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I. INTRODUCTION

The shortage of vegetable oils incident to the war
has made the investigation of every possible source of
supply desirable., ZThe extraction of oil from acorns
has never been conducted on & large scale, although the
use of acorns as food and the possibility of using a-
corn o1l has receilved some attention. This investiga-
tion is concerned with appropriate methods of solvent

extracting oil from acorns.

Broblems in Vegetable Uil Recoyery, A number of
problems are presented in the process of obtaining oil

from an oleaginous seed. The most important of these
from a commercial standpoint is the availability and
probable price of the raw material and the value of
the oil to be extracted. 8Such information as could be
obtained, both as to the cost of acorns, and the value
of the oil, is included in this dissertation. The
second problem relates to proper storage of the nuts
after harvesting. Such information as seems requisite
to the solution of this problem has been obtained. The
third problem, in the case of such seeds as acorns, 1s
the removal of the shells, This was done satisfacto-

rily using 2 machine built for shelling cocoa-beans.
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Methods of 0i] Hecovery. There are two general
methods for obtaining oil from oil bearing seeds ex-

pression and solvent extraction. Expression consists
in retaining the oil bearing material in a container
and foreing the oil out of 1t by exerting pressure on
4t. The container retains the solid material but is
perforated, slotted or porous to permit the oll to
flow out, liost cottonseed, flaxseed, olive and peanut
oils are produced by expression. In solvent extrace
tion the oil bearing material is mdixed with an oll sol-
vent for a period of time sufficient for this solvent
to penetrate the material and dissolve the oil. Lig-
uid and solid are then separated as completely as pos-
sible. The oil solvent mixture, miscella, is dis-
tilled to produce oil and recover solvent. lhe solid
material, raffinste, containing solvent is dried in a
drier equipped with a2 solvent condenser so that this
solvent may also be recovered. The raffinate drier is
often designated as a solvent evaporator. The extent
of oil removal by solvent extraction 1s increased by
the number of contacts between solvent and oil beare
ing material. All commercial oil solvent extractors
are operated in a countercurrent manner to make the
most effective use of solvent. Soya oil, corn oil,

and cocoa-butter are produced by solvent extraction.
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Solvent extraction has the advantage of removing ale
most all of the oll from the seed and can be used on

material of low oil content, which is not the case

with expression.

Ezperimental Wori. The experimental work of

this rescafch was largely the solvent extraction of
oil from acorns, Cocoa butter was also extracted,

and the extraction of these two oils is compared.

Befinition of Acorp O1l. It is desirable at the

itart to define acorn oil, since it is a mixture of
compounds, Acorn oil is the water insoluble liquid
squeezed from acorns by pressing them, 1t i3 also
the material extracted from acorn meat by almost any
solvent, with the exception of water, and recovered
from the solvent-extract mixture by evaporation of
that solvent. IThe amount of this solvent soluble
material varies widely with the solvent employed to
extract it, and it might be more appropriate to refer
to the ether soluble fraction, the n-butanol soluble
fraction, etc., rather than to oll. It has been cus-
tomary, however, to call this material oil, and since
the other phrases are awkward, they will not be used,
There has not been much emphasis placed on the

variation in quantity of oil extracted by different
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solvents by other investigators, although most re-
ported analyses of oleaginous material do indicate
which solvent was used for extraction. When 1t 1is
required to compare an extraction with what would be
expected in an ideal stage, it is necessary to use

the same solvent for extraction and analysis.

Calculation of Extraction. 4 graphical method

for the solution of leaching problems has been devel-
oped by 9. U, Elgin and its utility extended by G. ¥,
Kinney. This method has been used to compare the amount
of extraction obtained in &« particular experiment with
that theoretically expected in an ideal extractor.
Where the extraction is carried out in a number of
separate stages, there is little difficulty in compare
ing the results with those required by the same number
of ideal stages. In the case of a continucus extrace
tor the number of ideal stages which will come closest
to the actual performance of the extractor is calcu-

lated,

Purpose of Resaearch. The purpose of this investi-

gation 1is twofoldi~--(1) development of an appropriate
continuous countercurrent extraction process for the
recovery of acorn oil, and (2) compsrison of experi=

mental results with those calculated by Elgint's method.



The experimental part of the work involves processing
about 700 pounds of acorns and the production of acorn
oil. The theoretical part relates the extraction of
acorn oil to solvent extraction theory, includes small
scale experiments carried out for the purpose of clar-
ifying this theory and relating it to actual extrac~
tions, and shows the utility and limitations of these
graphical calculations,



II. REVIEW OF LITERATURE

Erehistorical Use of Acorns as Food. 'There is

evidence that acorns were eaten as food well before
written history.64 The great respect in which oaks
were held, the ceremony with which the high priest of
the Druids every year cut away the parasitical plant
which clings to itj; the very name of the Druids, de~
rived from & Celtic word signifying oak, indicate
that in some remembered time oaks played an important

part in the economy of these people.

Bistorical Use of Acorns es Food. Soyer®¥ in his

#"Panthropheon,® and Pranticc55 in "Hunger and Histoiy.'
record the followingt The Spaniards and Arcadians re-
garded the acorn as & delicious article of food,
Pluiry reports that in his time the Arcadians had the
nuts roasted in wood ashes to soften them, and served
them with dessert. According to “hampier this custom
still existed in Spain in the sixteenth century.

The regulation made by Chrodegand, Bishop of Mete,
about the eighth century, for the canons, says express-
ly, that if, in an unfavorable year, the acorn or flour
should fail, it will be the duty of the bishop to pro-
vide it,
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When Du Bellay, bishop of ians, came to Francis 1
in 1546 to represent the frightful misery of the prove
inces to that monarch, he assured the king that in
many places the people had nothing to eat but bread
made of acorns. '

According to Virgil, agriculture did not arise
until the supply of acorns ran short.

In Greece the Valona oak forms considerable for-
ests, especially on the lower slopes of Gaygetos and
on the Island of Crete. Its acomns, which are largi
and variable in shape, are one of the commonest arti-
cles of trade in the bazaars and are eaten either raw

or cooked as doubtless they were eaten in prehistorie

times,

Edible Acorns. Acorns for food purposes may be
divided into two classes, bitter and sweet, The acorns

most palatable to man are those of the Illex ballota
of the Iberian pehinsula and North Africa, the Quercus
aegilops of the Orient, the Quercus emoryi of the
southwestern United States and northern Mexico, and
Quercus michauxii of tne southeastern United States.6‘

*In California the acorns of the Quercus lobata‘
and Quercus arifolia are much used by the Indians.

The acorns are long elliptical in outline, an inch
and a half in length by a half inch or more in diameter.
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The kernel is rather bitter but more palatable than
any of our eastern oaks and quite nutriticus."7

"Many of our oak trees bear edible fruits. The
¥hite oak (Quercus alba) sometimes has sweet acorns
that are palatable when raw, but in most cases the
nuts must be roasted or otherwise prepared to elime
inate the bitter taste.?®

Ver111,69 reports eating sweet acorns as a boy.
He concludes that lack of care and cross pollination
with bitter varieties have spoiled wany trees, since
he later tried acorns from the same trees and found

them bitter.

Ereparation of Acorng for Food. While acorns as

such were eaten as described in the preceding section
they have been and probably to a limited extent still
are made into bread, Nenborry,‘7 describes the prep-
aration of acorn bread by the American Indians,

"They (acorns) are prepared for eating by grinde
ing the kernels to a kind of coarse flour, this is
mixed with water to a thick paste; a circular depres-
sion with raised edges is made in the sand, into which
the paste 1s poured. & fire is then built over it and
it is half baked, half steamed, to the Indian taste.
This treatment takes the bitterness from the acorn and
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the resulting cake, though according to our notion
somewhat lacking in cleanliness, is well flavored and
wholesoume,®

Webster.7l in the American Eneyclopedia; outlines
a method very similar to the Indian's for msking an
acorn bread,

fTake ripe acorns, deprive them of their skins
and beat them into a paste, steep them in water for a
night and then press them dry which will take out
their astringent quality. Then dry the mass and re-
duce it to powder to be kept as flour or meal when
wanted., Form this into dough, knead it and mold it
into thin cakes, which wmay be baked on an iron plate
or in embers., This has been used, but we cannot rece
ommend it."

Porcher>? states, "From the acorn a kind of meal
is produced which makes excellent bread, provided that
2 little barley meal be mingled with it to counteract
its astringent qualities,®

Acorns have apparently then been used as food and
when appropriate varlieties are selected and properly

prepared the result is satisfactory.

Bresent Use of Acorna. The only present exten~

sive use of acorns is as food for animals and this is
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rather more accidental than calculated. Pigs are
encouragel to forage in woods in which acorns are ae
vailable. Vild animals eatl acorns and are reported
particularly fond of certain varietiea.sl In this
same reference, discussing the importance of the oaks
of the Tennessee Valley, Perry5l states, ¥The acorns
are a great potential source of food for man and
beast."

Figural® gives a method for preparing acorns as
"a satisfactory and palatable food for man.®

Muraoka4é reported the results of an electric
treatment of horse chestnuts and acorns,

Limonov and Kaluginﬁo produced alechol from a-
corns, as did Sugizak1.65'66

References to acorn coffee have appeared from
time to time. Garrett<d records, "it is stated that
in Germany acorns are sometimes chopped up and roaste
ed to be used medicinally by invalids as coffee; by
this process of raosting much of their astringency is
destroyed,® Porcher?? says of this coffee, ®“The acorn
coffee, which is made from roasted and ground acorns,
is sold in large quantities, and frequently with rath-
er a medicinal than economical view, as it is thought
to have a wholesome effect upon the blood, Acorn

coffee i3, however, made and used in many parts of
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Germany for the sole purpose of adulterating gen~
uine coffee."

Acorn 0i1. Table I, 01l Content of Acorns, shows
that oil is present in all the varieties of acorns in-
vestigated.b'Bl"5’57’59'65’70'72 The amount present
varies from 2.5 to 16.0 percent by weight, A number
of analyses of acorn 011925'31’37'45'56’74 give the
results presented in Table 1I, Constants of Acorn Oils,.

Hutchins®* says of scomn oil, "This oil,lif ever
produced commercizlly in sufficient quantity, could be
satisfactorily used for edible pﬁrposes.'

wittkaTJ states that, "Since acorn oil is similar
in properties and composition to pesnut oil, soybean
oil, stc., and since the residue left after producing
acorn oil is of value for feeding animals, it is rece
oumended that acorns be used in Germany as & source
of oil for making margarine, soap, stc.®

There are some possible uses of acorn oil which
have not been published, It can De hydrogenated like
cottonseed oil to produce a solid fat.l‘ It can be
treated with sulfur chloride to produce a factice,
for use as art gum, in adhesives, etc., better than

cottonseed oil, and as well as rape-seed 011.26

Vahlteich®® reported on the progress made in

scustombullt fats,” and while he does not mention



acorn oil, its reported constants

could be used with other oils for

=l2-

TABLE I

0il Content of Aecorms,

indicates that it

this purpose,

Investigator Variety of iLcorn Per cent 041,
by weight,

Baker6 Quercus robur 5.0
Baker6 Quercus robur be7
Cranfield’? - AST
Wainio 0 Red Oak 12,87
Wainio’? Rock Chestnut Osk 2.52
Wainio’“ Scrub Oak 11.61
Wainto’ O Scrub Chestnut Oak 3,52
Wainio 0 White Cak 3.33
HutchinsBl Qe+ palustris 13,40
Remlinger59 Q. 1lex 2.5
Remlinger59 Q. suber 3.3
Puntambaker>! | Q. incana 16,0
Monarca’ Q. rubrs 11,03
Sugizaki %3 Q. glanca Thumb 3424
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TABLE II
Variety of Acorn ' 011 Constants
Gravisy | Index at’ | ifvens [CRane| Agae
at 25°C, 25°C, tion No.
25 0.509 1.4696 199.3  [100.7 -
Q. palustris3l - - 192.9 | 99.4 | 7.0
Q. agrifolia’’ |0.909 - 199.3 [100.0 | =
Qe rubra’ 0.9141 1.4725 195.3  [100.1 | 4.5
Q. incana’® 0.9081 1.4594 192.2 | 85.5 [13.0
Q. dilatata®®  |0.9084 1.4606 188.4 | 90.3 |22.2
Q. ilex56 0.9079 1.4594 |189.9 | 83.0 | 8.5
T4 - - 193.2 | 97.2 -
Note:

For the sake of uniformity the author has cone-

verted specific gravities and refractive indexes, re-

 ported at temperatures other than 25°C, to 25°C.

Specific gravities have been converted by the formula

given in "Methods of Analysis® of the A.0.4,C,%2

Ine

dexes of refraction have been calculated to 25°C. by
the formula givea in Griffin.28

—
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Avallability of Acorng. Acorns are not a stand-

ard article of commerce and consequently there are no
statistics on acorn production or acorn prices. The
8ino=Java Company\br New York was sufficiently interw
ested in the possibility of producing 0il from acorns
to send a representative to Georgla to 1nvestigato‘a

52 inter-

supply of acorns from that state, MNr. Perry
viewed a number of the c¢ounty agents who assured him
that a large quantity of nuts would be available at
about a cent a pound.

Some acorns for this research were purchased com-
mercially from the Anderson Hardware Company of Ander- -
son, South Carolina, HNr. Brownlz'of this company
writes, "There is an abundance of acorns in and near
Anderson, South Carolina, I have no way of estimating
how many, but considering all varieties there is an
abundance, I believe if it were possible to pay the
pickers five cents a pound and the person thataésono
bles and stores for shipment about two cents a pound,
that you could be supplied with acorns enough to ace
complish your needs,.,®

Neither acorns nor acorn oil are listed in the
United States Tariff Commission's report for 1941 on
"Fats, Olls, and Oil-Bearing Materials in the United

States.n67
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Thus, while it 1s certain that acorns are évailn
able, there 13 no reliable information on the quantity

produced per year, nor on the value of this crop.

éﬁ.zmg,ﬁxmugn,mg;ug. History of Scolvent
Extraction. Expressing oile-bearing seeds has the dise
advantage of leaving around five to ten per cent of
the oil in the cake. Schonrold63 reports that sole
vent extraction was recognized as early asz 1843 as
affording a means of more complete 0il recovery and
that in this year Jesse Fisher of Birmingham, at-
tempted to extract oil with carbon bisulfide, Ferand
and ¥111on®3 used a mixture of ether and carbon bi-
sulfide in 1855, Deissl*©3 in France operated the
first real extraction system in 1856. He employed
carbon bisulfide as solvent,

This system of Delss's, Vohl's extractor and
Seiffert's battery of extractors are described in
Andes, ®"Vegetable Pats and 0i1s."r These early sys-
tems consisted of a cylinder (or cylinders) to cone
tain the material undergoing extractionj a means of
circulating solvent; a still to separate oll and sole
vent, returning solvent to the extractor; and a cone
denser to condense solvent vapor. ©Sieffert used a
battery of four or more extraction cylinders so that

charging, discharging, and extraction could be



~16=

carried on at the same time, His system used com-
pressed alir to remove more solvent from the extracted
material than would drain off. |
Andesy also describes two more elaborate extrac-
tion systemsj the Scott and the Garrigue. These in-
cluded storage for raw material, solvents, and mis~
cella, as well as mills for prepariug the material
for extraction. They were both batch systems} the
Seott process employing vertical extraectorssy the
Garrigue a horizontal, rotating, steam~jacketed ex-.
tractor. They advanced the art of solvent extraction
by the introduction of a continuous still to handle
the miscella and by the inclusion of means of recover-

ing solvent from the extracted material,

glves an account of the progress of solvent extraction
in this country. 4 Bollman type of extractor at Nore
folk, Virginia, ran local soybeans in 1924~1925 and
attempted to process imported flaxseed, but the pro-
ject was unsuccessful. During the same period an-
other Norfolk plant used Scott rotary extractors on a
variety of ollebearing seeds, including soybeans and
copra.

The first successful large~scale operations were

those of the Archer-Daniels-Midland Company and the
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Glidden Company. Tiney both installed Hildebrandt type
extractors in Chicago during 1934 and 1935 for the
extraction of soybeens. The Glidden plant was destroye
ed by an explosion in 1935 but was immediately rebuilt
with & doubled capacity.

Modern Solvent Extragtion. According to Goss,?3

there are five solvent systems used in large-scale
soybean extraction in this country, Soybeans and
corn germ are handled in a Hildebrandt extractor at
Clinton, Iowa, This installation 1s similar to the
two milis in Chicago. Soybeans are processed at De-
catur, Indiana, and Decatur, Illinois, in Bollman
type extractors., The French 04l Mill Machine Come
pany's proceas, which is much like the Bollman sys~
tem, is installed at Louisville, Kentuck& for soy=
beans, There are Allis-Chalmers installations at
Cedar Rapids, Iowa, for soybeans; and at Hiram Walk-
er's plant in Peoria, Iliinois, for recovering corm
oil from dried distiller's grains, | |

In the Hildebrandt system extraction is carried
out in a large U«~tube through which flaked oilseeds
are conveyed, by means of perforated screws, against
a counterflow of solvent,23229262

The Bollman extractor uses a vertical series of
sieve-bottomed baskets which are carried through the
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systew on a pair of endless chains., Flaked soybeans
or other oleaginous materials are charged into the
baskets and are sprayed with solvent during thelr pas-
sage through the extractor.23’29'62

The 4llis~Chalmers! extractor comprises a verti-
cal, cylindrical column containing a central rotating
shaft fitted with a series of horizontal slotted
plates, Stationary scraper armu cause the s0lid mae
terial to fall from one slowly revolving plate to anw
other, descending against an upward stream of sol-
vent,>?3+23

The Kennedy extractor uses a number of four
bladed paddle wheels to propel the s0lid material
through a horizontal chamber against & counterfliow
of solvent. A Kennedy extractor is under construc-
tion at Hershey, Peunsylvania, for extraction of
cocoa butter. A similar scheme is used in the solvent
extraction system currently offered by the Vulcan Cop~

per and Supply Company.23'4‘

‘Gther Svstems. A great many other extractors are
deécribed, particularly in patehts. References are
givéntto a good many of these, but since most of them
are only variations of the apparatus already de-

scribed, they can be summarized as follows:



A solvent extractor consists of a closed, sole
vent-tight system into which oleaginous material may
be introduced and conveyed; by gravity, paddlea, con-
veyer chain, perforated screw conveyer, perforated
baskets, or link belt; against a flowing stream of
solvent, (usually countercurrent, sometimes co~currsnt
in one part of the extractor, countercurrent in ane
other), then drained of solvent and €ischarged from
- the extraction part of the system. Means of admitting
solvent and removing miscella are provided.

The extracted material, after draining, is care
ried through some type of vapor-lock into a solyent
evaporator where solvent is recovered and from which
solvent-~free extracted solids are discharged.

A golvent recovery still and solvent recovery
systeu are included in the extraction system although

they, as well a3 the solvent evaporator, are not part
of the extractor proper, +3228,30,39,42,48,49,50,60

Solvents. The solvent used must first of all be
a good solventj that is, it should penetrate into the
cell structure of the solid and dissolve out the de-
sired soluble substances and only these, It must also
be easily removable from both miscella and residue
leaving both the extracted solids and the extracted
0il 1in a marketable condition.?3



=20

Gasoline {bensine) is the most widely used sol-
vent because of its cheapness and becauge it extracts
less color and non-oil constituents,>>*# The soybean
Industry usea'hydrocarbona to extract about 350,000
tons of beans per yaar.3’8’23 Methylene chloride is
used by Rockwood and Company to extract cocoa hntter.13
Table 11X, Solvents, gives the important physical con-
stants of solvents which are most frequently employed
in extraction,63 Propane and butane have been pro=-

poaod.61

Preparation of Feed. Successful extraction re-

quires an appropriate feed, %Beans which are for sol-
vent extraction are, after cracking and moderate heat-
ing, rolled into flakes to give the largest practiocal
agmount of surface for solvent contact. The moisture
content of the beans should be 10~l2 per cent for best
results, 4t MeKinney discusses preparation of tung
meal for solvent extraction in his articles on solvent
extraction of tung 011.19’20"3’4*

S8elvent extraction has been more successful with
soybeans than with other oll seeds according to Goss23
because they #re easy to prepare for extraction. The

soybeans can be rolled into thin, firm flakes which
retain thelr structure even after the oil has been

leached from them, Proper methods of preparation of



w2l

cottonseed and flaxseed for solvent extraction have

not yet been commercially perfected.

Evans®' stated in his

paper on ¥Countercurrent and Multiple Extraction,”
that, "It is desirable to have a simple and rapid
means by which, knowing the feeds and equilibria in=-.
volved, the effects of a definite number of atages can
be caleulated, In this way, relative results and ef-
ficiencies tc be expected can be estimated and a decl-
sion made &s to what will be preferable or feasible in
practice,?

Haw10y27 derived formulas for the number of exw
tracting cells required for a particular process,
These formulas were largely empirical and would not
serve to calcoulate terminal conditions,

Baker’ gives a method which is disdnsscd in Bade
ger and KcCabe.* This method 1is not used if the ratio
of solvent drained off to solvent retained is a funce
tion of concentration.

Ravenacroft"ss solved the case where the ratio
of solvent drained off to solvent retained varies with
concentration.

The most general and simplest method is that de-
veloped by Elgin.ls The utility of Elgint's triangular
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plot has been greatly extended by Kinney's method
of enlargement-34

A pseudo-countercurrent scheme has been devele
oped which gives results comparable to those obtalned

in a countercurrent proccss.16'32
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TABLE III
Solventsd3
Solvent Boiling | Sp. G. . | Sp. Heat, | Latent Vapor
Point, (temp. | cal. per Heat, Pressure,
] °c. | is °C.) | gram cal. per | mm. ofHg,
‘ gram at 20°C,

Hexane 68 0.6630 0.4 79 124
at 17°
at 0°

Benzene 80 0.88 Ov4l 93 76
at Q°

Carbon

disulfide | 46.5 1.293 0.25 90 298
at 0

Diethyl

ether 35 0.730 0.53 90 A42
at 15°

Acetone 56 0.813 0.53 128 185
at O

- Ethanol 78 0.789 0.60 125 &b

at 15°

Trichlor~

ethylene 87 1.470 0423 57 56
at 15°

Carbon

tetra-

¢hloride 77 1.594 0.21 ‘6 91
at 15°

Hethylene

chloride 42 1.336 0e25 60 350
at 15°

Ethylene

chloride 99 l. 24 0.31 85 61
at 20°




I1I. EXPERIMERTAL
Purpose of Study

The purpose of the experimental work of this thesis
is twofold; first to illustrate solvent extraction theory
and to make clear its application to the extraction of oil
from oil-bearing materials; second to produce acorn oil by
solvent extraction on a pilot plant scale. These two obe
Jectives are related since the results of the pilot plant
extractions are evaluated by the use of extraction theory
and all experiments, as far as possible, werccarried ocut
in such & way &s to test the use and limitations of this
theory.,

The two purposes for which the experimentation was
planned require quite different scale experiments. The
theoretical work could best be carried out working with
grams of material; the practical extractions with pounds
of acorns and gallons of solvent. The experimental
section 1s therefore divided into two related parts.

A, ©Small Scale Experiments to Illustrate Solvent

Extraction Theory.
B, Pilot Plant Study of the Solvent Extraction of

041 from Acorns,
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A, SMALL SCALE EXPERIMENTS TO ILLUSTRATE
SOLVENT EXTRACTION THEORY.

Plan of Investigation

Artificial Svystems. Iwo artificisl systems; sand,

acetic acid, water and; sand, acetylene tetrabromide,
acetone; were to be investigated., These systems fulfill
all of the assumptions required by the derivation of the
theoretical method for calculation of the results of sole
vent extractions, The sand to be used was prepared in
such a way that there would neither be adsorption nor
absorption of solvent or solute. This sand was truly an
inert carrier solid being insoluble in solvent, soluto,'
or in mixtures of solvent and solute. Bquilibrium would
be quickly and certainly established in these systems
since there was no interstitial space within the sand
grains to retain solute.

The experimentation with these artificial systems
was planned as a test of the experimental extraction teche-
nique employed@ and of the correctness of the interpretae
tion gi;cn to Elgin's method of calculation. There was
no question of the validity of Elgint?!s derivation, so
that, if the extractlon experiments gave results in agree-
ment with theory, the experimental procedure would be
proven satisfactory and the interpretation of the experi-

mental data would be shown to be precise.
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Hatural Systems. Artificial systems are of limited
interest in the solvent extraction field and are not
typical of such extractions as that of oil from acorns.
The extractions in artificlal systems were therefore to
be followed by experiments with natural systems to show
the agreement to be expected between theory and cxperi~
ment in the solvent extraction of vegetable oil. The
systems selected for study weres inert cocoa matter,
cocoa butter, methylene chloride; and inert acorn matter,
acorn oll, n~butancl. The investigation of the systems
containing cocoa butter was plunned because Rockwood and
Company have made a comuercial success of the extraction
of this oil and, if 1t could be shown that the extrac-
tion of acorn oil was no more difficult than that of
cocoa butter, acorn oil extraction would become a com-
mercial possibility. Whether or not it would be an ate
tractive possibility would then depend on other factors
than extractability, such as the cost of acorns, the

yield of oil and the value of the product.

Selection of Solvent. Okellysolve C was chosen for

one solvent because it is typical of the hydrocarbons
which are the most widely used industrial oil extraction
solvents., iethylene chloride was to be employed since

it is the solvent used by Rockwood and Company. n-Butanol}

was to be used in the acorn oil extraction to see whether
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or not 1t would be satisfactory. It would not be
possible to test out any large number of sblvents.

nor would such testing be pertinent to this investie
gation. If these three solvents gave results compate
ible with theory, solvent extraction theory, (which
should be valid irrespective of solvent), would be exw
perimentally verified for a hydrocarbon, a chlorinated

hydrocarbon and an alcochol as solvents.
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Haterials

Acetone, Technical, 99~100 per cent dimethyl

ketone. Commercial Solvents Corp.

hcid, Acetic, C.P., Glacial, Beker's inalysed.
J. T, Baker Chem. Co.

Acid, Hydrochloric, C.P., Baker's inalysed.
J. T. Baker Chem. Co.

Acorn Heal, from White Oak, Red Oak and Spanish
Oak iAcorns. The Anderson Hardware Co., Anderson,
South Carolina. The acorn hulls were removed by hand.
The meats were gound in a hammer mill producing a
zeal of which 93,2 per cent passed a 35 mesh sieve

and two per cent was retained by an & mesh sleve,

Butanol, n-Butyl ilcohol, distillatlion range

115°C. to 118°C. Commercial Solvents Corp.

Acetylene Tetrebromide, Eastman's s-Tetra-

bromoethane, P 240, Pract, This material as received
contained & small amount of acetone as & gtabllizer,
It was washed with water to remove this acetone and

after washinghad a specific gravity of 2,91 at 259C.

Agetvlene Ietrabromide, reclaimed. This material
was obtained by the distillation of mixtures of acetone
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and acetylene £etrabrom1de from a steam bath, The
residue from this distillacion was washed with water
to remove traces of acetone and was used as reclaimed
acetylene tetrabromide, It had a specific gravity of
2.91 at 25°C,

Cocoa Expeller Cake. This material is the resi-
due from which oil has been removed by an Anderson Duo

Expeller at Rockwood and Company's plant. It was
crushed and then screened, The fraction passed by a
one quarter inch mesh screen and retained by a one
eighth inch mesh screen was used for extraction with
Skellysolve C and methylene chloride, 4ifter the ex-
pelling operation there is still some cocoa butter in
the expeller cake. This residual oll 1s removed by
extraction with methylene chloride in Rockwood's large
extractor. The amount of cocoa butter in the crushed,

- screened cake was determined by soxhlet extraction with
both Skellysolve C and methylene chloride. Soxhlet ex-
traction with Skellysolve C gave 8.19 per cent of cocoa
butter, (Skellysolve C extractzble material), in the ex~
peller cake; extraction with methylene chloride gave 7,0
per cent cocos butter, (methylene chloride extractable
material). The crushed cake was screened to give a

similar to the solid feed emplcyed by Rockwood and Co.



. T
Methylene Chloride, C.P., Eimer and Amend.
Hethyl Orange, Indicator, Mallinckrodt Chem. Co.
Oxalic +2H, 0, A.Rey Hallinckrodt Chem. Co.

Phepnolphthalein, Indicator, ¥allinckrodt Chem. Co.

Sand. This was (ttaws Sand from Eimer and Amend
of New York City. It had the following screen analysiss

Screen Test Number 1 2

Per cent between 0,046" diameter
and 0.0328" diameter. . . . + .+ . o« 1.8 1.7

Per cent between 0,0328" diameter
an.d 800232' diameter- * o & 5 & @ 09800 9301

Per cent between 0,0232" diameter
and 0.0164“ diameter, « « o ¢ o o o Qe 0.1

This screen analysls shows that there was no conw
siderable amount of material in this sand in the colloi-
dal range. "It is arbitrarily considered that particles
with diameters between 0.00L.c and 1., (107" and 10™%cm.),
are colloids, although there is no sharp distinction in
taese extremnes., --- Particles larger than %ﬁLmay be re~
garded as ordinary matter,"~-26 Since all of this sand
was plus 0.0164% in diameter there was no colloidal mate-
rial present, and hence the sand neither absorbed nor ade

sorbed solvent or solute.
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Skellysolve C. Essentially n~heptane, boiling
range 60 - 70°C. Residue on evaporation less than
0.003 per cent, Skelly 0il Company.

Sodium Hydroxide, i.R., Pellets, Mallinckrodt
Cham. Coe.

Apparatus
ggmggxrzill. A Raymond Labcratory Hill, Serial
Nurber 40127, made by the Raymond Pulverigzer Division,
Combustion Engineering Company, Inc. of Chicago, Ill,
Fig. 1, 13 a photograph of this mill.

Ro-Tap Sieve Shaker snd Iyler Std. 8" Testing
Sleves. Ro-~Tap No. 1663, the W. &, Tyler Co., Cleve-

lend, Ohio. This equipment was used for screen anal-

yses.

Leboratory Apparatus. Laboratory apparatus of

standard specifications; soxhlet extractors, constant
temperature baths, burettes, glassware, balances and
welights. This equipment was used as required for exe-

periments and analyses.
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Hethod of Procedure

The seven luboratory scale extraction experiments all
used the pseudo-~countercurrent extraction scheme de-
scribed by Elgin.zo This scheme is presented in Fig.2.
Feeds corresponding to the number of extraction cycles
and partial extraction cycles employed were weighed out.
Solvent was measured, (znd its weight calculated from
1ts known specific gravity), and shaken with feed or
partially extracted material in 250 ml. wide mouthed
bottles until equilibrium had been established. The
contents of the bottle (extraction stage) were settled
until a reasonably clear overflow could be drawn off
with a pipette. This was the overflow and was trans-
ferred to the next stage or taken out of the system as
indicated by the extraction scheme being followed. The
residue in the bottle was the underflow and its dis-
position also followed the extraction diagram. Bach
bottle was tared and was weighed before. and afterevery
transfer of overflow, Thus the weights of the two
streams, overflow and underflow, were known at every
point in the extraction scheme.

The first six of the laboratory extractions were
carried out in the manner just described. The seventh

experiment, the extraction of acorn oil from acorn meal
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Figure 2.

Pseudo-Countercurrent Extraction Scheme

The number of horizontal rows, (in this diagram
three), is the number of stages. The number of times
that three circles, (as A, B, and C), are joined
diagonally indicates the number of extraction cycles,
(five in this case). n, and 0, p are two incomplete
cycles; required to gtart this kind of extraction

acheme.



35

with n-butanol, differed from this procedure in that
the overflowwas not fixed. Solvent and feed were
mixed as usual in this seventh experiment but then,
instead of drawing off the overflow with a pipette,
the contents of the stage were poured into a Buechner
funnel and filtered. Underflow and overflow were
weighed before passing them on to the next stages,
This experiment 1s illustrated by Fig. 3, Quantita-
tive Flow Diagram of the Extraction of Acorn Meal with
n-Sutanol.

The individual experiments are described in Table
IV, Laboratory Extractions.

The experimental conditions for these small scale
experiments are given in Table V, Experimental Cone
ditions for Laboratory Extractions.

The resulis of the experiments are presented in
Table VI, Results of Laboratory Extractilons,

Lalculation of Extraction. The per cent extrac-

ticn 1s based on the quantity of solute removed. Thus

95 per cent extraction means that 95 per cent of the
solute originally present in the feed has been extracted.
The experimental per cent extraction is obtained by anal-
ysis as given in Table VI. Experimental extractions are
tabulated in Table VII, Extraction in Laboratory Experie
ments, and are compared in that table with theoretical

extractions calculated by the graphical method.
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Analytical Methods., The miscellas, consisting

in experiments 1 and 2 of mixtures of acetic acid and
water, were analysed by titration with standard sodium
hydroxide solution. The raffinates in these same ex-
periments, mixtures of sand, a&cetic acid and water, were
analysed similarly. The specific gravities of mixtures
of acetone and acetylene tetrabromide were determined
at room tempersture, 2700., and ¥ig. 4, Specific Grave
ities of lixtures of Acetome and Acetylene Tetrabromlde,
was constructed from these determinations. The mis-
cellas of experiments 3 and 4, consisting of acetone

and acetylene tetrabromide, were analysed by determina-
tion of their specific gravity and comparison with Fig.4.
The compositions of the raffinates in experiments 3 and
4 were determined by analysis of the liquid in contact
with the sand, (specific gravity determination as with
the miscellas), and calculation based on the known
welghts of sand and liquid, '

The compositions of the feeds in experiments 1,2,3
and 4 were known since the constituents of these feeds
were weighed out. The compesitions of tne feeds in ex-
periments 5,6 and 7 were determined by soxhlet analysis
with the extraction solvent, Skellysolve C, methylene
chloride and n-~butancl respectively.

The miscellas in experiments 5§, 6 and 7 were analysed

by evaporating a weighed quantity of the stream to constant
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weight at 1059C, in experiments 5 and 6 and at 135°C.
in experisent 7.

The compositions of the raffinates in experiments
5 and 6 were determined by analysis of the liquid in
contact with the inert material, (evaporation of a
known quantity to constent weight as with the mis-
cellas), and calculation based on the known weights of
inert matter and liquid,

The raffinate in experiment 7 was analysed by evap-
oration of solvent from a sample of known welght at
1359C,. followed by soxhlet analysis of the solvent

free residue with n-butanol as solvent.



Zx 3ine. The composition of the theoretical under-
flow depends on the amount of inert materisl present,
(which does not change during an extraction, except as
fine material is carried off with the overflow), and
the composition and specific gravity of the liquid
assocliated with this material.

In all these experiments except 7 the volume of
liquid in the underflow was kept constant, Thus, know-
ing the variation in specific gravity of this liquid
with solute concentration, Table VIII, Theoretical Compo~
sition of the Underflows, was constructed. Specific
gravities of acetic acld-water solutions were taken
from Lange.42 Specific gravities of acetylene tetra-
bromide-~acetone solutions from Fig. 4. Where the change
in concentration during extraction was small, &3 in ex-
periments § and 6, the composition of the underflow was
taken as constant and the liquid in it given the same
gpecific gravity as the solvent.

For experiment 7 the xx line was calculated by aver-
aging the weights of the raffinates, Rs in Fig. 3. The
smount of inert material was the same in each of these
so that the average amount of liquid present could be
calculated. This liquid had the composition of ;. The

specific gravities of acorn oil-butanol solutions at 25°C.
are given as Filg. 5. Thus from Fig, 5, the amount of
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inert material present, and the volume of solution in
the average raffinate, the theoretical underflows were
calculated as presented in Table VIII, Theoretical
Compositions of the Underflows.

information requisite to the prediction of the theoreti-
cal extraction to be expected with & number of stages
equal to the number experimentally employed is available
in Table V and in Table VIII. The method of calculation
is that proposed by Elginl7 as modified by Kinney,38

sheclmen CGaloulation. 4 specimen caleculation of

experiment 7 1s given to Jllusirate the calculations
which were common to all of these extraction experiments
and which lead to the results given in Table V11, Ex-
traction in Laboratory Experiments.

Experiment 7 45 a three stage extraction; the feed,
(F), has the composition 40.0 per cent acom oil, 60,0
per cent inert material; the solvent, (S), is pure
butanol; 80 grams of solvent are fed to 40 grams of acorn
meal} the mixture of solvent and feed, (J), had the com-
position:

1444 grams acorn oil ...... 12,08
25Q6 " ulert e 0o 21‘3%

T&g " butanOl esesen M
20.0 grams 00.0
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TABLE VIII,

Theoretical Compositions of Underflows, xx.

T
Experiment

Per cent inert at solute per cent ofi=

0.0 | 2,0 5.0 | 10.0 [15.0 [ 20,0 | 25.0
1 50,0 15040 [49¢8 | 496 | 49¢5 | 49.4 | 29.2
2 4le€ 4166 [41.5 | 413 | AL | 4140 | 40.8
3 39.2 |39.1 [39.0 | 38,2 | 37.2 | 36.2 | 35.2
4 39.2 [39.1 [39.0 [38:2 [37.2 | 36.2 | 35.2
£ constant ft 44.% per cﬁnt
6 constant at 33.0 per cent
7 45.1 |A5.1 |45.0 | 44.9 '44.9 bheB | 4477
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The 1nfor§stion is taken from Table VIII for the xx

line. Fig. 6, The Graphical Calculation for Experi-

ment 7, can now be constructed. The points F, S, Js

and the xi line have the following coordinates in the

two ccyyonent system, solvent-solute, plotted in Fig« 6.
F is 40.0% acorn oil, 0.0% butanol

S is 0.0% acorn oil, 100% butanol
J is 12.0% acorn oil, 66.7% butanol

xx lines~

Acorn oil, _\Butanoi,
Per cent. Per cent.

0.0 549

2.0 . ~ 5449

5.0 ' 50,0

10.0 A5.1

15.0 401

20,0 35,2

25.0 203

Assuming values of ¥ set corresponding values of
R, since MJR 18 a straight line, and values of K were
tried until one was found which gave the exact number
of stages, three. This theoretical value of M, 22.2%
acorn oil, gave a solvent-free raffinate containing
3.0% acorn oil.

Analysis of the solvent-free raffinate showed that
1t contained 3.9 per cent acorn oil, Table Vi. The
amount of inert material in this raffinate was the same
as that in the feed, 25,6 grams. Therefore, there were
25.6/0.961 » 26,7 grams of solvent-free raffinate.






The raffinate contained 26.7 - 25.6 = 1.1 grams of oil,
The feed contained 1l4.4 grams of oll so that lied - 1.l
= 13,3 grams of oil had been extracted, or 13.3/14.4x1®
= 92.4 per cent of oil was experimentally extracted.

The theoretical solvent-free raffinate, D, in Fig. 6
contained 3.0 per cent of oil and calculating as before
94.0 per cent of the oil should have been extracted acw
cording to theory.

The average weight of the raffinate is 56,9 grams,
This raffinate consists of 25.6 grams of inert material
and 31.3 grams of liquid of the composition M4, i3
contains 3.39 per cent acorn oil by analysis and hence
has a specific gravity of 0.832, from Fig. 5. There
are then 31.3/0.832 = 37.6 ml, of liquid in the average

underflowe
(L) (2) (3) &) (5) (6)
Acorn oil, | Sp. G. |Weight Liquid | Weight Inert, |Solvent,
Per cent from in underflow, | underflow, |Per cent |Per cent
Fig. 5 |Grams é3)+25.6
0.0 0.830 31.2 56.8 45.1 54.9
2.0 0.831 31.2 56.8 A5.1 52.9
5.0 0.833 31.3 56.9 45.0 50,0
10.0 0.837 31.4 570 hé o9 45,1
15.0 0. 840 31.6 57.0 o 35.2
35.0 . 0‘348 31.9 5702 “.7 20.3

The values of per cent inert in colum 5 =nd per
cent solvent in column 6 are those uset to plot the ix

line in Fig. 6.



The length of time regquired to bring the systems in-
vestigated to equilibrium was determined, Equilibrium
was established immediately in the artificial systems
with sand as the solid phase,

Experiments were conducted to bring about equilibe
riur {n the acorn oil and cocos butter systems, Solids
and solvent were mixed in the proportions used in the
experiments., These mixtures were shaken for 5, 10 and
30 minutes and then settled for two minutes, Super-
natant liquid was drawn off the settled solids and con-
centration changes were measured by evaporation of a
known quantity of liquid to constant weight, or by de-
termining its specific gravity, There was a slight
increase in solute concentration, {(or change in specific
gravity), between 5 and 10 minutes shaking time, but no
difference between the 10 and 30 minute samples. Ten
minutes was selected as & satisfactory mixing time and
this plus the settling time gave twelve minutes as suf-
ficient to establish equilibrium.



Bs PILOT PLANT BTUDY OF THE SOLVENT EXTRACTION COF
OIL FROM ACORNS

Plan of Investigation

Two pilot plant extraction units were planned for
operation. The first of these was to employ & centrie
fuge to aéparate underflow from overflow using the same
extraction scheme on a pilot plant scale as had been
used in the laboratory extractions, ¥ig. 2. A continuous
extractor was to be built as the second extraction unit,
Such experimentation as was necessary was to be conducted
4n connection with the design and construction of this
continuous unit.

It was planned to remove the acorn shells in a com-
mercial manner and to make a sufficient study of acorn
shelling to demonstrate the relative amounts of meats
and shells which could be expected.

All experiments were to be carried out in such a
way as to make possible a comparison between the ex-
perimental results and those calculated by solvent ex-
traction theory,

The continuous extractor was to be used to extract
both acorn oil and cocoa butter so that a comparison
might be made between the extractability of these two
olils,

n-Butanol was selected as the solvent to be used in
these pilot plant extractions, None of the usual oil

extraction solvents such as methylene chloride or
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hexane were sultable for these extractions because

of their volatility. Operation of the centrifuge
created an air blast which would evaporate very con-
siderable quantities of any volatile solvent, Toxic
or flammable solvents would be too dangerous tc use
with the centrifuge or with the continuous extractor.
n-Butanol is not very volatile, its vapor pressure is
4.3 mm, of mercury at 20°C. and 18.6 mm. st 40°C,; it
would not be dangerous to use, its flash point is 35°C,;
it is a satisfactory solvent for acorn oil, as was
shown by experiment 7; and it could be obtained in the
quantities required.

Suitable procedures were to be worked out for
solvent recovery and production of crude acorn oil,
It was planned to recover butanol from mixtures of
acorn oil and butanol by vacuum distillation and to
remove traces of solvent from the oil by vacuum steam
distillation. Some of the crude acorn oll was to be
refined as a matter of interest,

An &corn expeller run was planned to process 300
te 400 pounds of acorn meats in one of the Anderson
Duo Expellers at Rockwood's plant,

The usual constants} specific gravity, index of
refraction, acid number, saponification number and
iodine number (¥Ij's); were to be determined on the

different acorn oils produced,



-5l

Experiments on Continyous Extractors. Experimen~
taticn was necessary before a satisfactory continuous
extractor could be constructed. The first such appara=-
tus constructed consisted of a pyrex column four inches
in inside diameter by three feet long. This ecolumn was
mounted vertically between two steel plates supported
in an ungle iron frame. Connections were made to the
column through these supporting plates in such a way
that solvent was admitted to the bottom of the column
and miscella was tazen off at the top. Oilebearing meal
was fed in at the top, settled through the rising solvent
and was collected in s container underneath the column,
This container was connected to the column through &
gate valve which could be closed while the container
was emptied of liquid and settled solids. The meal set-
tled so rapidly that most of the extraction took place
in the container below the column.

The first pyrex column extractor was modified by
the introductiocn of baffles to retard the fall of oll-
bearing meal. These baffles were slotted disiks cut
from tin cans and mounted vetween spacers on an axial
shaft supported by the upper column plate., The baffles
did slow down the rate of solid's travel through the
extractor but not sufficiently to give much extraction

in the column. In addition to its poor performance as

sn extractor this apparatus had some other drawbacks.
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It wags difficult to balance solvent in and miscella
out so as to maintain a constant liquid stream. The
solvent inlet was governed by a valve. The miscella
outlet was & siphor with a valve in the siphon leg.
The arrangement for extracted solids discharge was
awkward, This pyrex column extractor was abandoned,
The second continuous extractor was patterned
as closely as possible after the one at Rockwood and
Company.15 It consisted of a twenty foot length of
two inch pipe bent in the form of a U, A cut out was
made on the top of the center of the bend., 4 short
section of two inch pipe was carefully fitted to this
hole and welded to the long section. This short pipe
was threaded at the top to accommodate a flange fitting.
The flange fitting was drilled to fit the flange for a
two inch pyrex column, which was thus attached to the
short pipe. The entire apparatus was mounted in a
vertical poaition in a pipe frame support with the
short pipe and pyrex column in the center paraliel to
the sides of the U. A drive sprocket wheel was in-
stalled above the ascending leg of the Uj; an idler
wheel above the descending leg. A motor, speed re-
ducer, drive chain and the sprocket wheels were sup-
ported on a metal table top above the extractor. 4

continucus chain formed of No. 45 malieable detachable



links with Cel flights every fourth link was ine
stalled in the U pipe.

S0lids were fed toc the bottom of the U through
the pyrex column, Solvent was fed in on the ascend~
ing side of the chain. MNiscella was drawn off above
the so0lid level from the pyrex pipe. 4 sketch of
this first model of the continuous extractor is pre-
sented in Fig. 7.

There was no difficulty in elevating sawdust fed
to the chain through the center pipe and this material
discharged readily at the top of the ascending leg.

A test run was made with solvent and crushed cocoa ex-
peller cake., The mechanical performance of the ex-
tractor was satisfactory for a short time, but in a
little while the s0llds packed against the chain on
the upsweep of the U and the chain Jjammed. No solid
feed rate could be found which would prevent this jam-
ming.

The design was modified by tipping the U so0 that
the sollids were not carried up such a steep slope.
After functioning satisfactorily for a few minutes the
chaln Jammed again and broxe tne shaft in the reducer,
This speed reducer was a small one of the type used in
the coperation of flashing electric signs and was not
very strong., The speed reducer was repaired and the

extractor tipped still nore~~as much as possible on
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this pipe frame support. Each time the extractor was
moved the supports for the sprocket wheels had to be
changed and the motor drive readjusted, The ascend=-
ing leg was now at an angle of about 50° with the
horizontal plane. The performance of the extractor
was not improved by this last change. The chain jam=
med as before and the speed reducer shaft was broken
again. It was thought that a stronger drive mignt
solve this problem. A much stronger speed reducer
was procured and installed. 7This time the chain stuck
as before but instead of breaking any part of the drive
the extractor was lifted up with a man standing on it
and the three~quarter inch pipe supports for the drive
sprocket wheel were bent., The chain could not be pried
out of the pipe with a heavy bar until the packed solids
were flushed out of the pipe with water. Apparently
this chain working in this duct will not elevate this
type of feed through a very high angle,

The U shaped extractor was dismantled and conside
erably altered in design. One of the legs of the U
was cut off and the other was unbent. This rew ecx-
tractor was mounted temporarily and tried out, The
chain elevated the solids satisfactorily 2! ¢his new
low angle. Appreciable extraction took place, The
mounting was made permanent and pilot plant extractions
of acorn oil and of cocoa butter were made with this

extractor,



¥aterials

Acorns. These were obtained from two sources:
R. A. Morgen, Jr. of Gainesville, Florida; and C. ¥,
Brown of the Anderson Hardware Company, Anderson,
South Carolina. The Florida nuts were from the Live
Dak, Quercus Virginiana, and a Scrub Oak, Quercus
catesbaei. The South Carolina acorns were from the

Spanish Oak, Red Oak and White Oak.

Alcohol, Ethyl ilcohol, pure 95%, U. S. Indus-
trial Chemicals Corp.

Bengene, A.k., Thiophene free, HMallinckrodt
Chem., Co.

n-Butanol, Normal Butyl Alcohol, Commercial Sol-
vents Corp. This solvent had the followlng specifica-

tions:-
Specific Gravity: 0.810 to 0.813 at 20°C./20°C.

Distillation Ranges

Below 115°C, esescenssasssscs IIONE
Above 1189°C, cecsssesssssssasse DONE

Flash Point: 35°C,
Iodine, A.R., Mallinckrodt ‘hem. Co.

Potassiun Bichromate, AsR., Mallinckrodt ‘hem. Co.
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Potassiun Hydroxide, A.f,, Mallinckrodt “hem. Co,
Potassium Jodide, A.Re., Mallinckrodt Chem. Co.
Potassium Thioswlphate, A.R., Mallinckrodt Chem,

Co.

Starch, Soluble, Potato, J, T. Baker Chem. Co,

m’_&m&&gﬂ, Jo To Baker Chem. CO.
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Apparatus.

Acorn Sheller. The first equipment required in
processing the acorns for oil was some type of sheller,
The one used in this investigation was buillt by the
J. H. Lehman Company of NKew York for Rockwood and Com-
pany of Brooklyn, New York. It had been used to remove
the shells from cocoa beans,

This apparatus is shown in Figs, 8 to 14. Fig. 8
is & view of the hull discharge side with the discharge
port cover (&) in place. Fig. 9 shows the feed end;
feed hopper (b), drive from the main shaft (c) to the
crushing rolls (e). Fig. 10 shows the product discharge
side with the fan housings (f) in place. In FPig. 11
the fan housings have been removed to show the fans (g).
The motor (J), motor drive to main shaft (c) and the
drive (k), main shaft (c) to fan shaft (1) are shown
in Fig. 12. Fig. 13 and Fig. 14 are photographs of
dfawings of the sheller giving the major detalls of cone
struction and the priaciple dimensions.

In operation of the sheller acorns of the correct
size, less than one half inch in diameter, are placed
in the feed hopper (b). The motor (j) is started and
the component parts of the sheller revolve, the rolls
(1) at about 70 r.p.m., the revolving screen (m) at
80 r.p.m., and the fans (g) at 1100 r.p.m.



Figure 8

o

Acorn Sheller from the Hull Discharge Side.
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The acorns, crushed by the rolls, fall into the
revolving screen (m). The screen has four different
screen sections each about eleven inches long. The
screens are approximately 3/32® mesh, 5/32" mesh,
1/4® mesh and 5/16" mesh, The fine material, mostly
dust and hull fragments, passes through the finest
screen and falls through an opening (n) at the bottom
of the sheller. The box (o) placed to collect this
material can be seen in Fig. 9 and Fig. 10, Haterial
of the larger sizes moves down the trommel and all
but the oversize falls through one or another of the
screens. All material but that throu;h the 3/32%
screen falls on inclined decks (p) each sloping to~
ward a fan (g) with an air blast from that fan at its
lower end blowing up the slope. The heavy meat frage
ments travel down the slope ageinst the air blast and
are discharged into boxes (h) placed beneath the lower
ends of the chutes. The lighter shell fragments are
blown up the slope to strike agalnst an inclined baffle
(q) at the upper end of the chute, The baffles are
shown raised in Fig. 9. In order to keep down the a-
mount of dust sent out into the room by the sheller,
screens were placed across the air discharge ports (r).
These screens are in place in Fig, 9,

After striking the baffles the light material drops
down into space (s) between the outside sheathing of
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the machine and the inclined decks., This space (s) is
shown in Pig. 13. The dead space (s) is the top of
the hull collector (t) which is a narrow box along the
hull discharge side of the sheller, It shows in Figs.
8, 9, and 13, The bot;om of this box slopes on both
sides to the shell discharge opening (a), the cover of
which appears as a light square of unpainted wood about
the center of the side in Fig. 8. As operation con-
tinues shells build up in this collector and are removed
as necessary fo keep the shell bin (t) from filling up.
The screen sized product is collected in boxes (h)
on the fan side of the machine, The oversize is clean-
ed of dust and fine particles, but often contains
large pieces of meat 3till adhering to shell, This
material was sometimes re~run through the sheller une
til a shell free product was obtained. The rolls on
this apparatus are not adjustable and it was found that
the best practice was to crush this oversize in another
roll mill before passing 1t back through the winnower
and fanner, (this type of sheller is known 2s a wine

nower and fanner).
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Rells. The roll mill, which was used to crack
acorns, to crush expeller caxe and acorn fragments is
111lustrated in Fig. 15. It is a two roller mill manu~
factured by the Sturtevant #ill Company of Boston, '

Mass., number TR 32.

Alz Separatopr. A Raymond Laboratory Mechanical
Adr Separator, serial number 41344, was used to sepa-
rate acorn shells from acorn meats. This separator
was made by the same company as the hammer mill, It
is shown in Fig,lé6.

Qil Expeller. This machine was used at Rockwood
and Company, Brooklyn, H. X. It was employed to ex-
pel acorn oil and to provide an expeller cake for
extraction study. The equipment in Rockwoud's plant
is an older model of the Anderson buo Expeller as
described in the October, 1940 bulletin, ®The iAnder=
son Duo Expeller®, of the V. D. Anderson Company,
Cleveland, Ohio. |
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Figure 15

Roll #11l with the Cover Bemocved tc 8how the Two Rolls.
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Gentinuous Extractor. The continuous extractor,
the evolution of which was described on pages 54 - 58

loc. cit., is 1llustrated by Pigs. 17 to 23. PFig. 17
and Fig, 18, are views of the extractor lengthwise
from elther end, In Fig. 19, the Jeffrey~Iraylor
Feeder (F¥) is in position. Fig. 20, shows the details
of the drive-emotor to cone pulley shaft, belt to an- |
. other eaa% pulley, second cone pulley to a roducer
-ork. rcigcar worm to gear wheel, gear wheel to sprock-
et wheel bolted to it, sprocket wheel to sprocket chain,
chain to second sprocket wheel. The second sprocket
wheel idégoltcd to the large chain drive wsheel (D),

The eénatructien and operation of this extraector
can best be explained by the figures and the followingi-

Key to thé Illustrations of the Continuous Extractor.

‘Key Letter . Item
A Five gallon drum.
B Two liter aspirator bottle,
c Length, 28-3/4 feet, No. 45 malleable

detachable chain with No. 45 C-1 flights
every fourth link.

3] 10 inch, 18 toothed, sprocket wheel for
Eo. ‘5 H.D. chain.

B Rotameter, size Ko, 1, Schutte~Koerting,
Philadelphia, Pa., Rotameter Ko. 386025,
r Jeffrey-Traylor No, l«B Feeder, No. 5582;

Jeffrey ¥fg. Co., Columbus, Ohio.
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Figure 17

e Chain Extractor from the Miscella Discharge End.



Key to the Illustrations of the Continuous Extractor,
(continued),
Key Letter Item
G Eastern Centrifugal Pump, Model D-1Q, with
fittings for 1/4 inch pipe., Eastern Mfg.
Co., New Haven, Conn,

1/6 horsepower motor, geared to a reducer
so that the output speed is 16 2/3 r.p.m,

m

2 inch std, galv. steel pipe,

Jeffrey regulator for vibratory feeder,
5, 4;_3, 2 inch four step cone pulley.
100:1 worm gear speed reducer,

14 inch section of 2 inch pyrex pipe.
Solid feed inlet. |
Miscella outlet,

Solvent inlet.

Extracted solids discharge.

m O W O =N E It ,® &y

A 20 inch section of 2 inch pipe welded to I,
This is called the silo.
Other Items

6 1/4 inch globe valves,

3 1/4 inch floor flanges.,

2 Steel laboratory table frames,

28 feet of 1/4 inch galv. steel pipe.
13 1/4 inch elbows,
' 1/4 unions.,

2 1/2 inch pitch, 1/8 inch width sprocket wheels,
one is 5 inches in diameter with 32 teeth, the
other 18 6 inches in diameter with 34 teeth.

1l 54 inch length of 1/2 inch pitch sprocket chain.,
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Figure 18

Chain Extractor from the
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Continuous Extractor. Qperation. The operation
of this unit was as followst« The lower of the two

five gallon drums (4) was filled with solvent. This
sclvent was pumped up to the upper five gallon drum (&)
and allowed to run by gravity into the extractor, en-
tering at (P).. The flow was controlled according to
the reading of the rotameter (E), The two liter level-
ing bottle (B) was installed above the rotameter (E)

in order that the flow might be measured without inter-
rupting operation. 4 liter was carefully marked on
this bottle and during each run the rotameter reading
was checked against this measured liter. At the begin-
ning of a run the system was filled with solvent until
1iquid overflowed from the miscella outlet (0).

Solid was fed in from the Jeffrey~Iraylor Feeder
(F), either with the chain at the end of the extractor,
(N in Fig. 21, or at the top of the silo, N in Fig. 17
and in Fig, 19), falling through liquid to the chain
at the bottom of the bend. The chain picked up the
s0lid at the bottom of the bend and carried it up the
slope against a counterflow of fresh solvent from (P).
Above (0) the solids were drained until they were
carried out of the extractor duct. The chain ran al-
most horizontally from the end of the duct (I) to the

chain drive wheel (D) so that most of the extracted

material fell from the chain on to the discharge apron,



P
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Figure 19

ain Extractor - Peed to 8ilo

with Feeder in Place.
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(q in Figs. 18, 20, 21), and was directed by this
apron to a pall below it. OSuch material as adhered
to the chain was brushed off with a test tube brush.
Miscella was withdrawn, eithcr from near the top
of the silo, (0 in Fig. 21), or from near the top of
the bend into which the chain was running, (0 in Fig.
17). In the experiments designated as Series I feed
and miscella take«off were as shown in Fig. 21, In
the experiments under Series II the feed was in with
the chain, at (N) in Fig. 21, with miscelle taken off
near the top of the silo at (0)., The Series III ex-
periments had solid feed to the top of the silo at (W)
and miscella take-off at (0) as showmn in Figs. 17 and

19.
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Figure 20

The Chain Extractor, Clese-up of Chain Urive.
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Centrifuge. The centrifuge extractions were made
with 2 Tolhurst Centrifugal, Serial No., T-7893; 12 inch
pasketj basket speed 2100 r.p.m.; the Tolhurst Centri-
fugal Division, American Machine and Metals Company,
Bast ¥oline, Illinois. The machine appears in Fig. 24.

Ball Mil) Jars. Porcelain ball mill Jars of one
gallon capacity similar to Eimer and amend's No. 8-390
were used to mix solvent and solid in the centrifuge

extractions,

Jar ¥ill. The porcelain jars were rotated in a
double motor driven jar mill similer to the one furnishe
ed by Paul 0. Abbe Inc.

Still. 4 steam jacketed vacuum still was used to
recover solvent from the miscellas, This was a complete
unit including condenser and vacuum receiver, It was
made by the F. J. Stokes Mdachine Company of Philadelphia,
Pa, and is their number 84260. This still was piped so
that steam could be blown into the charge. Ihis equipw
ment is shown on the left in Fig. 25.

VYacuum Drver. Solvent was recovered from the raf-
finate in a J. P. Devine Company's Ho. 1468 Vacuum Dryer.
This dryer appears to the right of the vacuum still in

Fig. 25.
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Figure 24

The Tolhurst Centrifugal.
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Figure 25

The Steam Jacketed Vacuum 8till
and

Vacuum Dryer.
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Yacuyum Puymp. The still and dryer are both con-
nected to the same vacuum pump which was supplied by
the Stokes Company with the still. They are also
connected with a Kinney Manufacturing Company's VSD,
5x5, High Vacuum Pump. The Stoxes pump was customarily
used with this equipment, but during a period in which

it was out of commission the Kinney pump took its place,
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Procedure

Preparstion of Material for Fxtraction. The

first step in the preparation of acorns for most of
the experimentation was sorting. There is a great
variation in the o0ill content of the acorn meats de-
pending on the condition of the nuts. Kinney35 anal-
ysed sprouted nuts and found no oil in them. The oil
content of wormy nuts depends on the extent of worm
damage, Sound nuts were found to contain 36,0 to 40,0
per cent oil as determined by soxhlet analysis with
n~butanocl.

Sorting 140 pounds of the acorns of Quercus
catesbael from Gainesville, Florida gave: 104.4 pounds,
(7446 per cent), sound nuts; 10.8 pounds, (7.7 per cent),
sprouted nuts; and 24.8 pounds, (17.7 per cent), wormy
nuts, Sorting 78,75 poundé of acorns from the ¥hite,
Red and Spanish Oak from Anderson, South Carelins gaves
32.4 pounds, (4l.2 per cent) sound nuts; 21.5 pounds,
(27.3 per cent), sprouted nuts; and 24.8 pounds, (31.5
per cent), wormy nuts,

The second step in the experimental procedure was
the removal of the acorn shells. This was done by
hand, (1f the quantity.of material required wes not
large), by crushing the nuts in the rolls and sepa-
rating meat from hull in the air separator, or by
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passing the nuts through the acorn sheller. The
acorns processed in the sheller were not sorted.

The acorn meats obtalined by removing the shells
were in large fragments walch could not be penetrated
by selvent. In order to prepare a feed which could
be penetrated by golvent the shclled meats were either
ground in the Raymond uill, Fig. 1, to produce acorn
meal of which 83.2 per cent passed through a standard
35 mesh sieve and two per cent was retained by an 8
mesh sieve, or taken to Rockwood and Company and run
through one of their Anderson Duo Expellers to produce
an acorn expeller cake. This expeller cake was crushe
ed in the two 10ll mill and screened in the revolving
screen of the acor: sheller to produce material reée
tained by a 1/8 inch mesh screen and passed by a 1/4

inch mesh scrcen.

Expelling Acorn Oil. Mr. W. T, Clarke, Chief

Chenist of Rockwood and Company, made arrangements
for an experimentzl acorn run at his company's plant,
The acorn meats, 366.5 pounds, produced by shelling
acorns in the winnower and fanner were run through
an Anderson Duo Expeller, There was material enough
for a 6% minute run and 8.0 pounds of acorn o0il were

produced along with 355 pounds of acorn expeller cake.
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The expeller feed was analysed by soxhlet ex-
traction with Skellysolve 4 and the expeller cake
was analysed similarly. The feed contained 13.25
per cent acorn oil whilé the cake showed a content
of 11,0 per cent of tihls same oil., A material bale
ance over the expelling operaticn, based on thase
analyses, shows & loss of 1l.Z pounds of acorn oil

in this operation.

There weres
366.5x0,1325=48.6 pounds of oll in the feed

366.5 - 48,6=317.9 pounds of inert material
in the feed

and,

317.9%0.11/0.89%39.4 pounds of oil in the
expeller csake

or,

48.6 = 39.429,.2 pounds of oil were expelled.

There were 8.0 pounds of oil collectad; so thats

9.2 = 8.021,2 pounds of oll lost in this
operation.

The data on production of acorn meal is given in
the quantitative flow sheet, Fig. 25, Preparation of
Acorn Meal,

Fig. 26, Preparation of Acorn Expeller Cake, is
a quantitative flow sheet of the operations employed in

the production of this type of solvent extractor feed.
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Acorns of Quercus

catesbaei from
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Spanish Cak acorns

Wnite Oak, Red Oai:]

from South Carolina
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Figure 2¢.

Preparation of Acorn Meal,
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Figure 27.
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Preparation of Acorn Expeller Caks.,



extraction scheme was the same as that shown in Flg. 2,
puge 34, loc. cit. Feed and solvent, or underflow and
intermediate liquor were placed in an empty ballemill
Jar and rotated in the ball mill for over an hour in
experiments 8 and 9, or for half an hour in experiment
10, 2 flow diagram for s three stage centrifuge extrace
tion 13 given as Fig. 28.
Aftar mixing the requisite length of time the con-

tents of the jar were transferred to the basket of the
centrifuge which had been lined with a plece of filter
cloth. Liquid and solid were separated by cemtrifuging
until the flow of liquid from the centrifuge was negli-
gible, Both streams wers weighed before belng passed

on to the next stage or out of the system.

Zxperimental Conditions. The experimental cou-
ditions for this group of experiments are given in Table

IX, Experimental Conditions for Centrifuge Exztractions.

Extragtion Datge. The extractior data for these

experiments is presented in the quantitative flow sheets,

Figs. 29, 30, and 3l.

F Centrifuge rxtractions The results of

these experiments are tabulated in Table X, Results of

Centrifuge Extractions.



Acorn Meal

n-Butanol

[re——

l

Mixing in a one
gallon porcelain
1st ball mill Jar. - 3rd
Raffinate Rotated in the | Extract i
Jar mill for from
: 30 to 60 minutes.
L. ~ ]
r
2nd
2nd
Raffinate ‘ 5 Extract
Centrifuge
A
1st
3ra Extract,
Raffinate j¢ » Migcells
1 1 r
Raffinate Miscella Still
1 Drying and
- solvent evap. Stokes Vacuum [«
Devine Drier bt11]
Dried
Raffinate Acorn 0Oi1l
Figure 28,
Flow Diagram of a Three Stage Centrifuge Extraction
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TABLE IX.

Bxperimental Conditions for Centrifuge Extractions,

Experiment number 8 9 10
Systen inert, inert, inzrt,
acorn acorn acorn
Oil, 011’ oil,
butanol butanol butanol
lios of stages 3 2 2
No, of cycles 3 3 3
Tempey °Ceo 25 25 25
Extraction time,
houra 1.0 1.0 005
Feed:s~
Welght, Lbs, 240 <40 4.0
Solute, Per cent 40.0 36.0 38.6
Inert, Per cent 60.0 64e 6.
Bolventi:~
weight. Lbs, 4'0 400 4.0
S8olvent, Per cent 160 100 100
Jy, Mixture of feed
and solventi=
Solute, Per cent 13.33 12.00 19.3
Solvent, Per cent 66,67 66.67 0.0
Inert, Per cent 20.00 21.33 30.7
Miscella, Lbs. 3.81 3.28 4407
tieight ratio,
solvent to feed <40 2.0 1.0
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TABLE Xe

Results of Centrifuge Extractions

Experiment number 8 9 10

Solute in mliscellas,
experimental, Per

cent 18.63 1804 28.6

¥iscella, weight, |

Lis. 3044 3.5 3.9‘
011 in miscella,

Los. 01l extracted 0464 Q.65 1.13
011 in feed, Lbs. 0.80 D72 1.54

041 experimentally
extracted, Per cent 80.0 89.5 73,0

Solute in miscella,
theoretical, Per
cent 22.10 193 36.0

041 theoretically
extracted, Per cent 9540 93.7 92,2

Difference between

per cent experimentally
axtracted and per cent
theoretically

extracted 15,0 bel 15,2

Difference, Per cent,
(Difference divided
by per cent oil
theoretically
extracted) ' 15.8 be5 20.8




F 44 2.9
4,06
F
«0
F F
3431 3.94
Figure 29.

Quantitative Flow Diagram of 1lst Centrifuge Extraction,
Experiment Number 8,

F=2,0 1b. acorn meal. S=4,0 1b, n-butanol,

All figures are pounds. Overflows are vertical lines.
Underflows are diagonal lines. M-6 (miscella) is °
18,63 per cent acorn oil, M-8 (intermediate liquor) is
5.80 per cent acorn oil., M-9 (intermediate liquor) is

1.54 per cent acorn oil.



F 4,5 F 3¢5

Figure 30.
Quantitative Flow Diagram of 2nd Centrifuge Extraction.
Experiment Number 9.
F=2.0 1lb. acorn meal. S=4.,0 1b. n-butanol.
bverflows, miscellas, are vertical lines. Underflows,
raffinates, are dlagonal lines. All figures are pounds.
8=1.0 1b. n-butanol added to make up for solvent
evaporated in centrifuging the material from the 1st
stage. M-4 (miscella) is 18.4 per cent acorn oil,

M-5 (intermediate liguor) is 4.1 per cent acorn oil.



Figure 31.

Quantitative Flow Diagram of 3rd Centrifuge Extraction.
Experiment 10C.

F=4.0 1b. acorn meal. S=4,0 1b. n.butanol.
M-4 (miscella) 1s 28,6 per cent acorn oil,

M-5 (intermediate liquom) 1s 12,7 per cent acorn oil.,
Overflows, miscellas, are vertical lines. Underflows,

raffinates, are diagonal lines. All figures are pounds.
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Analyticel. The feeds werc analysed by soxhlet
extraction with n-butanol. Solutions of acorn oil
and butanol were analysed by distilling the solvent
from a weighed sample in a tared distilling flask
and drying the residue to constant weight at 135° C,
Raffinates were analysed by evaporating solvent from
a weighed sample to constant weight at 135°C, and
soxhlet extraction with n-butanol of & weighed sample
of thia dried raffinate.

Theoretical Undeprflow. The theoretical underflow,

or xx line, was calculated in the same way as before in
experiment 7, pages 44-46, loc, cit. Theoretical un-
derflows are given in Table XI, Theoretical Underflows
in the Centrifuge Extractions.

Caleulationa. The graphical calculations led to
the theoretical extractions given in Table X, These
gonstructions were made in & manner identical with the
{llustration given with experiment 7. The caleulations
of actual and theoretical extractiocn in these experi-
ments were based on the oll conteat of the miscella rath-
er than on the amount of unextracted oil. The method

of calculation is indicated in Table X,



tractor. Three series of experiments were conducted
with the continuous extractor. A4S has been described
under the operation of this extractor, pages 78-80

loc, eit., the manner of feeding this unit and taking
miscella from it was different in each of these seriles.
Series I were extractions of cocoa expeller cake with
n-butanolj Series II, acorn meal with n-butanol;

Series III, acorn expeller cake with n-butanol.

Bmsrsction Procedurg. The extractor was operated
for one hour before taking any data in order that equi~

1ibrium might be established between the inlet and oute
let stre&ms;’ Puring this time liquid and solid feed
were adjusted so that material was neither bullding up
in the extractor nor being withdrawn fester than it was
being added. After equilibrium had been attained sam-
ples'and data were taken for the length of the continmue-
ous run. The experimental conditions for these experi-
ments are given in Table XII, Expefimental Conditions
for the Continucus Extractions. The weight of solvent
fed was controlled by the rotameter reading and measured
by means of the calibrated bottle, The rate of solid
fed was regulated by the speed controller of the Jeffrey-
Traylor Peeder., Bo0lid was added to the hopper of this

feeder a gquarter of a pound at a time so that the rate
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of feed could be checked during the run. The raffin-
ate was collected in a pail on a scale and weighings
were made every 15 minutes. The miscella was collect-
ed in gallon jugs, also on a scale, and weighings of
this stream were likewise made at 15 minute intervals,
The.oxperimental conditions were checked by a

material balance. This material balance is given in
Table XIII, #aterial Sulances on the Continuous Ex-

tractionse.

Agalvtical Procedure. There was a considerable

ampount of fine inert material carried over with the
miscella in the Series I and Series Il experiments,
but not in those of Series III. This fine material
was filtered out of a weighed sample of the miscella
through a tared filter paper. The paper was dried to
constant weight at 1359°C, and the per cent of fine
material in the miscella thus determined.

Another weighed sample of the umiscella was dise
stilled from a tared distilling flasik. The residue was
dried to constant weight at 1359°C, and reported as oil
plus fine material, (oil only in the Series III ex-
periments).

The compositiocn of the miscella was calculated from
these two determinations. Miscella compositions are
given in Table XIV, i alytical Data for the Continuous
Extractions,
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TABLE XIII.

Material Balances on the Continuous BExtractions.

(1) (2) (3) (4)
Experiment Haterial | Material Difference, | Difference,
in, feed |out, (1) « (2), | Per cent
& solvent,| raffinate Lbs.
Lbs, &
miscella,
Lbs,
1 12.0 12.8 «0.8 6.7
2 12.0 12.6 0,6 5.0
3 6.0 5.1 0.9 15.0
b 640 5.1 0.9 15.0
5 23.2 23,1 0.1 Ok
6 14.5 13.0 1.5 10.3
7 12,6 10.9 1.7 13.58
8 9-3 1608 "‘1'5 1601
9 3.3 3.1 0.2 6.1
10 11.8 12.2 «0e4 3.4
11 8.0 Te5 0.5 6.3

Per cent difference is (3)/(1)x100.
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TABLE XIV,

Analytical Data for the Continuous Extractions.

Experiment Solute in Inert in Solute in
Per cent Pt cent’ | Per cent’
1 11.5 1.27 433
2 11.5 0.79 3.34
3 11.5 2,18 3.88
4 38.6 1.01 8.7
5 38.6 1,30 13,4
6 38.6 2.91 8.7
7 38.6 3.01 9.6
8 38.6 2.2 11.2
9 17.8 - 5.4
10 17.8 - Yed
11 17.8 - 12.3
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The feed was analysed by soxhlet extraction with
n-butanol and the compositions of the feeds are in-

cluded in Table XIV,

Calculations. The experimental per cent ex-
tracted was calculated from the feed and the miscella,

Graphical calculations of the amount of theoretical
extraction showed less than one theoretical stage in
this extractor so that a much simpler calculation was
employed for this set of experiments., This calculation
is 1llustrated with the data from Experiment 10,

Qne Stage. In Experiment lbto There were 7.16 pounds
of solvent fed plus 0.82 pounds of oil, (in solid feed),
equal to 7,98 pounds of total liquid into the system,
There were 5,84 pounds of miscella removed so that
5.,84/7.98 18 approximately the fraction of the oil
which was extracted. 7The precise fraction would be

the volume of liquid in the miscella divided by the
volume of liquid entering the extractor. There 1s
little difference in these two fractions, however, and
the simpler approximate calculation is used for thess

experiments,

The results

of these continuous extractions are presented in
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Table XV, Results of Continuous Extractions., BEx-
perimental extraction is compared in this table
with thqoratical extraction in one stage. Pounds
oil extracted is pounds liquid removed, from Table
XII, times per cent oil in miscella, from Table XiV,
Pounds o0il in feed i3 per cent solute in feed, from
Table XIV, times pounds feed, from Table XII. Per
cent oil experimentally extracted 1s pounds oil ex-
tracted divided by pounds oil in feed times 100,
Pounds liquid into systcn'oquals pounds oil in feed
plus pounds solvent fed. Theoretical per cent oil
extracted equals pounds miscella divided by pounds
liquid into system times 100,

Per cent or'oil experimentally extracted is plote
ted sgainst solvent-solid feed ratioc in Pig. 32 for
the extractions of acorn meal and acorn expeller cake,
Increasing the amount of solvent relative to the feed
increased the extraction of oil from the acorn meal,
which would generally be expected., An increase in the
sglvent-feod ratio, however, decreased the extraction
of oil from the acorn expeller cake, which is contrary
to general expectation. The solvent-solid ratio does
not take into account other factors in extraction,
particularly the ratio of liquid to solid in the under-
flow. Solvent extraction theory takes account of both
these taogors. solvent-solid ratio and liquid-solid
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ratio in the underflow, The per cent oil ;xpcrimentally
extracted in all these experiments is plotted against
the theoretical extraction to be expected with one

ideal stage in PFig. 33, Comparison between Exyorimqut-
al and Theoretical Extrzaction. PFig. 33 shows that
solvent extraction theory indicates the cxtrabtion

trend much more accurately than does the aolQonto

feed ratio.
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Solvent Recovery. Acorn oil-butanol mixtures
from the variocus extractions were allowed to accumu-
late until at least five gallons of this material was
on hand., The mixture was charged into the batch still
of Fig. 25 and butancl was distilled under vacuum,
This solvent was re-used for extraction. The residue
in the still was steam distilled for 15 to 30 minutes
to remove traces of solvents The gate valve at the
bottom of the still was then opened to discharge crude
acorn oil and water into a bucket placed beneath it.
The still was ateamed out until no more oil appeared
in the discharge.

Purifving Crude Acorn Oil. This crude acorn oil
contained s0lid material and much of it was emulsified
with water, It was allowed to stand until two distinct

layers separated. The upper of these layers, the oil
layer, was washed free of solid material and tannins

in a large separatory funnel. When the lower layer

was no longer dark in color washing was stopped, The
upper layer was collected as crude water washed butanol
extract,

A rough test was made to refine some of this water
washed butanol extract. 425 grams of it were mixed with
139 ml. of Q.242 N-NaOH and treated according to the
procedure for refining cottonseed oil. 262 grams of
refined oil were obtained. No attempt was made to

recover oil from the foots.
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IV. DISCUSSION

lotroduction. Discussion of the work of this
thesis logically divides into two sections; the first
concerned with the extraction of oil from acorns; the
second dealing with the development and use of sol-
vent extraction theory. This diascussion is therefore
divided into two parts as follows: |

A. Bolvent Extraction of 01l from Acorns.

Be The Development and Use of Solvent Extrace

tion Theory.

The purpose of the work discussed in the first
section was the practical one of producing acorn oilg
involving collecting acorns, preparing them for exe
traction, extracting the oil, recovering solvent and
obtainins'acorn oil from solvent~-oil mixtures.

The philosophy of solvent extraction theory une
derlying Elgin's graphical method for calculation of
leaching operations was not changed but the method of
applying that philosophy to solvent extraction was
modified to such an extent that it is desirable to
discuss this theory in detail. The second discussion
section develops solvent extraction theory as it was
applied to the experimental extractions. The use of
this theory is illustrated by sample calculations and
by discussion of the experimental data presented in
this thesis,
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A+ SOLVENT EXTRACTION OF OIL FROM ACORNS

The possibility of using acorns for food has ofe
ten been discussed in the literature, but, except in
times of scarcity of other focds, acorns have been
utilised only by wild animals or by semi-domestic
pigs. There are some references to the possible uses
of acorn oil, but there is no record of any large scale
work with this material, 7This investigation is con-
cerned with handling a quantity of acorns, 847 pounds,
to disclose what particular problems there are in
processing this material for oil; to demonstrate &
practical method of obtaining acorn oil; and to relate
solvent extraction theory to experimental extractions,

There are three general methods fo: obtalning o1l
from oleagineous seeds} pressing, squeesing the oil
from the oil=bearing seeds by applying a pressure to
this material in & hydraulic pressj expelling, again
pressure but in this operation applied to the materisl
by forcing it through a narrowing slotted barrel by
means of a screw, (the oil flows out through the slots
in the barrel); solvent extraction, dissolving the oil
from the material in a sultable solvent, separating
the solids from the ollebearing soivent, miscella, and
recovering the oil by distillation of the solvent from
the oil in the miscella.
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Solvent extraction was selected as the most
promising method for obtaining oil from acorns since
it can be applied to any oil-bearing material no
matter what its oll content,

Asorns. One of the purposes of this thesis was
to determine what type of material could be obtained
by offering & price for acorns. Inquiries showed that
three cents & pound would be sufficient inducement to
produce a supply of acorns adequate for experimental
purposes. The Boy Scouts of Gainesville, Florida and
the Anderson Hardware Company of Anderson, South Caro-
lina were the only two supplliers who collected acorns
at this figure. There were 361 pounds of acorns sent
from Florida and 485.5 pounds from South Carolina.
Acoms were ordered from Arkensas, Virginia and Xew
York State, but none were received from these local-
ities,

It is the author's opinion, based on his attempts
to get acorns and on his personal observation, that
acorns are seldom as abundant as popularly supposed
and that gathering them in guantity is not easy.

The nuts which were supplied were of poor quale
ity. The best lot obtained, the Scrub Oak acorns

from Florida, consisted of 75 per cent of sound nuts

and 25 per cent of acorns which were either wormy or



sprouted, The quantity of oil which may be produced
from sprouted or wormy nuts depends on the extent of
growth or of worn damage. Most of the wormy nuts
which were examined contained no meats at all.
Fully sprouted nuts contain less than one per cent
of 011,39 The Bouth Carolina acorns were only 41 per
cent sound nuts.

Before an acorn oil mill could be established on
& commercial basis an extensive educational campaign
would have to be conducted in order to acquaint pro-
spective acorn harvesters with the type of material
required for oil extraction. The nuts must not be
allowed to lie on the ground to become moist and sprout,
It 13 necessary that they be gathered as they fall and
stored in dry cribs,

Most of the

acorns were prepared for extraction by removing the
shells in a winnower and fanner., This machine had been
built by the J. H. Lehman Company of New York for
Rockwood and Company and had been used to remove the
shells from cocoa beans, Since the acorns were shelled
without difficulty at a rate of about 200 pounds per
hour nc new type of equipment needs to be designed for

processing acorns,

There are a number of methods of preparing seeds
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for oil extraction. The most satisfactory of these,
according to the experience of soya cil producers,

is to prepare the seed as a thin flake; the thinner
the better, These flakes are readily penetrated by
solvent but hold their shape after oil removal so
that drainage of miscella from extracted solids is
rapid, Attempts to produce acorn flakes were une~
successful, using such equipment as was available.
Rockwood and Company have had good success in exw
tracting crushed expeller cake, sized to be retained
by an eighth inch mesh screen and passodvhy a half
inch mesh screen. Expelling is a hot pressing opera-
tion which produces a porous cake, probably due to the
formation of stemam within the material passing through
the expeller, 8olvent penetrates the porous expeller
cake fragments easily and these fragments, like the
soybsan flakes, do not broakaup5on removal of oil.

The least dosifable method of preparing material for
oil extraction is to grind it finely enough so that
solvent can penetrate the particles of oil-bearing
material. Grinding produces a large per cent of fine
flour, evident after olleremoval, which cannot be
handled by any of the commercial extractors desaribed
in the literature as being in current use,

Acorn expeller cake was prepared by using an



Anderson Duo Expeller at Rockwood's plant on the acorn
meats from the winnower and fanner., This expeller
cake was crushed and the material retained by an eighth
inch screen and passed by a quarter inch screen was
extracted.

At least 300 pounds of acorn meat were reguired
for one expeller run so that most of the acorns were
used for this experiment., The nuts were not sorted,
which would have resulted in & feed containing con-
siderable more oil, but would have departed from the
purpose of processing the material as received and
not as selected for the highest possible yield of oil.
Carefully selected acorns contain up %o 40.0 per cent
of butanol extractable materiasl whereas the material
fed to the expellcr contained only 13,3 per cent of
such material.

The results of the expeller run show that acorn
meats can be handled by an Anderson Duo Expeller, 4
good many runs would be required to establish optimum
expelling conditions. During the first part of the
65 minute run the acorn meat was fed as it was. The
first cake was crumbly and not firm. Water was added
to the meat during the second part of the rum and a
much stronger and harder expeller cake was formed.

A centrifuge might well ve used as an interstage
filter in an extraction scheme designed to handle fine
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material. Acorn meal was prepared for extraction
in such a scheme by grinding the meat in a Raymond
Laboratory Hammer Mill No. 40127. In order to avoid
finesz the grinding was done through the coarsest
screen, (one quarter inch), supplied with this mill,
Some of tho ground material, l4.2 per cent, was too
large to pass a 35 mesh screen and hence could not

be expected to extract well,

extractors were used in processing acorns on & pilot
plant scale, The first of these consisted of a mix~
ing tank, (a one gallon porcelain ball mill jar), for
solvent and feed, followed by a Tolhurst No., T-7893
centrifuge to separate extracted solids aund miscella,
Extraction followed Elgin's pseudo-countercurrent

36 shows that such &

extraction scheme.zo Hunter
scheme gives a deviation of 3 to 10 per cent, depend-
ing on the stage, from a truly countercurrent ex-
traction when 5 cycles are used with 4 stages. He
demonstrates that this deviation becomes less than 2
per cent for all stages with 10 cycles. Three and
four cycles were employed with two and three stages

in these centrifuge extractiona. A considerable devia-
tion from a truly countercurrent process is therefore

to be expected.
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The second extractor consisted of a contine
nous chein made up of No. 45 malleable detachabile
links with Ro. 45 C-1 flights every fourth link move
ing through a 2 inch pipe. The flights carried the
solid material up a 25° slope against a counterflow
of solvent. |

Neither of these extractors was solvent tight
so that no volatile nor dangercus solvent could be
used with them., The usual com:ercial oil solvents
are low boiling hydroczrbons (mainly hexane) and
their chlorinated derivatives. These solvents are
both volatile and dangerous; the hydrocarbons bee
cause of thelr flammability; the chlorinated hydro-
carbons because of their toxicity, n-Butanol was
selected as solvent becauset-- it is not very vol-
atile (vapor pressure of 4.3 mm. of mercury at 20°C,
and 18.6 mm, at 40.0°C.); it was not dangerous to
usej preliminary experiments indicated that it was
a gatisfactory solvent for acorn oil; and it could
be obtained in the quantities required,

Centrifuge Extractiong. The centrifuge exe

tractions, as shown in Table XI, removed from 73.0
to 80,0 per cent of the oil in the feed. A higher
yield might have been obtained from a more finely
subdivided feed. The results prove, however, that
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acorn oil eaﬁ'be extracted from acorn meal using

the extraction in Fig. 28.

Soutinuous Extractiong. It was difficult to
obtain consistent results with the continuous chain

extractor. This was due to the tendency for solid
material to hold up in the pipe and to progress
irregularly through the system. This difficulty was
particularly noticeable with acorn meal which packed
against the sides of the pipe so that the chain moved
through a square duct composed of solvent-wet meal,
This was an unstable condition, At times more mate-
rial went into the system than was discharged. Again,
sfter the extractor had been running some length of
time and was loaded with s0lid material, a reduction
in feed rate did not result in a corresponding re-
duction in discharge rate. It was found possible to
reach a rather unstable eguilibrium by cleaning the
system well before a runj filling 1t with solvent
and establishing the solvent feed rate; and then
feeding in the solids at the selected rate for the
run for a period of about an hour. Under these cone
ditions fairly consistent results were obtained.

In experiments 1 and 2 the feed conditions were
the same, 4.0 pounds of solvent and 2,0 pounds of

80lid were fed to the extractor per hour. Extraction



in these two experiments, 41.3 and 45.6 per cent
respectively, is about the same. The feed rate was
double in experiment 3, i.e., 8.0 pounds of solvent
and 4.0 pounds of solid being fed to the extractor
per hour,  Extraction was somewhat worse--39.2 per
cent, The material balance, Table XIV, shows that
naterial was being retained by ths extractor in ex-
periment 3.

The s0lid feed rate was kept constant at 2,0
pounds per hour in experiments 4, 5, 6, 7 and 8 and
the solvent feed was varied from 2,6 to 5.2 pounds
per hour. Plotting solventesolid ratios against per
cent extraction in Fig. 32, shows that increased ex-
traction results from inereasing this ratio, as would
be expected. Extractiocn varied from 16.9 per cent
to 41.8 per cent in these runs with acorn meal.

The per cent of 01l extraction from crushed
acorn expeller cake was the highest obtained from any
feed to the continuous extractor, varying from 62.3
to 71.8 per cent of the oil in this cake. Solvent=
s0lid ratios for the acorn expeller cake experiments,
9, 10, 11, are plotted against per cent extraction
in Fig. 32, Contrary to what would be expected, the

greatest extraction results from the lowest solvente

80lid ratio.



Table II shows

that acorn oil, as reported by previous investiga-
tors has a specific gravity at 25°C. of 0.908 to
0.914, an index of refraction of 1.4594 to 1.4725,
also at 25°C. The saponification numbers of acorn
0ils vary from 188.4 to 199.3; iodine numbers (Wijs)
from 83,0 to 100.7 have been reported; acid numbers
range from 4.5 to 22.2. The acorn olls resulting

from this experimental work had specific gravities

of 0.904 to 0,908 at 25°C., indexes of refraction

(at 259C.) of 1.4669 to 1.4684, acid numbers of 2.6

to 30,8, saponification numbers from 188 to 192 and
iodine numbers (Wijs) of 105 to 1ll. The iodine
numbers of the acorn oils produced by the pilot plant
experiments are higher than any listed by other inves-
tigators., The other constants indicate that this
acorn oil is similar to that produced by other workers,
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B, SOLVENT EXTRACTION THEOQRY

Introduction. Solvent extraction theory is con-
cerned with methods of calculation of the results of
hypothetical extractions, These poatulated extractions
may be practically realised, if it is possible to
carry out actual extractions under conditions similay
to those hypotheated in the derivation of the method
of calculation.

A modified derivation of a theoretical method'for
calculation of the results of solvent extractions is
presented, This method %s based on the consideration
of a solvent extraction as a ternary system consisting
of sclvent, soclute and inert carrier solid, The der-
ivation is prefaced by a discussion of those properties

of trisngular diagrams which are used in it.

Properties of Iriangular Disgrams. There are cer-
tain properties of triangular diagrams shich pertain to
the derivation of a graphical method for the solution
of leaching problems., These are illustrated by Pigure 34,
in which the corners of the triangle ABC refer to pure
components; specifically for oil extraction, A is 100
per cent solvent, B is 100 per cent oil and C is 100 per
cent inert carrier solid. 4ll possible mixtures of 4
and B are represented by the side 4B, of B and C by the
side BC, and of C and A by the side AC. Points within
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the triangle represent mixtures of all three components;
such a point is P representing a mixture of a per cent
of a, b per cent of B and ¢ per cent of ¢c. ¢ is a per-
pendicular from P to 4B, b a perpendicular from P to

AC and & & perpendicular from P to CB; a + b + ¢ = 100

per cent.

]
]
!
I
|
|
|
C
Figure 34.
Properties of Triangular Diagrams.

The mixture P may be divided into two other mixtures,
b 4 ﬁnd Y, whose compnsitions are represented by the ends
of the straight line xPy. P may be considered as the
result of mixing x and y and in this case the per cent
composition of the mixture can be located in two ways,
P lies on a straight line connecting x and y. If Wy
is the weight of the mixture of composition x and Wy
is the weight of the mixture of composition y, xP/yP=Wy/Wx,
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80 that, P can be located by dividing xy into two
segments in the ratio wy/wx' P can also be located
arithmetically from the known weights and compositions
of the mixtures x and y.. )

S8uppose that the compoaition of'the mixture K
obtained by subtracting x from y is desirec, If y is
greater than x, K will lie within the triangle. If
Y i3 less in weight than x, it will be an imaginary
mixture and its composition will be represented by a
point ocutside the triangle, K'. In elther case y may
be conslidered as a mixture derived by the addition of
K or XK' and x, and as beforege

xy/Ky = W /W, 5 xy/K'y = W '/W_

where,

W a Wy - Wx , Wx! s Ry - ¥x
- The arithmetic method could be applied to the location
of such points as K, it would be difficult to apply to
points such as Kt,

Considering the addition, or subtraction of pure
components to mixture P; addition of A will produce
mixtures lying along PA between P and A; subtraction
of A, by evaporation of solvent, will produce mixtures
whose compositions lie along AP ixt.ndcd beyond P;
addition or subtraction of B will give compositions
along a line through P and B; addition or subtraction
of C willgive a point on a line through P and C,
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These are special cases of the division of the mixture
P into & mixture and a pure component or the production
of a new mixture by the addition of & mixture and a
pure componentj compositions would be calculated as

for points such as P and K.

In order to illustrate theae properties of tri-
anguler diagrams some specific cases are presented in
Figure 35, Three Component Mixtures.

Exagple 1. Acorn oil is being removed from acorn
meal by extraction with n-butanol. 7This acorn meal
consists of 20,0 per cent oil and 80.0 per cent inert
material. One pound of the meal, the golid feed, is
mixed with 0,75 gallon of an overflow consisting of 10,0
per cent acorn oil and 90.0 per cent butanol. The
specific gravity of this overflow at the temperature of
~ the extraction is 0.90. ¥hat is the composition of the
resulting mixture?

Solutionge

The 0.75 gallon of overflow = (a151122§%£ﬁgxéli;291_
28

e 5,625 pounds
Locate F in Figure 3% at the per cent composition
of the acorn meal.
ALocate M at the composition of the miscella, overflow,
Connect F and M., The resulting mixture is represent-
ed by point J on the line FM located so that:
FI/MJ = 5,625/1.0
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FN is 200 mm., in length, MJ + JF = 200 mm,
JF = 5,625, MUIx6.625 = 200, MJ = 30.2 mm,
and JF = 169.8 mm., measuring ¥J and thus
locating J, the coordinates of J, as read
from the disgram are:-

Acorn oil 1l.5 per cent
Inert 12,0 ® "

Butanol I%gfg p;r c:nt
Caloulating the composition of J from the per
cent compositions and amounts of F and M i~
F consists of,

1.0x0.20 = Q.20 pounds of acorn oil
1.0x0,80 = 0,80 pounds of inert material

M consists of,

5.625x0.,10 = 0,56 pounds of oil
5.625x0.90 = 5,07 pounds of butanol

J consists of,
0.20+0.56 = 0,76 pounds of acorn oil
0.80 pounds of inert material
'%;%1 pounds of butanol
«63 pounds
or,
J 18.
11.5 per cent acorn oil
12,0 per cent inert material
76.5 per cent butanol
This second calculation is exact, The graphical

solution is as exsct as the care used in the construecticn

and in reading the diagram.
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Example 2. The underflow in an acorn oil ex-
traction is analysed and found to contain 40.0 per
cent inert material, 10.0 per cent acorn oil and
50,0 per cent solvent, butanol, What is the compo-
sition of this underflow after evaporation of the B
solvent? QK\\
The solution may be graphical:- _ N

R 4n Pig. 36 corresponds to this underflow,

AR extended to CB, locating point F, 20,0 per

gent oil and 80,0 per cent inert mater1a1§

gives the composition of the solvent free

underflow,
The solution may be mathematicalie

Removal of solvent from 100 pounds of underflow

leaves a mixture of 10 pounds of oil and 40

pounds of inert material, with a per cent

composition of,

10/50x100 = 20 per cent acorm oil
40/50x100 = 80 per cent inert material

Example 3. P consists of 20 per cent acorn oil,
20 per cent solid and 60 per cent butanol. N has the
composition 40 per cent inert material, 30 per cent
butanol and 30 per cent acorn oil,

{a) What would be the composition of the mixture
0 produced by subtracting 1.0 pound of P from 2.0

poundas of N?
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(v) What would be the composition of the mix-

ture O' produced by subtracting 2.0 pounds of P from

1.0

The

The

pound of HN?
solution of Example 3(a) may be graphicali-
In this case the process of subtraction of one
mixture from another may be considered as the
addition of a negative amcunt, thus subtraction
of 1.0 pound of P from 2.0 pounds of N will
give 1.0 pound of 0., N can be produced by
addition of 1.0 pound of 0 to 1,0 pound of P
and N must therefore divide the line OP into
segments such that,

PN/OR = 1/1, and since PN » 6] mm,, ON = 61 mnm,
The coordinates of O are:-

40,0 per cent acorn oil
60.0 per cent inert material

as read from Fig. 36.
solution of Example 3(a) may be mathematicali-

0.2 pound of acorn oil
0.20 pound of inert material
0.60 pound of butanol

are to be subtracted from,
0.80 pound of inert material
0.60 pound of butanol
Q.60 pound of acorn oil
leaving the mixture O consisting of,

0.60 pound of inert material = 60 per cent
0.40 pound of acorn oil = 40 per cent
0.0 pound of butanol
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The zolution of Example 3(b) must be graphical. 8uch
a mixture as 0! would be negative or imaginary and
would be represented by a point outside the limits of
the triangle. The point corresponding to Ot may be
located as followair~
Subtraction of 2,0 pounds of P from 1.0 pound
of N will give ~1.0 pound of 0%, or H would be
produced by addition of -1,0 pound of O' to
2.0 pounds of P, N must therefore divide otp
into segments such that,
PH/O'Y = -1/2, and since PN = 61 mm.,
«O'N = 122 mm,.
While this imaginary point can be, and is,
located in Pig. 36 as 0f, its composition

sannot be read on this diagram,
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Extract e . A graphical method
for predicting the results of leaching operations has
_been derived by J. C. klgin. This wethod makes use of
the properties of triangular diagrams which have been

discussed. The graphical calculation requires:-

(1) The system consists of solute, solvent and
inert carrier solid., An inert carrier solid
is defined as a solid phase of negligible
solubility in the solvent.

- () The solute is neither absorbed nor ad-
sorbed by tne carrier solid.

(3) The zolute is removed solely by physical
solution in the leaching solvent and no
chemical resction occurs.

(4) Equilibrium is attained in every stage 3o
that the concentration of solution remain-
ing with the solid is identical with that
of the solution withdrawn,

Elgin demonstrates theoretically that, if these
four assumptions are valid, and leaching econditions
have been established, either practically or hypothet-
icslly, it’is possible to calculate, either the ex-
tent of the leaching to be expected with a definite
number of leaching stages, or the number of leaching
stages required to effect a desired degree of leaching.
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The extraction of oil from oil-bearing material is
& special case of leaching. In general the oil to
be extracted is miscible with the solvent in all
proportions and there are no regions within the
triangle representing more than one liguid phase
nor any areas of saturated solutions. The most
interesting case, from a commercial standpoint, is
that of continuous countercurrent extraction and

a modification of Elgin's derivation for this

case is presented here.

Figure 37

Triangular Viagram for Three Stage Countere
eurrent Bxtraction.

Suppose than an oil-bhearing material consist-
ing of oil and inert material, its composition
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represented by F in Figure 37, Triangular Viagram for
Three utage Countercurrent Extraction, 1s extracted
with 8 pounds of solvent, composition A in Figure 37,
in & three stage countercurrent process as shown in

Figure 38, Three Stage Countercurrent bxtracticn.

_8 8y | Bry ) | ¥

I II III

R r__"n_ P11z L ¥ _

Figure 38.
Three Stage Countercurrent Extraction
wheﬁ this system is in equilibrium,
F+SEmMU+R |

F = pounds of oil-bearing material, of composition
in Figure 37.

S = g ounds of solvent, of composition 4 in
igure 37.

M = pounds of miscella, of composition M in
Figure 37,

R = pounds of extracted solid + residual oll +
inert material, of composiion R in
Figure 37.
The extraction is carried out so that;-
F pounds of feed plus 8 paundé of solvent enter

the system per unit of time and M pounds of
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miscella plus R pounds of raffinate leave the

system in this same unit of time. &quilibrium

is established in each stage so that the compo-
sition of the liquid in the uwnderflow is the

saize as that in the overflow.

There may or may not be inert solid in the over-
flow. Z%This development is for the case in which there
i no inert solid in the overflow and the composition
of the overflow varies from some point to be determined
on AB to M, also on AB., The weights and compositions
of the overflows from the first and second stages are
represented by SI and SII' The weights and compoe
sitions of the underflows are represented hy RII and
Ryyys (Both es shown in Figures 37 and 38).

The o0il, inert solid and solvent entering the
system in F + § must leave in ¥ + R; therefore, if the
composition of the mixture F 4+ S 1s repreasented by J,
R amd ¥ will lie at opposite ends of the atraight line
RIN in Figure 37. 7The composition of J is calculated
from the composition and quantities of the two feed
streams, F and S; or, coansidering terminal conditions
in the extraction of Figure 38, the mixture J formed
by addition of F to S is divided into the two mixtures
M and R so that J must be the intarsection of AP, (the

composition of S 48 A), and MR; therefore by drawing
MR and AP, J may be located graphically.
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The compositions of R, Ryy and Ryyy depend on
the quantity and composition of liquid in the under~
flow assoclated with I, the number of pounds of inert
solid (composition C) which is the same in F, R, Rry
and Ryyrys The composition of the underflow in the
usual oil extraction can be represented by such s
line as xx irn Fig. 37. The liquid M 1is of the same
composition as that in the underflow RIII’ BIII can
then be obtained from ¥ by the addition of inert solid,
I pounds, and is therefore located on the line MC ag
the intersection of MC with xx. The overflow 81 1s
of the same composition as the liquid in R and its
composition 1s that obtained from R by removal of
inert solid, so that §; 1s located by the extension
of CR to AB, Thus, making use of the properties of
triangular plots, knowing the composition and amounts
of the feed streams in an oil extraction, as well as
the relation between solid and liquid in the under-
flow, it 13 possible by establishing the composition
of ¥ (or R, or Ryyy or 8y) to determine the composition
of Ry J, Ryrr and Sj.

Haterial balances over the syatem and over each
stage ares-

1. 8+ P=K + R

e 8 + RII = R+ 8;
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F+ Sy =N+ RIII
ReSsF el
RmF-M+8
8 = BII = Full+4 B8+ SI
RBip =8y =F-N
SI + BIII s F N+ SI + SII

Bryy = Sy =F - M

In these equations the letter identifying the
strean stands for both its weight and its

composition. Thus & means pounds of ¥ and also

pounds of 8x100 per cent, where all components

are considered, If only one component (oil)

weres considered, the equations would bes-

Sx(per cent of oil in S) + Fx(per cent of oil
in F) = Nx(per cent oil in M) + Rx(per cent of
oil in R),

Thus the subtraction of the overflow from any

stage from the solids carrying stream entering that

stage gives a constant value equal to the feed stream

minus the miscella. In general this value will be

negative since the feed stream is usually smaller

than the miscella. It 1s represented by a point K
lying outside the triangle (indicating that this is

an imaginary mixture), but having the same character-

isties as points within the triangle, e.g., represent-

ing a mixture of the three components, A, B, and C,
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K can be located from the compositions and welghts
of P and M, or at the intersection of RS and M,
extended, RIISI and RIIIBII also meet in point K.

The underflow is the stream carrying solids. -

In the usual extraction all inert solid, I, enter-
ing in the feed moves rrom'étagc to stage in the
underflow and the gquantity of inert solid is the
same in all stages., Vhen this is the case, and the
volume of the underflow is constant, as it usually
is in a countercurrent process, the composition of
all possible underflows may be represented by & line
such &8s xx in Fig. 37. The weight of the oll-solvent
mixture in the underflow will depend on the specific
gravity of that liquid so that; if the volume of the
1iquid associated with the I pounds of inert solid
is known, along with the veriation in specifie
gravity of oil-solvent mixtures, points defining the
line xx may be calculated.

The proportion of liquid and solid in the under~
flow in any particular extraction would ususlly be
established experimentally, The liquid solid ratio
might, however, be postulated, and, if information
concerning the amount of liquid likely to be carried
along with the aolid were available, this postulate
could be carried out in practice. As examplesi-

l. Sand settles compactly in kerosene and could
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be freed of lubricating oil by a kerosene extraction,
(miving feed and solvent, settling solid, pouring off
miscella, adding fresh solvent and repeating), with
an underflow of 100 ml. of liquid to 100 grams of
sand. This underflow 1s practicable since experience
with this system has shown that when a mixture of oil,
kerosene and sand is allowed to settle and then the
liquid is poured off, 1,0 gram of sand will retain
0.3 ml. of kerosene~oil.

2. Filter paper scrap could not be freed of
lubricating oil by a kerosene extraction with an under-
flow of 100 ml. of liquid to 100 grams of scrap.
Experience with this system has shown that 3,0 ml,
of kerosene-oll will be retained per 1,0 gram of filter
paper scrap. The extraction of oil from filter paper
scrap would require ten times as much liquid in the
underflow as would the extraction of oil from sand,

Where the underflows cannot be represented by
a single line such as xx, they can be represented by
a series of such lines, one for each underflow if each
is different.

The utility and application of this graphical
method of calculation is 1llustrated by the following
examplest

Case I~-A. The underflow is of constant volume.

There is no solid material in the miscella. The
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specific gravity of oilesolvent mixtures increases
with increasing oil content,

The extraction of acorn oil from aéorn meal
with n-butanol can be carried out in such & way as
to be an illustration of this case. Suppose that
such-an extraction follow Pig. 39, and that it is
desired to know the number of stages regquired to
produce an extraction of 95 per cent of the oil from
the feed. The graphical calculation is shown in
Fig. 40, The Extraction of Case I, F i3 the feed,

40 per cent acorn oil, 60 per cent inert solid. & is
250 ml. of solvent, (250x0.83 = 207.5 grams). The under-
flow 18 to consist of S50 ml, of liquid plus §0 grams

of inert solid., If extraction were complete, this
underflow would consist only of butanol and inert solid
and would be represented by the point 59.0 per cent

C on AC in PFig. 40. This is one point on xx. Other
points along xx may be located from Table XVII, (for
which the specific gravities éf butanoleacorn oil mixe
tures are taken from Fig. 5).

Draw the xx line using Table XVII in the follow~
ing mannerg-

Lay a straight edge along 5.0, 10.0, 15.0, etc.,
per cent oil on AB to C and locate points corresponde
ing to 59.0, 58.9, 58.8, etc., per cent solid on these
lines. It is best not to draw the lines 5.0 per cent
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oil, 95 per cent butanocl, etc., to C since these
added lines make the final diagram confusing.

TABLE XVI1I.

Variation in Per Cent Inert dolid in the Underflow
of Case I with Varistion 4n the Per Cent 0il in the
Liquid Part of that Urderflow.

Acorn oil in | 8p. G. of Weight of Solid in
the liquid liquid in iiquid in underflow,
underflow, underflow, underflow, | Per cent.
Per cent, Graus, :
0.0 0.830 41.5 59.0
5.0 0.833 41,6 59.0
10.0 0.837 A1.7 58.9
15!° 00840 ‘200 58.8
20,0 04843 A2.2 58,7
25.0 C.848 42.4 58.6
30.0 0.851 42.6 58.%
40.0 0.859 42.9 58.3
50,0 0.866 43.3 $8,0

Since 95.0 per cent of the oil in the acorn meal
is to be extracted the dry composition of the raffine-

ate is set st~

(0.05)(40) = 2.0 grams oil, 3.22%
" inert soclid,
2.0 grams 100.00%

This is the point Rp in Fig. 40.

Locate F in Fig. 40.

Draw ARp and its intersection, Ry, on xx locates the
wet coumposition of the raffinate from the Nth stage.
Locate point J, the mixture of S and F.
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207.5 grams butanol,S 67.5%
60,0 " inert solid,F 19,5%

fégtg'gr;ma acorn oil,F i%§f8§
The mixture J is divided by the extraction into Ry
and M so that M is located by extending RyJ to ¥ on
£B.
Faill = Rﬁ - 8, and FM meets SBN at X so that K is
located by extending FM and SRy to their 1ntersect1§n.
Draw MC, its intersection with xx 1s the composition

of the underflow from the N + N -~ 1 stage, Ry * N-1-
Draw Ry 4, g . 1K, 1ts intersection with Ab, the miscella

line, is Sy 4 g.z, the composition of the overflow

from the N + N - 2 stage,.

Draw 8y , 5 . 20, its intersection with xx is the compo=-
sition of the underflow from the N + N - 2 stage,

By o+ - 2e

Since Ry 4 g . » lies to the left of Ry on xx, two stages
would remove more than the required amount of oil and
would be specified for this extraction.

The composition of the miscella, M, would be 18.3 per
cent acorn oil, 81,7 per cent butanol. The quantities
of the streams R and M nay be calculated from a material

balance.

Case I-B. Calculate the extraction to be ex-

pected with two stages under the same conditions as
in Case I-A. Points F, J and the xx line are the
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sane as in I-A, Twso stages produce more than the
extraction required in I-A so that a little richer
miscella would be expected. The correct miscella
composition will cause Ry and Ry 4 § . 2 to coincide,
This»miscella composition, determined by trial, is
18,7 per cent acorn oil, 8l.3 per cent butanol.
The construction for the extraction to be expected
with two stages is shown in dotted lines in Pig. 40.
The miscella of 18.7 per cent acorn oil corresponds
to a solvent-free raffinate, R'D in ¥ig. 40, containe
ing 2.0 per cent acorn oil.
The total weight of this raffinate is,

60/0.98 = 61,3 grams

or,

40 « 1.3 = 38,7 grams of oil would be extracted

with two stages; which is an extraction of,

38.7/40.0x100 = 96.75 per cent

Case I-C, Suppose that a richer miscella is
desired and the quantity of solvent to be used is
reduced to 150,00 ml.,{124.5 grams). Again it is re-
quired to calculate the number of stages which will
produce an extraection of 95.0 per cent of the oil
from the meal,

The composition of J becomesi-

124.% grams butanol, S 5
60.0 bl inert solid, ¥ 2

AQsQ0 * acorn oil, F A7.8%
224.5 grans ’ 100.0%
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Locate this point as J' in Fig. 40.
Starting the construction as in I-4 by drawing
Ryd? to M! on AB and then extending FM' and Ryh,
A= 3, 4t 18 found that point K lies so far from tho'
regt of the diagram that the construction is difficult,
This construction can be handled by transfer to
rectangular coordinates,

There is another common construction which can
also best be handled on rectangular coordinates; if
& high degree of extraction is required from a feed
low in oil, point M will be close to 4 and the lines
of the resulting diagram will be so close together
that it is 4ifficult to be sure of the number of
stages required or of the extraction effected by a
given number of stages. This case has been i1llustrated
by Kinney in his enlargement of the triangular plot
by transferring it to rectangular coordinates, This
rectangular plot iz a distorted triangle, and, since
any point on the ternary diagram may be located from
the per cent composition of two of the three components,
points are transferred to the two axis diagram by
using per cent oll and per cent solveat. 100 per
cent inert solid ls 0.0 per cent oil, 0.0 per cent
solvent. Another advantage of transfer to rectan-
gular coordinates, aside from enlargement, lies in

the ease with which different scalea for the two
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axes may be employed., This makes the handling of
such a problem as Case I-C easy.

The solution of thi:s problem, Case I-C, may
be carried out as shown in Fig. 41. There is no oil
concentration greater than 40.0 per cent to be rep-
resented on the diagram so that the oll axis does
not need to go beyond this point. The points in
Fige 41 all have the same significance as those in
Fig. 40 and are located in the same way. The compos-
ition of the rich liguor was established as 31.0 per
cent oi1l in Fig. 40, which agrees with M = 31,1 per
cent oll in Fig. 41l. Fig. 41 shows that three stages
will give more than the required extraction.

Solving under the conditlons of Case I-C for
the extraction to be expected with three stages Fig, 41
shows ¥ = 32,0 per cent oil and Rp = 2.0 per cent oil,
There are 60.0 grams of inert solid in RD so that
Rp = 60/0.98 = 61.3 grams and contains 1.3 grams oil.
T..e per cent extraction to be expected with three
equilibrium extraction stages, under the postulated
extraction conditions, will then be:-

(40,0 « 1,3)/40.0x100 = 96,8 per cent

Case II. The specific gravity of oil-solvent
mixtures decreases with oil concentration. The
volume of the underflow is constant. Solid appears
in the miscella.
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Case II differs from Case I in that the xx line
slopes up toward C, Data on the s0lid content of the
miscella with increasing oil content in oil-solvent
mixtures must be available. The miscella line will
depend on this data, Just as the xx line was defined
by similar'data on the underflow iﬁ Case I.

The triangular disgram for the solution of this
case might appear like Fig. 42, Triangular Diagram for
the Solution of Case II.

Figure 4<.
Triangular Diagram for the Solution of Case II
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Case IIl. The specific gravity of solvent-oil
mixtures is substantially constant with increasing
solute concentration. Solid aprears in the miscellsa,
The volume of the underflow varies from stage to stage,

Solution of this case requires the same data as
Cases I and II with additional data on the variation
of the underflow from stage to stage. The triangular
diagram which would be required for the solution of
this case is presented in Fig. 43, The Triangular
Diagram for Case I1I. Usually the number of stages
to be used woﬁid be known in this case, otherwise it
would hardly be possible to have the required data

.on the variation of the underflow,.
C

Figure 43.
The friangular Diagram for Case IIIl.
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I at £ Cas « Linseed oil is being
extracted from crushed flaxseed, (40 per cent oil,
60 per cent inert solid), with ethyl propionste as
solvent. A4 continuous countercurrent process of four
stages 1s employed. 10.0 gallons of solvent and 50,0
pounds of crushed flaxseed enter the system per cycle.
The underflow from the first stage is 80 per cent
inert solid, from the second stage, 70 per cent;
from the third, 60 per cent; and from the fourth,
50 per cent, The extraction follows Pig. 42, The
Extraction Illustrating Case III,

Colid appears in the miscella according to the
following tablei-

011 1in Miscella, | Solvent in Solid in Kiacells,
Per Cent. Kiscells, Per Cent.
Per Cent.
0.0 100.0 0.0
5.0 9440 1.0
10.0 88.0 2,0
15.0 82.0 3.0
20.0 76.0 40
25.0 70.0 5.0
3040 65.0 5.0
35.0 60.0 540
lyOoO 55.0 500

The specific gravity of ethyl propionste is 0.968.
What per cent of the oil is extracted from the crushed
flaxseed? Vhat i3 the composition of the miscella
produced by the extraction battery?



R=17, contains
£0% of inert
gsolid.

5=10.0 gallons of
ethyl nropionats,
£0,6 pounds,

Ry, contains 70%
of inert solid.

Rrr1, contains 60%
of inert solid.

Ryy, contains 507%
of inert solid.

I
/
M1
II
/
MI I
III
Mrr1
v

F=50.0 Rounds of
crushed flaxseed,

40% o1l, 60% inert solid.
Figure 44,
The Extraction Illustrating Case III,

24

B e



156~

The solution is shown in Fig. 45, The Graphical
Solution of the Problem Illustrating Case III. The
miscella line 1s drawn from the table., FPoint J 1s3~

20,0 1b. oil, 15.3 per cent
30.0 1lb, inert solid, 23.0 per cent

é 1b, ethyl propionate, per cent
30.6 1b. 0040 per cent

The construction 1s very similar to that illustra-
ting Case I-C., A composition is selected for Rp, which
locatois at the intersection of Rp to 100 per cent
ethyl propionate with the line representing the under-
flow from the first stage, (80 per cent inert solid),
~ If this R corresponds to the point obtained by the
intersection of M; to 100 per cent inert solid,

(0.0 per cent oll, 0.0 per cent aolvent), with the
underflow line for the first stage, the composition
of RD was selected correctly. If these points do not
coincide, another value of Rp is chosen, etc., until
@ value has been found which gives this required
correspondence. For this problem this value is 0.15

per cent oil, 99.85 per cent inert solid,

R4+ M =38+ F =130,6 1b., s0 that R = 130.,6 - X
an inert material balance gives,

O«8R ¢ 0,041M = 30,0 and substituting,

0.8(130.6 =~ M) + 0,041M = 30,0

solving for M,

M= 98,2 1b., and R = 32,4 1b,
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The composition of R, as read from Fige 45 is
80.0% inert solid, 0.1% oil, 19.9% ethyl prope
ionate. Therefore 0.0324 pounds of oil are

not extracted, being left in both R and BD‘

20,000 ~ 0.0324 = 19.9676 1b. of oll are extracted.
19.9676/20,0x100 = 99,84 per cent of the oil is

extracted,

The composition of M, the miscella, is read from
Fig. 45 as 20.4 per cent oil, 4.1 per cent {nert solid,
75.5 per cent ethyl propionate.

| These three cases cover at least the morse common
examples encountered in the aoivent extraction of oil
from oll-bearing materials. The graphical method,
particularly when extended in its utility by using
rectangular coordinates with different scales for the
two axes, should have many important applications, if
it could be shown that systems of oil-bearing material
and solvent react as assumed in the derivation of this
method of caloulation. 411 of the sxperimental work
of this thesis was carried out in such a way as to
show what correlation might be expected Letween this
solvent extraction theory and solvent extraction

practice.



wl89-

Extractiona. When the system 1s carefully controlled,
as it was in the experiments with the artificial
systems, sand, acetic acid, water of experiment 1j
sand, acetic acid, dilute acetic acid of experiment 23
and sand, acetylene tetrabromide, acetone of experiments
3 and 4} the results predicted by solvent extraction
theory are realized exactly, Table VIII.

The acetic acid, water, system is one in which
the specific gravity increases with increasing acid
concentration, although this increase is so slight that
the effect of increasing gravity has little bearing on
the results of a graphical calculation -- assuming
constant specific gravity for solventesolute miztures
gives almost the same result. The system, sand, acetyl-
ene tetrabromide, acetone, was selected as ohe in whiech
the specific gravity of solvent-solute increases greatly
with increasing solute concentration, (acetylene tetra-
bromide 1s one of the heaviest known liquids). The
effect of changing gravity in this system is so great
that the assumption of constant specific gravity is
not admissible.

411 of the small scale experiments were carried
out so that the volume of liquid associated with solid
in the underflow remained constant. This is the usual

condition in most commerclal extractions. The amount
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of liquid ir an underflow will depend on the volume

of liquid left with settled solids; or the volume of
liquid retained by the solids under extraction ocon-

ditions of drainage, filtering or ceantrifuging.

The small scale experiments with natural systems,
experiments 5 and 6 with cocoa matter, cocoa-butter,
methylene chloride, and experiment 7 with acorn-matter,
acorn-oil, n~butanol, gave results, Table VIII, which
varied slightly from those predicted by theory; 80.5
per cent extraction against a calculated 83.0 per cent,
84.5 against 86.5, 92.8 compared to 94.0 respectively
for these experiments., This variation is probably
due to incouplete extraction of a small part of the
solids -~ large particles which were not penetrated
by solvent during the extraction time used. The ex-
traction times were checked by determinations of the
equilibrium time of contact for solid and solvent.
These determinetions were not as exact, however, as the
analytical determinations made in connection with the
experiments, They were based on specific gravity
determinations or evaporation of sclvent from small
quantities of solvent-solute. More cureful analysis
might well show that equilibriw. was not gulte
attained in the extraction times employed.

Equilibriun time of contact was determined by
mixing solids and solvent in the proportions used in
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the experiments for definite periods of time,

(5, 10, 30 minutes), settling for an appropriate -
period, two minutes, and determining the concentra-
tion of solute in solvent in the supernatant liquid,
either by determining the specific gravity of this
liquid, or by evaporating a known quantity of it to
conatant weight on a tered watch glass.

It may be, following Hunter,>® that the deviation
of the pseudo-countercurrent scheme from a continuous
process was sufficlent to acoouht for the difference
between experimental and theoretical extraction,

This does not seem likely since no such divergence
was observed in the artificial systems, in which
extraction was carried out in the same manner.

These small scale experiments show that solvent
extraction theory may be verified exactly experiment-
ally when experimental conditions fulfill the assump-
tions required by that theory. They prove further
that solvent extraction theory will predict the results
of stage extractions with a practical accuracy for
the extraction of natural oils such as cocoa butter
and acorn oil. If the results of a stage extraction
depart from those calculated by this theory, 1t is
most likely that equilibrium has not been established

in each stage.



162«

Bolvent extraction theory did not predict the
pilot plant extractions with anything like the ace
curacy found in the small scale experiments, The
centrifuge extractions were not carried through a
sufficient number of cycles to be expected to give
results approaching those which would be predicted
for a continuous system. The continuous extractor
showed less than one theoretical stage under the con-
ditions of its operation. Even here, however, Pig. 33
shows a definite correlation between theory and ex-
periment. When extraction conditions indicated a
higher theoretical yield, a higher experimental yield
was realized. Efficiency of solvent extraction, per
cent of possible solute extracted, depends not only
on the solvent-solid ratio employed, but alsc on the
per cent of liquid in the underflow. Solvent-solid
ratio indicates greater extraction in experiment 9
than in experiment 11, Table XVI and Fig. 32, which
is opposite to that experimentally obtained, Solvent
extraction theory shows that the extraction trend in
these experiments 1s the cne which would be expected,
Fig. 33.

Solvent extraction theory provides a useful
criterion by which an extraction may be judged. An
extraction may be good or bad depending on whether
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much or 1ittle of the desired material has been re-
moved. If the results of a bad extraction agree

with those calculated by theory the fault lies, not
in the manner in which the extraction was carried out,
but in the extraction conditions. The extraction in
experiment 1, 65.2 per cent of the solute, was not
particularly goode Theory predicted an extraction of
67.2 per cent in this experiment and this agreement
between theory and practice shows that the manner of
carrying out the extraction was not at fault, BEx-
traction in experiment 2, 82,6 per cent, 1s better
than that in experiment 1 and the improvement is due
to a change in the operating conditions, increase in
solvent-feed ratio and an increase in the number of
extractlion stages.

When the results of an extraction are poorer than
those predicted by theory, there is something wrong
with the manner in which the extraction is carried out,
Extraction in experiments 6-8 was poor, varying from
20.8 per cent to 35.8 per cent, and was more than 15
per cent lower in each experiment than that predicted
by extraction theory. The character of the feed was
changed in experiments 9-11 and better results, ex-
tractions of from 62,3 per cent to 71.8 per cent of

the solute were obtained,
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V. COKCLUSIONS

Preparation of Material for Extraction

l., 7Thers is a great variation in the oil con=-
tent of acorns depending on the condition of the
nuts. Sound nut meats contain 36.0 £0 40.0 per
cent oil, ©Sprouted nut meats contain some to no oil,
depending on the extent of growth., The 0il content
of wormy nuts depends on whether all or part of the
meat has been eaten.,

2+ There were 74.6 per cent sound nuts, 7.7
per cent sprouted nuts and 17.7 per cent wormy nuts
in 140 pounds of the acorns of Quercus catesbael
from Gainesville, Florida.

3+ There were 4l.2 per cent sound nuts, 27.3
per cent sprouted nuts and 31.5 per cent wormy nuts
in 78.75 pounds of mixed acorns from Anderson, South
Carolina,

4o Cracking acorns with a hammer, removing the
shells by hand and grinding the meats in a hammer
mill produces 12.98 pounds of acorn meal from 45.39
pounds of nuts,

5. Cracking acorns in a two roll mill, sep-
arating the shells from the meats in a air separator
and grinding the meats in & hammer mill produces 32.1

pounds of acorn meal from 73.25 pounds of nuts,
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6., Passing acorns through a winnower and fane-
ner separates the meat from the hulls. 682 pounds
of acorns ylelds 366.5 pounds of acorn meats,

7. Expelling part of the oil from 366.5 pounds
of acorn meats in an Anderson Duo Expeller gives 8.0
pounds of acorn oil and 355 pounds of expeller cake,

8. Crushing 355 pounds of expeller cake in a
two roll mill and screening the crushed cake yields
172 pounds of material which is passed by a quarter

inch screen and retained by an eighth inch gcreen.

Extraction of Acorn 01l

l. Acorn oll can be extracted tc the extent
of 92,8 pér cent from acorn meal on a small scale
employing n~butanol as solvent and using a three
stage pseudo-countercurrent exiraction scheme.

250 ml. wide-mouthed bottles can be used as mixing
vessels and a Buechner funnel can be used to sep-
arate liquid from solids,.

2. Acorn oil can be extracted from acorn meal
on a pilot plant scale employing one gallcn porce=~
lain ball mill jars as mixing vessels and & Tol-
hurst T-7893 centrifuge to separate solids from
liquid, 5.7 pounds of oil can be obtained from
26,0 pounds of acorn meal using nebutanol as solvent;

an extraction of 57.0 per cent of the oil in the meal.
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3, Acorn oil can be extracted from acorn meal
using & continuous extractor in which the 20lid ma=-
terial is carried up a 25° slope in a two inch pipe,
against a counterflow of solvent, by No. 45 C-1
flights and No. 45 malleable detachable links, This
meal is not a suitable feed for this extractor since
i1t packs sgainst the sides of the pipe and is not
moved continuously through the extractor. 2.47
pounds of oil can be obtained from 21.0 pounds of &~
corn meal using n-butanol as solvent; an extraction
of 29.4 per cent of the oll in the meal,

Ls Acorn oil can be extracted with n-butanol
from the plug one elghth inch minus one guarter inch
screen sized crushed expeller cake in the continuous
extractor., This feed iz suitable for this extractor,
It does not pack against the sides of the pipe and
moves contimuously along with the chain. 1.16 poundl
of acorn oil cen be extracted from 9.5 pounds of exe

peller-cake, 68,6 per cent of the oil in the cake,

Solvent and C1il Recovery
1. Solvent can be removed from mixtures of a-
corn oil and n~butanol by vacuum distillation fol=-
lowed by vacuum steam distillation.
2. The oil can be~fraed of water soluble ime
purities and suspended solids by washing with water.
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This washing gives an oil with an acid number of 5.6,

3. The acid number of the water-washed oll can
be reduced to 2,6 by alkali refining.

4+ n-Butanol can be recovered from solvent wet
extraction residue by vacuur drying in a J. P. Devine
Companyt®s No. 1468 vacuum dryer.l

BExtraction Theory Applied to the
Extraection of Aecorn 01l

1, Extraction theory predicts an extraction of
94.0 per cent of the oil present in the meal for the
three stage small scale extractions, which compares
favorably with the 92.8 per cent extraction exper«
inentally realized,

2, Extraction theory indicates an extraction
for the centrifuge extraotions which 1s within 4.5
per cent of that realized in the experiment which
agrees best with that theory and which is 20.8 per
cent above that obtained in the experiment which
gives the worst agreement bétwcen theory and practice.

3. Extraction theory cannot be applied to a
continuous extractor until the number of theoreti-
cal stages in that extractor has been determined,
Operated as it was, in the extraction of acorn oil,
there was less than one theoratieal.stage in this ex~

tractor.
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The Relstion betreen the Extraction of Cocoa
Butter and the‘Extraction of Acorm 01l

1. Cocoa butter cen be extracted on a small
gcale from crushed expellsr cake in & three stage
pssudo-countercurrent operation using both Skelly-
solve C and Methylene chloride as solvents, }In the
first case 80.5 per cent of the cocoa~butter present
in the feed is extracted, compared to 83,0 per cent
extraction predicted by soclvent extraction theory.
The second case gives 84.5 per cent extraction, come
pared with & theoretical 86.5 per cent. Solvent ex-
traction theory predicts the extraction to be expecte
ed with one solvent as well as with another.

2. Pilot plant extractions of 12.7 pounds of exe
peller cake containing l.46 pounds of cocoa-butter
with n-butanol as solvent using the continuous ex-
tractor produce 0.57 pounds of cocoa-butter, an ex~-
traction of 39.0 per cent,

3, Acorn oil is extracted as readily as is
cocoa~butter, using the same solvent end the same
apparatus, The extraction of eocoa~butter is com=-
mercially successful; hence the extraction of acorm

oil i3 a practical operation.
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VI, SUMMARY

The experimental work of this thesis i3 divided
into three parts, Laboratory Extractions to Illustrate
S8olvent Extraction Theory, Pilot Plant Extractions of
Cocoa~butter, and Pilot Plant Extractions of Acorn 0il,

iraction Theory. <The graphical method of leaching
calculations derived by Elginlv and modified by
Kinney38 was lllustrated in its application to solvent
extraction by using it to predict the results of lab-
oratory scale extractions,.

The first series of such experiments dealt with
artificial systems in which sll of Elgin's assumptions
were valid. The first of these artificial systems was
sand, acetic acid, water., 4 two stage pseudo~counter-
current extraction of 100 grams of a mixture of 25 per
cent water, 25 per cent acetic acid and 50 per cent
sand with 50 grams of water, gave an experimental ex-
traction of 67,2 per cent of the acetic acid, This
agreed exactly with a graphical calculation for a
theoretical extraction under similar conditions. 4
three stage pseudo-countercurrent extraction of 125
grams of a mixture of 40 per cent water, 20 per cent

acetic acid, 40 per cent sand with 100 grams of
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2.5 per cent acetic acid gave an experimental ex-
traction of 82.6 per cent of the acetic acid present
in the original mixture, in agreement with the cal=
culated theoretical extraction.

The second of the artificial systems was sand,
acetylene tetrabromide and acetone. A three stage
pseudo-countercurrent extraction of L00 grams of a
mixture of 25 per cent sand with 100 ml. of acetone
gave an experimental extraction of 92.8 per cent of
the acetylene tetrabromide in the mixture. A similar
four stage extraction of the same amount of this mixe
ture with the same amount of acetone gave an experi-
mental extraction of 95.0 per cent of the acetylene
tetrabromide, These experimental values agreed ex~
actly with graphical calculations for theoretical ex-
tractions under conditions similar to thosze of these
experiments,

The second series of laboratory extractions dealt
with natural systems in which Elgin's assumptions
might or might not be valid. The first of these nat-
ural systems was Skellysolve C, cocos-butter, inert
cocoa-material. A three stage pseudo-countercurrent
extraction of 50 grams of solid material containing
8.19 per cent of cocoa~butter and 75 ml. of Skelly=
solve C with 100 ml, of Skellysolve C gave an ex-



«171-

traction of 80.5 per cent of the cocoa-~butter, as com-
pared with 83.0 per cent predicted by a graphical cale
culation for a theoretical extraction under similar
conditions.

4 second cocoa-butter extraction was similar to
the first except that methylene chloride was used as
the sclvent instead of Skellysolve C. The same amount
of solid material, 50 grams, containing 7.0 per cent
of cocoa~butter and 75 ml. of methylene chloride.
84+.5 per cent of the cocoa-butter was extracted as
compared with 86.5 per cent predicted by calculation.

Acorn oll was extracted from acorn meal with
n-butanocl in a three stage pseudo~countercurrent proo-
ess with a Buechner funnel used as an interstage
filter. 40.0 grams of meal was shaken with 80.0 grams
of solvent for 15 minutes; the mixture was then
poured into the Buechner funnel and filtered dry., The
solid material was removed from the funnel to be ex-
tracted twice more, following the pseudo-countere
current scheme. The meal contained 36.0 per cent of
acormn oil and 92,8 per cent of this oil was exper-
imentally extracted, compared to an extraction of 94.0
per cent predicted by a graphical calculation for a

theoretical extraction under the experimental con-

ditions,
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n~Butanol was found by this experiment, and
other preliminary experiments, to be a satisfactory
solvent for the removal of acorn oil from acorn meal.
It was selected for the large scale extraction stud-
ies because it has a comparatively high flash point,
90°F., it 18 not toxic, it can be removed from sol=~
vent oilemixtures without great difficulty, and it
could be obtained in the quantities necessary for
this work.

pilot plant extractions of cocoa butter from crush-
ed expeller cake were made. These extractions were
carried out to test the performance of the continuous
chain extractor and to provide data which would en~
able a comparison to be made between the extraction
of cocoa butter from cocoa expeller cake and of acorn
oil from acorn meal and acorn expeller cake,

The crushed cocoa expeller cake was produced by
passing cocoa beans through the Anderson Duo Ex-
peller cycle shown in Fig. 46, It is the same material
that Rockwood and Company have successfully extracted
since 1938. The expeller cake was supplied by this
company.

12.7 pounds of cocoa expeller cake were ex-

tracted with 24.0 pounds of n-butanol to produce
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0,58 pounds of cocoa-butter, an average extraction

of 38,8 per cent of the cocoa-butter in the feed.

oil has been produced on a pilot plant scale from
7545 pounds of acorns. The process employed in
this pileot plant study consists of three stepsi
preparation of acorns for extraction, extraction of
acorn 0il, and, solvent and oil recovery. The op=
erations constituting these three steps are present-
ed in the guantitative flow dlagrams; Fig. 46, Prep-
aration of Acorns for Extractionj Fig. 47, Extraction
of Acorn O1l; and Fig. 48, Solvent and 011 Recovery.
The results of the pilot plant operations are given
in these same flow diagrams.

The acorns were obtained in as nearly a commer~
cial manner as possible by offering a price of three
cents a pound for them. Three hundred and sixty-one
pounds of the nuts of Quercus catesbael and Quercus
Virginiana were procured from Gainesville, Florida.
Five hundred pounds of a mixture of White, Red and
Spanish Oak acorns came from Anderson, South Carolina.

The following equipment was used in the operae
tions shown in Fig. 46:- ,

Bolls, Sturtevant No. TR 32 Two Roller Hill,

Haamer Mill, Raymond No. 40127 Laboratory Hammer

Mill,
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Figure 46,

Preparation of Acorns for Extractioh.
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ALr Separator, Raymond Ko. 41344 Laboratory

Mechanical Separator,

¥ipnower and Fappner, Built by J. H. Lehman for
Rockwood and Company. This machine combines a
roll for cracking and crushing the nuts with a
revolving screen for separation of different
sized particles and an air blast for blowing
the light hull fragments away from the heavier
nut neats,

Duo Expeller, A V. D. Anderson Company's Duo
Expeller,

equipment shown in Fig. 47 isi-

Centrifuge Extrector, A mixer, an Eimer and
Amend No., 8-390 porcelain ball mill jar of one
gallon capacity., This jar was rotated in s
double motor driven jar mill, as furnished by
Paul O, Abbe Inc., Solids were ssparated from
solvent in a Tolhurst Ho. T-7893 centrifuge.
Continucus Extractor, This apparatus was cone-
structed as part of the work of this thesis.
It consisted essentially of a fourteen foot
length of two inch standard galvaniszed steel
pipe bent so that a short section was vertical
with the horizontal plane and a long inclined
section heyond the bend made an angle of about



South Acorn Expeller
Carolina Florida Cake

Acorn Acorn ﬂ n-Butanol [?

Meal Meal -1/4", +1/8"

Y ¥ N Y F e

L
IT_ \( &
| 28.0 44,6 :

\
Y 20,0 - 9 { 21.0 l 3

A~

4 v
\
] ]
' 1 ' :
' Centrifuge; Continuous
s 2508 ' 3
] (P
\Extractor , \Extractor:
' : : ;
]
| ‘ A ,:\
l'\ ”» LAY g
2'N RS /Oy N P '\,
LY & % /0N e
i A \\. $ 2 \‘ PR R 3 P e
o ! Y \l 2.04

Solvent
Volatilized
in Extractio

Miscella

>
8
= A
P N

Raffinate

b~
N

Figure 47.
Extraction of Acorn 01l

(A11 firures are pounds)



«177-

25° with this plane, A 28} foot continuous
chain made up of No. 45 malleable detachable
links with No. 45 C~l flights every fourth
link ran in at the top of the vertical sec-
tion, up the inclined section and out at the
top of this latter section. The extraction
section, that part of this incline from the
bottom of the bend to the solvent inlet, was
63 feet long. The solid material being ex-
tracted was carried up the incline by the
chain against a counterflow of solvent. There
was a 3% foot drainage section above the sol-
vent inlet. The chain carried the solids
through this drainage section before running
out of the pipe and dropping the drained sol-
ids onto a discharge apron. The miscella
flowed out of the vertical section at the sol-
vent inlet level.

The equipment used in the steps represented in

Fig. 43 ist~
8t411, F. J. Stokes Co. vacuum still with con-
denser and vacuum receiver, No. 84260,
Yacuyum Drver, J. P. Devine Co., Ho. 1468.
Yacuum Pupp, Kinney Kfg. Co. VSD, 5x5 Vacuum
Pump.
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Beparatory Funnel, Three two liter laboratory
separatory funnels, glass.

The miscella was distilled under a vacuum of 25
inches of mercury. Solvent, n-butanol, was recover-
ed by this operation, The still was equipped 8o
that steam could be blown through the charge and
traces of solvent were removed from the acorn oil by
steaming out under vacuum, After this operation a
2 inch gate valve at the bottom of the still was
opened and the residue was discharged. This residue
divided into two layers, an upper acorn oil layer,
and a lower water layer. The acorn oil was freed of
impurities such as iron tannate and suspended solids
by washing with water until the wash water was un-
colored,:

Approximately three gallons of crude acorn oil
were produced by these pilot plant operations, (about
half of this oil resulted from work reported in this
thesis, and the rest came from acorn meal and acorn
expeller cake processed in preliminary experiments).

A sample of this crude acorn oil from Quercus
catesbael had the following characteristicst-

Specific gravity at 25°C., 0.907, index of re-
fraction at 25°C., 1l.4677, acid no. 5.6, saponifica-
tion number 190 and lodine number (Wijst?) 106,
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It was refined to give an oll oft=

Specific gravity at 259C., 0.903, index of ree
fraction at 25°C., 1.4684, acid number 2.6, sapon-
ification number 188 and iodine number (¥Wijs'!) 107.

In addition to the oll prepared by the pilot
plant extrgctions, there were eight pounds of oil
collectad from the expelling operation with the V. D,
Anderson Duo Expeller at Rockwood and Company. This
expelled oll was filtered to free it f{rom a small
amount of s0lid material to give an oil ofi-

Specific gravity at 25°C. of 0.907, index of re-
fraction at 25°C, of 1.4669, acid number of 29.9,
saponification number 192 and iodine number (Wijs')
105.

A total of 861 pounds of scorns were handled in
these studies of acorn oil extraction. Of this total
752,2 pounds were processed in pilot plant experi-
ments., The difference between these two figures,
108.5 pounds, represents material used in prelime
inary studies and wormy or sprouted nuts which were
discarded. Kot all of the acorn meat obtained from
the 752.5 pounds of nuts was extracted to produce
acorn cil. Only 23.1 pounds of crushed expeller cake,

of the 172 pounds available for extraction, were used,



~18)-

hcorn oll was extracted from 49.1 pounds of
acorn oil-bearing material to give 9,32 pounds of
crude acorn oil,

Acorn oil was expelled from 682 pounds of acorn

meat to give 8.0 pounds of crude acorn oil,



1.

2e

3

e

54

6o

7.

8.

e

10.

~l32=

VII. BIBLIOGRAPHY

Andes, L. E,, Vegetable Fats and 0ils, 4th Edi-
tion, p. 259-273, D. Van Kostrand Co,,
New York, (1925).

Association of O0fficial Agricultural Chemists,
Official and Tentative Methods of Analysis,
2nd Edition, p. 281, A. 0. A, C,, Washing-
ton, D« C., (192%).

&llis-Chalmera Plant Flow Sheet, Soybean 0il Exe
traction with n-Hexane. Chem. and Yet, Eng.,

Badger, W. L. and icCabe, W, L,, Elements of Chenm~
ical Engineering, p. 427-434. lolraw-Hill
Book Co., New York, (1936).

Baker, E. M., Simplifying the Calculation of
Countercurrent Extractions, Chem, and Met.
Enge. 42, 669-671, (Dec., 1935).

Baker, J« L. and Hulton, H. F. E., Analytical Ex-
amination of Acorns and Horse Chestnuts,
Analyst, 42, 351-355, (1917).

Bighouse, H, H., Apparatus for Extracting Oils
from Oleaginous Materials. U. S, Patent
2.096’728’ Cct. 26' 1937.

Bilve, C., W,, Continucus Solvent Extraction of
Vegetable Oils, iHechanical Enginesring,

63, 357-360, (1941).

Bonotto, M., Process for Removing Solvent from
Solvent-Treated Materisl. U. S, Patent
2.086,180' July 6. 19370

Bonotto, M., Process for EZxtracting Oils and Fats
from Materlials Containing the Same. U. S,
Pat‘nt 2,112.805, Hdareh 29' 1938Q

Bonotto, M., Process and Aipparatus for Extraction
of 0Oils, Fats and Other Soluble Constituents
from Materials Containing the Same. U. S.
Patent 2’156.236. April, 25’ 1939.



12,

13.

14.

15.

1é6.

17.

18.

19.

20,

22,

23.

~183~

Brown, F. C., Acorns Near Anderson, South Care
olina. Private Communication, December 1942.

Cypers, J. ¥., Scheu, G. and Jones, W, T., Cone
tinuoug Solvent Extraction Apparatus. U. S,
Patent 2,278,647, April 7, 1942.

Disque, F. C., Hydrogenation of Acorn 0Oil. Brooke
lyn, Hew York. Private Communication.
J‘.m.' 19“.

Elgin, J. C., Graphical Calculation of Leaching
OperatIOIIs. Trans. A. I. Ch, Bo' 2&’ ‘51"
471, (1936).

Elgin, J. C,, "Extraction® in Chemical Engineers!
Handbook, p. 1219, Perry, J. H., Editor,
2nd Edition. McGraw-Hill Book Co., New
YOI‘R, (1941) »

Evans, T. W,, Countercurrent and Multiple Extrac-
tion, Ind. Eng. Chem., 26, 860-864, (1936),

Figura, V,, The Food Value of Acorns and the Pos-
3ibility of Their Utilization as Food in the
Human Diet, Atti. accad., Lincei 707
710, (1936). Original not seen. em. Abst,
31, 1511, (1937).

Freeman, A. F. and McKinney, R. S., Tung 01l by a
S8olvent Process. 011, Paint and Drug Re-
porter 140, 5, 38, 45, (1941).

Freeman, A. F, and ¥cKinney, R. 8,, Tung 0il Pro-
duced by a Solvent Process. 0il, Paint and
Drug Reporter 139, 3, 45 (1941).

Garrett, F. T,, Encyclopedia of Practical Cookery,
Vol. I., pe 3. J. Arnot Penman, New York,
(1899).

Getman, F. H., and Daniels, F,, Outlines of Theo~
retical Chemistry, p. 197, 6th Edition. John
¥Wiley and Sons, New York, (1940).

Goss, W. H., Modern Practice in Solvent Extraction,
Chem. and ilet, Eng., 48, 80-83, (April 1941).



Rdye

25,
26,

27,

28,

29.

30.

31.

2.

a3.

34.

35,

36.

7.

-184=

Griffin, R, C., Technical Methods of inalysis,
lst Edition, p 231, HMcGraw-Hill Book Co.,
New York, (1921).

idbid., p. 232,

Haeseler, K., Pactice from Acorn 0il. Brooklyn,
New York, Private Communication, October,

1942.

Hawley, L. ¥., Numberical Relation between Cells
and Treatments in Extraction Processes, Ind,
m. Uhem.. 12’ 493""496’ (1920,) »

Heitmann, H., Apparatus for the Continuocus Bx-
traction of Material, U. S, Patent 2,043,409,
June 9, 1936,

Hildebrandt, K. H., The Continuous Extraction of
Seeds and the Equipment for its Accomplishe
ment. Fette u. Seifen 46, 350-352, (1939).

Horvath, A. 4., The Soybean Industry, p. tz-SS.
Chemical Publishing Co. of New York, (1938),.

Hutchins, W. D,, Acorn 01l. 0il and Soap, L4,
148, (1937).

H\mter' T. G, and Nash, A, Wes Liquiﬂ-!-iquid EXe
traction Systems, Ind. Eng. Chem., 27, 836
845, (1935¥.

Jamieson, G. S., Vegetable Fats and Oils, 2nd
Edition, p. 19-22. Reinhold Publishing
Corp., New York, (1943).

Kinney, O. ¥., Leaching Calculations, Ind. and
Eng. Chem., 1&; 1102, (1942)0

Kinney, G. F., Per cent 0il in Sprouted Acorns,
Brooklyn, New York, Private Communication,
March, 1942 .

Lamprey, L., The Story of Cookery, p. 146. Fred-
erick Stokes, New York, (19405.

Lange, N, A,, Handbook of Chemistry, p. 482.
%;ggbgok Publishers Inc,, Sandusky, Ohio,
h)e



3s.

39.

40.

45

46,

47.

«l]l 85w

Lange, N. A,, Handbook of Chemistry, p. 1048«
1049. Handbook Publishers! Inc., Sandusky,
Ohio, (1939).

Levine, A. Aq' Sweeney, 0. R., and Kirch.r‘ 31'.'.
C. E., Apparatus for Extraction, U. 8. Pate
ent 2‘264’390’ Dec. 2' 1941!

Limonov, P. and Kalugin, Ya., Production of Al
cohol from Acorns. Brodilnaya Prom. 1Q,
No. 4, 18-20, (1933). Original not seen.
Chem, Abst. 28, 7415, (1924).

McBride, C. W., Chemical Engineering Advances
in Soybean Processing, Chem. and Met., 47,
614~618, (1940).

McDonald, D., Solvent Extraction of 041 from
Oleaginous Material, U, S. Patent 2,198,413,
April 23, 1940.

McKinney, R. 8., Problems in the Field of Tung
011 Extraction. 0il, Paint and Drug Re-
porter, 140, 5, 33, 34, (1941).

McKinney, R. S., Rose, W. G., and Kennedy, A. B.,
Continuous Process for Solvent Extraction of
Tung 0il, Ind. and Eng. Chem., 36, No. 3,
138-140, (1944). '

Monarca, C. J. and Lynn, E. V., Acorns of Quercus
f§§§$5 Jo Am. Pharm. Assoc., 26, 493-495,

Mursoka, H. J., Electric Treatment of Horse Chest-
nuts and Acorns. Electrochemical Assocla-
tion, Japan, 3, 289-292, (1935). Original
not seen, Chem, Abst, m, 3268. (193 )9

Kewberry, J. S.;, Food and Fiber Plants of the
North American Indians. Popular Science
Monthly, 32, 38, (1887-1888), .

OtBrien, W. J. and Brett, R. C., Apparatus for
Solvent Extraction, U. 8. Patent 2,074,988,
March 23, 1937, '



49.

50.

51.

52.

53

S54e

55.

56.

57.

58.

59.

61.

~186-

Olcott, H. S., Solvent Extraction of Cottonseed
0il, Ind. and Lng. Chem., 33, 611-615,
(1941).

Pattee, E. C., Continuous Solvent Extraction Ap-
{aratus, U. S. Patent 2,187,8%0, January 23,
9404 '

Perry, G. S., Keys to the (Gaks of the Temnessee
Valley. TIVA Bulletin, iarch 15, 1941.

Perry, A., 4corns in Georgia. Brooklyn, Kew York,
Private Communication, August, 1942.

Porcher, F. P., Resources of the Southern Fields
and Forests, p. 620-62l1. Walker, Evans and
Cogswell, Charleston, South Carolina, (1839).

ibido’ Ps 614-

Prentice, E. P., Hunger and History, p. 87-93, 110,
Harper and Bros., Hew York, (1939).

Puntambekar, 8. V. and Krishna, S., Indian Acorn
Oils. J. Indian Chem. Soc. 1}, No. 10, 721~
726, (1934). Original not seen. Chem. Abst.
29, 2007, (1935).

Puntambekar, S. V. and Varna; B. S., Utilization
of Indlan Acorns. Indian Forester §0, 722«
725, (1934). Original not seen. Chem. Abst.

31, 4148, (1937).

Ravenscroft, E. A.,, Extraction of Solids with
Liquids, Ind. Eng. Chem., 28, 851-855, (1936).

Remlinger, P. and Charrier, B., The Ballota or
#gland doux® in Human Nutrition in Morocco.
Rev. hyg. med. prevent 13, 919-925, (1931).
?rigi?al not seen. Chem., Abst, 26, 5355,
1932 - ’

Roberts, E. N., Recovery of Solvents from 011,
U, 5. Patent 2,081,844, May 25, 1937.

Rosenthal, H. and Trevithick, H. P., Low-Boiling
Hydrocarbons as 0Oil-Extraction Media. 01l
and Soap, ;%, 133, (1934). Chem. Abst. 28,
5267, (1934).



62.

63.

64

65.

66.

67,

68.

69.

70,

71,

72.

«187-

Schmid, A., The Extractor, Based on the Hansa-
Muhle System, Its Construction and ¥anner
?t Gp;ration. Fette u. Seifen 46, 464~465,
1939),

Schonfeld, H., Chemie und Technologie der Fette
und Fettproduckte., Vol, I. Chemie und
Gewinnung der Fette, p. 591-66%, and p, 667~
681, Julius Springer, Wein, 1936.

Soyer, A., Panthropheon, p. 23-24. Simphin and
Marshall, London, t1353).

Suglsaki, Seisaku, ilcoholic Fermentation of
Acorn, Quercus glanca Thumb, I. Saccharie
fication by acid. J. Agr. Chem., Soc., Japan,
é‘f;’ 1173-1178, (1939). Original not seen.

em. Abst. 34, 3430, (1940 .

Sugizaki, Seisaku, Alecoholic Fermentation of
Acorn. II, Amylo Process. J. iAgr. Chem.
Soc., Japan, 16, 281-287, (1940). Original
not seen. Chem. Abst. 34, 6007, (1940?.

Ue S« Tariff Commission, Fats, 0ils and 0il-Bear-
ing Materials in the United States., Wash-
ington, D. Ce., (1941).

Vahlteich, H. W., Customeiluilt Fats, Chem. and
Eng, News, 21, 1238-1242, (1943).

Verrill, A, H., Foods America Gave tne VWorld,
. 17?, 239, L, C. Page and Co., Boston,
1937),

'Wainio. W. ¥, and Forbes, E. b., Chemical Com~
position of Forest Fruits and Kuts from
Pennsylvania. J. Agr. Regsearch, 62, 627«
635, (1941).

Webster, T. and drs. Parkes, American Famil
Encyclopedia, Paragraphs 2686, 4277. » Ce
Derbey, New York, (1854).

Winton, A. L. and Winton, K. B., Structure and
Composition of Foods, p. 300, John Wiley
and Sons, New York, (1932),



~188~

73. Wittka, F., Acorn Oil. Fette u. Seifen 44, 464«
465, zl937). Original not seen. Chem, Abst,
32, 1128, (1938).

T4+ Wittka, ¥F.,, Reportsd in Handbuch der Lebensmittel-
chemie. Vol, IV, Fette und Seifen, p. 469,
Julius Springer, Berlin, (1939).



~189-

ACKNOWLEDGMENTS

The suthor wishes to acknowledge the advice and
eriticism of Dr. R. A. Fisher of the Department of
Chemical Engineering of Virginia Polytechnic Institute
in the preliminary organization of this investigation.
He wishes to express his sincere thanks to Dr. F. C.
Vilbrandt, Head, Department of Chemical Engineering
of Virginia Polytechnic Institute, for his patient
understanding of the difficulties in carrying out the
research program during & war period and for his many
valuable suggestions,

Chief Chemist of
made possible the experimental work at the
and furnished much useful information
concerning their extensive experience with the solvent
extraction of cocoa butter. The winnower and fanner,
which was used to shell the acorns, was donated to the
by

The author is indebted to the members of the staff
of the Department of
for their assistance with some of the mech-
anical details of the extractor and acorn sheller. The
assistance of
in obtaining and
installing a motor to operats the sheller is gratefully



~190-

acknowledged, The staff of the

carried out some of the more difficult

construction.

Library staff
was very helpful in obtailning references, partioularly
the volumes of "Chemie and Technologie der Fette und
Fetteproductke® and "Handbuch der Lebensmittelchemie",
which were lont to the by the





