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Abstract: In this work, the solubility of buriti oil in superitical CO, has been
determined experimentally by the dynamic methogdfxnents have been carried
at pressures of 15, 20, 25, and 30 MPa, tempesatfr313, 323 and 333 K and
solvent flow rate of @, = 10.6 L/min, using a high pressure vessel of 1008,
and a stainless steel cylinder of 22 cm3, assembiidtin the high pressure vessel.
The solubility was determined by computing the selopf the straight line
accumulated mass of condensates x accumulated ofiessvent Experimental
results show that solubility of buriti oil increasewith pressure at fixed
temperature, showing a maximum of 4.85 gOil/kg@D25 MPa and 333 K, and
increases with increasing temperature at 25 MPa&hnls in agreement not only
with experimental data reported in the literatwethe solubility of vegetable oils
in supercritical carbon dioxide under the invedggastate condition, but also with
the solubility of buriti oil in supercritical carbodioxide measured using a
equilibrium cell by the static method at 25 MPa 828 K, showing a deviation of
11.8 %. The experimental results corroborate orsémse that this methodology is
suitable for measuring the solubility of vegetaloids in supercritical carbon
dioxide.
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1. Introduction

The dried pulp of the fruit buritMauritia flexuosa Mart.), a native occurring palm in the
Amazon region, contains between 20-30 % (wt.) ofelow-orange oil with the highest
content of carotenes (~ 3600 ppm) in vegetablerep®rted in the literature (Franegaall.,
1999), a natural substance of special interestarfdod and pharmaceutical industries.

Several methods to recover and enrich carotenes tine palm oil have been studied and
developed recently. Among these esterificationndeaterification followed by selective
adsorption of the carotenes in packed columns awbrgtion by using organic solvents
(Chooet all, 1991), esterification followed by distillatiomder high vacuum (Ocet all.,
1991), and adsorption in stirred tanks followedshpercritical desorption in packed columns
using carbon dioxide as solvent (Rablall., 2000) are included.

Of special importance in fractionation and enrichiof fat-soluble substances (e.qg:
carotenes, tocopherols, etc.) present in vegetaitdeusing supercritical fluids are phase
equilibrium data, particularly in the gaseous phiasavn as solubility. Equilibrium solubility
can be determined by the static or dynamic metism$dvéet all., 2001; Rodriguest all.,



2005). Measurement of solubility by the dynamic moet makes use of the extraction curve
experiments. In this case, particularly for natusabducts including lipids, the dynamic
solubility, also called operational solubility, momputed using the data of the integral
extraction curve, and the solvent flow rate choserst ensure that the solvent leaving the
fixed bed must be saturated with the solute asrtegdn the literature (Sosoe all., 2001).

In the last two decades a number of works have begorted in the literature concerning
vapor-liquid equilibrium data for binary systemsglycerides/supercritical C£) multi-
compound systems vegetable oil/supercritical, @® well the solubility of vegetable oils,
pure and mixed triglycerides in supercritical £@mong those, the solubility of pure
triglycerides in supercritical C4Bambergeet all., 1988), the solubility of simple and mixed
simple and mixed triacylglycerols (TAGSs) in supércal CO, (Nilsson and J.K. Hudson,
1993), vapor-liquid equilibrium of the binary systdricaprylin/supercritical CQ(C. Borch-
Jensen and J. Mollerup, 1997), vapor-liquid equiim for the binary systems tristearin,
tripalmitin, and triolein in Supercritical GWeberet all., 1999), the solubility of oils from
the seed of blackcurranRipes nigrurh and grape-vine\itis vinifera) in supercritical CQ
measured by the dynamic method (Sosevall., 2001).vapor-liquid equilibrium of the
pseudo-binary system buritM@uritia flexuosa oil/supercritical CQ (Rusteret all., 2001),
measured by the static method, vapor-liquid equiifh of the pseudo-binary system Brazil
nut Bertholletia excelspoil/supercritical CQ (Rodrigueset all., 2001), S. G. Ozkal, M. E.
Yener and L. Bayindirhl, the solubility of aprickeérnel oil in supercritical carbon dioxide
(Ozkal et all., 2005), the solubility of refined corn and sumfty seed oils, babassAt{alea
funifera) and ucuuba\(irola sebiferg fats in supercritical carbon dioxide (Soasedsall.,
2007) are included.

In this work, the solubility of buriti oil in supenitical CO, has been determined
experimentally by the dynamic method using a newthodology, and the experimental
results compared with data available for the sditybof buriti oil in supercritical carbon
dioxide measured by the static method.

2. Materialsand M ethods

2.1 Materials- Carbon dioxide with 99.95 % [vol/vol] purity was plied by White
Martins S.A (Belém-Para-Brazil). The oil was ob&ainby exhaustive extraction of buriti
pulp, dried for 24 hours at 333 K in order to remavater, using supercritical carbon dioxide
as solvent using a SFE unit described elsewheean¢Bet all., 1999).

2.2 Experimental ApparatusA schematic diagram of the high pressure apparsed in
this work is depicted in Figure 1. The unit corsisf high pressure vessel of 1000 cms,
adapted to be used as an equilibrium cell, a cgtiraf 22 cm3, a membrane compressor,
which raises the pressure from 3 to 40 MPa, a cadiaxide reservoir, a sampling system, a
gas meter, and a control unit that displays theeaysemperature and pressure. The complete
description of the high pressure unit can be foelsdwhere (Franget all., 1999).




1 - CO2 Reservoir V1 - CO2 Reservoir Valve

2 - Compressor V2 - Micrometering Valve

3 - High Pressure Vessel V3 - On/Off Regulator Valve
4 - Heating System V4 - Micrometering Valve

5 - Sampling Unit V5 - Sampling Unit Valve

P1 - CO2 Reservoir Manometer C1 - Stainless Steel Cylinder
P2 - Compressor Manometer C2 - Glass Colector

P3 - Equilibrium Cell Manometer

V1

Figure 1: Experimental apparatus used to measwresthubility of buriti oil by the
dynamic method.

2.3  Experimental Procedure All the equilibrium experiments were carried out
using 20 grams of buriti oil. The oil was placedide a stainless steel cylinder of 22 cm3
depicted in Photography 1. The cylinder has 02 Xtfhanges, whereas 03 (three) slices of
filter paper between 02 (two) external stainleselsscreens of mesh 200# were placed in
order to avoid the oil to spread outside the c@mdifterwards it was assembled within the
high pressure vessel as depicted in Photograpiyh@.carbon dioxide was recycled in a
closed loop for at least for 05 (five) hours, bgsihg valves Y and \4, and opening valves
V1, Vo, and \4 (micrometer/recycle valve), in order to maintdie system pressure constant
as well as to saturate carbon dioxide until equtilm was reached. Afterwards, valvesand
Vs were open and the flow rate was set low (E84gnin). The low flow rate makes it
possible the fresh carbon dioxide that enters tgk pressure vessel to achieve equilibrium
within the sampling intervals of time. Samples frtime gaseous phase were taken every 05
(five) minutes by opening valves,Vand \s. This experimental arrangement functions
identical to a buffer autoclave on a static equiliim cells. The condensed phase was
weighted by gravimetric method. The €f@leased into the atmosphere was measured using a
gas flow meter. Since, ambient pressure and teriyserare measured at gas meter inlet, the
density of carbon dioxide cam be computed usinghtireer equation of state. The solubility
is computed by plotting the cumulative mass ofsik function of time or cumulative mass of




carbon dioxide and taking the slope of the straligiet using the equation below. The slope
represents the amount of oil dissolved in the des@ which is defined as gaseous solubility.

Photography 2: Assemble used to measur e the solubility by the dynamic method.



3. Results and Discussion

The experimental results obtained in this work slvewn in Figures 2 and 3 and the data
compared with experiments for the solubility of iduoil in supercritical carbon dioxide
measured in an equilibrium cell by the static mdthb 25 MPa and 323 K in Table 1. In all
the experiments, the accumulated mass of buritver$us time shows a linear behavior, that
is, the slope is constant, which is a measurei®isolubility of burit oil in the gaseous phase.

3.1 Influence of PressureThe influence of system pressure on the solullitipuriti oil
in supercritical carbon dioxide is shown in Figarelrhe results show that solubility increases
as system pressure increases, until the pressassoser, with a maximum at 25 MPa,
showing a retrograde behavior. This is in agreemetit experimental data concerning the
solubility of vegetable oils in supercritical GQrrancaet all., 1999).
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Figure 2: Solubility behavior of buriti oil in supmitical CO; as a function of pressure.

3.1 Influence of TemperatureThe influence of temperature on the solubility afib oil
in supercritical carbon dioxide is shown in Fig@relhe results show that solubility increases
as temperature increases. In general, the solulbilivegetable oils in supercritical carbon
dioxide increases with increasing solvent powerictvlis a function of solvent density, the
density depends on the state conditions (T, P)thenother hand, temperature has a strong
effect on vapor pressure, thus those effects canphbwing in this case that the temperature
effect overcame the density.

Table 1 shows the computed values for the solybilitburiti oil in supercritical carbon
dioxide with the respective R-Square, a measuréhfoquality of experimental data, showing
a minimum of 0.88559 at 30 MPa. This is due tof#tet that the solubility of vegetable oils in




supercritical carbon dioxide at pressures above cilossover pressure has the order of
magnitude 18 goi/kgeoz, thus causing uncertainly on the experimental oresmsents. Table

1 makes also a comparison between experimental aatEned in this work with data
available for the solubility of buriti oil in supattical carbon dioxide measured by the static
method at 25 MPa and 323 K (Rusteall., 2001), which is in good agreement.
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Figure 3: Solubility behavior of buriti oil in supitical CO, as a function of temperature.

Table 1: Experimental data computed for the salybdf buriti oil in supercritical carbon

dioxide. ™ References T P Solubility R-Square
[K] | [MPa] | [goilkgcod [-]

This work 333| 15 3.3434*10° 0.98629

333| 20 1.5234*10" 0.91204

333| 25 4.85 0.99981

333| 30 4.1520*10" 0.88559
313 | 25 4.1548*10 0.91743
323| 25 4.09 0.98308
(Rusteret all., 323 25 4.6400

2001)

4. Conclusions

The experimental results show that solubility ofitowil in supercritical CQincreases
as system pressure increases, until the pressossoser, showing a retrograde behavior at



333K, and increases with increasing temperatugsitPa. The dynamic method proposed in
this work is suitable for measuring the solubibfyvegetable oils in supercritical GO
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