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I. INTRODUCTION

Tung ©1l, also known as chilnawood ©ll or Chinese wood
oil, 1s the product of a tree of the Aleurites genun which orig-
Inated in China. The 0il 1s found in its nstursl state in the
cell of the seeds. While at the present time tung oil 1is
expressed by mechanical means, it may be feasible for solvent
extraction to replace mechanlcal expression.

In the United States, which is the outstanding consumer
of tung oll, many industries are dependent upon tung oll as an
essentlal raw meterial. More than elghty per cent of the tung
011 consumed in Americen industries is utilized by peint and
varnish manufacturers. The second largest consumer of tung oil
is the linoleum Industry. Consliderable quantities of tung oil
are also essential in the manufacture of certain insulating
compounds for the electrical industry. Minor uses of tung oll
are In some automoblle brake liningsa; iIn the gaskets in steam
plpes, pumps, and engines; in the table oilcloth industry; in
waterproofling verious types of fabriec; and to some extent in
the waterproofing of cartridge shells snd for many other prod-
ucts requiring s waterproof coating.

Because of adulteration due to erude methods of expres-
sion, deliberate adulteration with inferlor and less costly olls,
lack of rellability of supply, and the opportunity for providing

an economlc use for certaln waste lends and for providing



additional employment, the United States Department of Agricul-
ture, for a number of years, has carrled on extensive investi-
gations in the planting of tung trees and the subsequent expres-
sion of 01l from the frult.

The climatic conditions for successful growth are exacting
and successful plantings have been made only in northern Florids,
the southern parts of Alabama, Loulsiana, Georgla, and Misaias-
sippl, and the Gulf Coastal regions of Texas. The southern and
northern limits of tung tree culture are determined principally
by temperature conslderations. The western limit of successful
planting is considered at sbout 98° longitude in Texas(S) since
experiments made in regions west of that line have shown that
the rainfall was insufficlent or too irregularly distributed
turoughout the year to provide proper nourishment.

Although the five million pounds of tung 01l produced
domestically in 1940 1s hardly comparsble to the ninety-seven
million pounds of ©0il imported 1n 1940, rapldly increasing
plantings of tung trees and studies by the Department of Agrical-
ture polnt to a grest increece In available tung nut crops in
future years. Consequently the treatment of present and future
crops 80 a3 to obtaln maximum ylelds most economically is a
problem of conslderable 1mportance.

The tendency in oil mlill practice hes been towsrds solvent
extraction of many types of seeds because of the resulting
economies. For example, In the case of linseed oil, only one

per cent of the 01l is left behiid in tie cake after solvent



extraction as compared to from eight to ten per cent remaining

after mechanlical expression.(sz)

Similarly solvent extraction
of soybean o0il produces s meal with six-tenths to one per cent
residual fat as compared to a resicual fst sontent of from four
to five per cent for mechanicelly pressed meal.(4)

It appears feasible that tung o1l may be solvent extrac-
ted by analogous methods thus decreasine the loss of o1l in the
cake and incressing the efflciency and economy of tung oll produc-
tion in the United States. Consequently this study wes undertaken
in order to Investigate the efflicaey of various solvent= and to

obtain and correlate data in such form so as to be readily avall-

able for deslgn calculstions.



II. REVIEW OF LITERATURE

Tung Tree Culture in China. 1In China the tung trees occur

Pabundantly snd grow luxuriently mostly in a reglon between
26° and 34° North latitude and in hilly country up to B,500
feet in altitude, esapecislly in the upper reaches of the Yang-

tze valley. Aleurites fordil favors the northern and Aleurites

montane tne soutanern parts of the ares, but there is no stronely
marked division in the distribution of the species."(la) The
montana specles 1s less hardy than the fordil and is very sensl-
tive to ¢cold. The fordii specles 1s by far the more important
of the two. It accounts for more thsn ninety per cent of the
total Chinese tung seed used in tung o0il production. The olls
of the two specles are so neerly identicsl in character that

the trade makes no distinctlion between them and they are com-
monly mixed and sold as tung oil.

Aleurites fordii as it flourishes in China has a rather

short productive period, beginning to bear seeds three or four
years after planting and continulng for a period of twelve to

twenty or more yesrs thereafter.(s) Aleurites montana are s

year or two later coming into bearing, and do not bear as

heavily but they are reported to live lonser in Chlina than

Aleurites fordili.

Althouzh China 1s the world's source of supply for tung

oll, the production and marketins of the oil In that country



13 carried on with reletively primitive and inefficlent methods.
The nuts grow wild, mature, and fall to the ground where they
dry. They are later gathered, roassted, and crushed in crude
millas scattersed over the entire productlion area. The o0il 1s
then collected at vearious ports along the Yangtze river. Han-
kow 13 the most important collection center. The 0ll 1s then
shipped down the Yangtze river in junks to Shanghal and from
there to the different world ports.

Tung Tree Culture in the United States. Although tune tress

had been planted as early as 1904, the flrst bearing grove of
tung trees in Amerlce to furnish a crop sufficlent to make
possible the first expression of tang o!1l in the United Stateas
was planted in 1912. Subseguently the Florida 3tete Department
of Agriculture became interested and inltliated work on tung
nuts. The fordil specles 1s the one which has been grown

succesafully in the Unlted States slthoush the Aleurites montana

may someday prove to be valusble a3 a source of oil in central
and southern Florida wnere the herdier specles does not thrive.
"The areas for successful commerclsl growinge of the trees
in the United States are 1limited to a narrow strip fifty to
one hundred miles wide 1in most places, alonz the Gulf Coast,
tne northern fourth of Fleoride, snd the extreme southern and
southeastern parts of Ueorgis. The FPaciflc coest and south-
western recions are excluded because of deficient rainfall and
the cost of necessary irrigation. The more northern localitles

in the Soi1thesustern Steten are of uncertaln value begcsuse of
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frequent injurious winter cold.'(v)

Domestlc commercial production of tune 01l was started
in 1932 when two full tanks of o0il were shipped from Gaines-
ville, Florida. Productlon figures in millions of poundas for
the years following 1932 were as follows:(47}

(Frosts demeged crops in o1id vears.)
1933 --- 0O 1934 ---% 1935 === 0O 1956 ==~ 2
1937 --- % 1938 ---3 1959 --- 3/4 1940 --- 5(27)

On April 1, 1940 there were nearly thirteen million tung
trees in tne Unlted States, grown on 2,504 farms, of which 831
were In wlsslssippil, 373 in Loulsiena, 307 1In Floriias, 283 in
Georgla, 207 1n Alabare, 20 1n Texas, 29 1n South Carolina,
and 10 in Celifornia.{Z7)

At pressnt tne o1 15 obtalned 1Ia the United States by
mechanlical expression. ®The tuns fruit- “»sll from the trees
in the late fall and are allowed to lle on the mround until
tuer dry out sufflciently so that they can be safely stored
without dancer of hcatiw~-., They arse then collected and stored
indoors in ventilated bins until they eve dried sufriclently
for nullins end pressing. 'The drlie? frults are passsd through
a decortlcator wnlch removes the hulls and shells frowm the
kernels, an? then g0 to the shakersa and separators where bv
mechianical and pneumatlc action the kernels are separated fro-
tne hulls and rtost of the shells. The shelled kernela are
ground and passed throuzh the expeller or press (between a

evlinder of ateel bara and a center shaft of broten screw



construction) where the 01l is pressed from the zround kernels.
The pressed oll 1s passed throush a fllter to the atorase tank."{44)
Amerlican tung oil 1a zenerally superior to that produced in
China and has commanded a premium of from two to four cents =
pound more than the Chinese product. The high specific gravity,
high refractive index, low acldity, short time of polymerization
with heat test, and excellent color of Americen tung oll are
noteworthy.
Although Amerlcan expressed ©1l hss been shown to be far
better than imported oil an:d has been obtained in greater ylelds
due to the use of more modern equipnent for expression, not all
the o1l is removed from the t:ing nut by mechanicsl expression.
The cake whlch remains nas an oll content of from four to ten
per cent.(ls) In 1940 when the domestic tung nut crop ylelded
five million pounds of oil, the o0il dilscerded in the press cake
was probably 1in excess of two hundred and fifty thoussnd
pounds.(aa)

Description of Tung Nut., The dry tunes frult has a smooth

hull enclosing several nuts or seeds. The nut 1s made up of
a shell, or pellicle, and a kernel. The shell 13 hard and
brittle and 1s wenerally filled completely by the kernel or meat.

Composition of Tunzg Nut. "The sesds constitute slightly

over half the welght of the matured frult, the kernels about
thirty, and the oil about twenty per cent. <the 01l content of

the kernels ranges from about forty to fifty-eisht per cent,

depending upon thelr molsture content. Kernels from thoroughly



mature seeds usuaily contaln about fifty per cent of 011."(20)
A typlcal aset of results on pert time operation of a
commercial tung o1l expression plant nre:(44)
Meal =--- 31 to 36 per cent of the frult

01l =---- 14.7 to 17.7 per cent of the frult
Q011 ---- 42.1 to 53.2 per cent of the meal -
Q0i]l] -=-- 310 te 390 pounds per ton dried fruits
01l 1n ¢ake --- 5 per cent

Compoaltion of Tunz 011, A. 3Steger and J. Van Loont4l)

reported the following percenteges of constituents in s asample
of Hankow tung ©0il: Unsstursted aclds Bt.4; saturated 4.9
consisting of 3.7 palmitic acid, end 1.2 of stearic acid;
unsaponifiable matter 0.6; voletlle maetter 3.4; and glycerol
as CzHo, 4.7. Van Loon later reported(45) that in the 8v.4
per cent unsaturated acids, 72.8 per cent of the orizinal
sample was eleostearlc acid snd 13.uv per cent was olele acld.

Eleostearic acld or cleomsrzarlc acld as 1t was formerly
called has been shown to be an unseturated fatty acld of the
emplrical formula CjgHzzVo contalnins two double bonds in the
molecule.(37) 3everal structures have besn proposed for eleo-
stesric acid.

Majima(zg) suzgested:

CHz.(0Hg) 2. CH:CH. (CHg) 5. Ciiz Gl (CHp )y . COOH
Fokint14) su-zested:

CHS.(CH2)3.CH:Cd.CH:Cd.(CHQ)Q.COOH



According to Dean however, later work has shown eleo-
stearic acld to consist of three double bonds:(s)

Whitmore' 46)

proposes the structure of eleostearic aclad
to be the 9, 11, 13 - lsomer of llnolenic acid which 13 identical
with the structure suggested by Dean. According to Whitmore,
eleostearic acld, in the form of glycerides, constitutes more
than ninety per cent of tung oil.

The principal component of tung o0ll, the glyceride of
eleostearic acld, usually referred to as eleostsarin exlsts
in two forms, the ordinery 1liquid form called alpha-elecstearin
and a sclid, white, lard-like form known as beta~eleostearin.
This so0lid form 1s different from tung oil which has sither
jelled by polymerization or has dried by oxidatlon. According
to Freeman and McKinney,(lﬁ) gsolvent extraction favors the form-
ation of the solid i1somer, but the solid form so obtained can
be made permanently llquid by heating the oil for thirty minutes
at 250 degrees centigrade. Deantg) reports thils so0lid isomer
formation to be due to exposure to light or t¢o the presence

of traces of locdine or sulfur.

Anglysis of Tung Nuts and Tung Oil. Tung fruits may be

analvzed for oil content by a method outlined by McKinney and
Freeman.(Sl)

Acid number, saponification number, and other standard
analytical constants may be determ ned by the methods outlined

by Jamieson(zl) and Gardner.{lq)



-10-

History of 0il and Fat Extraction. Extractlion of seeds

by volatile solvents was first introduced in 1843 by Jesse
Fisher(za) who manufactured carbon bisulfide on a commercial
scale but 4did not patent his proeess. +thirteen years later
E. Deiss patented the extrac.ion of seeds by means of carbon
bisulfide, and added "chloroform, ether, essences, benzine,
and benzol to the list of solvents.™ This process made little
progress for several years afterwards due mainly to tue impure
carbon bisulfide then manufasctured which tainted both the oll
and the extracted seeil-.
In 1863 a patent was grented to Richardson, Lundy, and
Irvine for extrr:ting oil from crushed seeda or from refuse
cake by the solvent action of vo'atlle hydrocarbons from petro-
leum, earth oils, asphaltum oil, coal oll, or shale o0ll, such
hvdrocarbons belng required to be volatlile under 1CO deg. C.
Since then, with the growth of the organic chemlcal indus-
tr , many additional solvents have been 1nvastigated and found
to be misclble with fats an¢ olls, some to be eliminated because
of excessive costs, others to be elininated becsuse of high bholl-
ing points which might be injurious to certaln fats and oils,
others because of difficulty of recovery, etc.

Requisites of an Idesl Solvent. An 1ideal solvent would
(33)

heve the followlnz charscteristics:
1. It should neither be inflammable nor explosive.
2. It should vaporize with the use of the minimum amount

of heat.



- 11 -

3. It should dissolve only the oil from the mesl of the
seeds.
4, It should have good solvent propertiles,
5. It should distil within narrow limits of temperaturs,
leaving no non-volatile residue.
6. It should have no toxic effect on the health of the
workpecple.
7. It should not cause chemicrl chanre 1n the material
under treatment.
8. It should have no deterliorating action on the works
plant.
9. The cost must be low.
In addltion there miznt be added avallabllity and
reliability of supply as reauisites of an l1deal solvent.
No solvent fulfills gll these reqiirements; conse-
quently In the selectlion of a suitable sclvent, some of
these requirements must be foraaken.

Solvents Applicable to Tung 0il, Morrell and Wood(ss)

11st the following solvents as suiteble for drying oil
extraction: 1. carbon bisulfide 2. chloroform 3. carbon
tetrachloride 4. benzene{gcomml.} 5. light petroleum
6. trichlorsthylene and 7. turpentine.

According to McKinney(30) "most of the aliphatic and
aromatic hydrocarbons, thelr nalogenated products and the
lower moleculsr welght ketones are miscible with tung oil."

However, maeny of the solvents falline inte these classifications



could be eliminated by application of the requirements of an
1deal solivent.

Mlxed Solvents. One of the most sserlious drawbacks to

solvent extractlion 1s the fire hazard due to the use of flam-
mable solvents. Taylor(43) states that the Ford solvent
extraction process for soybeasns has been falrly anfe in experi-
enced hands, "but not until s sultable non-inflammable solvent
can be found 1s it probable that the unit will be put on the
market for individual farmer or commuiity use.®

Of tne solvents llisted by Morrell and Wood as beine suit-
able for o0il extractlon, only three (chloroform, carbon tetra-
chloride, and trichlorethylene) are non-inflammable. However,
these cnlorinated compounds ars much more expenaive than the
other solvonts.

It 1s possible thet less costly but flammable scolvents
can be mixed with more costly but non-inflammable solvents so
tnat the resulting mixtures will be non-inflammable end will
not give rise to flammsble mixtures upon dlistillatlion. If
the cheap flamnable solvents ¢on be mixed in sufficlent
proportions to reduce considerably the gquantlty of expensive
non-inflammable solvents requlired and not diminish the oil
extracting powers of the solvents, the fire hazard can be
reduced more practlicelly than if the more expenalve non-
inflanmable solvent were used alone.

Sievers end McIntyremOJ experimentine with gasollns,

benzene, carbon tetrachloride, an:d trichlorethylenes found
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that non-inflammable mixtures could be obtalned which would
fractionate safely end would effect a considerable saving over
the use of the pure non-inflammable solvents.

The methoed of testing consisted of introducineg 2 c¢c. of
the solvent mixture under investizetlon into a 300 coc. besker
which was kept sufficiently hot by r hot plate to veporize
the solvent immedietely. In the mids. of the vspors, a
apark plug suspended 1In the beaker was dischargzed at frequent
intervals. Those mixtures which did not burst into flame from
the apark were consldered sufticlently non-inflammable for use
in an extraction plant.

A mixture consisting of 70 per cent csrbon tetrachloride
and 30 per cent benzene by volumre waes found to be safe. How=-
ever, these percentages are not asbsolute since mixtures were
made up only for five per c¢ent Intervals.

10 test the safety of fractlioneting such a mixture,
Sievers and McIntyre distilled by direct heat 500 cc. of a
70 per cent carbon tetrachloricde - 30 per cent benzene mix-
ture by volume and collected ten = 50 cc. portions. All
fractions were found to be safe.

Steam dlstillation of 500 cc. of a mixture of the same
compozition ylelded ten fractions the laat of which was of
doubtful safety. Iherefore Slevers end McIntyre suggested
that the original mixture should contaln at least 72 per
cent by volume of carbon tetrachloride in order to be safe

for steam diatillation.



Water 1s slightly soluble in carbon tetrachloride and
benzene and no mention 1s made in the srticle of water beine
removed from tiae ten fractions that were steam distilled. It
18 posalble that the cerbon tetrachloride -~ benrzene mixtures
dissolved some water durine the steam distilletion thereby
decreasing the densities of the resilting fractions. Decreased
densitles would indlcate hicher benzene contents since the
compoditions of the resultins soluzions were determined =clely
Dy denslity measurements. This may account in pert for the
“unsafe fraction" that was obtsined upon steam distillatlon.

Dodge(le)

criticized Slevers and ¥ecIntyre's method of
obtalning the data on the basis that from the nature of the
test outlined, "tne concentration of the solvent vapors must
nave been Indefinite and consequently the posasibility of
1gnition is determined not only by the relative amounts of,
3ay, benzene snd carbon tetrachloride, but also by the concen-
tration of oxyeen." Dodze concluded by statine that one 1is
not Justified in drawilna eny conclusions concerning the effect
of carbon tetrachloride upon benzene and gasoline from the
teats conducted by Slevers and McIatyre.

However, the results obtalned by these two investizators
are in agreament with the results obteined in this inveatiga-
tion and with the composzitions suzgested by !Inderwrlters!
Lavoratories, Inc.{28) and the Pennsylveanis Salt Manufacturing
Company(42) who recommnended a 70 per cent carbon tetrachloride-
3C per cent benzene mlxture by volume for an initial non-inflam-

mable safe mixture, thils composition being on the aafe silde.



Steps 1In the Solvent Extractlion of Tung Nuts. The steps

requlred in tae solvent extraction of tung nuts would be:
l. Shelling the nuts.
2. Proper grinding of the kernels.
3. Percolation of the solvent throuzh the ground kesrnels.
4., Distillation of the solvent from the oill and subsequent
condsnsation of the solvent.
5. Removal of the solvent remalning in the cake.

Expressions Used in Solvent ZExtracticn. Expressions used in

solvent extractlon are deflined by Sherwood(sg) and Perry.(ss)

Based upon thelr two definitlons, solvent exbtractlion mey
be defined as the separation of the components of & liquid or
s0lid mixture by treatment with a second ligquld in which one
or more of the components of ths mlxture are soluble. The
solvent layer whicih forms 1s termed ®"extract” and the treated
solution "raffinate”.

Solvent extractlion may further be divided 1nto liquid-
liquid extraction which 1s the treatment of a liquid solutlon
with an immiscible solvent and leachning whlch Includes the
extraction operations involving the separaticn of a solld
mixture or phase into 1ts components by treatmsnt with a liquid.

The speclnl case of leaching with which this Investigation
1s concerned involves tha transfer of the soluble conatituent

(tunz oil)} from the insoluble one (tunz kernels) into the sol-

vent by diffusion through a membranse.
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Solvent extraction 1s a broader term embracinz the expres-
slon leaching, and in the discussion to follow, solvent extrac-
tion, extraction, and leaching wlll bes used Interchanseably to
avoid repetition with the understanding that these terms refer
to the transfer of tung o0ll from tunz kernels into a solvent
by diffusion.

Solvent Extraction Methods. The simplest type of operation

is the single contact, 1n wnich the solvent and the orieginal
mixture ar~ broucht togethser for s slnele batch extraction. The
amount of solute extracted per unit amount of original mixture
i1s determined by the amount of solvent used, the distribution
relations for the system involved, and the extent to whiech
equllibrium 1s approached. The equipment used for a single
contect extraction is shown dlascrammatically in Figure 1. (It
is possible to perform the mixineg and separating in one plece
of equlipment.) The efficiency of thls operrtion 13 definitely
limited and consequently sinzle batch extractlon is seldom
employed for large-scale work.

An improvement over the single contact type of leaching
13 obtained by extractinz the solid with solvent, removing
the extract, and then extractins the s0lld agein wlth fresh
solvent. The reduction of solute content of the raffinate
may be improved to any desired extent by increasing the
numbar of contacts. In the 3imple case where the diatri-
bution law holds, the maximim efficlency is obtained when

the total solvent 1s divided into equsl parts, the same
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guantity belng employed in each stace, <1he equlipment neces-
sary for this multiple contact type of extraction is shown 1in
Figure 2.

A further improvement 1s illustrated in Floure 3 where
the aolvent properties of the weaker extracts are utilized by
passing the material to be extracted and the solvent through
the aystem in oppesite directions. The lllustrated aystem
involves three stages, although any number may be used. All
the solvent passesa through each stage and the over-all effi-
clency, for a glven amount of solvent and given number of
stages 1s appreciably better than when part of the fresh sol-
vent 13 used in each stage.

The maximum extraction efficlency would be obtalned if
it were possible to get intimate contact between phases in an
apparatus in wnich the s0l1d phase and the liquid phase passed
continuously 1in opposite directions. True continuous counter-
current extraction 1s approached in the case of removal of
solute from one liquid by another liquid but 1s difficult to
obtain in leaching s solid.

Solvent Extraction Calculation Methods. The two general

methods which have received greatest favor for the caslculation
of solvent extraction problems have been tnose proposed by
Ravenscroft(ss) and by Elgin.(ls) Both methods make use of
graphical solutions. Ravenscroft's method employs rectangular
coordinate paper; Elgin's method requires triangulsar curve

paper.
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For the speclal case in which the retention of the solvent-
solite solution by the solute-free inert material 1s uniform,
Baker(z) has developed & method of calculation based upon series
relationships.

Equipment for Solvent Extrasction. Generally continuous

extraction 1s more adsptable to large scale operation; due to

the greater initlal cost 1t is not suitable for small scale oper-
ation. The extra cost is somewhat offset by the small operating
force required and by the timne saved 1n automatle chareing and
discharging of the extractor.

Batch extraction, on the other hand, 1s costlier to operate
but has been 1mproved by means of extraction tanks arraneed in
series. <These batterles of tanks are connected by suitable pip-
ing so that fresh aolvent may be added to any tank and strong
solution removed from any tank with the remaining members of
tne series belng kept in countercurrent. rresh solvent 1s
introduced Into the tank containlng the s011d that 1s most
nearly extracted, flows through the several tanks in aerles,
and is discharced from the tank that has been freshly charged.
the material in any one tank remains stationary untll extracted.

Apparatus for batch extraction such as the open tank, Dorr
claasifier, Pachuca tank, etc. are dlscussed by Badger and
Mccabe.(l)

Continuous asystems for solvent extractlion are discussed
by 3033(19) and Dean.(lo) @oss descripbes the Hildebrandt

extractor, the Bollman system of extraction which is similar
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to the French C11 Mill nachinery Company's process, the Allis-
Chalmera extractor, the Kennhedy extractor, the Ford extractor,
and an extractor which 1s simlilar to the Ford extractor but is
designed for solven.s hesvier than the 011 belng extracted (in
this case trichlorethylene end soybeen 011) being developed by
the Iowa State Colleze In conjunction with the R. and H. Chem-
1cals Department of the du Pont Company. Dean dlscusses the
Steinmann, Bamag~Megulin A. G., Schlotterhose and Company, Big-
house, ana Fauthache A. 3. extractors.

Many other continuous extractors have been petented and
reported In the literature(24) but the ones reviewed bv Goss

and Degn nave received the moat extended use.



III. EXPERIMENTAL

A. Purpose and Plan

The purpose of this atudy was to investigate the effi-
cacies of varlous solvents for tne extraction of tung oll
from tung kernels and to determine tha applicabllity of the
most efficacious solvent to batch and continuous extraction.

The plan of experimental work wass as follows:

l. PFPreparation of tung nuts for solvent extraction
by hulling and grinding.

2. Extraction of ground tung kernels with ethyl
alcohol, normal hexane, benzene, toluene, chloroform, and
carbon tetrachloride 1In Soxhlet extractors in order to deter-
mine the moat effective solvent.

3. Determination of flash polnts of mixtures of the
most efflcient flammable and non-inflammavle solvents in order
to obtain a mixture whlch would be non-inflammable and would
contain tne least amount of non-inflammable solvent.

4. Extraction of ground tung kernels with the
selected non-inflammable mixture in Soxhlst extractors.

o. Determination of densities of mixtures of the
flammable and non-inflammable solvent for verving concentra-
tions.

o. Investication of the retention of various tung

0ll-30lvent mixtures by oll-free tunm meal, the solvent being



the selected non-inflammable mlixture, and the oll-free tung
meal hsving been prepasred previously by Soxhilet extraction
with thls same solvent.

7. Batch extrsction of raw tung kernels st 10,
22, and 40 deg. C. for 15, 30, 60, end 90 minute extractlion
periods with the selected non-inflsmmable solvent mixture.

8. Batch extraction of roasted tung kernelas at
22 deg. C. for 15, 30, 60, and 90 minute extraction periods
with the same non-inflammable solvent mixture.

9, Investigation of the feaslbility of extracting
tung kernels with the non-inflemmable mixture as s contlnuous

rather than a bstch operation.

B. Materials

Benzene. Benzene was obtaelned hy distilletion from =
benzene - benzolc acid solution which was aveilable in the
chemlcal engineering stock room. The distillate was redis-
tillisd and the fraction boiline at 78-79 deg. C. was used In
this investieertion.

Carbon qurachloride. The carhon tetrachloride used in

this investlgation was of technlecal grade obtalned from the
Phipps and Bird So., Ine., Richmond, Virginila.

Chloroform. Chloroform used in this investigation was

of tecnnical grsde avallable in the chemical engineerine

atock room.
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Ethyl Alcohol. Ethyl alcohol used in this investiga-

tion was 95 per cent slcohol, sclentiflc grade.

Normal Hexane. Normal herane used had a holline point

rancre of 65=70 dec. C. and was= purchased from the Flsher
3clentific Co., Pittsburzgh, Pennsylvania,.

Toluene. Toluene was obtained by diastillation from =a
toluene - benzolc acld solutlon which was avallable in the
chemicel encineering stosk room. The diatillate was redis-
tilled snd the fraction boilling at 108-110 deg. C. was 113ed
in this lnvestication.

Tung Nuts. The tung nuts used were those remalining
from the investization which J. T. Castles conducted at the
Virginia Polytechnic Institute. Originally one hundred
pounds of the 1940 crop of tung nuts hacd been purchesed from

Mr. Tnigpen of Picayune, MN1ssissip:l, at $0.04 per pound.

C. Apparatus

Balance. A chalnomatic balance mrsnufectured by 3ead-
erer Kohlbusch Inc., Jersey City, New Jersey, was used. The
wolghts for the bslence were manifectured by the same comp-
any.

Ball M11l. The ball mill used was 12% inches inslde

dlemster, 18% incnes inside lencth, and was lined with

"Porete".



Density Balance. The Westphal density balance used

was purcnased from the Fisher Sclentific Co., Pittaburgh,
Pennsylvenia. Since the smallest rider was mlssine, den-
3itles could be determined to only three declmal places
wlthout interpolation,

Drying Oven. A 110 volt, 600 watt electric dryling

oven manufactured by E. H. Ser~ent and Co., Chiceco, Illinois,
was used. Serisl number OloYZ.

Extraction Bottles. Eignt 250 ml. wide mouth bottles

were used without the asccompanylnz ground eslass covers for
performing batch extractlions.

Flash Point Tester. A Cleveland open cup tester con-

forminz to the reqi:irements set forth in "S8tandsrd Method of
Test for Flasa and Fire Polnts by measns of Open Cup", A.S.T.M.
Designetion D 92-33, was borrowed from the Mechanlcel Engin-
eering Depertment of the Virginis Polytechnic Institute and
used to determine flash points of binary solvent mixtures.

Food Chopper. A number 45 "Sears Bestmade™ food chopper

was used with the medium size cutter having 10 holes, each
3/8 inch in diameter. Cetalogue number 11ES5529.

Pyrex Pipe. A five foot lenzth of Pyrex glasa plpe having

an inside dlamet r of 2 inches was used.

Radlant Heg Oven. The heatlng chamber of the radlant

heat oven was lo incnes x 16 inches x lo inches and was heanted

by two resistance colls each o0 watts and 110 volts.
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Scale. The scesle used was labeled Ohaus, Newark, New
Jersey. The maximum reading on the scale was ©lO grams; the
scale welghed to 0.1 grem witnout interpolstion.

Soxhlet Extraction Equipment. The four extraction assem-

blies, catalogue number 5-31225, purchased from E. H. Sergent
and Co., Chicazo, Illlnois, conslisted of the followlng:

g) Four large-size pyrex extractors, 50 mm. 1nside
diameter, 110 mm. siphon tube. JCatalogie number 31365.

b) Four Allihn condensers with 2b0 mm. jackets.,

c¢) Ten 200 ml. pyrex extraction flasks. Catalogue

number 34205,

Stirrer Motor. The motor used 1n stirring the solution

contrining the kernels for batch extrsction was manufactured
by Eastern Engineering Co., New Haven, Conn. It was part of
en Eastern Laboretory Pump Model C =- 115 v.a.c.

Thimbles. Two sizes of Soxnlet thimbles were used in
this investigetion., The lar=e size used for extraction pur-
poses was 123 mm. 1nslde lenrth end 45 mm. inside dlameter.
The small size used to obtain retention data was 80 -m.
inside length aend 22 nm. inside dlameter.

Miscellsneous Egulpment. Condensers for recoverinz sol-

vent, sn amspirstor for vecuum Jdirtiilecvion, two sSuchner funnels,
vacuum flasks, beskers, flasks, evaporating dishes, oxygen
tubes, &snd other miscellrneous equipment were used.

Bateh Extractor. Figure 4 shows the arransement of the

batell extr-ctor for the extractionsa carried ont at 22 dec. C.
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Cooline water flowed into the metel container, overflowed into
the agate pan, snd flowed out to the drain throuzh a pipe
fastened to the side of the pan.

For the 40 de<. ¢. runs s asmall hot plate under the
agate pan was used .0 maintalin the proper tempersture. When
tne extractions were conducted at 10 deg. C., 1ce, placed In
the annuler space between the wide mou.h bottle and the metal
contalner, kept the tung nuts snd solvent at the correct tem-
perature.

The copper stirrer was coupled to the shaft of the motor
by a rubver stopper as indlcnted in Filgure 4. The speed of
the motor was decreased by connsectlng 1t In serles with a 60
watt electric licht bulb to a 110 volt outlet.

Countsrcurrent Extrector. The countercurrent extrector

was constructed of a flvs foot lensth of pyrex pipe set at
an ancle of approximately 10 dezrees with the horisontal
as shown in Figure 5.

The tung kernels were moved througnin the pyrex plpe by
the washers on rod A or rod B,

Retention Egquipment. Thne equlpnent for obtainlng reten-

tion data was constracted es 1llistrated in Mlizure o,

D. Method of Procedure

dulling and Grinding. The shells containling the tung

nut kernels were removed from thelr hulla by crackinz with a
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hammer. They were then placed in a ball mill which was rotated
until the outer dusty portion of the shell was worn away. Thias
outer covering was removed In order to prevent contaminastion of
the tung kernels when shelled. Then the anells were broken by
a pestle and the tung nut kernels were removad.

Ihose kernels which had remalned intact while belng
removed from thelr shells were broken up so that they would
not jam the food chopper.

The kernels were zround and reground and were then rendy
for extraction.

Extraction with Varlous Solvents. A description of one

run wlll suffice since all runs were the same with the excep-
tion of & minor change in the extraction of samples 25, 2o,
27, and 28 with the carbon tetrachloride - benzene mixture.

Neustadt(34) found that a Soxhlet extractlon coull bs
made more rapldly by ralsing the thimble off the bottom of the
extractor. This was accomplished by inserting e plece of
glass rod at an angle on the bottom of the extractor and
resting the thimble on the rod.

this was the only change in the extraction of semples
25 to 28, the Iinsertion of a 2 inch {approximately) glass
rod 1n the bottom of the extractor. Otherwlise these runs
were the same as all the others, a descriptlion of which
follows:

Approximately a fifty v¢ram sample of ground tung ker-

nels was put Iinto a large-sl-e Soxhlet thimble whilch had



- 32 -

been weilghed previously. (The level of this welght of sample
when placed in the extractor was below the top of the siphon
leg and hence all the kernels were contacted by solvent.)

The kKernels and thimble were then welghed accurately on the
chainomatic balance and a small wad of cotton was placed on
top of the kernels to prevent them from being carried out

by solvent., The thimble containine the kernels was then put
into the Soxhlet extractor.

A 200 ml. portion of the sslected solvent was poured
into the extraction flask which was then connected to the
Soxhlet extractor. A water-cooled Allihn condenser was
attached vertically to the top of the extractor.

Heat was supplied to the flask by a hot plate. Once
started, the extractlion process continued automatically.
Solvent was vaporized in the extractlion flask and passed
up into the condenser where it condensed and fell down
upon the kernsla. vhenever the solvent level in the extractor
reached the top of tne siphon lez, the solvent siphoned back
into the flask.

A run was considered to have bhegun when the firsat
siphonsze occurred. The extractlon was tnen continued for
elght hours.

After the elght hour extraction period, the flask con-
taining the solvent and extracted tung oil was placed over
a hot plate and the solvent distilled off, condensed, and

collected. (In the sxtraction of tunz kernels with ethyl



alcohol, the flask contalning extract~d oll and solvent was
heatsad first in a water beth. However thls was letor found
to be unneceasary since the solutions did not bump when heated
over a hot plate 1f heated carefully.) When the major portion
of the solvent hed been removed, the extraction flesk was
placed under vecuum created by an asplirator. The tempsr-
ature was maintained at 100 to 1l0p dee. U. and the flask
and o1l were cooled and welghed at half hour intervals
until less than 0.1 gram decresce of welaht occurred between
two consecutive welanings.

A forty-five minite heatine perlod of the extractlion
flesk under vacuum was found to be sufficlent for removal
of the solvent.

Flash Point Determinations. The procedure followed

was that outlined in “Standard “ethods of rest for Flash
and Fire Points oy Means of Open Cup™ A.S.T.M. Designation
D 92-3% exceut that the solvent mlixture was heasted approx-
imately twice as fast as =tlpulated in the officlal test.
Flash point determinetions were made upon various car-
bon tetrachloride - benzene and carbon tetrachloride -
hexane mixtures until a solution was obtsined of minimum
carbon tetrachloride composliion which 41d not flash up to
the boiling point of the mixture. A check d-terminstion of
this final non-inflemmable mixtare wes made 1n each cese.

Densities of Solvent Mixtures., The densities of carbon

tetrachloride - benzene mixtur-s were determined with a
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Westphal density balance at 26 des. ¢. for compositions reng-
ineg from zero per cent to one hundred per cent benzene by
volume. Tne volumes were meagsured in 50 ml. burettes and ths
solutlons were mixed in 125 ml. krlenmeyer flasks baefore densi-
ties were determined.

Retention Data. Tunz oll opteined by Soxhlet extractlion

wltn 70 per cent cerbon tetrachloride - 30 per cent benzene
by volume was mixed with this ssme csrbon tetrachloride -
benzens mixture in varying concentracions from 0,000 to
0.647 gram tung oll per gram of final solution.

1ung kernels which had been extracted wlth thils binery
solvent mixture in a Soxhlet extractor were heated in a
drying oven at 100 dez. C. for twenty-four hours to remove
the solven.. Tnen 5.00 gram samples of this extracted meal
were placed In the small-size Soxnlet tnimbles and s small
wad ot cotton was put over the top of the meal t0 prevent
it from being carriled out by the solvent. The various tung
otl~aolvent mixtures were plsced 1n oxyeen tubes snd the
thimbles containing the extracted kernels, after having
been welghed, were suspended 1n tne oil-solvent mixture as
shown in Figure 6. After 30 minutes the thimbles were
ralsed and allowed to drain. They drained for 30 mlnutes
snd were then welghed.

The thimbleg were then sosked in a carbon tetrachloride-

benzene mixture for 30 minutes in order to remove the o1l

retained, were dried in the oven, weleshed, and placed back



in the oil~solvent mixture. <they were suspenced in the solu-
tion for 30 minutes and were then allowed to drain for 30
minutes after which time they were avain weirched.

Roastineg of Tune Kernels. 1lunz kernels were roasted in

the radiant heater for 10 minutes at 199 deg. C. They were
then ground twice in tne food chopper before extracting.

Note: DBatch extraction at 22 deg. C. of
samples 44, 45, 46, and 47 were the only experiments conducted
onn roasted kernels. All other work wss conducted on rew tune
kernels.

Molsture Determinations. Approximately twenty gram

samples of undamaged whole kernels were welghed out accur-
ately 1in evavorating dishes esnd drlied in the electric drying
oven at 101 to 102 dee. C. for 24 hours.

Bateh Extraction. One hundred and seventy«five ml. of

a 70 per cent csrbon tetrachloride -~ 30 per cent benzene
solution by volume were poured intc a 2b0 mli, wide mouth
bottle, The solvent was now cooled or heated to the temper-
ature of the test. Thirty grams of tung kernels (ground
twice) were placed in the wide mouth bottle, the stirrer was
started, and tne extraction continued for the selected lensth
of time.

Extractions were carriled out at 10 deg. C. usinz ice,
at 22 deg. C. using cooling water, and at 40 deg. C. with

the heat furnished by a hot plate. (Figure 4 is a diagram of

the appsratus.)} Upon completlon of the extraction the mixture



was allowed to settle for fifteen minutes.

Then the mixture was filtered through a Buchner funnel
and the filtrate poured into a previously welghed extraction
flask. +The flask and filtrate were weighed. ''hen the solvent
was dlatilled off from the oil first at atmospheric pressure
and vhen under a vacuum as described previously. The final
welzht of oil and flack was recorded after removal of the

solvent.

Countercurrent Extraction. Tune kernels which had

been ground twice were placed in the pyrex pipe. The ker-
nels were moved by washers mounted on ¢ rod. (See Flgure
5.) Solvent flowed in a direction opposite to the flow of

wernels. Rods containing 1/2 inch and 5/8 inch iron washers

were tested.
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E. Data and Results

S3oxinlet Extractlion Ylelds. The results of extraction

of tung kernels with ethyl slcochol, normal hexane, benzene,

toluene, chloroferm, carbon tetracnleoride, and a 70 per cent
carbon tetrachloride - 30 per cent benzens mixture by volumse
are summarlized In Tables I to VII inclusive. Average vslues
for the percentages of 0il removed with the original samples

as baaes are Zlven for each of tne solvents,
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TABLE I

Extraction of Tung Kernels with ¥thvl Alcohol

Welght Yield 011 Removed-Besis:
Sample of Sample of 011 Original Sample
Number grams grams per cent
1 55.11 14.09 25.6
2 54.95 12.94 23.6
3 52.94 12.79 24.2
4 50.29 12,34 24.5
Average 24,5
TABLE II

Extraction of Tung Kernels with Normal Hexane

Welight Yield 011 Removed~-Basis:
Sample of Sample of 011 Original Sample
Number grams grams per cent
5 50,13 25.46 50,8
3] 50.14 25.82 1.5
7 b0.957 25.606 50.7

8 50.12 25.05 50.0

Averasge 5C.8



TABLE III

Extrectlion of Tune Kernela with Benzens

Welznt Yield 011 Removed-Basis:
Sample of Sample of 011 Origlinael Sample
Number grams Zrams per cent
9 51.22 26,37 51.5
10 52.53 27.53 b2.4
11 60.38 20.22 2.0
12 54.18 27.45 50.7
Aversge 51.7
TABLE IV

Extraction of Tung Kernels with Toluene

Weight Yield 011 Removed-Basls:
Sample of Sample of vil Original Sample
Number grams grams per cent
13 83.31 27.33 51.3
14 52.72 25.50 48.4
15 56.41 28.46 50.4
16 .92 0 mm=e- -——-

Average 50.0
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TABLE V

Extraction of Tung Kernels with Chloroform

Welght Yleld 01l Removed-Basig:
Sample of Sample of 011 Originsl Sampie
Number grams grams per cent
1 S5l.b9 --ea- -——
18 »0.64 22.07 43.6
19 53. 20 2l.94 41.2
20 52.55 22,14 42.1
Averace 42.3
TABLE VI

Extraction of Tung Kernels with Carbon Tetrachloride

Welght Yield 011l Hemoved-Baais:
Sample of Sample of 0il Original Sample
Number grams orams per cent
21 51.96 25.72 49.5
22 52.72 24,64 46,7
23 51.82 23,60 45.5
24 52,86 25.98 49.7

Average 47.8



TABLE VII

Extraection of Tung Kernels with s Mlixture of 70 Per Cent Carbon

Tetrachloride - SU Per dent Benzene (by Volume)

Welght Yield 0il Removed-Basls:
Sample of Sample of 011 Orizinel 3ample
Number grams arams per cent
25 00.46 20, 14 51.8
26 52.44 20.94 5l.4
27 bl.20 ————- -———-
28 51,32 20,00 50,7

Average 51.3



Flash Points of S5olvent Mixtures. Tables VIIT and IX

give the flash polnts of carbon tetrachloride - hexanse and

carbon tetrachloride - benzene mixtures respectively.



TABLE VIII

Flash Points of Carbon Tetrachloride - dexsne Mixtures

Carbon Tetrachloride Hexane
per cent per cent
by volume by volume
70 30
BO 20
83 17
go 1o
TABLE IX

Flash
Point
der. F.

85

8o

150

{none up to
boiline)

Flash Points of Carbon Tetrachloride ~ Benzene Mixtures

Carbon Tetrachloride Benzene
per cent per cent
by volume by volume
b 3o
o8 32
70 30

Flash
Point
dec. F.

120

{none up to
bolling)

{none up to
boiling)



Densities of Jarbon Tetrachloride - Benzene Mixtures.

The densities in gm. per ml. at 2v dez. C. are given for car-
bon tetrachloride - benzene mlixtures in Table X for mixtures
of the two solvents ranzing in composition from pure carbon
tetrachloride to pure benzene.

Curve 1 1s a plot of these data with the volume per cent
of benzene in the solution plotted as the abaclasa and the
density of the solution st 206 dex. C. in gm. per ml. as the

ordinste.



TABLE X

Densities of Carbon Tetrachloride-Benzene Mixtures at 26 deg. C.

Compositions of Mixtures
{(by Volume)
Carbon Carbon
Tetrachloride Benzene Tetrachloride Benzene Density
ml. ml. per cent per cent | am./ml.
0.0 0.0 0.0 100.0 0.872
5.3 45.9 10.4 89.6 0.942
8.5 43.1 16.5 B3.b 0.986
1b.5 34.4 30,8 69.2 1,089
20.0 30,0 40,0 60.0 1.144
2b.0 2b,0 50.0 0.0 1.237
30.0 20.2 b9.u8 40.2 1.290
35.0 15.0 70.0 30,0 1.371
37.0 15.0 74.0 26.0 1.400
39.0 16.0 79.6 20.4 1,439
43.0 7.0 86.0 14.0 1,484
45.4 5.0 $50.1 9.9 l.b15
0.0 0.0 100.0 0.0 1. 007
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Converslon of Volume Per Cent to Weleht Per Cent. The

relationsihips between the percentages by volume and the per-
centazes by welzht of carbon tetrathloride - benzene mixtures
at 20 dez. C. are ziven in Table XI for mixtures of the two

solvents ranginz in composition from nure carbon tetrschloride

to pure benzens.
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TABLE XI

Relstionships betwean Percentaces By Volume and by Velght

of Carbon Tetrachloride - HBenzene Nixtures at 26 dez. u.

Composition of Mixture Composition of Mlxture
by Volume by Welght
Carbon Carbon

Tetrachhlorlde Benzene Tetrachlorids Benzene

per cent per cent per cent per cent
0.0 100.0 0.0 1¢0.0
10.4 89.6 17.4 82.6
16.5 83.5 26.4 73.6
30.8 69.2 44.8 556.2
40.0 60.0 54.8 45.2
50.0 50.0 64.6 35.4
59.8 40,2 73.0 27.0
7C.0 30.0 81.0 19.0
74,0 20.0 83.49 lo.2
79.6 20.4 87.6 12.4
86.0 14,0 91.8 8.2
90.1 9.9 94.5 5.7
100.0 0.0 100.0 0.0
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Addition of Solvent to Glve a Non-Inflammable Mixture.

Data are given in Table XII for the ml. of carbon tetrachloride
and the ml. of benzene neceas=nry p=r 100 ml. of solution of
given density to form & solution heving a final composition
of 70 per cent carbon tetrachloride = 30 per cent benzene by

volume.
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TABLE XII

Addition of Solvents to Various Mixturses to Glve a Solution
Having a Composition 70 FPer Cent Carbon Tetrachloride - 30

Per Cent Benzene by Volume at Z2¢ deg. C.

Carbon Tetrachloride Benzene
Necesaary per 100 ml. Necessary per 100 ml.
Densalty of Scolution of Solution
gm./ml. ml. mi.
0.872 233.3 0.0
0.94%2 198.7 0.0
0.986 178.3 0.0
1.089 130.7 0.0
1.144 100.0 0.0
1,237 06.7 0.0
1.280 34,0 0.0
1,371 0.0 0.0
1.400 0.0 5.7
1.439 0.0 13.7
1. 484 0.0 22.9
1.51b 0.0 20,7

1.587 0.0 42.9
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Retention of Tune 01l by Tung Meal. The relationships

between tne gm. of solution retained per gm. of oll=-free
meal and the concentrations of the solutions in gm. of oil
per am. of solution are given in Table XIII.

Curve 2 is a plot of these data with concentratlon as

the abscisse and solution retained as the ordinate.
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Roasting of Tung Kernels. Table XIV shows the loss 1in

welzght sustained by the tunz kernels upon roastine undsr the
conditions given 1n the section "™Method of Procedure®.

Molsture Content of Tung Kernels. The percentezes of

molstare present 1In three samples of tung kernels sre aver-

aged in Tabls XV.
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TABLE XIV

Roasting of lung Kernels

Length of rossting {(min.) ==--=-------=---reo-cmmnm=u- 10

remperature of radiant heater (des. C.) =-----=----- -~ 199

Weight of kernels before roasting {gm.) =~----=------ 206.8

Welgnt of kernels after roasting (gm.) -----=<-=---=== 200.3

Loss in welegnht of kernels {gm.) -=-----—=-=--c----=-==- 6.5

Loss in weisnt of original sample (per cent)} =--=-==- 3.14
TABLE XV

Moisture Content of Tung Kermels

Temperature of drying oven (deg. C.) ----======-= 101 to 102
Lengthh of drying (hours} ---=—-=----==-=<---c-cc--———oom=== 24
Welght of Loss in Molsture
Kernels before Welght of Weight of in Original
Sample Drying Dried Kernels Kernels Sample
Number an. fea s £, per cent
29 20,206 19.661 0.54H 2.70
30 20.282 19.714 0.568 2.81
51 20.621 20.026 0,595 2.49

Average 2.80



Batch Zxtraction of Tung Kernels. Tables XVI, AVII,

and AXVIII show the results obtained in the batch extrac-

ton of raw tung kernels et 10, 22, and 40 dezg. C. with
extraztlon perlods of 15, 30, 60, and 90 minutes. Results
are expressed in em. of oll per gm. of solution end effi-
clency of extraction in per cent.

Results are expressed similarly in Table XIX for the
batch extractlion of rossted tung kernels at 22 dez. ¢. with
the same extractlon periods of 15, 30, 60, and 90 minutes.

The data tabulated 1In Tables XVI to XIX Inclusive are
Plotted in Curve 3 with a separate curve for easch tesble.
Lenzth of extraction in minutes 1is plotted as the absclssa

and efficiency of extraction in per cent as the ordinate.



TABLE XVI
Batch Bxtraectlon of Raw Tune nernels at 10 dez. G.

Waight of raw kernels (gm.) =--=------ 30

Solvent Used ~-=-~ 70 per cent carbon tetrachlorlde - 30 per
cant benzene (by volume)

Volume of solvent {(ml,) ==--w-=--ec-n=~ 175
Length of Concentration Efficiency
Sample Extraction gm, 011 per of Extraction
Number min. gm. Solution per centc
3 15 0,.,0404 67.0
33 30 0.0410 otl.0
>4 £0 U.0420 70.5

59 90 0.0450 T2.1



TABLE XVII

Bateh EBxtraction of Raw Tung Kernels at 22 deg. C.

Welght of raw kernels (gm,) -~=-==---- 30

Solvent Used -==--~ 70 per cent carbon tetrachloride =- 50 per
cent benzene {by volume)

Volume of solvent (ml.,) ------=------=~ 178
Length of Concentration Efficlency
Sample BExtraction gm., 01l per of Extraction
Number min. gm. Solution per cent
S0 1b 0.0460 775
37 80 0.0485 60,1
CtC] 60 0.0020 a87.1

59 90 0.0062 9s.2



TABLE XVIII

Batch Extraction of Raw Tung Kernels at 40 deg. C.

Welcht of raw kernels {(gm.)} ---=------ 30

Solvent Used =--- 70 per cent carbon tetrachloride - 30 per
cent benzene {by volume)

Volume of solvent (ml,} ---==~-------- 175
Length of Concentration Efficlency
Sample Extraction gm, 01l per of Extraction
Number min, gm. Solution per ceént
40 15 0.049) 8l.4
41 30 0.0008 H4.3
42 o0 0.0646 90.6

45 90 0.087¢ 96.0



TABLE XIX

Batch Extraction of Reoasted Tung Kernels at 22 dem. C.

Welght of roasted kernels (gm.) -------- 30

Solvent Used =---- 70 per cent carbon tetrachloride - 30 per
cent benrzens {by volume)

Volume of solvent {ml.) =~--=-----cc-~-u 1756
Length of Concentration Bfficlency
Sample Extraction gn. 01l per of Extraction
Number min. gm. Solution per cent
44 1b 0.0467 75.2
40 30 0.0481 77.4
40 o0 0.0007 81l.6

4/ 90 0.0b37 8c.b
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IV. DISCUSSION

A. Discussion of Results

Soxhlet Extraction With Various Solvents. Carbon tetra-

ciiloride was selected as the non-inflemmable solvent to use
in prepering a non-inflammable mixture because 1t was found
to ve more effective than chloroform for the extraction of
tung Kernels 1n a Soxhlet extractor. Of the total weight of
kernel, 47.8 per cent was recovered as oill by c¢carbon tetra-
chloride. Chloroform recovered only 42.3 per cent oil.

In the flammeble solvent class, benzene sxtrescted 51.7
per cent o0ll, normal hexane 0.8 per cent, toluene 50.0 per
cent and ethyl slcohol 24.o per cent.

All tne solvent-oll mixtures which were obtained were
misclible with the exceptlon of the alcohol-oll mixture which
seperated into two layers upon cooling. According to Goss(lg)
othenol and also methanol sre examples of a consliderable
group of solvents which dlaplay partisl miscibility with
glvceride-type fets and oils at low temperstures,

However thls property of ethanol-o0il mixtures was not
conslidered to be s serlous fector 1In selectlne a flammable
solvent to use as one of the members of a non-inflaermable
mixture since ethyl alcohol has been used successfully to

extract soybean oil commerclally. In thias so-called hot
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alcohol process, ethanol under pressure at 80 deg. C. 11
used to extract soybesn o0ll in a battery of rotary extrac-
tora. When the resilting misceiles 1s cooled to room temper-
ature, an alcohol-ricn and an oll-rich phase result. The
alcohol-rich layer 1s re~used, and the oll-rich laver 1s
separated by distillation. Ethyl alcohol was eliminected
principally because of 1ts low extractive powers.

Toluene gave a rstisfactory yleld of oll which was
slightly below the yields obtained with hexane and benzenc.
However the high boiling point of toluens, 110.8 des. C.,
1ndicated that complete recovery of solvent from the result-
ineg toluene-tune oil solution would be difflcult. Conse-
quently toluene was eliminated from further investigation.

The amount of 01l extracted with benzene was only
alightly ereater than that extracted with hexane and, for
all practical purposes, tne effectiveness of both solventa
was considered equal.

Therefore tne final choice of non-inflammable solvent
mixture was between carbon tetrachloride = benzene ani
carbon tetracnlorlide - hexane.

Flash Point Determinations, In order to determine the

minimum concentrations of cerbon tetrachloride necesssary to
produce non-inflammable mixtures, flash point determinstions
were made of various carbon tetrachloride - benzene and car-

bon tetrachloride - hexane mixtures. A 70 per cent caerbon

tetrachloride = 30 per cent benzene mixture by volume and a



ob per cent carbon tetrachloride - 1lb per cent hexane mixture
by volume were found to be non-inflammable.

Coat analyses of these two mixtures showed that the
carbon tetrachloride - benzene mixture wes the cheaper of the
two. ("Selection of Non-Inflammable Solvent Mixture", section
A, of the appendix, gives s summary of the calculations
involved.} Consequently thls mixture was selected for fur-
ther investigation.

when tung kernels were extracted in 3Soxhlet extractors
with this 70 per cent carbon tetrachloride - 30 per cent
benzene milxture, a tung oll content in tne orisinal kernel
of 0l.5 per cent was indicated. 8ince benzene had extracted
51.7 per cent 0il when used alone, this non-inflammable
mixture was considered to be equally effective.

Densalties of Carbon Tetrachloride - Benrene lixtures,

The curve of denaltlies of corbon tetrachloride - benzene solu-
tions plotted acainst the ben-ene concentrstions of the solutions
(Curve 1) 1s a straight line function.

Converslion of Volume Per Cent to Welght Pser Cent. Curve

4, a plot of the percentages bv volume of carbon tetrachloride-~
benzens mixtures agalinst the percentages by welght of these
mixtures, slopes upward as plotted, showing that for a

given increase in the benzene percentage by volume, the
corrasponding benzene percentace by welght does not increase

as rapldly since benzene 1s less dense than carbon tetra-



chloride, having a denslity only fifty-five per cent thst
of carbon tetrascnloride.

Addltion of Solvents to Give a Non-Inflammable Mixture.

The dats glven in Table XII and Curve b, a plot of these data,
may realilily be used in determining the amount of carbon tetra-
chloride or benzene to be added to s glven solutlon in order
to obtain the finsl non-inflemmable mixturse.

Retention of Tung 011l by Meal. OCurve 2, the curve of

solvent-0il solution retention by the meal as a function of
the concentration of the solution 1s plotted as a stralicht
line. A stralznt line plot 1s justifisble since it 1s within
the accuracy of the Investlgation and since no definite trend
is apparent in the data as plotted.

'ne use of thls curve in predicting maximum theoretical
extraction yields 1s discussed in section C of the appendir,
®"Fredlction of Extraction Ylelds."

Batch Extraction. The raezults of the bstch extractlon

of raw tuig kernels a. 10, 22, and 40 dez. C. and of roasted
tunz kernels at 22 der. C. with 70 per cent carbon tetraschlor-
ide - 30 per cent benzene for 15, 30, 60, and 90 minute
perlods are sunmarired in Curve 3.

Tnese were batch extrections and conseaquently they def-
inltely limited the amount of oll taat could be removed 1n
any one operation. Therefors, sa plotted, 100 per cent
efficiency of extraction would not mean that all the oll iIn

the %ernsl could be removed since some would be present 1in
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the solitlon retained by the meal. Rather, 100 per cent
efficiency of extraction mesns that all the ©il that theoret-
ically could be removed in a single batch operation under

the glven condltions of weleht of solven: used, welght of
kernels used, etc., was removed.

I'he curves show regular propertles with the effilclency
of extroction 1lncreasing witn incressed temperstures for the
raw tung nuts up to a 96.0 per cent efiiclency for a 90
minute extraction at 40 dee. C.

Roested tung kernels were extracted only at 27 der. C.
since comparlson of the resualts obterlied with those results
obtained for the extractlon of raw kernels at the same temper-
ature showed that the sfflclency of the extramction was less for
the roasted kernels and consequently there was no justifica-

tion in roazting the tung kernels.

sountercurrent Extractlon. Since countercurrent extrec-

tion is decldedly more econonical tnan batch extraction, seversal
tests were conducted in order to determine how well the tung
kernels would hsndle in & countercurrent extractor.

Several types of countercurrent extractors amppeared to
be appliceble to tune 0ll extrasction:

l. The Allls-Chalmers extrector 1s a vertlecal eyliniri-
cal column contalnine 2 central rotetins sheaft fitted with a
series of norizontal slotted pl-tes. Statlonary screper
arns ceuse tne =0lld materi~1l to rall fron one slowly rot-
at i plate to anothier deacendine acainst an upward solvent

strean.
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As such the Allls-Chalmers extractor 1s not suited
for the extracti-n of tung kernels wiih the carbon tetre-
chloriide - benzene mixture under 1nvestigation =since the
ground tungz kernels flost~? when placed in the solvent
mixturc.

This Allis-Chalmers vertical extractor mizht be modi-
fied 30 that a vertizal screw wo1ld carry kernels from the
bottom of tne chember to the top. (This 1s somewhat similar
to tne Hildebrandt extractor.) For countercurrent flow the
aglvaiat woild now trevel dowuward. But th- denslty of the
oll=-s0lvent solition decreases a3 tne concentratlon of oll
in t1e asoluation lnecresses., Therefore this spparatus would
not opersaste properly slice the tendencles of the oll and
the oll-solvent solutlons formed woulsd e to rise 1natesd
of fall.

2. An extractor developed from work by the Iowa Stete
Jolle-a and by tae R, and H. Chemlcels Departnent of the
du Pont Company 1s desiwvnel o1 ->lvents hesvier than the
011 being extracted. It 1s =imilar in construction to »
Forl extrzctor but the materials flow la reversed. Thls
*rgversed Ford" extrr-tor makes use of an inclined tube
housing an internal screw which conveys beans “ovaward
against a countercurrent upward solvent flow.

A prelirinary tesat "€ tne feaslblllty of usinz such
an apperatus was made wlth the equipment skatched in Fieure

b. Tun< kernels and solvent were placed 1n the pyrex plpe
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snd rod A was inserted. ‘he kernsls floated to the top of
the pyrex pipe and rod A was not effective in propelling
the kernels. BRod B which contained larger wasshers and thus
reduced the area of the annular space between the washers
end the Inside of the pipe was then trled. Again 4iffi-

culty was sncountered due to the kernels floating to the

top.

B. Recommendsations

The following recommendetions are made for future work

on this subjleot:

Effect of Water Content on 30lvent Extraction. dvonflict-

ing reports appear in the litersture as to the effect of the
presence of molsture in seeds upon solvent sxtraction. Inves-
tigation along this line should be made.

Dean(ll) reports thet seeds are usually prepared for
solvent extraction by drying. "This drying 1s necessary because
of the strong repelling action of the hydrophilic molst cells
on the hydrophobic solvent."

Lewkowitach(2°) on the other hand states that the warming
of the seed preliminary to its treatment with volatlile solvents
13 unnecesaary, “as the moisture contained in the seed does

not offer a serious obstacle to thorough extraction,®



Effect of nernel 8ize upon Extraction. Tung kernels

woere prepared by grinding in this Investigation. PFuture stud-
ies should be made of the effect of particle size and possibly
the effect of shape of particle upon extraction. “+he optimum
aizes and shapes of tung kernels for extraciion should be det-
ermined.

Corrosive Action of Chlorinated Hydrocarbons. One of the

serlous objections to the use of chlorinaved hydrocarbons has
been the fact that they decompose upon hoating, especially in
the presence of moisture, liberating hydrogen chloride which
attacks iron and copper. Protection can be secured with rel-
atively expensive lead-lined and tinned equipment. Thlas
corroaive action of the shlorinated hydrocarbons sugrests
several studies:

1. Ac-ording to Lewkowitsch,(gﬁ) the addition of cil
of turpentine, which absorbs hjdroenloric acid, "is sald to
obviate the destructive effect on iron." Perhaps benzene, in the
presence of carbon tetrachloride, will act similarly or will
inhibit the corrosive ac.ion ot carbon tetrachloride. It 1a
posaipble tha. 70 psr cent carbon tetracnloride - 30 per cent
benzene by volume, in addition to belng non-inflammable, may
alac be much less corrosive tvhan cerbon tetrachloride alone.
Studies shouid be made of this phase of tung o0il extraction.

2. Trichlorethylene 1s the most stable of the

(19)

chlorinated hydrocarbons. According to Goss, equipmentc

designed for trichlorethylens 1s now on the market. Among
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the disadvantages of the chlorinated compounds, "the most serious
gappears to be the present relstively high price.®

The use of benzene admixed with carbon tetrachloride has
not only reduced the cost but has also decreased the density of
the solvent thus regqulring less weicght of solvent for a siven
extrection. Similar mixtures of trichlorethylene with flammable
solvents such as benzene, hexene, etc. should be studied.

Continuous Extraction. PFurther studles should be made of

the feasibllity of extracting tunzg o1l In some contlnuous appa-
ratus. For example, 1t appears feasible that a Bollman type of
extractor might be modified so as to be applicable to tung oil
extractlion with a carbon tetrachloride - benzene mixture. The
Bollman type extractor conslsts of a serles of sieve-bottomed
baskets which are cerried through the system on endless chainas,
The materlal to be extracted 1s charged Iinto the basket and 1la
sprayed with solvent during 1ts passage through the extractor.

Pilot Plant. When most of these preliminary Ilnvestl-

gations have been completed, studies should be mede using
extraction apparestus dupliceting commerclial operation since
the engineering problems in the solvent extraction of tung
kernels will be solved only by empirical methods.

For example, in the small-scale operations conducted
in thls investigation, hand-picked samples were used. All
rotted and dlseased kernels were discarded. Such metlculous
care will not be possible on a commerclial scale and extrac-

tion efficiencles may suffer.



Then too, solvent extrection of tunz oll can be com-
pared to mechanical expression only when the extractors and
the expression egquipment are both operating under conditions
of industrial practlce upon samples which are as nearly alike
as posalble.

Solvent Extraction of Tung Meal. Becsuse of the rather

high cost of solvent extraction equipment, the seasonal char-
acter of the tung oil Iindustry, the fact that there 1s ample
pressing equlpment 1n this country, and becauss 0il millers
do not wish to discard thelr present costly equipment and go
to the added expense of installing solvent extrsction plants;
difficulties will be encountered in converting the tung oil
Industry over to solvent extraction.

In view of these antlcipated difficulties in converting
the industry, the United States Department of Agriculture
has expserimented with the solvent extraction of the tung
meal remaining after pressing.

Solvent extractlon of tune meal offers possibilities

for future study.
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V. CONCLU3IONS

From the results of this investlgation the following
conclusions were drawn:

1. In the Soxhlet extraction of samples of tung kernels
from a 1940 Louisiana crop, benzene recovered the greatest
amount of oil, bl.7 per cent. <The percentages of o0ll removed
from the kernels with the other solvents were normal hexane,
50.8 per cent; toluene, 0.0 per cent; carbon tetrachlorids,
47,8 per cent; chloroform, 42.3 per cent; and ethyl alcohol,
24.5 per cent.

2. 8Solutions c¢onslisting of 85 per cent carbon tetrachlo-
ride - 15 per cent hexane by volume and 70 per cent carbon
tetracnloride - 30 per cent benzene by volume did not flash
when heated up to 71 deg. C. and 77 deg. C. {(the bollinz points
of the solutions respectively) 1in a Cleveland open cup tester.

3. Based upon the assumption that solvent requirements
and losses for tung oll extraction would be about the same
as for soybean oll extraction, per ton of tung kernels extracted,
the initilal cost of the non-Inflammable carbon tetrachlorlide -
benzene mixture would be $130.89, the cardbon tetrachloride -
hexane mixture $151.00, and pure carbon tetrachloride when
used alone $172.00., 8Similarly the cost of solvent lost per
ton of kernels extracted would be $1.06, $1.14, and $1.20

respactively for eamch of the three above. Consequently the



carbon tetrachloride - benzene mixture was selected for
experimentsation.

4. Soxhlet extraction with a 70 per cent carbon tetra-
chloride - 30 per cent benzene mixture by volume recovered
bl.3 per cent oll,

O. The retention of solutions of tung oil and a 70 per
cent carbon tetrachloride - 30 per cent benzene mixture by
volume for concentrations ranging from C.000 to 0.687 grams
of o1l per gram of solution was approximated ass 2.32 grams
of solution per gram of oill-free tung meal. (The meal had
previously been extracted with this same binary mixture,)

6. The efflcienclies for batch extractions at 22 deg. C.
(with a 70 per cent carbon tetrachloride - 30 per cent hexane
mixture by volume) of roassted tunz kernels were not as grest
as those for raw tung kernels at the same temperature.

7. The most efficlient extraction of tuns kernels with a
70 per cent carbon tetrachloride - 30 per cent benzene mixture
by volume was obtalned at 40 deg. . for the betch extraction
of raw tung kernels for 90 minutes. A 96 per cent extraction
efficlency resulted.

8. ‘“The tung kernels, as prepsred, floated or remained
suspended In the carbon tetrachloride - benzene solution.
Therefore an sxtractor which depends upon the settling of tung

kernels countercurrent to the upward flow of solvent would not

be applicable.
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9., Similarly an extractor which depends upon the upward
travel of tung kernels agalnst the downward flow of solvent
would not operate correctly a3lnce the solvent is denser than
the ©ll belng extracted. As the 0il 1s removed by the solvent,
the 0ll-solvent solution becomes less dense and the tendency

of this solution 1s to rise rather then settle.
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VI. SUMMARY

Tung oil, an important drying oil, 1s used in conslder-
able amounts by the paint and varnish, linoleum, and electri-
¢al industries. At present domestic tung oil is obtalned by
mechanical expression. The cake which remains after expression
has an oll content of from four to five per cent. Althoush
the amount of domestic 01l produced 1s a amall part of the
0oil consumed in this country, tung 01l shipments from China
have ceased and the trestment of present and future domestic
tung nut crops to obtain the maxlmum amount of cll most econom-
ically is a problem of considerable 1mportance.

Solvent evtraction has proven more efficlent and econom-
1ecal in industrtes such as soybean and cottonseed 011 extraction.
It appeared feasible that tung oll might be extracted by analo-
gous methods thus decreasing the loss of ol1l in the cake and
inereasing the efficiency and economy of tung oil production
in the United States.

Firast Soxhlet extractions of ground tuneg kernels were
performed with ethyl alcohol, benzene, carbon tetrachloride,
chloroform, hexsne, and toluene. Of the flammable solvents,
benzene extracted the most oil, 51.7 per cent. Hexane was
next in oll extraction with »0.8 per cent. In the non-

inflammable class, carbon tetrachloride extracted the most

oll, 47.8 per cent.



‘the compositions of non-Iinflammavle mlxtures of carbon
tetrachloride with hexsne and benzene were determined in m
Cleveland open cup teater. A non=-Iinflammable mixture of
carbon tetrachloride - benzene (/0 per cent and 30 psr
cent by volume respectively) was more economical than
either a non-inflammeble carbon tetrachloride - hexane
mixture or carbon tetrechlorlide used eslone. Consequently
the carbon tetrachloride -~ benzene mixture was gelected as
the asolvent to use in continuine the lnvestigation.

Higher extraction efflciencies were obtained for batch
extractions at 22 deg. C. wilth raw tune kernels than with
roasted tung kernels. The hichest extractlon efticlency
wes obtained witn raw tunc kernels at 40 deg. C. for a
betch extraction of 90 minutes.

Since the eofficliencies of brtch extraction are limited,
preliminary investigations of the feaslbllitv of using
gountercurrent extractors were made. These studles ahowed
thet the Allls-Chalmers and Ford type extractors were not
appliceble to the extraction of tung kernels with the carbon
tetrachloride - benzene mixture since the tung kernels, as
prepaered, floated in the solvent mixture. The Allis-Chalmera
extractor which depends upon the downward flow of the material
beine extracted agalnst tne upward flow of solvent would
therefore not be sultable. Similarlv tnhe Ford type extractor

would not be applicsble because the solvent would have to travel



downward against the natursl tendencv of the 0il belng extracted
and the oll-solvent solution formed to flow upward since they

would be lighter than the orlginal solvent mixture.
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A. Selectlon of Non-Inflammeble Solvent Mixture

1. Summary

Based upon the assumption that the solvent reguirements
and losses in tung o1l extraction would be approximacely the
seme as in soybean oll extraction, the followlng relatlionships
wers obtained. If ths solvent reguirementa and losses for
tung oll extraction be greater or lesn than those used here
for soybean 01l extraction, the costs of the two solvent mix-

tures reletive to eacn other would vary corresonondingl-.

Bagsias: 1 ton of tune kernels to be extracted

a) Extraction with carbon tetrachloride alone.

Initial cost of solvent mixture -- $ 172.20
Cost of solvent loat --------==--- $ 1.20

b) Extraction with 85 per cent csrbon tetrachloride-
19 per cent hexane {by volume)

Initisl cost of solvent mixture -- § 151.00
Cost of solvent logt ===w---w=---w= $ 1.14

c) Extractlon witn 70 per cent carbon tetrachlorids-
30 per cent benzene {by volume)

Initisl cost of =solvent mixture -- § 130.89
Cost of solvent lost -=------—-"---- P 1.06
Note: Additionsl steam cost for the carbon tetrachioride-
benzene mixture was negligihrle belng only $0.01 more
than the carbon tetrachloride - hexane mixture per

ton of tune kernela trerted.



_88_

On the basis of the above figures, a 70 per cent carbon
tetrachloride - 30 per cent benzene mixturs (by volume) was

tne one selected for further experimentation.

2. QCalculstions

The choice was between a carbon tetrachloride - hexane
and a carbon tetrachloride - benzene mixture.
The percentages of o0il removed from the oricinal tung

xernel samples as bases were as follows for the three solventa:

Carbon Tetracnloride -~--ec~-=a-= 47,8
Hexane =----m---—wmccmmma oo 50.8
Benzene ----s------mmmomo e 61.7

The amounts of oil removed by bsnzene and hexane were so
nearly alike that these two solvents mey be considered to be
equally efflicient in the removal of tung oil.

The prices of the three chemicals, from an inspection

of the cost curve from 1919 to 1942, curves 6, 7, and 8, were:

Carbon Tetrachloride -----~--- % 0.06 per pound
Hexane —-----e-e-emceecomaon. § 0.10b per gallon
Benzene(90 per cent) =----==- $ C.l6 per callon

Tne densitles of these threec chemiecals determined exper-

imentally at 20 deg. C. were s- follows:
Carbon Tetrachloride ~=-=---- 1.587 gm. per ml.

Hexane —--=-~==r-=ccmmumsua—a— 0.003 em. per ml.

Benzene ----—----ccemceeccm—a 0.872 gm. per ml.






Therefore, at 26 der~., C., one «allon of hexsne welghs 5.54

poun:is snd one gallon of benzene welshs 7.29 pounds.

Thus tne costs of the chemicals may be ratabuleted as

follows:

(Tne assumption was msie that benzene, 90 per cent,

had the same density as the henzene used in the laborstory.)

Chemical

Carbon Tetrachloride

llexane

Renzene

Cost Per Gagllon
dollars

0.106

0.16

Cost Per Pound

decllars

0.06
0.019

0.022

Tne non-inflammable mixtures determined experimentslly

were as follows:

I

Volume Baals

Welzht Basis

F

Dansity
at 26

dez. C.
gm. /ml.

1.468

1.371

Carbon Carbon
Mixture Flammable Taetra- Flammable Tetra-
per cent chloride per cent chloride
per cent per cent
Carbon
Tetra- 15.0 85.0 6.9 93.1
chloride-~
Hexane
Carbon
Tetra- 50,0 70.0 19.0 81.0
chloride-
_ggpzene _______ B e
Baals: 100 pounds of carbon tetrachloride - benzene

non=inflsemmable mixture

Since volume and not weleght is the importent factor in extrac-

tion, tine pounds of non-inflasmmable carbon tetrachloride-hexane



mixture equivalent to thils basis are:

100 x 1.468 = 107 pounds
1.3571

Coats of Non-Inflammable Mixtures.

Welight of
Carbon Cost of Total
Welght of Tetra- Cost of Tetra- Cost of
Flammable ohloride Flammable chloride Mixture
Mixture pounds pounds dollars dollars dollars
107 1b.
of
Carbon
Tetra-
chloride -
Hexane 7.4 99.6 0.141 5.976 6,117
10C 1b.
of
Carbon
Tetra-
chloride-
Benzene 19.0 81.0 C.418 4,860 5.278

(22)

The following data taken from Lange refer in all

cases Lo the pure compound:

Latent Hert of Specific Heat Bolling
Vaporization (Averaged Value) Point
Compound gm.cal. /gm. gm.cal./gm.-deg.C. deg. C.
Carbon
Tetra- _
chloride 16,4 0.2 6.8
Hexane T9.3 0.6 092.0
Benzene 9405 0-44 79.6

In the calculation of heat requirements the following
assumptions were made:
a) Each solvent in the mixtures was vaporlzed at

1ts individual boilineg point.
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b) Latent heats of vaporization and specific heats
of the indivildusl solvents In the mixtures were the seme as
they would be 1f present alone.

Therefore, based upon these assumptions,

2) the B.t.u. necessary to hesat 1 pound of a 93.1
per cent carbon tetrachloride - 6.9 per cent hexane mixture
(by welght) from 20 deg. C. to 76.8 deg. C. were 110.2.

b} the B.t.u. necessary to heat 1 pound of a 81.0
per cent carbon tetrachloride - 19.0 per cent benzene mixture
{by welght) from 20 deg. C. to 79.¢ dez. C. were 129.2.

In soybean o0ll extraction with hexane, the solvent loases
amount to from 0.5 to 1.0 per cent of the welght of raw maste-
rigla proceaaed.(S) The solvent to bean ratlo is C.oc pounds
of solvent per pound of bean. If the assumption be made that
the solvent losses and the solvent to kernel ratio will be the
same for tung o1l extractlon {(usines the higher figures 1n
each case), the following relationships will hold:

Extraction #ith Carbon Tetrachloride Alone.

Basia: 1 ton of tung kernels to be extracted

Solvent Required = 0.6 x 2000 x 1.887 = 2870 lb.
0.663

0-01 X QOUO B oememmsm——= 20 lbo

Solvent Lost

Initlal Cost 2870 X 0.06 ® v.vieen... § 172,20

Logs of Solvent = 20 x0.06 = ,....... & 1.20
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Extraction Witn Carbon Tetrachlorlde - Hexane Mixture.

Basls: 1 ton of tunr kernels to be extracted

Solvent required = 0.6 x 2000 x 1.468 = 26b0 1lb.

D.063
Solvent Lost = 0.01 x 2000 = ...euieees 20 1b.
Initial Cost = 2660 x 6.117 = ......... $ 151.00
1077
Loss of Solvent = 20 x 6.117 = ........ § 1.14
107

Extraction With Carbon Tetrachloride - Benzene Milxture.

Basls: 1 ton of tunzg kernels to be extracted

Solvent Required = 0.0 x 2000 x 1.371 = 2480 lb,
O.0b3

0.0l x 2000 : * 7 8 8 F B 8+ 20 lb.

Solvent Lost

Initial Cost 2480 x 5.278 = L........ $ 130.89

100

Loss of Solvent = 20 x 5.278 = ....... $ 1.08
100

Heat Reguirements.

Basis: 1 ton of tung kernels to be extrascted

Heat Required
For Vaporizing
Carbon Tetrachlorlde-
Hexane Mlxture s 2050 x 110.2

292,000 B.t.u.

Heat Required
For Vaporizing
Carbon Tetrachlorlde-
Benzens Mixture = 2480 x 129.2

320,500 B.t.u.



Additional
Heat Required
For Vaporizing
Carbon Tetrachloride-
Benzene Mixture B i deeresanaes 28,500 B.t.u.

On the basls of § 0.35 per 1000 1b. of steam, the
additional steam cost for recovering the carbon tetrachloride-
benzene mixture would be:

28,500 x 0.35 = §$ 0.0103
970 x 1000

B. Method of Galculatigg

Extraction Ylelds {Tables I to VII inclusive}. Since

the method of calculation for the extraccvlion ylelds were the
same for samples 1 to 28 inclusive, one calculation will
suffice. For example, for sample 10 (Table III), the
calculations involved were as follows:

Yield of oll = ...t eeenn cessrrans 27453 am,

Welght of sample = ........ves.0000 52.53 am.

Qi1 Removed-Basla: _

Original Semple = 27/.53 x 100 = bZ2.4 per cent
52.03

Densities of Carbon retracnloride - Benzene Mixtures

at 20 deg. C. (Table X). For example, the solution hav-

1ug a denslty of 1.089 consisted of 1b.5 ml. of carbon tetre-
cnloride and 34.8 ml. of benzene. <Therefore, the comro=itlion

of the mixture was:

1.5 x 100 = &0.8 prr ~ent
15.5 + 34.8 {by volums)

Carbon letrschloride
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Benzene = 34.8 X 100 I R R R 6902 pel" cent
15.5 + 34.8 {(by volume)

Relatlionships between Percentages by Volume snd by

Weight of Carbon Tetrachloride - Benzene Mixtures (Table XI).

Let ¢ = the volume fractlon of carbon tetrachloride
b = the volume fraction of benzene
Density of carbon tetrachloride at 2¢ dem. C. = 1,587 gm./ml.
Density of benzene at 26 dez. C. = ........... 0.872 gn./ml.
Welight Per Cent

Carbon Tetrachloride = c(l.587) x 100
In Mixture ot 1.587}) + b(0.872)

Also, b = 1 ~¢

Tnerefore, by simultaneous solution ¢f the two equeaetlions,

Welght Per Cent 100
Carbon Tetrachloride = 0.549 + 0,461
In Mixture I
Similarly,
Welght Per Cent 100
Benzene = 1082 - 0082
In Mixture b

{Also the welcht per cent benzene in the mixture = 100 minus

the welght per cent of carbon tetrachloride in the mixture.)
The solutlon of composition 30.8 per cent carbon tetra-

chloride and 69.2 per cent benzene by volume was equivalent

to a soclutlon of composition:

Carbon ltetrachloride = 100 S 44,8 per cent
0.549 + 0.451 {by welght)
0.508




Banzenes = 100 = 55.2 per cent
l1.82 -~ 0.82 (by welaht)
C.692

Addltion of Solventas to Various Mixtures to Give a

Solution Having a Composition 70 per ceant Carbon Tetrachlor-

ide -~ 30 per cent Henzene by Volume at 26 dez. C. (Table XII).

Case 1 (Solutions having densities less than 1.371)

Let b ml. of benzene present per 100 ml. of solution

¢ = ml, of carbon tetrachloride present per 100 ml.
of solutlon

X, = ml. of carbon tetrechloride to be added to give
the correct final solution
But, o + X; =2 7 and b + ¢ = 100

% 3
Therefore, by aslmultaneous solution of the two equations,

X = 10(70 ~ ¢)
3

For example, the solution havingz a density of 1.088 con-
sisted of 30.8 per cent carbon tetrachloride by volume. There-
fore,

X = 10(70 - 30.8) = 130.7 ml. of carbon tetra-
3 chloride to be added
Case 2 {Solutions having densities greater then 1.371)
Let b = ml, of benzene present per 100 ml. of solution

¢ = ml. of carbon tetrachloride present per 100 ml.
of solutlion

Xp = ml. of benzene to be added to glve the correct
final solution
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But, b + Xp = 3 and b + ¢ = 100
o L]

Therefore, by simulteneous solutlon of the two squationsa,

Xp = 10(30 - b)
_7'

For example, the solution having a densality of 1l.815 con-
gisted of 9.9 per cent benzene by volume. Thereaefore,
Xp = 10(30 - 9.9) = 2B8.7 ml. of benzens
7 to be added

Retention of Mixtures of Tung Oil snd Solvent by

011-Free Measl {Table XIII). For the solution of concentration

0.1000 gm. of o0ll per gm. of solution, the following calcula-
tions were involved:

Solution retained by d gm. of oll-frese
megl and thimble ...cseceve. 14.43 pgm.

Solution retalned by thimble ......ccciveenverves $.07 gnm.
Solution retained by o gm. of meal alone ........ 11.36 gm.
Therefore, solution retalned par gm.

of oll-free meal = 11.36 = 2.27 gm.
b

Roasting of Tung Kernels (Table XIV).

Original welght Of Kernels .....cccnovassccscsaes 206.8 gm.
Loss in weight of kernels upon roasting ........ 6.5 gm.

Loss 1in weight of original semple = 6.5 x 100= J.14 per
206.8 cent
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Molsture Content of Tung Kernels (Table XV)}. For sample

30, the followinz data were obtalned:
Welght of kernels before dArying ...sceceescecnnses 20.282 gm,

Losas In welght of kernels upon drying .....¢eceee.. Q.68 gm.

Moisture present 1in oricinal sample = 0.668 x 100 = 2,41 per
20.282 cent

Baten Extraction of Raw tung Kernels (Tables XVI to XVIII).

011 ContenE Of tunQ_, kernels & » 4 §oux B s oAt R bl.s per Cent

Q11 in ¥0 gn. of kernels = 30 x 0,513 ceseses 10,39 o,
volume or Solvent used " ¥ SRS BT R Y A A RS EA R l'?b m-]-.

Density of solvent at 26 deg. C. .tveeverersessesss 1371 gm./ml.

Weight of solvent used = 175 x 1.571 cosess 240 gnm.
If all tue oll were extracted from the kernels by the
solvent, the concentration of the final oll-solvent solution

would then be:

15.39 = U.0003 gm. o1l per gm. solution
15.39 + 240

This theoretical maximum concencration applles to
samples 32 to 43 iInclusive. Since tne method of calculation
for all of these samples waa the same, the following ceslcula-
tion for sample 41 (Table XVIII) was typical:

Finael Concentracion = 0.0008 gm. 01l per gm. solutiocn

Efficiency of extrsction = 0,0008 x 100 = 84.3 per cent
0.060%



Batch Extraction of Roasted Tung Kernels (Table XIX).

Since the raw tung kernels lost 3.14 per cent of thelr weight
upon roasting, a 30 gm. sample of roasted tung kernels was equiv-

alent to:

30 = 30.87 gm. of raw tung kernels
1 - 0.00314

0il in 30.97 gm. of kernels = 30.97 x 0,513 = ... 15.89 gm.
Woight of solvent used .....vceeertcvnsncecnsosnavaans 240 m.

If sll the oll were extracted from the kernels by the sol-
vent, the concentration of tne finsl oil-solvent solution

would then be:

15.89 = 0.0621 gm, oil per
15,89 + 240 gm. solution

The calculetlon for sample 48 which follows was typilecal
of thoas required for Table XIX.
Final concentration = 0,0007 gm. oil per gm. solution

Efficlency of extraction = 0.0507 = 8l.6 per cent
0.0621

¢. Countercurrent Extraction Relaetlons

For the speclal case in which the retention of soclution
per unit weight of solute-free inert solld 1s uniform with
changing concentrations of solvent-oll solution, the follow-

inz simplified method of calculation 1s epplicable.
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8ince the retention of solutions having varyine concen-
trations of tung oil and 70 per cent carbon tetrachlorids-
30 per cent benzene may be conasidered to be constant because
of the nature of the dats that waa obtalned, the method has
been adapted speclfically to the extractlon of tune oil by
this mixed solvent. In the discussion to follow, the word

®solvent" will refer to this binary non-inflammable mixture.

Assumptions. The assumptlons Involved 1In this discus-

sion are as follows:

1. Egquilibrium 1is sttained in every stage, which
implies that the concentration of the solution retained by
the solid 1s identical with that of the solution withdrawn.

2. Tung oll is not absorbed by oll-free tung meal.

3. The entering solvent contains no tung oil.

Let,

T = 1b. of oil per 1lb. of oll-free tung meal
entering the system at the firat stage

R = 1b. of oll-solvent solution retained per 1b,
of oll-free tung meal.

lb. of solvent added at last stage

3

1b. of oill dlscharged from lest stage per 1lb,

X

of oil-free tung meal
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Case 1 -=-- COne extraction staze

1l 1b. oil=-free mesal

HHHHHHH“‘“ﬂaHEH‘

1 1b., oll=free mesal
X 1b., oil X 1b, oil {c)
R +

T-
(d) 3 - X 1b. solvent R -~ X 1lb., solvent

(a) 1s given

{(b) 1s given

{¢) .....81nce X 1b. oil are discharged and the total
retention is R 1b., then R - X 1lb. of solvent must be dia-
charged.

(d) ...... By a material balance,

Weight solvent = 8 - (R -~ X} =S - R + X 1b,

Weight oll = T - X 1b.
For equilibrium to have been established (assumption 1),

the concentration of solution (d) must equal that of (c¢).

Therefore,

T -X X
r—xX+3-K+X = R=-X+X
T-X = X
S -R+T7T R
and X = RT
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Case 2 --- Two extraction stages (Figure 7)
{(a), (b), (c), and (d4) were obtained as In case 1.
(@8)ceunnn Since the solution going from unit 1 to unit
2 and the strong solution being removed from unit l sre 1in
equilibrium, their concentrations are equal and therefore

the 01l going from stage 1 to stage 2 1s:

(T~ X)R = (T - X)R
T = X+ S8 ~R+ X § «-R+T

Therefore, the weight of solvent 1ls

R - gT - XZR lb. solvsnt
3 -R+ T

(f) o.....By 8 material balance over unit 2,

Welgnt oil = (T - X)R - X 1b. oil
S-R+T

R~ (P -XR+8~- (R~ X)
T-R +T

"

Welght solvent

S+ X- (T -~ X)R 1b. solvent

or Weight solvent
S-R+T

For equilibrium,

(T - X)R - X
g -R+ = X

T -X)R-X+38+ X~ (T - XJR R- X+ X
§<R+T S-R+T

or, X = TR2
TR + 8% + 8T

A relstionship is more evident by solving for 1/X rather

than X. For one unilt,
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For two stages,

+ 82

1 = 1 52
X2 R 27

By a continuation of this proceas, a relstionship was

+

'.‘BICD
4V

found for X,, the 1lb. of oll dlscharzed from the nth stace

par 1b, of oll=-free tung meal. This 1s as followa:

Forn # 1

;.*' 821+3n-1+sn-2+.Q....II.II...'+S
R RMT RA g1 RZ

ol

For n =1

1 = 1
X, K

+ 8
T
Notes:
A. Overflow from every stage but first equals
3 + at 1b.
B. Per 1 1lb. of oll-fre« tung meal, there are
the following varlables:
1. T, the 1b, of oil added with the mesl. (This
depends upon the oll concentration of the nuts.
2. X,, the loss of 01l in the meal from the last
stage.
3. 8, the 1lb. of solvent added.
4. The concentration of the atrong solution from
the first atage. This is alwaya:

?-X x 100 per cent of oil in solution
S-R+ 7T
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5. N, the number of stages
6. R, the retention

Usually in a glven system, T, the 1b. of oill added with
the oll-free meal is fixed, snd for the partlcular aystem,
the retention, R, 1s alsc flxed. Therefore, there are
four variables, items 2, 4, 4, and b. If the values of any
two of these varlasbles are flxed, the other two sare aguto-
matically fixed.

For the special case of extraction of ground tung kernels
with a 70 per cent carbon tetrachloride - 30 per cent benzene
mixture, R = 2.32. The o0il content of the orlginal tung
kernels was b1.3 per ¢ent. Therefore,

T = 0.bl3 = 1.008
0.487

Therefore, there wlll be three variables, 8, X, and the
number of stages. A plot of these 1s glven iIn Curve 9, which
has one minor change in it. Inatead of representing X, the oil
remaining in the meal, the per cent of oil removed is plotted
as the ordinate.

Method of Preparing Curve. What 1s the per cent of orig-

inal tung o1l removed in a three-stage extractor when 3 equals
67

For tnree stages,
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T = 1.003
R = 20 32 ~
S = b
By substicuting,
1 = 20.84 -
X3 Xy, = 0.0478

Since tnere was originally present 1.053 lb. oil, the

0ll removed was:

100 x 1.053 - 0.,0478 = 95.4 per cent
1.0563

Sample Problem. The use of Uurve 9 in predicting

theoretical extractlons for one type of extracction problem
for ths particular tung kernel samples used In thls thesis
with the given mixed solvent is shown by the following:
A battery of four extractors are operating 1in such a

way that fifty 1lb. of tung kernels are extracted per hour with
100 1lb. of 70 per cent carbon tetrachloride - 30 per cent ben-
zene. 8a) What percentage of the original tung oll may be
removed? b) Whet is the weight of oll remainineg in the meal?

a) 01l in 80 1b. kernels = 50 x 0.bl3 = 25.6 1b.

011-Free meal = 50 - 25,6 = ....... 24.4 1lb.

Solvent per 1lb. oll-free meal = 100 = 4,10 1b.
24,

From cuve 9, for S = 4.10 and 4 units, the per cent

o1l removed = 93 per cent.

b) 01l remaining in meal (1 - 0.93)(25.7)

1.8 1lb.





