the rolls, which crush 
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them into very thin flakes, or fine meal. These rolls, in a ten-ton 
plant are arranged in a set of five , the top rolls being twelve inches 
in diameter, the bottom roll fourt een inches in diameter, and all rolls 
24 inches long. rrhe cracked beans from the disc huller are fed 
into a hopper at the top of the stand of rolls, and are distributed 
evenly over the surface of tho top roll by a small corrugated roller 
at the bottom of the hopper . They are first ground between the top 
and second rolls. 'I.1hen, deflected by a guide, the cracked beans pass 
between the second and third rolls, where the particles are crushed 
still finer. 11his continues until four crushin°·s have occurred, the re
duction in size being progressive. At this stage many of the oil 
cells have been broken, and the finely ground beans are ready to be 
cooked, to complete the rupturin °' of the oil cells and render the oil 
more mobile, as well as to coagulate the albumen and prevent its 
inclusion in the expressed oil. 

A bucket conveyor delivers the crushed beans to the cookers which 
consist of steam-jacketed, relatively flat cylindrical chambers, one 
above the other, equipped with agitators. The diamet er varies from 
54 inches to 84 inches, and the number of chambers from one to five . 
A ten-ton pl~nt uses either one or two chambers. The cooking 
temperature is ~bout 180° F., tho meal passing automatically 
through the various chambers, each chamber beino- discharo·ed 
through gates into the chamber below, at intervals of 

0
about :6.ft~en 

minute_s. The m?isture content is carefully controlled, by either in
troducmg steam mto the cookers or withdrawing steam by means of 
a small exhaust fan. The cooking operation is the most important 
part of the process for it is upon the condition of the seeds as they 
emerge fro1:11 the cooker that the yield of oil depends. rrhe moisture 
content, agitator speed, cooking time, and cooking temperature must 
be c~refull;y regulated, as upon these factors the amount and quality 
o_f 011 obtamed depends. No set rules can be o'iven, for this opera
t~on depends on the judgment of the operator who must be expe
rienced. 

The cooked meal is withdrawn from the cookers in batches of 
about twenty pounds, and passes to the cake former, whi ch produces 
a co111;pact cake that is easily inserted into the press box without 
breaking up. A camel's hair or wool press cloth of suitable size is 
first placed in the bottom of the meal ·box of the former· the meal 
from _the cooker is charged into the box, on the top of th; cloth. A 
pressing ram, operated by steam or hydraulic pressure, descends into 
the meal box, compressing' the meal into a compact cake. The ends 
of th~ cloth are then fol :led over so as to enclose the cak e. This 
cake. is then transferred to the press on a steel sheet and the pro-
cess is repeated until the pre sis fill ed. ' 

Each press holds al out fif t een to t wenty-five cakes about eleven 
inches by twenty-eight inches in size. Tho press itself consists of a 
base and a head of heavy cast iron, firmly bolted together by heavy 
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Fig. 1. Experirnental Hydraulic Press. 

st el olumns. (See fiO'ur 1.) Compartm nts for holding the cakes 
are formed by a series of corrugated steel plates, one above the other, 
and so arrano·ed as to be movabl upward by the press ram when 
the press is filled, and resting on supports when the ram is with-
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drawn. The ram i actuated by pressure transmitted from a cylin
der in the base of the press, and travels upward, pressing the cakes 
against the head of the press. As the ram rises, its speed decreases, 
and th pr ssurc increases. When a pressure of 500 pounds per 
square inch is reached, about half of the oil has been removed. At 
this point a change valv operates to chanO'e the press from the low
pressure line to the hi 0 ·h pressur line, the latt r being u ed for 
pressures up to 4000 pound· per square jnch. The pump which pro
duces the pr s ure u ually has one piston for the low-pressure and 
another for the high-pressure line. 'J.1hc pressure transmission flnid 
is oil, pref rably of the kind that is beino· produced. Th oil exud
ilw from the cak travels along the surface of the pr ss plates until 
it reaches the outer edge when it flows off into a trough built around 
the outside of th press. The pressing is continued for about bventy 
to thirty minutes, dependin°· on the condition of the seed. The cak es 
are th n removed, after r leasing the pressure, and the ed 0 ·es whjch 
contain an excess of oil are o·enerally trimm d off and returned to 
the cookers. The trimmed cakes may be bagg d as such, or else 
groun 1 into meal. Th oH from the press is run into a s ttlin · tank, 
wher th particles of meal are allowed to s ttl out, after which it 
may b further purified by filtering. 

A considerable amount of manua 1 labor is required in filling the 
press s, as each cak must be r mov 1 from the former and insert d 
into the pr ss box s parat ly. Up to the forming operation, the 
process is practically automatic. Power is furnished from a line 
shaft operated by a single motor or st am engine. From this shaft 
the rolls, huller, cooker a 0·itators, pump, cake formers, trimmers, 
conveyors, and elevators are operated . 

The pr ss cloths used to n lose the cak s are a source of consid
erable expense as they are costly and last for only a short time. 'l'he 
use of a box pr ss instead of one with only plates r duces thjs item a 
great deal. Cage pr es es owing to their rather low efficiency of oil re
moval are unsuited for proce ing soybean , otherwi e the press cloths 
mi ·ht be eliminated entirely. 

Th e cake produced by the hydraulic pr ssure method contains 
about ix percent of oil, corresponding to about 4.9 per ent of the 
weight of the beans. This r elatively lmv effici ncy is the greatest 
drawba k of the pre s method, since the raw material used averages 
inhially about eighte n p rcent oil. Anoth r disadvantage is that 
the meal is cooked in order to coaO"ulate the albumen, which is there
by r nd reel less dige tible and cons quently less suitable as a stock 
feed. The oil is a hot-pr ssed oil, and will therefore break, or de
posit mucilage, when heated to high temperatures. On this account, 
it is not so suitable for paint and varnish making as cold-pressed oil. 

The inv tment required to equip a hydraulic press plant is low, 
being less than half that for an extraction plant and somewhat less 
than that for an expell er plant. The operating costs are intermediate 
between those of the other two types of plant. 
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The advanta~e of the hydrauli c press type of mill are: 
(A) A lo-w investment cost, du to the simplicity and cheapness 

of th apparatus required. 
(B) Low wat r r equirement , since there ar no solvents to va

porize, cons quently no coolino- "' ater and but little steam consump
tion. 

(C ) An oil is produc d ·which is mor readily accepted by ccrtajn 
of the trade than extracted oil. 

(D) Ther is no solv nt loss, nor are there parts which wear 
down quickly and must be replaced. 

(E ) The capacity of the mill is r eadily incr ased by the addition 
of another pre s at. mall cost. 

(F) Steam-raisino- costs arc lower than for an extraction plant, 
and not a o-r at deal hio·hcr than for an expeller installation. 

(G) Insurance r ates ar much lower than for an extraction plant 
with its inflammable solv nts, and there is no depreciation due to 
solvent corrosion. 

The disadvanta ·es of this type of mill are : 
(A) Th cake shows a hio·h r esidual oil ontent, which r epresents 

a ]aro- monetary loss, and is al o undesirable from the stockfeeding 
aspect. 

(B) The album n in the cake has been coa 0·ulated, and is conse
quently somewhat le s dig stiblc. 

(C ) Expensive and h01:t-lived pre s-cloths are used. 
(D) The power rcquir men ts are higher t han by the extraction 

method. 

The Anderson Expeller Method 
The And rson Exp Her was developed to meet the n eed for oil

producing equipm nt whi ·h wa continuous in its operation. The 
hydraulic press sy tern, which is n cessa-rily intermittent in action, 
possesses the disadvantag s common to all discontinuous processes
mainly the large labor requirements and losses of time in charg_ing 
and dischar ing the press s. The expeller, once started, reqmres 
very little attention, one man being able to care for several ma
chines. (See Figure 2.) 

The preliminary treatment of the beans involves drying and crush
ing. The moisture content, which is from seven to ten per cent in 
the undried b ans must be r educed to about three p erc nt before 
feeding to the expeller in order to obtain uniformly satisfactory re
sults. Ordinarily, pr liminary screeninO' of the beans is unneces
sary, as they ar u ually quite free from dirt and ~oreign bodie~. 
The type of dryer fr quently used is known as a gram dryer. It 1s 
made up of steel plates, press d to the proper shape and riveted to
gether in s ctions, which may be a sembled to give any desired 
capacity. The beans are held in horizontal inclined steel shelves at-

------------- -------- --
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tached to vertical plates, the shelves are staggered so that the beans 
descend in a zigzag path, and are stopped at the bottom by mechan
ically operated slides. The zi O'zagging prevents packing and enables 
thorough drying to occur. The heatin g medium is hot air, which is 
drawn over steam pipes by a fan, and then passes throuo·h the per
forated sides of the bean racks into the beans. The d scent of the 
beans throuo-h the dryin°· racks may be made either continuous or 

Fig. 2 . An, Oil Expeller. 

intermittent and the best operating conditions will be determined by 
the moisture content of the beans. 

The dried beans are ground by a roll crusher or a disc mill. to 
flake or tear the beans so as to break the outer skin and allow 'the 
oil to be expelled more easily. A large amount of fine material is 
not desirable, since it escapes from the expeller along with the oil 
and only makes subsequent purification more complicated. The 
object of the crushing should be to break up the oil cells and the 
outer skin, thus allowing the expeller to remove the oil easily. After 
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crushing, it is desi'rable to pass the beans through a second dryer to 
further reduce the moisture content. 

This second drier is preferably one of a rotary type ·with a scraper 
for preventing the sticky ground bc!ins from_ formin~ a cake on the 
sides. For small plants a sing] c dner of this type 1s preferable to 
two driers . 

'I1he expeller itself operates on a principle similar to that of a meat 
grinder. The beans are subjected to the e1:id thrust of _a r_>ow erful 
screw or worm, mounted on a steel shaft wlnch ro!ates vnthm a per
forated cylindrical cage. Usually several worm flio·hts are used, be
ing so arranged as to give a gradually incr~asi~g pressu~e ~s the 
beans move toward the outlet. The cage, which is about six rnches 
in diameter and thirty-six inches long, is built up of rods about 0.025 
inch apart at the feed and dischar 0 ·e ends, and 0.015 inch apart at 
the center, and firmly held in place by steel hoops, or cl_amps. rrhe 
beans are introduced at one end of the cage, and are earned forward 
by the rotating ·worm. At the ou!let end, ~ conical stop i~ :provided; 
the pressure exerted on the seeds 1s determmed by the position of the 
cone which varies the size of the annular opening between the cage 
and 'cone. The closer together the cone and cage the smaller the 
opening available for the discharge of the cake, and consequently 
the hio·her the pressure developed. In the more recent models, a 
choke ~.rrangement has replaced the cone, thus giving a finer adjust
ment and eliminating the rotary grinding action which occurred with 
the cone. The ordinary working pr ssure is about six tons per 
square inch . The oil cake passes along the ca~·e, emerg~ng a~ t~e 
cone end, v,rhile the pressure exert ed by the backmg-up act10n w1thm 
the cage forces most of the oil out of the beans and through the grat
ina composing the cage. The oil is then pumped through a rotary 
st;ainer which removes the meal particles and automatically feeds 
them ba

1

ck into the expell er . The cake emerges in thin sheets which 
are broken up on a revolving cak e breaker at the discharge end. _ 

The crushed seed is conveyed to the pressing cage of the expeller 
through a steam-jacketed trough which serves as a tempering ap
paratus. While being carried along this trough by a spiral conveyor, 
the crushed beans are heat ed to about 150 Deg. F . This treatment 
renders the oil more mobile, but does not cook the beans long enough 
to cause a separation of the mucilaginous matter or albumen, when 
heated to 500 Deg. F ., and is therefore especially suited for the 
manufacture of varnishes. A superior quality cake is also obtained, 
since the digestibility of the nutrients is not frnpaired by the tem
pering. . 

Since the only steam requirement ·is for t empering the beans, the 
boiler capacity necessary is very small, a five horsepower boiler be
ing ample for an expeller plant handling ten tons dai ly. This affords 
a considerable saving, both in initi al and in operating costs. The 
amount of oil r emaining in the cake is quite large, approximately six 
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percent, which of course represents a _large loss, since the oil in the 
cake is sold at cake pri ces, or about eight cents a pound lower than 
oil prices . Settli.ng tanks are not required as _in the hydraulic press 
method, the oil being pumped directly to the storage. 

The advantages of the expel]er system over the others are: 
(A) Low labor costs, due to the continuous operation. _ 
(B) Low steam costs, since steam is not required for solvent ihs-

t il]ation. or for prolonged cooking. 
(C) A cold-pressed, non-breaking oil, especially suited to paint 

and varnish manufacture, which shows a low refining loss. 
(D) Very small water r equirements, since little steam and no 

cooling water is necessary. 
(E) No press cloths nor lost solvent to replace. 
(F) A cak e is produced which is highly digestible . 
( G) The space i·equi.rements are very small, making expansion of 

the plant easy. 
(I-I) .A plant usin°" a single expeller requires only a small invest

ment. 
(I) Many types of oleaginous materials may be pressed in the 

same expeller, making jt possible to press corn germs, peanuts, tung 
nuts, cottonseed, linseed, etc ., in the same plant. 

Disadvantages o:E the expdler system: 
(..A) Large amount of oil left in cake. 
(B) Larger pO\ver requirements than hydraulic press or extrac

tion methods. 

The Solvent Extraction System 

In recent years a demand has arisen for a system of oil producti~n 
capable of removing a higher percentage of the total oil from 011-
bearing materials than is possible with expression methods. The oi1 
cak e produced by pressure methods contains from fiv e to fifteen per 
cent of r esidual oil, which when sold at meal prices represents not 
only a financial loss but a decrease in the amount of oil available . 
With materials such as soybeans, which have comparatively low oil 
content, profitable operation becomes exceedingly difficult unless 
most o:E the oil can be removed. ~L1he overhead charges are practically 
the same no matter what the efficiency of the process may be. '1.10 
meet this need, solvent extraction has been developed. · 

'rhree principal steps are involved in the treatment of oilbearing 
materials by this process; first , the preparation o:E the seed, consist
ing usually of cleanina and rolling; second, the treatment of the 
flaked seeds ·with the solvent, which dissolves out the oil; and 
finally, the separation of the oil from the solvent by distilling off 
the latter. The first and last steps are done in essentially the same 
way by all the systems of extraction now in use; the second step, 
however, admits of ·wide variations, both in machinery used and in 
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methoa of treatment. rrhe extraction plants proposed at present 
may be grouped into two divisions-those employing a stationary 
vertical cylinder as the extraction vessel, and those having a hori
zontal rotating drum. Stationary extractors are primarily a Euro
pean development, being used quite extensively in France and 
England. The rotary extractor is the more popular in the United 
States, finding application in the treatment of packing-house wastes 
and similar r efuse, as well as in the production of vegetable oils. Nu
merous advantages are claimed for each type over the other, but both 
have been found to be quite practical for the purpose, and nearly 
equal in installation and operating costs . 

The reduction of the beans to the proper condition for extraction is 
preferably done by a set of rolls of large diameter. Experiment has 
shown that the largest yields of oil are obtained when the beans are 
flaked, rather than crushed to a powder, as is done when the hy
draulic press system is used. The oil cells in a thin :flake are readily 
reached by the solvent and such flakes have less tendency to pack 
and become inaccessible to the solvent than fine particles. In addi
tion the separation of the extracted meal from the solvent oil solu
tion is considerably easier, as there is less clogging of the filter screen. 
The optimum diameter for the rolls is about three feet, which as the 
beans are reduced more gradually results in a crushing rather than 
a grinding action, thus producing less fines. Other forms of mills, 
such as disc attrition mills, may of course be used, with somewhat 
less satisfactory r esults. 

I. The Stationary Extractor. There are two principal types of 
stationary extractors in use; one is merely a large-scale Soxhlet con
tinuous extractor, in which the solvent percolates through the ex
tractor charge, and is periodically siphoned off into a still, from 
which it is returned to the extractor by distillation and condensa
tion. The second type involves the use of superheated solvent vapor 
to aid in the extraction, while the mass of material in the extractor is 
stirred by an agitator, which also aids in discharging the extracted 
meal. Rotary extractors are all of the same general type, with minor 
variations in construction. The stirring of the charge is accom
plished by slowly rotating the drum, into which the crushed seed 
and a suitable quantity of solvent are charO'ed through suitable in
lets, provision for heating being generally made in the form of a 
steam jacket. 

A well known system of extraction makes use of tvyo stationary 
vertical cylinders as extraction vessels, provided with under-driven 

. agitators for stirring the material during the extraction process. 
The seed is charged into the extractors through, manholes at the top, 
above which hoppers are placed to hold a charge of the seed deliv
ered from the crushing rolls. Discharging is done with the aid of 
the agitators throuO'h doors in the side of the extractor n ear the 
bottom, the operation being performed almost automatically by the 
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CONOENJ£R 

J1'ig. 3. A Stationary Solvent E x traction Plant. 

agitators, but finished by hand. It is claimed that the stirrer method 
of agitation is more effective than the tumbling method such as is 
used in the rotary system, since less packing and balling up of t he 
material results. The extractors, which are about six feet in diame
ter and ten feet deep, are equipped with steam jackets on the bot tom 
and for about half the distance up the sides, for the purpose of warm
ing the charge during extraction to make the oil more mobile and 
hasten the extraction process. Pipe lines are provided for the intro
duction and removal of the solvent and the oil solution, and the dis-
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char 0 'e openi;1fr for the oil solution is fitted w ith a Monel metal screen 
to prnvent the escape of fin e particles of meal with the solution. 

rrhe solvent vapo1·izer , 3½ :feet in diamet er and six :feet long, con
sists of several heating tubes arr<w ged between steam headers, while 
the vapor supe1·heater is similaTly built , but is sma1lcr. The vapors 
produced in the vaporizer are passed thr ough the superheater and 
into the cxtr aetor , penctrnti1w t o all parts of the charge. In this 
way, any excess of moisture may be dried out before extraction is 
st arted, b in°· expell ed as st eam by th e hot solvent vapor. Since the 
vapor penetrates the flak rd seed more r eadily than the liquid solvent 
the extrn cti on is aided by th e use of superheated vapors, which ente1: 
th oil cells, condense to fo rm ho t solvent part icles, and dissolve the 
oil. Circulati on of the solvrl1t and of the solution of oil in the sol
vent ·is maint ained both by th e agitator and by th e introduction of 
the superheat ed solvent va pors. After a suitable lono'th of time the 
solut ion in th e extractor is drawn off into the still . 

0

rrhe extra~tion 
process is cont inued unti l t he oil content has been r educed to about 
one per cent, ·which is r eadily attainabl e. Securin°· a lower content 
is not advisable, since the In st traces of oil are r emoved only with 
~ifficult_y, and the time Tequirccl is such as to make the operation 
1mpract1cal. A small amount of the solvent r emains in the meal in 
the extractor, mechanically entrapped, aft er the oil-solvent liquid 
has 1?cen w~thclraw11;. rrhe r esiclual solvent is removed by using heat 
apph_cd _by mtroclucm g st eam into the j ack et , and r educing th e pres
sure ms1dc the extractor by means of the vacuum pump. In this way, 
the last traces o:E solvent ar e driven off lcavino· a meal which is quite 
d 'd ' b 

1

evo1 o:E solvent t as~c or odor. Steam~ng the meal is unnecessary. 
The extractors arc dtscha r-ged by opemng the lower manholes and 
rotat ing the a~·itators; ~h e ~ast small po1·tion of meal being scr aped 
out by hand. rhe meal 1s discharged either into hoppers from whose 
lower ?nd the meal may be ba 0 ·o·cd, or else into conveyors, which re
move it to anoth er pa1-t of th e p lant for bagg ing. This feature de
p ~~ds upon the :floor plan of the mill, and ·will vary with local con
dit10ns. 

A specially construct ed st.in is provided for the separation of the 
solvent fr om. the solution o-E th e oil. This is a quite d iffi cult matt er , 
as ~he last tra~es of solve1!t are ~ot easily removed by simple disti]
lat10n, and their presence 1s r ead il y det ect ed by odor and taste. 'I'he 
presence o:E even small nmounts of solvent in th e oil lowers its value 
c?ns:ider ably, and on this nccount much prejudice against extracted 
011 has ? rovvn_ up. The _early. extraction plants did not produce a 
solvent-free 011, and, ·wh1le this obj ection no longer holds true for 
the modern plants, the prejudice still r emains. The purifyina still 
is of a vertical tubular type, in the form of cast iron cylinders 
:A anged at each end and joined too· th.er into a complete unit. H eat 
is applied thr oi.:wh steam tubes in one of the cylinders . By means o:f: 
a thorou 0·h h ,at.ing accompanied by continuous circulation, th e oil 
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is obtained complet ely free from solvent, and th solvent vapors ar e 
driven off into the cond ensers, wher e they arc condensed for r e-use. 
The oil thus obtained is the crude soybean oil of commer ce, and is 
pumped into storage tanks to await shipment or r efining. 

Th_e condensers arc o:E the water-cooled t ype, two o:E them being 
provided. They arc cast iron cylinders containing drawn copper 
tubes through which the hot vapors pass . rrhe cooling water circu
late · in the shcH of the condenser, around the tubes, counter-cur
r ently, the coolest water comin g first in contact with the coolest sol
vent. The solvent condensate coming from these condensers con
tains some moisture, since inore or less water is always r emoved from 
the s_eeds during the e~tract~on. A water separat or is accordingly 
provided to separate t lus m01.sture from the solve nt, as otherwise it 
would accumulate in the solvent. The separator oper ates automati
cally, r emovin°· the the ·wat er and scndino· the purified solvent t o the 
clean solvent t ank, fr om which it may be pumped for use in the ex
tractors . Two other storage t anks are provided, one for half spent 
so_lvent and the other for the oil sol ution being fed to the puri fying 
stiJl. Two charges of solvent ar c used in 1Teating each batch of beans 
- the :first charge dissolving out a lar ge amount of oil in a short time 
and the second r educing th e oil content to the r equisite on e per cent '. 
The second charge for one bat ch is drawn off into the half spent 
solvent tank, from which it is pumped to be used as the first charo·c 
on th e next batch, since it is only partiall y saturat ed. In this w~y 
t~e amou~t of solvent to be di stilled is r educed considembly. 
smgle cylrnder d_ouble-~ tion steam pump is supplied fo r pumping 
the solvent and 011 solut10n from on e .vessel t o another . 

rrhe solvent loss, which is unavoidably encountered in e ' traction 
plants, is estimated at about three gallons per ton of seeds treated. 
The st eam requirement is about 3000 pounds per ton of seeds. This 
is not drawn uniformly, but the amount varies considerably durino· 
!·he course o:E the extraction. Condensing wat er is quite an import ant 
ite~ , about 3000 pounds per ton of seeds being r equired; hence, it is 
dcsuable that the plant be locat ed close to a river , Jak e, or other 
source of cheap cooling wat er . 

This type of plant has been shown to be easily adapted to soybean 
extraction. 

II. The Large-scale Soxh1et Type Extractor. This extractor is 
pr imari ly a French development , being used extensively in France 
and her colonial possessions. It is a modifi ation of the well known 
Soxhlet extractor which is much used for laboratory extractions be
cause of its automatic oper ation and its efficiency. The siphoning 
action of the Soxhlet , however , is displaced by a continuous fl.ow of 
solvent through the extractor, so that the mat cria l is alwavs cover ed 
with solvent. r~he extractors themselves arc of the stat ioiiary type, 
two of them bemg n ecessary for a capacity of t en tons of beans per 
day. Each extractor consists of a large vertical cylinder, in the bot-
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Fig. 4. Soxhlet Type Solvent Extraction Plant. 
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tom of which a still is built, separated from the extraction vessel 
proper by a closed horizontal partition. 

For the preparation of the seed for extraction, the manufacturers 
recommend the us of a single pai.r or rolls operating at different 
speeds. This tears open th seed, and exposes the oi.l cells with a 
minimum of pulveriz d material. A minimum amount of handling 
of the crushed seed is advisable, so as to avoid further reduction. 
It is best to make use of gravity feeds into the extractors, but, where 
this is not feasible, bucket conveyors are likely to increase the 
amount of fines, while cloth or rubber-belt conveyors arc attacked 
by the oil. The extra tors are charO'ed from hoppers, the material 
entering the extractor through the upper door and resting on a filter 
screen near the bottom. 

The extraction is commenced by introducing the solvent through a 
valve at the botton1 of th extraction vessel and allowing it to rise 
slowly through the char 0"e. In this way, the air is for ed out ahead of 
the solvent, and channeling, afr pocket formation, and uneven wet
ting are avoided. The oil bearing solvent overflows at the top 
throuO'h a filt er scr on built around the inside of the char 0 'ing dome; 
going to the still in the bottom of th extractor. Heat is applied 
throuo'h a steam coil in the bottom of the still, and the solvent is va
porized, the vapors passino· to th ondenser. The hot liquid solvent, 
obtained by condensation, is return d to the extractor, so that the ex
traction is carried out at a temperature only slightly below the boil
ing point of the solvent, and is thereby accelerated. The process is 
continued for several hours, until tho oil content of the residual meal 
is reduced to about one per cent. At this point, solvent vapor is ad
mitted to the extractor dirertly from the still, displacing the hot sol
vent, which is drained into the still. Th - vapors in turn are displaced 
by the introduction of li ve st · am; thus producing a meal quite free 
from solvent taste and odor. Several installations of this type are in 
use for the pr parFJtion of human foods. The last traces of solvent 
are removed from the oil in the still by steam distillation, steam being 
admitted through a perforated pipe. 

The meal is discharged from the extractor by hand through a door 
just above the still. It is stated that the labor thus involved is not 
an extra item of expense, sine the time required for discharging 
the extractor is th same whether the operation is performed by ro
tating the extractor, by means of an agitator, or by simply raking 
the material out by hand. In each case the time is about ten to fif. 
teen minutes, ·which i not exc sive. Since the m al has been sub
jected to direct steam, i.t is n -cessary to adjust the final moisture 
content so that it wi.ll not be hi. ·h cnouO'h to cause spoilage. This 
is done by passin°· the meal throu h a steam jacketed trough by a 
screw conveyor, the excess moisture evaporating during the passage. 

A scrubbinO' tower is provided for the recovery of solvent vapors 
which otherwise would pass out with the air expelled from the ex-
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tractor and condensers; thns any uncondensed vapors escaping from 
the condensers are absorbed in the oil flowing through the scrub
bing tower, resulting in a lower solvent loss. The unavoidable loss 
in a ten ton plant is about t en to fifteen gallons p er day. 

III. The Rotary Extractor. The rotary extraction system differs 
from the stationary principally in the means employed for the agita
tion of the extractor charge. The extractor itself is a large horizon
tal steam jacketed steel drum, mounted on trunnions, provided with 
one or more charging doors. Live steam inlets to the interior of 
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the extractor are provided if steaming is r esorted to for freeing the 
meal from the solvent . Hot air may be used for drying the meal. 
The drum is construct ed so as to operate under vacuum for r emov
ing the residual solvent. Steam is introduced into the outer jacket, 
and the traces of solvent are evaporated at r educed pressure. To 
enable easy drainage, a filt er scr een is provided, usua1ly extending 
the length of th e extractor, which prevents the r emoval of meal par
ticles with the oil solution. 'l'he dimensions of the drum in a t en 
ton plant are from fiv e to six fe et in diamet er and fourt een to 
ei ghteen feet in length ; three charges of about three tons each are 
made every twenty-four hours. The drum is rotated at the rate of 
about one r evolution per minute, thus tumbling the charge about and 
insuring good contact of the ground beans with the solvent. A 
twenty or twenty-fiv e horsepow er motor is used for this purpose. 

In the operation of the extractor, the manhole covers are removed, 
and a charge of flatt ened beans is allow ed to flow in from hoppers 
above the extractor. 'l.'h e covers are r eplaced, and the solvent is 
pumped in. This first sol vent wash is made with the partially spent 
solvent r emainino' from a previous run. The extractor is then ro
t ated for about half an hour, is then stopped with the filter scr een 
on the bottom and the solution, containing most of the oil in the 
beans, is drawn off by a pump, forc ed through a filt er press to r e
move fine particles of meal, and stored in a tank to await distillation . 
A second wash is now made in the same way, but for a longer time, 
as the r emaining oil is r emoved with more difficulty. The solution 
thus obtained is stored in a separate tank to be used as the first wash 
in the next run. If steaming is to be used, the extracto·r is connected 
to the condensers, and live steam turned into the meal. This is done 
under r educed pressure, none of the st eam being allowed to condense 
in the extractor, but part of its sensible heat is used to drive off the 
residual solvent. The vapors drawn off pass through a dust collec
tor to r emove fine particles of meal, and are then condensed in the 
vacuum condenser . In some types, no steam is used, the pressure 
r eduction alone being r elied upon to effect the complet e r emoval of 
solvent . One system uses a cunent of heated air to dry out the meal, 
the solvent vapors being r ecovered from the afr by a special con
denser. 

'l'he solvent nearly saturat ed with oil is pumped from the ex
tractor into the still, wher e the oil is r ecover ed by distilling off the 
solvent under vacuum to enable a low temperature to be used, thus 
avoiding burning of the oil. The still is a cylindrical tank equipped 
with closed steam coils of the proper size to cause a rapid evapora
tion of the solvent. In some types of extraction plants, a second or 
finishing still is provided, into which the liquid from the first still is 
pumped after most of the solvent has been r emoved. The finishing 
still is provided with heating coils and with live steam inlets, by the 
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F i g. 6. Conti nuoi ls E x traction Plant 

use of which the r emoval of the last traces of solvent from the oil is 
assured. The condensers used are of the tubular type with steel 
shells and copper tubes; the solvent vapors passing through the 
tubes, with the cooling water cir culating around them, or vice versa. 
Usually, two condensers of similar construction ar e supplied, a 
vacuum condenser between the vacuum pump and the still or ex
tractor, and an atmospheric condenser following the pump, with one 
end open to the atmospher e. The solvent fl.owing from the second 
condenser passes through a water separator, where any moisture 
present is automatically removed, and then is pumped to the solvent 
stor age tank for further use. The oil left in the still may be pumped 
through a filter press to clarify it, with t he pr evious addition of a 
small amount of ] ullers earth or similar filt er aid, after which it is 
pumped into the oil storage tank to await shipment. 

IV. ~ontinuous Extractors . A continuous ext r action plant having 
a capacity of 1000 to 1200 tons of soybeans a day is operated in Ger
many by the Hansa Company (30) . In the H ansa extractors a series 
of wire baskets are fastened to an endless chain in a manner similar 
to a bucket elevator operating in vertical position. The baskets are 
freely pivoted so that they are open side up until they have made al
most a complete revolution and are r eady to dump.· The beans are 
fed continuously into the baskets as they pass the ·upper position and 
they are dumped out after the baskets have gone down and back 
almost to the filling point. Fresh solvent is sprayed onto the partially 
exhausted beans as they come into a position about half way up 
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as Pat ented by Flmnerf elt. 

toward the dumping point. This solvent passes to the bottom of the 
extractor through a series of the baskets. The solvent, containing 
considerable oil, is pumped from the bottom and sprayed onto the 
fresh beans entering the extractor. 

It is claimed that this process can be operated with a steam con
sumption not great er than 1200 pounds per ton of beans and with elec
tric power not over 30 kilowatt hours per ton of beans. Only 6 tons 
of solvent is used for each 100 ton per day capacity. 

A continuous process said to be suitable for a small scale plant is 
being experimented with by the Ford Motor Company. In this 
process the flak ed beans are f ed into the bottom of a pipe set at a 10 
degree angle and fitt ed with a screw conveyor. 

The flaked beans are moved through the pipe against the solvent 
which flows in at about halfway between the upper and lower end'. 
The upper end of the pipe fo rms a steaming chamber wher e the sol
vent is vaporized off. A similar process has been patented by 
Flumerfelt (13) the apparatus fo r which is shown in Fig. 6. In 
this process the flaked beans are fed into a tank through a screw 
?onveyor arranged so that the bean meal acts as a stopper , prevent
m g solvent vapor escaping from the tank. The beans are r emoved 
from the tank by a scr ew conveyor down through which the fresh 
solvent flows to the t ank. The solvent oil solution is drawn off from 
the top of the tank from wher e it goes to the solvent recovery ap
paratus. The extract ed bean meal goes from the conveyor to a dry
ing chamber in which the solvent is evaporat ed off. 
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Advantages of the ~olvcnt Bxtraction Process are: 
(A) A larger proportion of the oil in the bean is removed than 

is possible with pressure methods, thus makin · the sal s returns pro
portionately greater for the same ove1·head. 

(B) The meal produced is low r in oil than that resulting from 
pressure processing, and is therefore more satisfactory as a stock 
food . 

(C) Bxtracted oil possesses superior blea hing properties, thus 
being more suitable foT refining for use in paints, soaps, and edible 
oils. 

(D) Bxtracted meal, since it possesses a very low oil content, :Eur
nishes protein in a more concentrated form than is possible with meal 
made by pressure methods; rancidity is also avoided, and the meal 
is ] ess likely to spoil. 

(B) Since the beans are not cooked, coagu lation o-E the albumen 
is avoided, with consequent increased digestibility. As pressure is 
not used, very litt] e mucilaofoous albumen is removed with the o.il , 
which accordino1y shows a lo-,,rnr r efining Joss. 

(F) 'rhe extracted protein will probably show better adhesive 
properties for a size material in the lumber substitute industry. 

(G) By the extraction method less oil :is left in the meal to he 
sold at the meal price of two c nts per pound instead of the oil pr.ice, 
9.25 cents per pound. Thi s differ n ·e on a twenty bushel per acr e 
yield of beans containing eighteen per cent oil amounts to $2.27 per 
acre on a t en ton per day plant or $11,350 per year. 'rhe data are 
given in detail in Table 17. 

V. Extraction Solvents. A large part of the early failure to de
velop extraction process satisfactorily, is traceable to the unsui t
ability of the solvent used. The solvent bein°· incomp1ctely removecl 
from the oil and meal imparted a ve1·y noticeable taste and odor to 
these products, which seriously affected their market value ancl 
built up prejudice against the solvent extraction system. At present, 
however, solvents are used which ar easily and completely remov
able, and the oil and oilmeal is entirely free from solvent taste ant1 
odor. 

The first requirement for a commercial solvent is that it be a spe
cific solvent for the oil in question, that is, it must dissolve the oil 
only, leavino· behind the mucilage, colorin°· matter, and other sub
stances which are undesirable in the oiJ . It should preferably be non
inflammable and non-explosive, since this feature will result in 
considerably lower insurance rat sand Jes danger to the plant. With 
modern apparatus and methods for solvent recovery, however, the 
fire hazard is not a prohibitive feature . In order to facilitate the 
separation of the solvent from the oil and meal, it is n eces. ary that 
the solvent be homoo·cncous in composition, and distill completely 
within a fairly narrow range of t emperature. A light fraction in 
the solvent is difficult to condense, and its escape into the atmos-
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phcre not only increases th e fir e hazard but also means a considerable 
fl.nan ial loss, since most practi a l solvents are quite expensive. 
Heavy fractions are very t uaciously retained by the oil and meal, 
and cannot be removed by disti Il a ti on or steamino·. The use of sol
vents containing heavy ends wris a principal cause of failure in the 
earlier attempts to make solvent e, traction practical on a commer
eial seal e. It is desirable to have the entire solvent distill at a tem
perature below the boilin°· point of water, as otherwise difficulty will 
be encounter din deodorizing the oil and meal. Finally) the solvent 
must be easily and cheaply obtainable, this often being the deter
mining factor in t he choice of a solvent. 

In class.ifyin°· solvents according to the fire hazards, three classes 
may be distinguished. Inflammable solvents are petroleum ether, 
gasoline (both the ordinary varieties and the specially refined solvent 
0 ·asolines), ether, bcnzol, carbon disulfide, and acetone. Bthylene 
dichloride is an example of semi-inflammal ]e solvents, as it ignites 
only i: ndcr ondition wh ich a1· not ]ik ly to be met with in practice. 
In this class there are also numerous mixtures of inflammable sol
vents with non-inflammable ones, the latter beino- added in such pro
portion as to mak the mixture not r eadily infl:unmable. 'fhe non-in
flummable solvents are prin ·ipall y those containing chlorine, such as 
trichloroethylene, arbon t etrnchlo1·ide, and trichloroethane. 

A special cut of O'asoline is the most commonly used inflammable 
solvent. Ordinary motor fuels are distinctly unsuitable for this pur
pose, since the heavy ends they contain are separable from the oil 
and meal with gr.eat djfficulty. An experimental extraction at the 
Iowa State College using ordinary motor gasoline demonstrated this 
fact quite conclusively. Distillation be ·an at about 110° C., and con
t inued up to about 180° C.; at this point, the residue in the 
still was Jess than fifty p r cent oi l, the remainder beino- heavy ends, 
·which could not be distilled out and ·which commenced to crack at 
about J 80° C. At this h i 0 ·h temperature, the soybean oil had com
menced to decompoce, qncl further proo·1:ess in the distillation was 
manifestly impract i al. A special li 0·ht cut of gasoline, boiling at 
much lower temperature , is :Far superior to the motor fuel variety. 
:Extremely light p -trol um fractions arc undesirable, owing to the 
gJ·eat r fire risk and solvent losses, as well. as hio·hcr cost. Gasoline, 
though inflammahlc, is obt ainable for about twenty-five cents a gal 
lon in ]a1'r·e quantities, nnd because o-E its low cost, its inertness 
toward iron appnrat n'.' , ea,,e of distillation, and excellent solvent 
properties, :it is the most nearly ideal solvent now available. The 
most d sirab] e boiling range ·w ill. lie between 125° F. and 200° F . 

Laboratory solvents ·uch as ether, carbon disulfide, and acetone 
arc not practical on a la1·::ve scale, because of their high cost, ex
cessive inflammability, co r-l'odin g qualit ies, or scarcity. Benzol or 
benzene, boilin°· at 176° F. , is quite well suited for extraction, 
and is not expensive. But it has a t endency to dissolve colored sub-
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stances and hence produce a dark oil. Being a pure compound, it 
presents no difficulties due to the presence of heavy ends, and conse
quently is readily removed from the oil and meal, easily distilled, and 
easily condensed. It is quite toxic and care should be exercised by 
workmen in its use. 

Ethylene dichloride is now being manufactured on a large scale in 
this country, and is available in tank car lots at six cents a pound. 
It boils at 182° F ., and has a specific gravity of 1.26. A concen
tration in air of six per cent is required before explosions can occur, 
while with gasoline the low er limit is 1.5 per cent. Since even very 
small amounts of the vapor are easily detected by th odor, the fire 
hazard is small. The explosion is not violent, and requires an open 
flame to start it. 'rhe liquid is not very inflammable, a fire being 
easily extinguished by a slight draft, or, in contrast to gasoline, by 
water, since the dichloroethylene is heavier than water. It has ex
cellent solvent properties and considerable penetrating power, to
gether with less r tendencies to hydrolyze to form hydrochloric acid 
and to dissolve colored substances than other chlorine compounds, 
such as dichlorothylene and dichloroethane. 

Numerous solvent mixtures have been proposed, chiefly with the 
object of avoiding infiammability and high cost while retaining the 
desirable qualities of some expensive, inflammable solvent. In this 
way, benzol or petroleum fractions may be mixed with trichloro
ethylene, carbon tetrachlorid , or some other non-inflammable sol
vent, the resulting product being semi-inflammable, medium priced, 
and a good solv nt for the oil, but yet avoiding the tendency of the 
chlorine compounds to hydrolyze and to dissolve unwanted sub
stances. 

The principal non-inflammable solvents which have been used or 
proposed have been chlorine-containing compounds, the inflamma
bility being reduced by the presence of the chlorine. Unfortunately, 
such solvents have more or less marked tendencies to hydrolyze, re
acting with the moisture in the material being processed, to form 
hydrochloric acid, which corrodes the equipment, or else poisonous 
compouDds which are dangerous to the plant employees and to the 
consumers of the products. Carbon tetrachloride has been definitely 
rejected on this account, as the corrosive effect on the iron vessels is 
too great. · 

Trichloroethylene, which boils at 190.4° 1?. and has a specific gravi
ty of 1.46, has been used in several European extraction plants for 
several years without noticeable ill effect~ from corrosion. Lab
oratory tests have shown that over thirty years would be required 
before an extractor would be worn out from this cause, so that it ap
pears that corrosion is not a prohibiting factor in the use of tri
chloroethylene as a solvent. The cost is about nine to ten cents a 
pound in large quantities, and this 1 to 0·ether with its high specific 
gravity does not compare very favorably with that of gasoline. This 
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solvent is absolutely non-inflammable, and presents no fire or explo
sion risks. It is, however, quite strongly narcotic, and so any escap
ing vapors will have a toxic effect on the workmen. A case of cattle 
poisoning from meal extracted with trichloroethylene has been re
ported in Europe, but the evidence is not conclusive, and the toxicity 
may have been caused by incomplete removal of the solvent rather 
than by irremovable r sidual poisons. 

Plant Design 

A plant having a capacity of ten tons of beans in a twenty-four 
hour day, or 100,000 bushels a year, has been selected because it is 
believed this size is best suited for Iowa conditions. Smaller capacity 
plants, while they might be desirable from the standpoint of avail
able bean supply in a particular locality, require an initial invest
ment almost as 0 Teat as the ten ton size, and make no provision for 
the future expansion. Larger capacities naturally require propor
tionately larger investments1 thus multiplying the difficulties of 
:financing. A ten-ton plant, drawing its bean supply from a t erritory 
only a few miles quare, becomes a community affair, which may 
easily be :financed by a few investors, and the meal produced can be 
cheaply returned to the farm for stock food. In addition, it is well 
to begin an infant industry on a small scale in order that its possi
bilities may be well analyzed before extensive developments are un
dertaken. An additional reason for the use of ten-ton plants is that 
this size is a very common one among the manufacturers of all types 
of oil equipment, requiring only one or two units of extractors, 
presses, or expellers. 

Cost data for the various types of installations have been obtained 
directly from several manufacturers. The cost of a suitable building 
for housing the equipment has been aetermined with more difficulty, 
being quite dependent on local conditions. 'rhe prevailing tendency 
will likely be to make use of abandoned factory buildings wherever 
these are available. This will, of course, make necessary a separate 
design of each individual installation, which cannot be predicted be
forehand . For purposes of cost calculation, the cost of a building 
has been estimated at about $7000, includin°' whatever equipment is 
necessary for receiving, and conveying the beans and oil.meal. '11his 
amount will usually be sufficient to cover the cost of a brick building 
of ample dimensions for housin°' the machinery and providing some 
storage space. Storage elevators for a plant of this size do not ap
pear to be a necessity, and represent a considerable investment if 
storage room for the year's supply of beans, or a large part of it, be 
supplied. It is desirable to provide space for several weeks' supply, 
the best arrangement being to have each grower r tain his beans until 
needed by the mill. In this way, the necessity for large elevators is 
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obviated, while each farmer will need but a small space for his own 
crop. An additional advantage is that the drying out of the beans 
after harvesting does not occur in large bins, thus minimizing spoil
age due to heating. Under this plan the beans could be contract ed 
for in the fall for delivery at specified times during the year. 

Large manufacturers feel it is better to hold a large supply in 
storage. If storage is required the cost of a suitable elevator will 
be approximately $12,500 and will hold more than one-half year's 
supply. 

The boilers specified in the cost calculations are of a very con
venient portable type, shipped r eady for use; the expense of a costly 
brickwork setting is thus avoided, and the boiler is readily moved 
about at low cost. Included in the price of the building is the cost 
of a steel stack for the boiler. 

The allowance of $7000 for a building is intended to cover the 
cost of a brick structure about thirty feet wide, forty feet long, and 
thirty feet high, which is about the average requirement . Building 
dimensions for several designs are : 

Type D Rotary Extractor 33 ft . x 42 ft . x 32 ft. (2 stories) 
Type G Rotary Extractor 33 ft . x 39 ft. x 24 ft . (1 story) 
Type B Rotary Extractor 34 ft . x 59 ft . x 32 ft . (2 stories) 
Type W Rotary Extr actor 40 ft. x 60 ft . x 30 ft . ( 1 story) 
Scott Stationary Type 18 ft. x 45 ft. x 27 ft. (2 stories) 
Hydraulic Press Plant 35 ft. x 34 ft . x 20 ft. (1 story) 
The second stories of the Scott and Type B buildings are simply 

charging floors, and half of the Type B building is of one story only, 
so that this plant may be housed in a two-story building of smaller 
area. The Type W plant, since it uses two extractors and consider
ably more accessory apparatus than the other types, may r equire a 
somewhat larger building, even though two stories be used instead 
of the one. The Expeller plant requires little room, consisting only 
of the dryers, crushers, and expeller units, together with a very small 
boiler. It is advisable, especially with extraction plants, to have the 
boiler and motors so placed as to minimize the danger of explosions. 
This is easily done by setting the boiler in a small lean-to built 
against one side of the building, and placing the driving motor and 
crusher in a separate room or on the second floor . The storage tanks 
for the solvent should be located in an underground cellar at some 
distance from the plant, to reduce the fire hazard. The oil storage 
tank is preferably placed at such a level that pumping is unnecessary 
when the oil is delivered into tank cars for shipment, thus saving 
much time and expense. 

A weighing platform and wagon dump should be provided outside 
the building, for weighing the beans as the farmers bring them in, 
although for small plants scale privileges can often be r ented. A 
chain-and-bucket type elevator carries the beans from the dump t o 
the second floor, where sufficient storage space is provided t o care 
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for several days~ s_upply. On this floo r t he crusher and driving motor 
are located, with a speed redu cer for connecting the motor and ex
tractor, if the latter is rot ary or uses aO'itators. The crushing is then 
done when the motor is not in u e for agit ation purposes. A screw 
coD:vey?r brings the beans from the storage bins to the crusher, 
which is so located as to discharge directly into the hoppers above 
the ext~actors, cookers, or expellers, to avoid extra handling and 
production of fines, and to make use of gravity conveyance. The 
amount of power used by the conveyinO' system is, however quite 
small in any case, and is not a determining factor in the de~iO'n of 
the plant. The amount of conveying equipment will naturally de
pend on the layout of the mill, and hence cannot be specified defin
itely until the size and shape of the building to be used is known. 
Since this will vary from plant to plant, no attempt has been made 
to ·calculate its cost. It will not usually exceed $200 in a ten-ton 
plant. A railway siding is provided at an estimated cost of $3600. 
A ~ell for cooling water i estimated at $600 complete with pumpin g 
eqmpment. 

. Facilities for the ~)aggh1°· and shippinO' of the oilmeal must be pro
vided. If the meal is retuTned to t he bean growers loose, a loading 
hopper over a ·wagon road should be supplied, with a conveyor to 
brmg the meal from the extractor, expeller, or press. Otherwise, 
the meal must be w ighed out into bags, either by hand or auto
matically, and then placed in car for shipment. Storage space will 
not be necessary unless the mark t is poor, since a carload of meal 
is produced in about two days, and a car can be loaded within the 
demurrage limit . For this purpose, it is very desirable that the 
plant be located on a railway siding. rrhis will also be of value in 
the shippinO' of oil and the receiving of solvent. The oil may be 
shipped in tank cars or in drums. 

Production Costs 

Operating Costs 
The principal items ot expense in the operation of an extraction 

plant are steam, sol vent loss, coolin O' water, power, repairs, and 
Jab?r. Each. of_ thes_e will differ amonO' the various types of plants, 
owmg to variations m the method of processinO' and in the construc
tion of the apparatu , but in general the operatinO' costs of the differ
ent type~ will be approximat ly equal. Hydraulic press and expeller 
plants will have no solvent Joss, and the water requirement is limited 
to that small amount necessary for tempering and st eam raising. 

11he steam r equirement for the different types of extraction plants 
varies with the m thod of processing, being usually between 30,000 
and 45,000 pounds daily. Where steaming is resorted to for free-
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in_g the ~ eal from the last traces of solvent, the steam consumption 
will _be mcreased. Most of the steam used, however, is for the sep
aration of solvent and oil by distillation, while some steam is used 
in the extractor jacket for heating the charge during the extraction 
process. A boiler capacity of fifty to seventy-five horsepower is suf
ficient for a ten-ton-per-day plant. A 100 horsepower boiler would 
take care of temporary overload and of future expansion. The 
steam consumption in an expeller plant is very small since steam is 
us~d only for tempering the ground beans ; a fiv e ho;sepower boiler 
bem~· ample for a two-expeller installation. A hydraulic press plant 
reqmres a twenty horsepower boiler , since steam is used for the 
cooking operation, which requires longer heating than tempering. 

Solvent losses in an extraction plant, due to incomplete condensa
tior~ of the vapors from the stills, leakage, or other causes1 usually 
varies from twenty to fifty gallons per day, depending mainly on 
the ~ondensation efficiency. In the Soxhlet type, a scrubbing sys
t em is used to remove most of the solvent vapors escaping from the 
condensers, so that the losses in this case amount to only :fifteen gal
lons per day. The Type W rotary extractor, using an elaborate re
cuperation system, has a very low solvent loss. With solvent cost
ing twenty-five cents a gallon, the solvent loss r epresents a consid
erable item in the operating expense. 

Large quantities of water are required for cooling and condensing 
the solvent vapors after distillation, making imperative a constant 
~nd reliable source of water. From 25,000 to 50,000 gallons per day 
is the usual r equirement, with 30,000 gallons being about average 
!or all types of extraction plants. An additional quantity of water 
is n eces_sary for s~eam raisi1;1-g purposes, averaging about 4,000 gal
l~ns dail;y. In ~his conn~ctio_n, the cost of treating the water pre
vious to its use m the boiler is to be considered. If the plant is lo
cated near a lake or river, cooling water may easily be pumped at low 
cost, t en cents a thousand gallons or less-as water for this purpose 
need not be e~pecially clean or pure. It will usually be considerably 
cheaper to drill a deep well than to purchase water from city mains. 
~f the use of _city water becomes necessary, it might be desirable to 
mstall a coolmg system which would enable the continued recircu
lation of the cooling water, and thus limit the supply necessary. 
Well water is of a more uniform temperature and for that reason 
gives better operating conditions throughout the year . · 

A hydraulic press plant r equires about thirty horsepower for its 
operation usually supplied by an electric motor. An expeller plant 
uses one twenty-five horsepower motor on the expellers, and a twenty 
hors~power motor to operate the crusher and conveyors. The power 
reqmrements for rotary extractors vary, from :fifteen to thirty horse
power being necessary, depending on the type. If the extractor is 
ro_tated during the entire extraction period, power requirements 
will naturally be greater than if rotation continues for only a few 
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minutes-. The time of rotation is set by the operator, and should be 
adjusted so as to give maximum extraction efficiency with minimum 
power expenditure. It is desirable to drive the extractor and the 
crusher from the same motor, thus saving the cost of an additional 
motor; the crushing being done between periods of rotation of the 
extractor, which are usually several hours apart, and the conveying 
of the crushed seed is done at this time also. The agitators on the 
Scott stationary extractor are used only for short periods, while in 
the Soxhlet type, the motor is used only to operate the crusher and 
conveyors . The power necessary for conveyor operation is very 
small, and hence is of slight importance in the calcu-lati.on of motor 
sizes. 

It is obvious that to keep overhead, interest and depreciation from 
absorbing the profits the plants should be operated at full capacity 
and for as many da:,s in the year as possible. 

Calculation of Costs 
The milling costs have been variously obtained, the accuracy of 

some of the items may be questioned, but the deviations from the 
given total will not be great. Solvent losses will of necessity depend 
upon the method of processing and the mechanical construction of 
the machinery. Where scrubbing towers or recuperators are pro
vided the losses will be lessened. The cost of solvent has been set at 
twenty-five cents a gallon. The cost of coal used for steam raising 
has been taken as $4.50 a ton, with an evaporation of six pounds of 
water per pound of coal fired. Water has been estimated at fifty 
cents a 1000 cubic feet. Labor r equirements will depend somewh;t 
upon local conditions, but two men per shift should be able to attend 
to all operations in the plant, including the bagging of meal, as much 
of the work requires attention only at intervals. For the expeller 
plant, thirty-six man-hours per twenty-four hours have been allowed, 
since the expelling process is more of an automatic nature than press
ing or extraction, therefore requiring less attention, and no solvent 
to distill. Ample allowance has been made for power used for all 
purposes-crushing, pumping, conveying of solids, and operation of 
t he extractor, press, or expeller. Crushing costs are not easily esti
mated without actual data, since the process is one of flattening and 
not of subdivision. Water pumping cost will depend on local condi
tions, such as average water temperature (since the volume of cooling 
~vater depen~s on its temperature), pumping distance, etc. Convey
mg of materials around the plant will not require a large amount of 
power, and the cost will depend on the plant layqut, which should be 
made with this point in mind. However, the power requirements 
~1sed as ~ basi_s for calculations are sufficiently large to care for any 
item which might unexpectedly arise. 

Depreciation costs have been figured by the sinking fund method; 
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TABLE 17. COMPARATIVE FINANCIAL RETURNS BY VARIOUS METHODS 

~J:iilii~~:~,~'~: ~ l :i 
Hydraulic 

Expeller press 

i!:{f ~i~:it~~~.~: ~.·:::::::::::~:::::::::::::::::::::::::::::::::::::::::::::::::::::::::: m: ~ 
5

lt 1 
· ?~~~f lt 

~:l~: ~I ~ft!tJ.ii~ ~0e~··ib::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: I ~ui $ iUi 
6~~!lof~~i~~~~{;;g·p·~~·b·;·*:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 3~: ~6 32 . 71 
Net return to pay for each acre after allowing 12% profit...... 28.99 2~:~~ 
Gross return (no profit allowed).................................................. 29. 00 29. 21 
Difference in net return above that of Expeller Method . .. ... . 00 . 44 
No. of bu. per year (300 days of operation) used by 10-ton (333. 3 bu.) plant ................. . 
No. of acres to supply plant (20 bu. to a cre) ......................................................................... . 
Difference in return of extraction above expeller method per year ..................................... . 

*See detailed statements in Tables 25, 26 a nd 27. 

Extraction 
1% 

946.2 lb. 
193.8 lb. 

$ 18 . 92 
17 .93 
36.85 
0.26 

31.65 
32.19 
2. 66 

100,000 
5,000 

$ 12,400 

each year a constant sum is set aside, bearing interest at six per 
cent, so that when the end of the useful life of the apparatus is 
r eached, the fund accumulated will be just sufficient to pay for its 
initial cost. A life of ten years has been assumed for equipment, 
and 20 years for the building, siding, well, and pumping equipment. 
A zero scrap value at the end of these periods has been assumed, with 
the intention of allowing in this way for any r epair costs which may 
be in uned. The latter are generally not predictable, nor is the life 
of the equipment. In the case of expellers, a repair cost of about 
$100 a year per machine may be expected, mainly the cost of r e
placing worn parts. 

Insurance and taxes have been set at 2.5 per cent of the invest
m:nt. An extraction plant housed in a well built fireproof building, 
wit~ ample means of fire prev ntion and control, should not demand 
an msurance rate exceeding this amount, although if a considerable 
fire hazard exists, the rate will increase accordingly. 

The management of a plant of this size does not require a high de
gree of technical or business ability. The amount of office work 
will be small and not difficult . The sales of oil will be done through 
brokers on commission basis, the usual charge being one per cent. 
However, there are possibilities of marketing the oil from a small 
plant at several times the market price by skilled sales managers. 
Small users usually pay well above the market. The oil meal will be 
sold in the same manner or it may be sold direct from the plant to 
the farmers. The management, office, and sales expense has been 
placed at $3000. An allowance of one per cent brokerage charge has 
been made on the oil and oilmeal. 

The investor's profit has been set at twelve per cent of the total 
investment, merely to get a value for beans. In a small plant, it 
s~ould be pos~ible for an owner or principal stockholder to super
vise the plant m a general way, and attend to the office work. The 
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TABLE 18. RO..TARY EXTRACTION PLANIS-COST CALCULATIONS-I. 

Operating Expense Items 
Lb. steam per day .... ................................................................... . 
Cooling water, gal .................... .................................................... . 
Total water, gal ............................................................................ . 
Power, KWH ...... ......................................................................... . 
Solvent loss, gal.·-········································································· 

Milling Cost per Day 
Labor .. ........................................................................................... . 
Coal ............................................................................................... . 
Solvent loss .. ................................................................................. . 
P ower, electric .. .... ....................................................................... . 
Water, total. .·-·····••·•·············•···········•··················••··············•········· 

Type D 
43,200 
30,000 
35,200 

360 
48 

$24.00 
13.50 
12.00 
10 .80 

2 . 35 

Total cost........................................................................ 62 . 65 

!i}ti!~?:~~~~\~:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: $ 1 *: ggg 
Total investment .... ...................................................... $ 29,090 

Annual Expenses* 
Management and office ................................................................ $ 
Milling costs .... ........................................................................... . 

g:g~:~i:~i~~: ~id\~!n!;;d·~eii:::::::::::::::::::::::::::::::::::::::::::::::::::::: 
Pn~~~:~~!i~~d eG~~I,!1*~~~:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
Profit to investor .... : .................................................................... . 

3,000 
18 ,795 

190 
114 

1 , 357 
727 

3,490 

Total annual cost .......................................................... $ 27 , 673 
Sales R eturns 

g~ ~:l;~J·!~c $~i·p~~··t~-;;.·.::·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.•.·.·.·.•.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.~·.·.·. $ i!·. iii 
Total gross returns ................................................................ $184, 320 

~:~~e:t~~:.~:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 18J: m 
Returns-Annual costs........................................................................ 154 , 804 
Maximum price of beans (bu.) .. ...... .................................................. $ 1. 55 

Type G 
44,500 
47,500 
52,850 

360 
36 

$24 . 00 
13 . 50 
9.00 

10.80 
3 . 50 

60.80 
$ 29,850 

4,200 
7,000 

$ 41,050 

$ 3,000 
18,240 

190 
114 

2,265 
1 , 026 
5,310 

$ 30 , 145 

$ 89,700 
94 , 620 

- --
$184,320 

1,843 
182,477 
152,332 

$ 1.52 

Type S 
44,500 
47,500 
52,850 

360 
36 

$24.00 
13.50 
9.00 

10 .80 
3 . 50 

60 .80 
$ 23,850 

4,200 
7,000 

$ 35,050 

$ 3,000 
18 , 240 

190 
114 

1,820 
876 

4 , 211 

$ 28. 451 

$ 89,700 
94,620 

$184,320 
1,843 

182,477 
154,026 

$ 1.54 

*Operating 300 days per year. . . . . 
-By sinking fund method; 6% interest; zero scrap value; life of buildmg 20 years; equipment 10 

years; siding and well 20 years. 
**Estimated at 2.5% of investment. 

NoTE: Type letters refer to detailed description given in table 24 and following. 

calculations are quite close and any considerable variation in any 
one of several factors-such as oil and moisture content of the beans, 
available supply, and prices of the beans, oil and meal are sufficient 
to absorb all the profits and even more, since the profit lies between 
$2000 and $6000 annually, while the volume of business approaches 
$200,000. Any other interest rate can be readily substituted in the 
calculations to arrive at a value for the beans. 

Sales r eturns on the crude oil are based on the prevailing price of 
9.25 cents a pound in tank cars, on the Pacific Coast. Iowa oils pro
duced close to the industrial centers of the country should command 
a slightly higher price in view of the lower freight costs and the 
superior quality of the oil as compared to the imported product. 
The oil meal has been figured at $40 a ton or two cents a pound, which 
is very conservative; linseed meal sells at $46, and cottonseed meal 
at $43. Soybean meal is at least equal to these in feeding value, and 
does not have the poison risk of cottonseed meal nor the laxative ef
fects of linseed oilmeal. Very little soybean meal is available on the 
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TABLE 19. ROTARY AND SOXHLET EXTRACTION PLANTS-COST CALCULATIONS-II. 

Operating Expense Items 
Lb. steam per day .. ............................................................. ........ . 
Cooling water, gal ........................................................................ . 
Total water, gal ............ ................................................................ . 
Power, KWH ............................................................................... . 
Solvent loss, gal. ........................................................................... . 

Milling Costs per Day 

Type B 
30,000 
28 , 500 
32,100 

360 
20 

Labor ....................................................................................... ....... $ 24.00 
9 .00 
5.00 

10.80 
2.15 

Coal. .............................................................................................. . 
Solvent loss ................................................................................... . 
Power, electric ............................................................................. . 
Water, total._ ....................................................................... .... ..... . 

Total costs.............................................................................. $ 50 . 95 

Ei~~~!~~:~~i{:::::::::::::::·::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: $ 4Hgg 
Total investment .................................................................................. $ 51, 300 
Annual Expenses* 

Management and office ................................................................ $ 3,000 

g:~~:!~:u~rs~i{~~!°ili:~~ii:::::::::::::::::::::::::::::::::::::::::::::::::::::: 
15

. !~~ 
Depreciation, equipment.............................................................. 3 , 050 
Insurance and taxes**·································•··········•····•···•···•········ 1, 282 
Profit to investor.......................................................................... 6, 156 

Total annual cost .................................................................. $ 29 , 077 
Sales returns 

i~~~~I~l;,~~" L E / ~· + . :~: I~ 
Returns- Annual cost s.. ...................................................................... 153 , 400 

Maximum price of beans (bu.) ...................................................... $ 1 . 53 

Type W 
19,200 
28,000 
30 , 300 

320 

$ 24 . 00 
6.00 

9 .60 
2.00 

$ 41.60 
$ 38,797 

4,200 
7,000 

$ 49,997 

$ 3,000 
12 ,480 

190 
114 

2,945 
1,250 
6 , 000 

$ 25,979 

$ 89,700 
94 . 620 

184 , 320 
1,843 

182, 477 
156 . 498 

$ 1. 56 

Soxhlet 
Type 
42,000 
60 , 000 
65,000 

270 
15 

$ 24.00 
13 . 50 

3 . 75 
8 . 10 
4 .35 

$ 53 . 70 
$ 17,450 

4,200 
7,000 

$ 28 , 650 

$ 3,000 
16,110 

190 
114 

1,325 
716 

3,438 

$ 24 ,893 

$ 89,700 
94,620 

184,320 
1, 84.3 

182,477 
157,584 

$ 1. 58 

*Opera ting 300 days per year . . . . . . 
tBy sinking fund method; 6% rnterest; zero scrap value; life of building 20 years ; equipment 10 

years; siding and well 20 years. 
**E stimated at 2 .5% of investment . 

market at the present time, so the selling price can only be esti
mated. If most of the meal is returned to the bean growers the 
price allowed for meal will depend to a large extent on the price paid 
for the beans. rrhe final results of the cost calculations have been 
expressed as the maximum prices which can be paid for the beans, 
since this price is the controlling factor in the economics of oil mill 
operation. 

Agricultural studies indicate that the soybean is a desirable crop 
for the corn belt. 

The beans are not a wholly satisfactory fe ed, but the extracted 
bean or meal is an excellent protein stock food, fitting well into the 
scheme of fee ding r ecommended by the experts for the corn belt. 

By estabJishing oil mills, the oil which has the highest money value, 
but no fertilizer value, is sold from off the farm, while the stalks and 
meal with their fertility are r eturned eventually to the soil. This is 
one of the few farm commodities showing this desirable possibility. 

Engineering data indicates that the oil mills would be profitable. 
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TABLE 20. ~ STATION AR~ EXTRACTION, HYDRA U LIC PRESS AND EXPELLER PLANTS 

, ta ti onary 
Extractors 

Opera ting E xpense Items 
Lb. steam per day ........................................................... .. .......... . 
Cooling water, ga l ........... ........ ........................ ............................. . 
TotoJ wate r , gal .............................................................. .............. . 
P ower , I<:WH ............................................................................... . 
Solvent loss , gal. ........................................................................... . 

Milling costs 
L abor .... ..................... .................................................... ........ ........ . 
Coal ...... ............................ ............................................................. . 
Solven t los ................................................................... ... ............. . 
P ower , electri c ............................................................................... . 
Water, to t al._ ................................................................................ . 

T otal cost ........................................................................ $ 
E qui pment cost ................................ ........................................ ........ ...... $ 
Siding and well.. .......................................................................... ......... . 
Building cost ......................................................................................... . 
T otal i nvestment ................................................................................. . 
Annual Expenses* 

Management and offi ce ........................................................... .... . 
M illi ng cos ts ................................................................................. . 
Depreciation , buildingt ............................................................... . 
1 ep reciation, sidi ng and wett t ................................................... . 
Depreciation, eq ui pment ............................................................. . 
I ns urance a nd taxest. .................................................................. . 
Profi t to investor ................................ ................................. ........ . 

T otal an nual costs ............................................................... . 
Sales Returns 

F rom oil at 9.25c lb ... .... ............................................................. . 
From oil meal at $40 a t on ......................................................... . 
Total gross return·--·············•···········•· ·········································· 
Brokerage 1 % ............................................................................... . 
Net r eturn s .. ................................................................................. . 
Returns- a nnual co ·ts·--········•·••················································· 
Maximum price of beans (bu.) ................................................... . 

*Operat ing 300 d ays pe r year. 

30,000 
30 , 000 
33 , 600 

320 
30 

$ 24. 00 
9 .00 
7 . 50 
9.60 
2. 25 

52 .35 
19 ,470 
4,200 
7 , 000 

30 , 670 

3 , 000 
15 , 705 

mo 
114 

1 , 478 
767 

3 , 680 
24. , 934 

$ 9, 700 
94, 620 

184,320 
1,843 

182,477 
157, 543 

$ 1 .57 

P ress 

15 ,000 

1 ,800 
540 

$ 24 .00 
5. 60 

16.20 
. 15 

$ 45 . 95 
$ 12 , 102 

4,200 
7 , 000 

23 , 202 

3 , 000 
13 , 785 

190 
11 4 
919 
5 0 

2,784 
21,372 

$ 63,270 
99,180 

163, 590 
1 ,635 

161 ,964 
140,592 

$ 1 .40 

E xpeller 

4,000 

470 
800 

$ 18 . 00 
1. 50 

24 .00 
.05 

$ 43. 1>5 
$ 11 ,275 

4 , 200 
7 , 000 

22, 475 

3, 000 
13,065 

190 
114 
8fJ7 
560 

2,696 
20,453 

$ 68 . 600 
94,620 

167 , 780 
1 , 678 

166 ,102 
145 ,649 

$ 1 .46 

tBy sin ki ng fund method ; 6% in terest ; zero crap value. Life of b uilding 20 years , eq ui pment 10 
years, siding and well 20 years. 

t Estimated at 2.5% of investment . 

TAB LE 21. TYPE D ROT ARY EXTRACTOR PLAN T. 

Equipment Cost 
1 rotary extractor, wi t h a ll a uxili aries . 
1 solvent tank, 5 f t. di am. by 15 ft. long. 
1 condenser complete. 
1 still fo r r ecovering oil. 
1 water separator . 
1 air heater. 
1 exhauster. . 
1 condenser for removal of solvent fr om air used . 
1 set of pipe connections wi th v alves . 

Cost of above apparatus, f.o.b ... .... ......................... ................. .............................................................. $12 , 000 
l 75-HP B oiler, por table............................................................................................. ........ ............. 1,750 
l grinding mill , with gyrator sif ter... ................................................ ............................................. 1,390 
M otor fo r grinder (20 HP) a nd sif ter (5 HP) ................................ ............... ............................ ... 350 
2 10,000 ga l. sto rage tanks for solven t a nd oil.. .......................................................................... 1,000 

Freight charges............................................. ........................... ................................... .............................. . 400 
Erection cost............................ ........ ................................. ........................................................................ . 1, 000 

i~::~~~~~~~;~;;;t·~:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::J/2°HP 48 ga l. per day 

~~~~~e~~t~~;;.;;;; t~::::::::::::::::::::::::::::::::::::::::::: ::·::::::::::::::::::f?s88°1t.a~e~eho~1~y(estimated) 
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TABLE 22. TYPE G ROTARY EXTRACTION PLANT 

Equipment Costs 
1 rotary extractor, with hoppers for h olding beans and meal. 
1 dust collector. 
2 condensers, atmospheri c and vacuum. 
1 water separator. 
1 vacuum pump. 
1 solvent pump. 
1 oil recovery still. 

Cost of above apparatus ............................................................. .............................. ............................... $24, 000 
1 7 5 HP portable boiler._................................................................................................................. 1 , 750 
1 roll crusher, 36 in. rolls, 22 in. face.. .......................................................................................... 1,500 
1 motor for extractor and crusher, 20 HP.................................................................................... 300 
2 storage tanks for solvent a nd oil, 10,000 gal............................................................................. 1 , 000 

Freight charges.................................................... ............................ .......................................................... 300 
Erection cost........................................................................................................ ......................... ........... .. 1 , 000 
Solvent lo s ......................................................... ..................... 36 gal. per day 
Power requirement ............................................... ................... 20 HP 
Cooling water ...... ..................................................... .............. .47 , 550 ga l. per d ay 
Steam r equirement ............................................................ ...... !, 850 lb . per hour (estimated) 

T ABLE 23. TYPES R OT ARY EXT RACTIO N P LA NT 

Equipment Costs 
Cost of extraction uni t .................................................................................................................. .. $18, 000 
1 7 5 HP p ortable boiler.................................................................................................................... 1 , 750 
2 10,000 gal. s torage tanks for oil, solven t .................................................................................. 1 , 000 
1 r oll crusher, 36 in . rolls , 22 in. face.. .......................................................................................... 1 ,500 
Motor for ext rac tor and r olls.......................................................................................................... 300 

Freight ch arges.......................................................................................................................................... 300 
Erection co t.............................................................................................................................................. 1,000 

TABLE 24. TYPE B ROTARY E XTRACTION PLANT 

Equipmen t Costs 
1 r otary extractor. 
1 solvent r ecovery still. 
1 oil fini shing still. 
1 wa ter separator. 
2 condensers. 
1 vap or tank for use with condenser s. 
4 pumps for handling liquids. 
1 10 , 000 gal. solvent storage tank. 
1 6 , 000 gal. oil storage tank. 
1 solvent heater. 
1 extractor drive, with bearings , pulleys , clutches , and 25 HP motor. 

$23,850 

Cost of above appara tus ................................................................................................ .................... ...... $35, 500 
1 75 HP p ortable boiler................................................. ............. .................... ..... ............................. 1 , 750 
1 r oll crusher, 36 in. r oll s, 22 in . face.. ........................................................... ..... .......................... 1 , 500 

Freight charges................................................................................................................... ... .... ......... ...... 350 
Erection cost......................................... ............................................................... ..... ........ ..... ................... 1 , 000 

$40 , 100 
Solvent loss ............................................ ............................ ...... 20 gal. per day 
Steam consumption ...................... ........ .................................. 30 , 000 lb . per day 
Cooling water ........................................ ... ............................... 28, 500 gal . per day 
Power required ........................................................................ 25 HP 
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TABLE 25. TYPE W ROTARY EXTRACTION PLANT 

Equipment Coets 
2 extractors, with offtake manifolds, intake filter s , internal heating tubes, and steam valves and 

connection. 
2 dust filters and expansion tanks. 
2 wrought iron stills and fittings. 
4 condensers. 
2 filters, 40 in . by 40 in . by 60 in . 
1 5 ,000 gal. tank. 
2 2, 500 gal. tanks. 
2 solvent pumps, capacity 60 gal. per min. 
2 steam pumps, capacity 70 gal. per min. 
1 vacuum pump, with jet condenser and oil injection tank. 
1 automatic waller separator. 
4 wrought iron tanks, 32 in . di ameter by 48 in. long. 
1 solvent recuperation plant, with tanks, oil circulating pumps, automatic still and condenser. 

Cos\ 

0if llie~~!{ lbl~bii1~~i:~•··~~~:~;~:~::i:;,:ii~::~~;i::~;ii:~:~i~~:.:::::::.:.:.:.:.:.:.:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·::.:.:.::.:.::.:~~~~~~~~~~~~~~~:~~~$

3

f: m 
1 roll crusher, with two 36 in . diam. rolls, 22 in . face .......... ·-------······················ 1,500 

I~:~1f;nc~~!f es.::::: .. ::::::::::::::::::::::::::::::::::::::::::::::::::::::·::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 1, ~gg 
olvent loss ................................ ............................................. . 

!;i1;J:1~1~;;.;.~~;::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::Jg~IJfo!:f ~~tay 
TABLE 26. LARGE- IZE SOXHLET 

Equipment Costs 
2 combined extractors and stills. 
2 combined condensers and solvent tanks. 
1 scrubbing tower. 
1 heat exchanger. 
1 jacketed screw conveyor . 
1 crusher . 

Co t of above item .................................................................................................................................. $13, 000 

t::i!i~i~I:f :~f ~~'.i~S1:~ :~~~r~;~~':':Itt}}--??t ?tt<i?t ~: ffl 
rg~!I~:~tt!it; :: : :: f !,1tl~}Jl1ty 

TABLE 27. SCOTT STATIONARY EXTRACTOR 

Equipment Costs 
2 stationary extractors with agitators. 
1 solven t vaporizer. 
1 olvent superheater. 

Vapor pipes for connect ing extractor s with vaporizer and superheater. 
2 condensers. 
1 water separator. 
1 tank for holding a charge of clean solvent. 
1 compartment tank for spent and partly spent solvent. 
1 purifying still for oil recovery. 
1 solvent pump. 

Valve and piping for connecting above apparatus. 

~ :~:::::::~::::::~:~1:1 
olvent lo s .............................................................................. 3 gal. per ton of beans 

Cooling water needed (60°F .)·-····· ········································3, 000 gal. per ton of beans 

i~e;: ~:ci~l~:~:~L::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::J5 oii l~~l~~~r;~n of beans 
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TABLE 28. HYDRAULCC PRESS PLANT 

Equipment Costs 
1 15 box hydraulic press. 
1 single changecock for press. 
1 set of 2-high, 54 in. cookers. 
1 power cake former. 
1 stack of 5-high crushing rolls. 
1 20 in. disc huller. 
1 single crank hydraulic pump. 
1 settling trough for press. 
1 oil tank for pump. 

Hydraulic piping and fittings for connecting above. 
Cost of above apparatus ................................................................................ .......................................... $ 7, 107 

Transmission equipment.................................................................................................................. 1,265 

~ ~g fili ~i:~~~~.~~~.1.~.~::·.·::::::::::::::::::::::::::_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-:_-_-_-_-_-_-_-_-_-:_-_-_-_-_-_-_-:_-_-_-_-_-_-_-_-:_-_-_-_-_-_-_-_-_-_-:_-_-_-:_-_-_- !66 
~ ! ~i ~~

0h!~·n~~; ~?rt~.~ .. ~~'.~.'~::::::.·:.:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: l88 
1 filter press........................................................................................................................................ 300 

fu:.:~,~l;nC~~;res .. :::·:::·::·::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 1, ~gg 
$12,101 
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TABLE 29. EXPELLER PLANT 

TABLE 30. TOilAGE hLEVATORS 

3 monolithic concrete silos, each 20 ft. in dia meter by 70 ft. high. Capacity, 60,000 bushels 
1 screw conveyor above silos 
1 screw conveyor below silos 
1 elevator 
1 wagon dump 
1 spout to extraction plant 

Estimated cost .......................................................... $12, 500 

TABLE 31. U.S. SOYBEAN OIL MILLS. 

$11,275 

The following establishments are, or have been, processing soybeans for the production of soybean oil: 

Archer-Daniels-Midland Co., Minneapolis, Minn. 
The Chicago Heights Oil Co., Chicago Heights , Illinois . 
The East St. Louis Cotton Oil Co., E. St. Louis , Ill. 
The Eastern Cotton Oil Co., Elizabeth City, N. C. 
The Elizabeth City Oil and Fertilizer Co., Elizabeth City, N. C. 
Falk and Co., Carnegie, Pa. 
W . F . Fancourt and Co., Philadelphia, Pa. 
Ford Motor Co., Detroit, Mich. 
Funk Bros. Seed Co., Bloomington, Ill. 
Wm. 0. Goodrich Co., Milwaukee, Wis. 
W.R. Gra u and Co., New York, . Y. 
The H avens Oil Co., Washington, N . J. 
Kellog Spencer and Sons, Inc., Des Moines, Ia. 
National Oil Products Co., Harrison, N. J. 
The New Bern Cotton Oil and Fertilizer Mills, New Bern, N . C. 
The Peru Products Co., Peru, Indiana . 
Wm. H . Schei!, Inc. , New York, N. Y . 
Soybean Products Co., Cedar Rapids, Ia. 
The A. E. Staley Co., Decatur, Ill. 
Standard Soybean Processing Co., Centerville, Ia. 
Welch, Holme and Clark Inc., New York, N. Y. 
The Winterville Cotton Oil Co., Winterville, N. C . 
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TABLE 32. EQUIPMENT MANUFACTURERS. 

Stationary Extractors 
E. B . Badger and Sons Co., Boston 14, 
Mass. 
Ernest Scott and Co. , Fall River, Mass. 
Wurster and Sanger, 5201 Kenwood 
Av., Chicago, Ill. 

Soxhlet Type Extractor 
Edouard Batailles, 101 Parke Av., New 
York, N. Y. 

Hydraulic Press Plant 
Buckeye Iron and Brass Works, Dayton, 
Ohio. 
Hydraulic Press Manufacturing Co., Col
umbus, Ohio. 
Southwark F oundry and Machine Co., 
1168 S. 4th St. , Philadelphia, P a. 

Gontinuous Extractors 
Allis-Chalmers Mfg. Co., Milwaukee, Wis. 

Rotary Extractors 
Wm. Garrigue and Co., 9 So. Clinton 
St. , Chicago, Ill. 
J. P. Devine Co., Buffalo, N. Y . 
C. 0. Bartlett and Snow, 6200 Harvard 
Ave., Cleveland, Ohio. 
Oil Processes Co., Inc., Hamilton at Frank
lin, Harrison, N. J . 
Wurster a nd Sanger, 5201 Kenwood Av. , 
Chicago, Ill. 

Expellers 
V. D. Anderson Co., 1935 W . 96th St., 
Cleveland, Ohio. 
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THE COLLEGE 

The Iowa State College of Agriculture and Mechanic 
Arts conducts work in five major fields.: 

AGRICULTURE 

ENGINEERING 

HOl.VIE ECON OMICS 

INDUSTRIAL SCIENCE 

VETERINARY MEDICINE 

The Graduate College conducts research and instruc
tion in all these five fields. 

:B our-year, five-year, and six-year collegiate courses are 
offered in different divisions of the College. Non-colleg
iate courses are offered in agriculture. Summer sessions 
include graduate and collegiate work. Short courses are 
offered in the winter. 

Extension courses are conducted at various points 
throughout the state. 

Four special research institutes have been organized; 
the Agricultural and Engineering Experiment Stations, 
and the Veterinary and Industrial Science Research Lab
oratories. 

Special announcements of the different branches of the 
work are supplied, free of charge, on application. 

Address, THE REGISTRAR, 

IOWA STATE COLLEGE, 
Ames, Iowa. 
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