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Abstract — The effectof ethanolasentraineron the relative equilibrium distributions
of 14 characteristicomponent®f origanumoil (Origanum Munituflorum) in the oil

and sub/supercriticalCO, phasesis investigatedat 25, 35, 45 and 55 °C and at
constanipressureof 80 atm. Terpenesare mostsensitiveto temperaturehangesince
they are the componentsvith highestvolatilities. The addition of 5 wt% ethanolas
entrainerincreaseshe solubility of the more polar componentsof the oil in the
solventphaseand thereforeenhanceshe separationof thesecomponentsrom the
less polar components.

Introduction

Essentiabils arethe volatile oils derivedfrom plants.They are mixturesof organiccompounds
thatcarrythe essentiabdor andflavor of the parentplant. Like otheressentiabils, origanumoil
and its fractions find use as raw materialsin industries such as pharmaceuticalfood and
cosmetics. Therefore, the extraction and isolation of essential oils from plants and the
concentration of their valuable compounds/fractions are of industrial importance.

SupercriticalFluid Extraction(SFE) of essentiabils from plants,aswell asfractionationof the

extracted oils to desired products have received great interest [1]. With its low critical

temperaturg31 °C) and moderatecritical pressurg(73 atm) CO, is an exceptionalnon-toxic
solvent, which permits extraction and fractionation operationson gentle essentialoils to be

carriedout at relatively mild conditions.At pressuresearthe critical point, a moderatencrease
in temperaturecan induce a large decreasan fluid density resultingin a decreasen solute
solubility. This is known as the retrogradebehavior. SFE may make use of the retrograde
behavior of the supercritical-fluid systems, when such behavior is encountered.

In industrial practicea multicomponentextract may be separatednto its fractions either by
applying phase separationsat sub/supercriticalpressuresand temperaturesor via using a
multistagecolumn at similar conditions.In both of thesecaseshe basicdatanecessanare the
relative distribution of the components between the dense-gas and the liquid phases.

This researchinvolvesexperimentaktudiesto determinethe relative equilibrium distributionsof
the 14 major origanume-oil(Origanum Munituflorum) componentsn the oil andsub/supercritical
CO; phasest 25, 35,45and55 °C and80 atm, aswell asthe effectof the additionof ethanolas
entrainer on the relative equilibrium distributions of the origanum-oil components.



Experimental Setup

The experimentaketup,which hasbeenreportedin detailin somepreviouswork [2,3] consists
of a high-pressureequilibrium cell with samplingsystem,an agitation mechanismand a water
bath.

The equilibrium cell, shownin Fig.1 has255.5cm® effectivevolume (12 cm height,6 cm ID, 8
cm OD). It is a bolted-closuretype high-pressureresselmanufacturedf 316 SS. A Teflon O-
ring gasketbetweenthe headandthe vesselensuresealingof the cell to preventgasleakageat
high pressuresThe pressuran the cell is measurediy a pressuregaugewith a measurement
range of 0-280 kg/ch(Pakkens Instruments).

A motor-drivenpulley, connectedo a metal cradleimmersedin a constanttemperaturebath,
carriesout the agitation of the cell. The temperatureof the bath is kept within £0.1 °C by a
thermostat(Heto Instruments).The equilibrium cell is placed horizontally and is covered
completely with water inthe bath. The mixing of the dense-gaphaseandthe liquid origanumoil

in the equilibrium cell is accomplishedby the horizontalmovementf the cradleat a rate of 43
swings per minute.

The exteriorpart of the equilibrium cell containssamplinglines andthe valve system As seenin
Fig.1, the dense-gasamplingis achievedby threehigh-pressuren-off valvesV1, V2, andV3
(1/4 in 1D, two-way ball valves)that are connectedo eachotherwith the stainless-stedubing
(1/4 in).

V5
" liquid sampling
V, -V,
CO, inlet
I
[N [ \/7
R \Z
Ll Ll
[ ]
11 11 @
1L " gas sampling
TR N
11 11
T Vi Vs
I
~

Figure 1: The Equilibrium Cell.



The dense-gass trappedin the line betweenV1, V2 and V3. In the liquid-phasesampling,a
similar line with three high-pressuren-off valvesV4, V5, and V6 (1/4 in), and stainlesssteel
tubing (1/8 in) are usedto trap the liquid sample.The liquid-samplingline extendsthroughthe
interior of the equilibrium cell to the bottomto ensurethe successfusamplingfrom the liquid
phase. Valves V3 and V6 are useddt@asehe samplego samplingbottles,while the valvesV2
andV5 areopenedo washout the precipitatedsolutesinside the lines with ethanol.The liquid
CQ; is fed through a pumping line (1/4 in) with the high-pressure on-off valve V7 (1/4 in).

Materialsand Methods

The materialusedfor this study was origanumoil derivedfrom the Origanum Munituflorum
plantgrownin the wild in the Mediterranearregionof Turkey and suppliedby Altes Ltd. Co.,
\:(stanbuI.COz (99.7%pure),in cylindersequippedwith dip tubes,was suppliedby Habaplinc.,
Ystanbul.

In the experimentsa previouslydeterminecamount,i.e., 20 ml of origanumoil wasput into the
equilibrium cell, the cell lid was closed and the bolts tightened. The cell was then placed
horizontally onto the cradle and in the water bath that had been heatedto the desired
temperaturelt is importantto preheathe equilibrium cell to water-bathtemperaturen orderto
preventthe pressureof the cell to exceedhe pre-determinedaluefor the particularexperiment
after pumping C@into the cell. Then, liquid CQwvas pumped into the cell while the temperature
of the water bath was controlled withif).1°C of the desired value.

After the desiredpressuravasattainedin the cell, the cradlemotor was switchedon to startthe
agitationof the equilibrium cell. The cell was shakenfor 90 min to allow the phasedo reach
equilibrium. After 90 min, the motor was switched off and the cell wasiefionlessor another
90 min to eliminatepossibleentrainmenof the oil dropletsin the dense-gaphaseandto ensure
the separationof the two phasesAt the end of this stationaryperiod, the cell contentswere
assumedo be at thermodynamicequilibrium at the temperatureand pressureof the particular
experiment. More details on the basics of the experiments maybe found in [3].

Beforesamplingthe cell wastakenout from the bath. The samplingwascarriedout in the traps
betweenthe threevalvesfor eachphaseseparatelyThe dense-gas-phasamplesveretrapped
by openingthe valve V1 for 15 secondswhile keepingthe valvesV2 and V3 closed.Thenthe
dense-gasamplewas releasedoy openingthe valve V3 slowly andthe gaswas let througha
plastic tubing into the glass sampling bottle. The bottles were previouslyfilled with 2 ml of
ethanolandwith glassbeadsin orderto increasethe contacttime and surfaceareabetweenthe
gas sampleand the trapping solvent ethanol. After the entire gas sampletrappedwas passed
throughthe ethanol the samplingline waswashedwith 1.5 ml of ethanolinjectedfrom the valve
V2 in order to recover any oil remaining in the sampling lixfeser the gassamplewastaken,the
sameprocedurenvasrepeatedor the line trapin betweernthe valvesV4, V5, andV6 to recover
the liquid sample However,this time, the valve V4 wasopenedand closedvery quickly, asthe
liquid sampletendsto flow to the samplingbottle in largeramountsascomparedo the amount
of the gassample.Then,thevalve V6 wasopenedo releasehe pressuransidethe line afterthe
sampling bottle was positioned under the sampling line.

In the experimentsdone using ethanolas entrainerto investigatethe entrainereffectson the
phasebehaviorof the system 5.0 wt% or 2.5 wt% ethanolwasaddedto the oil during charging
the equilibrium cell, keeping the rest of the procedure the same as in the first part.



The analyseof the original origanumoil andthe experimentabamplesvere performedusinga
GC/MS (HP 5890/5971 Carbowax20M capillary column).A total of 12 experimentsincluding
four to check reproducibility, were performed at 25, 35, 45, arf€ %8 80 atm.

Results and Discussion
Table.1summarizeshe classificationrandanalysisof the origanum-oilcomponentsn the original
oil.

Component Classification  Area %

a-thujene MT 5.24
camphene MT 1.25
B-pinene MT 0.45
B-myrcene MT 3.21
phellandrene MT 0.52
a-terpinene MT 2.88
limonene MT 0.61
cineole OX 1.32
y-terpinene MT 10.96
p-cymene MT 11.50
linalool AL 8.82
caryophyllene ST 4.16
endo-borneol AL 4.90
carvacrol PH 44.19
Total MTs %: 36.62
Total NMTs %: 63.38

Tablel: The key components of the origanum oil.

To interpret the relative distribution of titemponentbetweerthe phasesa relative-distribution
ratio (R) is used. The relative-distribution ratio of each phases@efined as [2,3]:

qeq
chio

i=1..n (i#CO,) (1)

In this relation C** (T,P) denotesthe normalized solvent-freeconcentration(area% in the
GC/MS analysis) of theriganum-oilcomponent, in eitherphaseandthe symbolC;° is usedfor
the normalized concentration of the same component in the feed (original oil).

The value of R is importantin determiningthe amountof a componentn the dense-gasand
liquid phasesThe R valuesgreaterthan one meansthat the componentconcentration(or, the
monoterpen€MT) or non-monoterpenéNMT) fraction)is morein the dense-gaphasethanin
the oil fed to the equilibrium cell. The R values equal to one meansthat the component
concentrations the samein the dense-gaphaseandin the oil fed to the equilibriumcell. The R
valueslessthanone meangthat the componentoncentratioris lessin the dense-gaphasethan
in the equilibrium cell. Here, R, will referto gas-phaseelative distribution of the components,
and R will refer to liquid-phase relative distribution of the components.

Dependingon temperatureat constanpressurethe R, valuesof the componentshowdifferent
behavior. As the temperatureis decreasedthe density of the solvent phaseincreases.This
increasan the densityof the solventphaseis proportionalto the increasen its solventpower.



For this reason,it can be statedthat, as the temperatureis decreasedhe componentsare
dissolvedmore and more in the solvent phase,thereforethe R, values of the components
converge tmne.On the otherhand,asthe temperatures increasedthe solventpowerdecreases
resultingfrom the decreasen CO, density,andthe R, valuesof the componentsieviatefrom
unity leadingto the resultthatthe componentoncentrations morein the oil obtainedfrom the
solventphasethanin the feed,but this increasen the R, valuesdiffer for eachcomponentThis
factis evidentin Fig.3 andFig.4. Theincreasesn the R, valuesare observedo be significantin
more volatile componentswhereasthe R, values of the less volatile componentssuch as
carvacrol andcaryophyllene do not exhibit a considerablehangewith respecto the changein
temperatureNeverthelessasthe temperatures increaseda declinein the relative distributions
of thesecomponentss observed.The value of R, for carvacrol is nearto, but lessthan one,
showingthat carvacrol preferentiallyremainsin theliquid phase FurthermorestudyingFig.1in
moredetail, it canbe seenthatmostof the componentdie in therangeO<R <3, andonly a few
componentsare seenwith Ry valuesaround3.5 and 4. Similar argumentcan be madefor the
componentdn the liquid phase.In Fig.2, the componentdn the liquid phasehave R, values
between 0 and 3. The Ralues again decrease as the temperature is decreased.

In the secondpart of the study,the experimentsare carriedout at the sametemperatureand at

80 atm constantpressureut this time ethanolis addedas entrainerto the oil chargedto the
equilibrium cell in orderto investigatethe effectsof this polar entrainer.In Fig.2 andFig.3, the
analyse®f the dataobtainedfrom theseexperimentsareincludedin orderto makea comparison
betweerthe experimentslonewith andwithout the entrainer.Sinceethanolis a polar co-solvent

and thereforeincreaseghe overall polarity of the solventphase,the polar componentsn the
origanumoil are more easily dissolvedin the gasphase.So theoretically,the R, valuesof the
polarcomponentsuchaslinalool, endoborneol, caryophyllene, andcarvacrol shouldbe higher

in the gas samples obtained in the experiments with the entrainer. However, when Fig.2 and Fig.3
arestudiedin moredetail,it canbe seenthatwhen5 wt% of ethanolis addedto origanumoil,

the gas- and liquid-phase data obtaingtiout entrainerdo not differ considerablyfrom the data
obtainedwith the entrainer.One of the possiblereasondor this is the excessamountof ethanol
addedto oil. Excessiveamountsof ethanol may have attractednot only the more polar
componentsn the oil but also the less polar componentsand thereforemay have failed the
purposeof solubilizing more of the morepolar NMT componentandlessof the lesspolar MT
componentsln orderto checkthis assertionexperimentsare carriedout with 2.5 wt% ethanol.

The dataobtainedfrom theseexperimentswhich areincludedin Fig.2 andFig.3 aswell, prove

thatif 2.5wt% ethanolis addedto the systemthe morepolar NMT componentsre selectively
solubilizedby the solvent.Therefore the R, valuesof the more polar componentsncreasewith

the addition of 2.5 wt% ethanol {Ralues of these components decrease as can be seen in Fig.3).

Conclusions

The resultsobtainedareinformativetowardsthe determinatiorof optimumoperatingconditions
for supercriticalfractionationand investigationof the effectsof entraineron the phasebehavior
of origanum-oil/CQ systemat sub/supercriticatonditions.Comparingthe data obtainedfrom

the experimentsvith andwithout ethanol,it may be concludedthat the addition of an entrainer
to an oil-/solvent-phasesystemenhancegshe separationbetweencomponentswith lower and
higher polaritiesby increasingthe polarity of the dense-gasolvent,if the entrainer-to-oilratio

doesnot exceedan effectivenessimit, after which the addition of entrainershowslittle or no

effect, which is about 2.5 wt% ethanol in our study.
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Figure2: Effect of ethanol entrainer on the relative distribution of the key components
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Figure3: Effect of ethanol entrainer on the relative distribution of the key components
in the liquid phase$ : without ethanoly: 5% ethanolA: 2.5% ethanol.
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Nomenclature

AL  alcohol

MT  monoterpene
NMT non-monoterpene
OX  oxygenated

PH  phenolic

ST  sesquiterpene
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