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THE EXTRACTION OF ORANGE OIL
WITH

VOLATILE SOLVENTS.

PURPOSE OF INVESTIGATION.

Citrus oils are used largely by confectioners, bekers and menu-
facturers of soft drinks for flecvoring. In 1916, 98% of the citrus
0ils used in this country werse imported. The reletively smell smount
of oils produced here are obteined from the c#ll fruit byAtwv generel
methods, the expression or pressure method end by some form of the
distilletion method, either vacuum distilletion of the dry peel or
steam distillation under.various pressures. The expression method
gives a much superior oil as compared with the oil obteined by dis-
tillstion. However the expression method hss the dissdvantzge thet
@ considersble emount of oil is left in the pulp after the squeezing
process. In the plent of the Exchenge Orange Products Co. st San Dimes,
Celifornie, where orenge oil is produced, this remsining oil is recover-
Léd in s less velusble form by & subsequent steem distillation.

The object of this investigestion weas to study the method of sol-
vent extraction as a possible mesns of obteining a1l of the o0il in a
good gondition. A satisfactory solvent was to be found and its use
studied as extensively as time permitied.

PREVIOUS WORK
A plant employing the solvent extréction method operested in Pasa-
dena in 19021. The pesl wes first crushed between rollers forming e

R. T. Will. J. I. E. C. 8 (1916) 78-86



paste wh?ch anelyzed 1.9% o0il for lemons snd 2.2% oil for orsnges.

The peste wes extracted seversl times with solvent end the solvent

was eveporeted from the resultent solution. The oil wes next put
through ?ome kind of refining process and waes reedy for the merket.
The solvent ugsed and the neturs of the refining process were not dis-
closed in the srticle. The oil obtrined in this wey contained 10.36%
aleo resins against'5.34% in foreign hand expressed oil. This larger
percentege of oleo resin wes found to be sdventegeous because it tend=-
ed to retein the volatile flevoring constituents of the oil when used
in beking.

4 process of expression and extrzction wes used on leborctory
scele by H. D. Gibbs snd M. V. Roseris in their study of the Phil-
lipine orenge “narangita".l The peel was first grated under weter,
next the liquid was pressed from the pulp through muslin, and then
the pulp wes extrected three times with petroleum ether. The portions
of solvent were then egitzted seperetely with the aqueons mixture and
drawn off. The three portions were united snd the petroleum ether was
distilled at 12 to 15 mm. pressure and below 50° C.

Btheresl oils such ss rose, violet, jesmine, orenge blossom etc.
were extracted vith the following solvents, ether chloroform, carbon-

tetrachloride, benzol znd petroleum ether®. Petroleum ether, specific

gravity 0.650, wes ‘ound to be the best.

1 Phillipine Journ. Sci. Vol 7 4 6 (1912)
2 Olien, en Vetten 6 (1921) 329 Abstrected C. A. 16 (1922) 1126



EXPERIMENTAL WORK

.~ Bolvents. A solvent for orenge oil extraction must be readily mis-
cible with thé 0il, voletile at low temperetures, inective chemicelly
toward fhé oil, non-poisonous end should not have g psrticularly unplees-
-and odor or teste. It would have sdded adventeges, of course, if it were
cheap and non-inflemmeble.

. The solvents studied were commercisl benzol, casing-head gesoline
from ihe Gilmore Co., end a2 speciel gasoline fraction obteined from the
Union 0il refinery at Wilmington. The benzol wes found to have a very
bonstant boiling poinﬁ. A distilletion test on the cesing-head gesoline
gave the result shown in curve I &nd o fractionetion with a head filled
Wirtz column gave the results of curve II. The specific grevity of the
¢cesing-heed gasoline wes 0.70. The Union(oil fr:ction boiled from 22-
60° G and hed & specific gravity of 0.632 at 15° .

Orange 0il. The orange oil used in the work wes expressed oil from
the Exchangse Orenge Products 90. Four different semples of o0il had the
game refraction index, N ﬁg, of 1.4730 end opticel rotations verying from
117.0 to 117.7° in = 160 mm. tube using the yellow green mercury vepor
line, X = 5461, at 18°.

Orsnge Peel. The peel used was canned greted pesl from the Exchenge
Orange Products Co. This consisted of the.whole peel of the orengs, grat-
ed to e pasty mass, and sterilized before sealing.

Mothods of Anelysis. Methods of enalysis were desired for solutions:.
of smell amounts of benzol in orenge oil, for smell smounts of verious frac-
tions of gesoline in orenge oil, for solutionsAof all concentraztions of

orange oil end gesoline, and also for the oil content of thevpeel.
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_ The refractive index of berzol did not differ enough from thet of

orange 0il to sgllow this property to be used as a basis for analysis.
The refractive index of the oil chenged from 1.4730 to 1.4731 for in-
crease of benzol content from 0 to 2.66%. The optical rotation of orenge
0il is high so that this property canbe used very sstisfectorily. Curve
IIT shows the relation between optical rotation, A 5;2;, 100 mm. tube,
and the percent by weight of benzol.

The refrective index of gesoline is low enough for this method to
be used accurately and curve IV shows for three gesoline frections the
relation between the index of refraction and the percent by weight of
gasoline.

Curve V-(a) is similar to curve LV except thet it covers the entire
range of solutions for the speciel Union 0il fraction.

For anslysis of the peel & Wiley extraction epperetus was first tried.
The solution obtcined by the extraction of & weighed emount of pesl was
anelyzed by means of the refractive index end curve V (2) instesd of the
usual method of eveporecting off the solvent. However this method has
severzl digadventages. Séme of the lighter perts of the solvent may be
lost during the extraction thus changing the refrective index of the sol=~
vent itself. The extrected oil has 2 different refrective index then ex-
pressed oil from which the curve wes obteined. Also during the exirzction
some ofange colored precipitete of some kind wes formed which dissolved to
some extent in expressed oil rcising the refrec%ive index. Pure expreésed

0oil hested with gesoline under the seme conditions did not give this pre-

cipitete. It is possible, considering the derk color znd high refractive
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index of this meteriel, thet it was some form of oleo resin. As e result
of these disadventeges the extrzctive method of enslysis wes discerded snd
e modification of the method of Wilson end Young wes used.l A weighed a-
mount of peel was steam distilled end the distillete condensed in e nezrly
vertical condenser. The condensed weter and oil drained down the condenser
and the'éide of a burette. Under these conditioms the o0il collected in the
burette wes not emulsified with water end its volume could be accurztely
read. The weter is teken from the bottom of the burette through sn in-
verted siphon so thet the lewel of the oil is kept &t e convenient part

of the burette; The distilletion wes continued until no more o0il could

be éeen to condense. In order to determine the weight of oil from the
volume the specific grevity hed to be known. Wilson znd Young advised in
their article that this be determined for the oil in question. This was
done by weighing a thin gless bulb of mbout 2.8 c¢e¢, capmcity, first empty,
then full of distilled water and finally of disfilled 0il et the room
tempereture. Two determinations gave the specific grevity as 0.845 at

229, To obtein the weight of o0il, then, the volume is multiplied by

0.845 and by 0.998 the density of weter st 22°.

To anzlyze the peel efter extraction some method had to be uséd which
weuld teke into mccount the presence of residuel solvent which might dis-
till over with the o0il. If the volumes of orsnge 0il end gesoline were
exectly additive on mixing, weight percents could be converted to volume
percents provided the densities of both substences were known. The specif-
ic grevity of expressed oil was determined by ebove method to be 0.846.

The specific gravity of the gasoline (Union 0il frection) was fund by a

Yostphgl belance to be 0,632, _A mixture contzining 84.0% by weight of

1 C. P. Wilson ond C. 0. Young J. I. E. C. 9 959 (1917)
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expressed grange oil wes found to have = densitqucn the besis of ad-
ditive volume on mixing, is 0.801 £. This indicated an inepprecisble
volume change on mixing so thet weight per cents could be celculsted
over to volume per cents with a fair degree of accuracy. Using this
epesult end the fact thet the distilled oil has very neerly the seme
index of refraction as expressed oil, 1.4725 sgeinst 1.4730, curve V

(b) was constructed from V (a). From the volume end index of refrection
of the distillate the weight of pure distilled oil mey be obtained from
this curve ond the specific grevity of distilled oil given gbove,

Removel of Solvent frow the 0il., Benzol wes the first solvent studied

in these expefiments. It hes ¢ comperitively nigh boiling point, 80° c,
and if it were sstisfsctory any solvent heving e lower boiling point would
be satisfactory es regerds volatility. After the bulk of the solvent is
-removed, &t low temperzture, under 50° G, there is no longer ebullition
but simply eveporetion from the surfsce. Therefore to have cs rapid
eveporetion es possible e lerge surface should be provided. This wes

done by means of £ roll of fine nickel geuze p;aced in the neck and

bulb of e 200 cc. distilling flesk, the geuze being kept wet by fre-
quent.shaking. The temperature used wes 40° C, being in sccordsnce with
thet used by Gibbs end Rosaria.l PThe pressure used wes 80 mm, since this

could be attesined commercislly. The following results were obteined

for bénzol.

1 Loc. cit.



Temp. 40° C Pressure 80 mm.

Time of hesting A 5%%1 4 Benzol
o min, 111.7° 4,6
20 112.2 4.1
40 112.2 4.1
60 112.2 4.1

Temperztures rsised to 50¢ C.

80 ‘ 112.2 4.1
Temp., 400 C Pressure 50 mm,
Time of heating A Sigl _ % benzol

0 110,3° 6.1
20 110.7 5.6
40 . 112.0 4.3
60 112.7 3.6
80 112.6 3.7

Heating pure orenge o0il under these conditions did not effect its re-
frective index but lowered the rotetion from 117.7 to 116.3°. This
chenge in rotstion cdorresponds to about 0.9% benzol so thet 3.2%
(4.1 -~ .9) end 2.77 (3.6 - .9) ere the corrected percenteges of ben-
zol remeining in orenge oil after heeting at 80 and 50 mm. respectively
at 40° C,

The eveporection of gaesoline fractions from orsnge oil wes carried
ouf in the seme menner es for benzol with the following results.

Gasoline frection, boiling rsnge 20 - 25° C.



Temp.  40°.

Pressurs 80 mm,.

Time of heating £ gesoline
"o 1.4695 2.6
20 1,4711 1.4
40 1.4719 0.8
60 1.4721 0.65
80 1.4724 0.4
100 1.4724 Oe4
Gasoline fraction, boiling range 45 -50° ¢.
Temp. 40° Pressure 80 mm.
Time of heating. N gg % gesoline
0 1.4680 4.4
20 1.4700 2.6
40 1,4710 1.7
60 1.4715 1.3
80 1.4720 0.85
100 Y.4721 0.75
120 1.4723 G.58
140 1.4723 0.58

Gesoline fraction, boiling rsnge 55 = 60° ¢.



Temp. 400, Pressure 80 mm.

Time of heesting. N 28 % gesoline.
"0 1.4701 2.75
20 1.4711 1.75
40 1.4719 1.00
60 1.4720 0.90
30 1.,4723 0.63
100 1.4723 0.63
120 1.4723 0.63

Bxtraction of Peel with Solvent. For these experiments the Union

0il fraction wes used rather then those éf smaller renge since this type
of fraction would be used in commercisl operztion. In using curve V (a)
for anelysis in these experiments some error wes introduced owing to the
different indices of refrection of solvent extrscted oil and expressed
oil for which the curve was constructed.

It was first desired to determine whether or not complete extrac-'
tion could be obtrined in 2 recsoneble length of time with = mudulete
emount of solvent. For this purpose IOO'gna. of peel was subjected to
successive extractions of ten minutes duration sach with 100 ce. por-
tions of solvent. The peel wes shaken with the solvent which wes then poured
of f without squeezing. The following results were obtsined extrecting peel

265
which was found by steem distillation to cont:in 2=65% oil.
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Solvent portion N 28 A oil Wgt.of solution Wght. oil
1 1.3600 5.5 50.0 gm. 2.75 gn.
2 1.3570 245 6045 1.51
3 1.3560 1.5 56.5 0.85
Total 5.1
4 1.3555 0.0 58.5
5 1.3555 0.0

The resulis show that under these conditions ithe 0il wes completely ex-
tracted efter three portions hed been used. The totsl weight of o0il ex~
trected as indiceted bty the refractive index method is 5.1 egainst 2.65
gms. by steem distillation. The high result using the index of refrsction
was probebly due to the lerger emount of oleo resins being extracted which
increased the refractive index.

To determine the effect of fimer greting some peel was put through
a food chopper three times. The resultant peel end some of the originsl
were extracted under identicsl condiiions and after twenty minutes the two
solutions hed the same indices of refrection.

In order to obtein some indication of the rate st which extrection
takes place, & number of single extresctions were mede which were identicsal
except for their durstions. The results below are for the original greted
peel end thet reground in e food chopper using 25 gms. peel to 25 cc¢. sol-

vent,



Duretion Orig. grated peel. Peel further ground,
in minutes. N Eg % oil N 38 % oil
5 1.3588 4,3 1.3589 4.3
10 1,3597 5.2 1.3597 5.2
15 1.3604 6.0 1.3664 6.0

20 1,3607 6.2 1.3607 62
The rete of extraction dfopped off repidly efter mbout fifteen minutes.
Also the rates for the two peels were the seme. The probsbly resson for
this wes that the peel wes originelly greted fine enough to bresk open
ell of the 0il cells so thet any finer division hed no effect on the
accessibility of the oil.
A two cell, counter current extraction was sttempted but without much
success owing to the large solvent loss. If 1, 2, 3, etc. are the portions
of solvent going into the process end 4, B, G, etc. =re the charges of peel,

the stages of the extraction will be,

c D B F
B " C D E
(1 4) (1 B) 1(2 ¢) 1 2(3 D)
etc.
2 (2 4) (3 B) A (4¢)Ba
3 3 4 5
4 5 6

where the perentheses represent the extrasction cells, the verticsl col-
umns represent the cherges of peel end solvent going into the process
and the horizont:1l rows those leeving it. The portion of solvent meet-

ing a particuler charge of peel was sheken with it and then poured off



12

end the rqyeinder squeezed.from the peel in & Buchner funnel by pressure
end gentle suction. There wrs still ¢ moderrte smount of solvent retein-
in the peel and there was enormous loss due to eveporation es mey be seen
from the following results. The time of trestment in each cell wes fif-

teen minutes, 100 gms. peel and 50 cc portions of solvent being used.

Orig. peel , 2.65% oil
Cherge C ( through both cells) 1.17% oil
Charge D ( through 1 cell) 1.70% oil
Solutions
leaving lst. cell ' Finel solutions leaving 2nd. cell.
No. Weght. gms. Wght gms. % oil Gms. o0il.
1l 16.0 6.5 45,5 3.0
2 18.0 B;O 35.6 2.9
3 16.0 5.0 46,5 2.3
4 16.5 £ 0il in 4 Gms. oil in 4
12.3 2.0

Because of the large .solvent loss the above results do not do the count-
er current method justice and accurate conclusions can not be drewvn from
them. If 211 the operations were carried on in & closed system by some
suiteble apparstus the results would undoubtedly eppesr much more f avor-
;ble. A laboratory extraction cell for the purpose could be masde from a
short‘piece of lerge diemeter pipe with caps for both ends. One cap is
fitted at the center with e stuffing box and gland., A rod goes through
the stuffing box which carries = perforéted disk piston fitting the in-
side of the pipe. A smell stop cock is also provided on the seme cap.

To operate, the other cep is removed snd the cherge of peel and solvent is
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~put in end the cep replaced. After extraction the peel is squeezed
ageinst the upper czp and the solution is taken out through the stop-

cocke.

Extracted 0il. Extracted oil wes obteined by distilling off the

golvent from two solutions of 0il, the one prepered by successive ex-
tractions of 100 gms. peel with 100 cc. portions of solvent, and the
solution resuliing from the counter curremt extrsction. The o0il ob-
tained in the first cese, from dilute solution, wes of much poorer grade
es regerds odor than the second which wes obtained from concentrated
solutions The letter oil compared quite favorably with expressed oil,
The. colors of the extracted oils were derk red whereas expressed o0il

is orsnge colored.

Acknowledgment is made for the kind cooperation of Dr. Williem
N. Lecey of the Instituie end Mr. C. P. Wilson of the Exchenge Orenge
Products Co. and for the meterisls used in the investigetion furnished
by this compeany.,

SUMMARY

Various phases of the process of solvent extrsction or orenge oil
from the peel have been investigated.

It was found that high boiling solvents such as benzol could not be
satisfectorily removed from orange oil by vacuum distillotion. Lower
. boiling solvents such as light gesoline were removed to & setisfactory
extent by this means.

The practicebility of solvent extraction was demonstrated end the

of fects of time and degree of fineness were studied.



