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Abstract — The effectsof systempressurecolumntemperaturepacking (1.5 mm
Dixon packing),andentrainer(ethanol)on SuperCritical-CQ (SC-CQ) fractionation
of origanum oil (Origanum Munituflorum) are investigated in a semi-batch
fractionation column. Experimentalresults at various combinationsof 70-85 atm
pressure and 38-%5 temperaturdevelsfor the top andthe bottomof the columnare
reported andliscussedn termsof 14 majorcomponentsandmonoterpenéMT) and
non-monoterpenéNMT) fractions of the oil obtainedat four different extraction
time-cuts.The useof packingenhanceseparatiorof MTs and NMTs by providing
greatermasstransferarea.The addition of 2.5 wt% ethanolas entrainerto feed oil
provides a more effective separation by increasing the polarity of the $Get¥@nt.

Introduction

Origanumoil and its valuablefractionsfind use mostly in pharmaceuticaind food industries.
Terpenehydrocarbongnake up the major part of the origanumoil. However,they contribute
little to the characteristiqpropertiesand the aromaof the oil. Terpenesare unstableunderheat
and thus their presencein essential-oilproductsis not desired. Thereforea processcalled
deterpenations appliedto essentiabils. Conventionaimethodslike hydro- or steam-distillation
may cause product degradation because diitiftetemperaturethey employ.SupercriticalFluid

Fractionation (SFF), capitalizing on temperatureand/or pressureeffects at mild operating
conditions, is considered to be the most advantageous method of deterpenation.

In a previous study [1] done on the same fractionation apparatusthe packing effect was
investigatedoy usingglassbeadsasthe packingmaterial,andit wasconcludedthat packinghad
no significanteffecton the separatiorefficiency. However,improvedperformanceof packingon
separatiorefficiency of MTs and NMTs must be expectedsince packing increaseshe mass-
transferareaand the overall mass-transferate during fractionation. The reasonfor obtaining
sucha resultin the previousstudy might have beendue to the fact that glass beadsoffer a
relativelylow mass-transfesreaasa packingmaterial.Dixon packingis a more efficient packing
materialthan glassbeadsandthusthe effect of packingon separatiorefficiency could be more
pronounced when Dixon packing is used.

The entrainereffectis importantin SFF,sincethe applicationof SFFwith purenonpolarCO; is
limited as its selectivity for polar compounds is low. Etfesughcostlierhigher-pressursystems
may be usedto improvethe CO, propertiesasa solvent,the separatiorcostscanbe substantially
loweredusing a properentrainerwhich improvesthe solventpower and selectivity of CO, for
some desired components, without the need for an excessive pressure increase.



In this study, the effectsof columntemperaturesystempressurepacking,andentraineron SC-
CO, fractionationof origanumoil are investigatedin a semi-batchfractionationcolumn. The
extractor,aswell asthe column'sbottomsection,andthe top sectionof the columnareoperated
at two different temperaturdevels (38-55C). The fractionationsamplesare obtainedin four
collectorsat four extractiontime-cutsat two different pressurdevels(70-85atm). The samples
obtainedare analyzedn termsof 14 major componentand MT/NMT fractions.The favorable
operating conditions for such SC-gfoactionation are suggested.
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Figure 1: The experimental setup.

Materialsand M ethods

The origanumoil (Origanum Munituflorum) was usedasthe feed material. The origanumoil,

that was obtainedfrom a processingplantin Antalya region of Turkey, was suppliedby Altes
Ltd. Co., Ystanbul.1.5 mm Dixon packingwith 80% bed voidage was used as the packing
material.Ethanolusedwas 99.9%pure (Riedelde Haen).Hexane(commercialgrade)wasused
asthe cleaningsolvent.CO, (99.7%pure),in cylindersequippedwith dip tubes,wassuppliedby
Habap Inc., Ystanbul. The samples were analyzed using HP5890/5971 GC/MS.

As shown in Fig.1, the setup basically consists of an extraction unit (33&tume, 4.5 cm ID),
a fractionation column (145 cm height, 0.95 cm ID) which is packedwith 1.5 mm Dixon
packing, and a four-cell product collector (each 20 cm height, 3 cm ID).



In eachexperimentfirst the constant-temperaturgater bath, the electricalheaterat the top of
the column,andthe cooling bathswere turnedon, and the desiredtemperaturesvere reached.
The on-off valve, V3, at the outlet of the extractorvesselwas closedand 15 cm® of oil was
charged into thextractorchamberThe valve of the CO, cylinderwasopenedandthe extractor
and columnwerefilled with CO, by openingthe valvesV1 and V2. Then, the valve V2 was
closedand the diaphragmpump was turned on, and the desiredpressureand flowrate were
achievedby manipulatingthe flow adjusterof the pump, back-pressureegulator,andthe on-off
and the micro-meteringvalves precedingthe collectors. After obtaining stable pressureand
temperatureshroughoutthe systemthe valve V1 was closedandthe valve V2 wasopenedto
startthe continuouscontactof the oil andCO,. The solventandextractwereallowedto separate
at atmospherigressureonly in the collectorassignedo the desiredextraction-timeinterval by
closing the valveson the remainingthree collectors. Thus, extractsobtainedin four different
time-cutswere trappedin four different collectors.At the end of the last time-cut, the solvent
pump was turned off andthe batteryof collectorswas removedfrom the system.The 14 key
componentgonstitutingthe bulk (93% of total GC areacount)of the original oil chargedo the
extractor and of the oil extractsaccumulatedin four collectors were identified by GC/MS
analyseqHP 5890/5971 Carbowax20M capillary column).In all experimentsthe flowrate of
CO, waskept constantat about1 g/min. To observethe packingeffect, the fraction columnis
packedwith 1.5 mm Dixon packingwith 80% voidage.To observethe entrainereffect, 2.5 wt%
ethanol is added to the extractor chamber in the related runs.

Results and Discussion
Table.1 shows the names, classification, and normalized Component Class. Area %

weight percentagegnormalizedareacounts)of the 14 key a-thujene MT 5.24
componentsn the original oil (informationon boiling points, camphene MT 1.25
vapor pressuresg¢an be found in [2,3,4]). Fig.2 summarizes B-pinene MT 0.45
the pressure levels studied and the temperature zones B-myrcene MT 3.21
imposedon the columnin the six experimentalconditions phellandrene  MT 0.52
reported here. a-terpinene MT 2.88

_ limonene MT 0.61
The normalizedareapercentagedor eachcomponent(or, cineole OX 1.32

MT/NMT componentgroups) in the original feed, c° y-terpinene MT 10.96
(Tab.1), and in sample€;, wereusedto calculatethe dense-

gas phase CO,-free relative-distribution ratios, R, with I;i)nzyl/&?ne 'XI 1;22
respecto the original oil [Ri = Ci / C° i =1,...,n(izCQO,)]. caryophyllene ST 416
The R values greater than one means thatdhgonen(or, ondo-borneol AL 4.90
MT/NMT group) concentrationis morein the extractedoil 5y acrol PH 44.19
than in theoil fedto the extractor.The R valuesequalto one Total MTs %: 36.62
meansthat the componentconcentrations the samein the Total NMTs %: 63.38

extractedoil andin the oil fed to the extractor.The R values
lessthanone meanghatthe componentoncentrations less
in the extracted oil than in the oil feed to extractor.

Tablel: The key components
of the origanumoil. AL: alcohol,
MT: monoterpene NMT: non-
monoterpene,OX: oxygenated,

Fig.3 showsthe R valuesof the MT and NMT cutsof the o, .. phenolic, ST: sesquiterpene

extractsobtainedat the conditionsindicatedon Fig.2.(a-f);
for two cases,with or without packing.In general,Fig.3 showsthat, at 70 atm, with low
molecular weights and high vapor pressuresthe MT components(R>2) are preferentially
extractedoy CO, andeffectivelyseparatedrom the NMTs (R<0.5), with or without packing.At



the first time-cut, a better separation with
packing is observedin Fig.3.b comparedto
Fig.3.aandFig.3.c,however,if all time-cutsare

taken into consideration,the best separation "~ '|

with packingis observedin Fig.3.c. It is also
seenthat, at the third and fourth time-cuts,
packed-column fractionation does not give
results better than the fractionation without
packing.Eventhe unpackedaseis betterat the
third time-cut, as can be seenin Fig.3.a. The
explanationfor this result can be that, in the

packed-fractionatiorase,the MT components

arecarriedmoreto the first two collectorsthan
the unpackedcase, so that at the third and
fourth time-cuts there are less of the MT

componentsn the extractorto be carriedto the
collectorsin the packedcasescomparedo the
unpackedcasesAt 85 atm, similarly to that at
70 atm, a better separation of the MT

componentsfrom the NMT componentsis

observedwith packingat the first two time-cuts
comparedo the third andfourth time-cuts,due
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to the reasongiven above.The bestseparatiorwith packingis observedn Fig,3.c, wherethe
difference between the R values of the MTs and NMTs are more significant.
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Figure3: The effects of packing on the relative distributions of MT and NMT components,
MT: Y-unpacked)-packed; NMT:0-unpackegdv-packed.



In Fig.4, the R values of the MT and NMT components are showthdé@asesvith andwithout
packingand 2.5 wt% ethanolin the charge,at 70 atm andat the temperaturdevelsindicatedin
Fig.2.(a-c).The addition of ethanolto the extractorchargeincreaseshe solventpower of CO,
for the more polar componentandthusthe separatiorof the MT (lesspolar) andNMT (more
polar) componentss enhancedThis effect is clearly seenin Fig.4.awith 2.5 wt% ethanol.In
Fig.4.(b-c),no significant effectis seen.The resultsobtainedwith packingand with 5.0 wt%
ethanolin feedarealsoshownin Fig.4.a.lt is seenthatthereis no significantdifferencebetween
using2.5 or 5.0 wt% ethanol.The fact that a higherconcentratiorof ethanoldoesnot improve
the separatiorefficiency may be dueto the fact that an excessiveamountof ethanolaffectsall
componentsat both phasesand thus the cosolventeffect is minimized. Therefore,it can be
concluded that there is no need for using ethanol more than 2.5 wt%.

In Fig.5, the R valuesof the individual
components are depicted for
comparison of the packed and
unpackedoperationsat 70 atm and at
the temperature levels indicated in
Fig.2.c. The behaviorof the individual
componentsare as expected;the R
values of the MT compoundsin the
packedoperationaregreaterthanthose
in the unpackedoperation. However,
the R valuesof the MT componentsy-
terpinene and p-cymene, and also for
the first two-time cuts that of a-
thujene, are the same in both the
packedand unpackedoperations.The
oxygenateccompoundcineole showsa

c) top: 38°C, botom 55°C, 70am

behaviorsimilarto MTs, but with lower A

R values[3]. The alcoholslinalool and ‘ ‘
. 15 25 35 45

endo-borneol, and phenolic carvacrol, time (min)

because of their relatively high _
p0|aritiesand|ow Vaporpressuresand Flgure4: The effect of ethanol entrainer on the

the  sesquiterpene caryophyllene relative distributionsof MT and NMT components,
becauseof its high molecular weight MT: Y-no ethanol,A-with 2.5 wt% ethanol,¢ -with 5
and low vapor pressure are not wt% ethanol,andNMT: -no ethanol,v with 2.5 wt
preferentiallyin the top productin both 9% ethanol® with 5 wt % ethanol.

the packed and unpackedoperations

[5].

Conclusions

The occurrenceof a single-phaseregion in the column does not improve the separation
efficiency. Thusexperimentatonditions,i.e., temperaturend pressureprevailingin the column
should preferablybe chosensuchthat a single-phaseegion doesnot occurin the column.In
generalthe useof Dixon packingenhanceshe separatiorof the individual componentsat all
time-cuts. Howevetthe effectof packingon the separatiorof MTs andNMTs is clearly seenfor
thefirst two time-cutsamplesThe additionof 2.5 wt% ethanolto the oil chargeasan entrainer
improvedthe effectivenes®f separatiorascomparedo the pure CO, experimentsWhereasa
5.0 wt% ethanol addition gave separation effectivenesses comparable to those ofpuresCO
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Figure5: The effects of packing on the relative distributions of the key components
(top: 38°C, bottom: 55°C, at 70 atmy: without packingA: with packing)
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