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ABBTEACT OF THESIS
THE BOLVENT EXTRACTION OF OIL FROM ACORNS

The possibility of using acorns for food has often
been discussed in the literature,la*21’27 but except in
times of scarcity of other foods, acorns have been utile
fzed in any quantity only by wild animals or semi-domestic
pigﬁ*zﬁ There are some raf@r@naaal4’la to the possible
uses of acorn oil, but there is no record of any large
.8cale work with this materisl., This investigetion was
undertaken to handle a guantity of acorns, 847 pounds;

(1) to disclose what particular problems there are in
processing this material for acorn oil; (R) to demonstrate
a practical method of obtaining scorn oil; and (3) to re-
late solvent extraction theory to the experimental ex-
traction of this oil.

There are three general methods for obtaining oil
from oleagineous seeds; expression, expelling and solvent
extraction. OSolvent extraction was selected as the most
promising method for obtaining oil from ascorns since it
can be applied to any coil-bearing material and is partic-
ularly suited to the removel of o0il from materials of
low oil content. The oil content of acorns is reported

to vary from 2.5 per a@mtxﬁ to 16.0 per aaat.23

Agorns. OUne of the problems of this investigation

wag to determine what type of meterial could be expected



on offering & price for acorns. Inquiries showed that
three cents a pound would be a sufficient inducement
to produce a supply of acorns adequate for experimental
purposes. The Boy Scounts of Gainesville, ¥lorida and
the Andepson Hardware Compsny of anderson, South Carolina
were the suppliers. There were 361 pounds of acorns
sent from Florida and 485.5 pounds from Bouth Carolina.
Acorns were ordered from Arkansasg, Virginia and lew York
State, but none were received from these localities.

It iz the author's opinion, based on his attempts
to get acorns and on his personal observation, that a-
coms are seldom as sbundant as papularly supposed and
thaet harvesting for commercial utilization will Ve
difficult, .

The nuts which were supplied were of poor guality.
The best lot obtained, the Serub Oak acorns from Florids,
Quercus catesbaei, consisted of 75 per cent sound nuts
and 25 per cent of acorns which were either worumy or
sprouted, The South Carolina acorns were only 41 per
cent sound nuts. The quantity of oll which may be pro-
duced from sprouted or wormy nuts depends on the sxtent
of growth or of worm d&m&g%; Kost of the wormy nuts
whieh were exuasined contained ne meat at all. Fully

sprouted nuts contain less than one per cent of 311.16



Before an ascorn oil mill could be established on
a commercial basis an extensive educational campaign
would have to be canﬁuctaﬁ in order to acquaint pro-
spective acorn harvesters with the type of material
required for oil extraction. 1t is necessary that the
nuts be gathered immediately after falling and stored
in dry cribs.

¥os8t of

the acorns were prepared for extraction by removing the
shells in & winnower and fammer, built by the J. H.
Lehmen Company of New York for Rockwood and Company

and used to remove the shells from cocoa beans. It
combines a roll for cracking and crushing the nuts with
a revolving screen for separastion of different sized
particles and an air blast for blowing the light hull
fragments away f{rom the heavier nut meats. The acorns
were gshelled at a rate of about 200 pounds per hour.
Smaller gquantities of acorns were shelled by crushing
in a Bturtevant No. TR 32 Two Roller HMill, followed by
separation of ghells and meats in a Raymond No. 41344
Laboratory Hechanical Separator with all the whizzers
removed, The operations carried out in preparing the
acorns for extraction are given in Figure 1, Preparation

of Adcorns for Extraction.



There are a number of methods of preparing seeds
for eoil extraction. The most satisfactory of these,
secording to the experlience of soybean oil producers,
is to prepare a thin rlake, the thinner the better.
These [lakes are readily penetrated by solvent but hold
their shape after oil removal so that drainage of mis-
cella fram,extfact@& solids is rapid., BHockwood and
Samp&ny3’4 have had good success in extracting crushed
expeller cake, sized to be retained by an eighth inch
mesh screen and passed by & half inch mesh screen. Ex-
pelling is a hot pressing operation which produces a
porous cake, probably due to the formation of steam
within the material passing through the expeller. Sol-
vent penetrates the porous expeller cake fragments
easily and these fragments, like the soybean flakes,
do not break up on removal of oil. Grinding produces
a large per cent of fine flour, evident after oil re-
moval, which canncot be handled by any of the commercial
extractors described in the literature as being in
current use.¥8s10,11,12

Acorn expeller cake was prepared by using an
Anderson Duo Lxpeller on the acorn meats from the
winnower and fanner. This expeller was used at Rocke
wood's plant. The expeller cake was crushed and the

material retained by an eighth inch screen and passed
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by a quarter inch screen wes extracted. ©Since at
least 300 pounds of acorn meatl were reguired for one
expeller run most of the acorns were used unsorted
for this experiment, Carefully selected acorns con-
tain up to 40.0 per cent of n-butanol extractable
material whereas the unsorted material fed to the
expeller 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 ex-
pelling 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. W%ater was uadded
to the meat during the second part of the run and a

much stronger and harder expeller cake was formed.

extractors were available for processing acorns on a
pilot plant scale. The first of these consisted of &
mixing tank, (a one gallon porcelain ball will jar),
for solvent and meal, followed by a Tclhurst Fo.
T-T7893 centrifuge to separate extracted solids and

miscella. Extraction followed E&gin'ss

pseudo~
countercurrent extraction scheme. This scheme is

presented in Figure £, Flow Disgram of & Three Htage



13 shows that such a

Centrifuge Extraction. Hunter
scheze gives a deviation of 3 to 10 per cent, depend-
ing on the atmg&, from & truly countercurrent extraction
when five cycles are used with four 5t&ga#a“ He dem-
onstrates t&ét this deviation becomes 1ess”than two

per cent for mll ﬂtag@“ with ten cycles. ‘fhree and

four cycles w&r@‘amplﬁya& with two and thrs@ stages

in these cﬁmtrifugﬁ extractions. A can&iﬁ&r&hla de-
viation from a truly countercurrent process is there-
fore to be expected.

The second extractor was of the continucus chain
type. It consisted of a fourteen foot length of two
inch standard galvanized steel pipe bent so that a
short section was vertical with the horizontal plane
and a long inclined section beyond the bend made an
angle of about 25° with this plane. A 28 3/4 foot
continuous chain made up of No. 45 malleable detach-
able links with Ho. 45 C-1l flights every fourth link
ran in at the top of the vertical section, up the in-
¢lined section and ocut at the top of this latter sec-
tion. The extraction section, that part of the incline
from the bottom of the bend to the solvent inlet, was
6 1/2 feet long. The solid material being extracted
was carried up the incline by the chain against a

counterflow of solvent. There was & 3 1/2 foot drain~
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age section above the solvent imlet. The ehaln car-
ried the solids through this drainage section before
running out of the pipe and drmpyihﬁ the drained solids
ento a discharge apron. The miscella flowed out of the
vertical s%&ti@n.at the solvent inlet level. TIhis
continuous extractor is shown in the dlagram, Figure

3, The Continuous ixtractor, and in the photograph,
Figure 4.

Neither of these extractors was solvent tight
go that no volatile nor dangerous solvent could be
used with them. %The usual commercial oil solvents
are low bolling hyﬂraaarbeaslg'lg'gg and their chlo-
rinated d@rivmt&vas,ﬁ’?'zé These solvents are both
volutile and dangerous - the hydrocarbons because of
their flamsabllity -~ the chlorinated hydrocarbons
because of thelr toxiclty. mn-Butanol was selested
as solvent because:- it is nou very volatile, vapor
pressure of 4.3 mm, of mercury at 209C, and of 18.6
mm, &t 40.09C.; it was not dangerous to use, its
flash point is 35%C.; preliminary experiments in-
dicated that it was & setisfactory solvent for acorn

oil,.

The feed in the cen-

trifuge extractions consisted of acorn wmweal of which

83.2 per cent passed through a standard 35 mesh sieve



T

and two per cent was retalned by an 8 mesh sieve,

The extractions were carried out under the conditions
given in Table I, Experimental “onditions for Cen-
trifﬁgé Extrections, to give the resulis of Table I1I,

Results of Centrifuge Extractions.

The continuous extrag-

tor was operated &¢aarﬁ$ﬂg to the conditions given in
Table III, Experimental Conditions for the Continuous
Extractions, to give the results of Table IV, Results
of Continuous Dxtractions. It was difficult to obe
talin consistent results with this extractor, This was
due to the tendency for solid materisl to hold up in
the pipe asnd 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 chailn moved through a square duct composed of sol-
vent-wet meal, This was an unstable condition. It was
found possible to reach s rather unstable equilibriue
by cleaning the system well before a runj; filling it
with solvent and egtablishing the solvent feed rate;
and then feeding in the scolids at the selected rate
for the run for a period of about an hour. Under these
gonditions the fairly consistent results of Table IV
were obtained.

ihe extraction 9§%P&§i@ﬂ$.a?$ presented in Flgure

5, Extraction of Acorn Oil.
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Table 1.

Experimental Conditions for Centrifuge Extractions.

Experiment Humber

1 - 3
System inert, inert; = inert,
acorn acorn’ acorn
G’il; 0111 011!
n=-butancl | n-butanol | n-butanol
Ko. of Stages 3 3 R
Ho. of Cycles 3 3 3
Temp., °C. 25 25 25
Extraction tine,
Hours. 1.0 1.0 0.5
FPeedi~
Welght, Lbs. <ol <eQ 440
Holute, acorn
011, Per cent 40,0 36,0 38.6
Inert, Per cent 60.0 6440 6l.4
Solventi~
Wﬁlgi’lt. Lbs . bald 4\'{3 v f@.(}
Solvent, Per cent 100.0 100.0 100.0
Overflow, Lbs. 3.81 3.28 4.07
Welght retio,
Solvent to feed 2.0 240 1.0




Table I1

Results of Centrifuge Extractions,

Experiment number

1

2

Solute in miscella,
Experimental,
Per cent

Miscella, Weight,
Lbs.

‘Qil in miscells,
Lbse 01l extracted

01l in feed, Lbs,

011l experimentally
gxtracted, Per cent

Solute in miscells,
Theoretical,
Per cent

011 theoretlically
extracted, Per cent

Difference between

per cent experimentally
gxtracted and per cent
theoretically
extracted,

Difference, Per cent,
(Difference divided
by per cent oil
theoretically
extracted).

18.63

3o dody

064
0.80

80.0

24430

95.0

15.0

15.8

1844
35

0465
Q.72

89.5

19.3

23.7

ot

4ed

RB.6

%%

313
1.54 '

73.0

36.0

9Ll

19.2

0.8
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the uiscella was dis-

tilled under a vacuum of 25 inches of wercury iu an
Fo J» Btokes Couspany Ho. B4£400 Vaduum Pan with con-
denser and vacuum receiver. Jhe results of solvent and
oil recovery are given in Flgure 6, dolvent and 01l Re-
coverys I1ne still was equipped so thatl steam could be
bloan through the charge and traces of solvent were re-
moved fros the acorn oil by steaming out uander vacuwa.
After this operation a two inch gate valve at the
botton of the still was copened and the residue was dis-
aharg&ﬁ.‘ This residue divided into two laysrs, an
upper acorn oil layer, and & lower water layer. The
acorn o0il was freed of impurities such as 1lron tannate
and suspended solids by washing with water until the
wash water was uncolored. |

Approximately three galionz of crude acorn oil
were produced by these pilot plant operations, about
half of this oil resulted from the experiments reported
in this paper and the rest came from acorn mesl and ex-
peller cake processed in preliminary experimentis.

A sample of this crude acorn oil from Quercus
cateshbael had the folleowling characteristicsi-

Specific gravity at 25°C., 0.907, index of re-
fraction at 25%°C,, 1..4677, acidé number 5.6, saponi-

fication number 190 and lodine number (Wijs') 106,



Table 1I1I.

Zxperimental Conditions for the Continuous Extractions.

Experiment | Series Feed Length Solvent Solid Raffinate |Hiscella
of run, fed, Lbs, |fed, Lbs. |removed, out, Lbs.
dinutes Lbs,

I I - |erushed 120 8.0 PN 8.4 hed
conoa
expeller : ’
& Qﬁiﬁﬁ; 120 8.0 fxmg 6&3 éyfs
11.5 per
cent
3 cocos 30 40 2.0 2eT 2ok
butter
33&5 per
cent scoern <10 16.2 70 lf&n’] 5&5;
oll
& 120 10.5 4.0 6.7 63
7 120 8.6 4.0 7.6 3.3
& | 120 543 4.0 77 3.1
G 111 gerushed 20 3;& 0.9 lQB 1.8
acorn
10 expeller 120 T2 4e6 e 5.8
ﬂﬂkﬁ;
11 17.8 per 90 440 4e0 3e4 P

cent acorn
oil




TABLE IV

Hesults of the Continuous Extractions.

Gil in

Ezperiment 0il extracted, il ex- Liquid 0Ll ex~ Ratle,
Lbs, feed, perisentally | into tracted, selvent
Lbs. extracted, system, theoret- to
Per cent Libs. ical, feed
‘ Per cent

1 0.19 Dedb 4le3 846 5240 240
2 0.41 Cu4bd 4546 B.46 T4.5 2.0
3 0.09 0.23 39.2 4e23 57.8 2.0
4 0.13 0.77 16.9 e TT 31.5 2.0
5 1.13 2.70 41.8 16.90 A5 Ze3
& 0.55 1.54 35.8 12.04 52.2 246
7 Qe3& 1.54 £0.8 10.14 3245 Zed
& 0.35 1.54 £2.8 6.84 ASed 13
g Q.10 0.16 623 2.56 70.3 2+7
10 0.55 0.82 67.0 8.02 T2.3 1.5
11 0.51 0.71 T1.8 4.71 87.0 1.0

»A'{m
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It was refined to give an oil of:i-

Specific gravity at 259C., 0.903, index of re-
fraction at 259C,, l.4684, acid number 2.6, saponi-
fication number 188 and fodine number (Wijs') 107.

in addition to the oll prepared by the pillot plant
extractions there were the eight pounds of oil collected
from the expelling operation with the V. D. &nderson
IDne Expeller at Rockwood and Company. This expelled
oil was filtered to free it from a smell amount of
s0lid materdial to give an oil ofi-

Specific gravity at 25°C, of 0.907, index of re-
fraction at 250C. of 1.4669, acld nunber of 29.5,
saponification number 192 and ilodine nunmber {wija')

105.

1. Solvent ex-

traction theory has been developed and discussed by
%v&nﬁ,7 Kawley,g ﬂakar,l'z ﬁawanaermft,l'zﬁ Elgin,é

and ﬁinney.l7 Theoreticel calculations, following this
theory, were made for the pilot plant extractions of
acorn oil and cocoa butter witi the results given in
Tables Il and IV, The calculations for the centrifuge
ﬁ#traatimna were for extractions of the experimental
number of stages carried out under the experimental
conditions. The nunber of stages in the continuous ex-

tractor was unknown until some of the experiments had
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been completed., It was found that there was slightly
less than one theoretical stage in this extractor. The
caleulations for the continuous extractor are based on
its containing one theoretical stage.

Increzasing the solvent-sollid ratio in tae con-
tinuous extractions increased the extraction in the
case of acorn weule--as would be expected., Increasing
thils vatio led to decreased extraction in the case of
the scorn expeller cake extractions--contrary to ex-
pectation. The effect of increasing solvent-solid
ratios is plotted in Figure 7. dJolvenlt-solid ratio
i3 not & sufficlient criterion for the prediction of
the results of an oil extraction. Solvent-extraction
theory, however, can be used successfully to predict
the results of such extractions. Experimental vs.
theoretical extraction is plotted in Figure 8 and this
figure shows that this theory is capable of predicting
the results of such extractions as those of acorn oil
from acorn meal and acorn expeller cake as well as the
extraction of coﬁa& butter from cocosa bean expeller
cake., 4 comparison of the results for extraction of
cocoa butter and acorn oil shows that, if the same ex-
tractor ig operated under similar conditions on these
three materials, there are the sane number of theoret-
ical stages in that extractor, shether the feed is acorn

meal, acorn expeller ceke, or cocoa bhean expeller cake.
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