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Abstract—Solubilities of pure stearic acid, palmitic acid, myristic acid and their binary mixtures in supercri-
tical carbon dioxide were experimentally determined. Flow method was employed in the experiment. The
mixed solute data showed that the solubility of the less soluble component increased in the presence of
the more soluble component and that the solubility of the more soluble component remains almost constant.
Solubility data of pure and mixed solute were fitted using Peng-Robinson equation of state and equations
based on the lattice model of You and Lee.
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Fig. 1. Experimental apparatus for solubility measurement
of supercritical fluid-solid system.

1. CO; bomb 6. Heise pressure gauge
2. Cooler 7. Pt resistance thermometer
3. HPLC pump 8. Micro-metering valve

9. Pyrex U-tube
10. Wet test meter

4. Preheater
5. Extractor
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Fig. 2. Comparison of the experimental and calculated P-
y data for CO,-myristic acid system at varicus tem-
peratures.
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Fig. 3. Comparison of the experimental and calculated P-
y data for CO,-palmitic acid system at various tem-
peratures.
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Fig. 4. Comparison of the experimental and calculated P-
y data for CO,-stearic acid system at various tem-
peratures.
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Fig. 5. Comparison of the experimental and calculated P-
y data of stearic acid for the ternary system CO,-
stearic acid(50 mol%)-palmitic acid(50 mol%) at 35

°C
10 7
o™
2
o
0
=
£
g 107"
o
510 :
S .
E ’
:; 107 oaoo Mixture(l)
I aaaaas Mixture(ll)
= Lottice model{pure palmitic ocid),
10 - -~ - Lattice model(mixture)
---- Two porometer Peng—Robinson
(mixture)
L S O W S S N 't VDN T ST T W U TUR TS WA U SO N0 S SO Y T S O S |
107 - 500
Pressure(bar)

Fig. 6. Comparison of the experimental and calculated P
-y data of palmitic acid for the ternary system CO,-
stearic acid(50 mol%)-palmitic acid(50 mol%) at 35
°C.
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Fig. 7. Comparison of the experimental and calculated
P-y data of palmitic acid for the ternary system CO
1-palmitic acid(SfI wt%)-myristic (50 wt%) at 35°C.
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Fig. 8. Comparison of the experimental and calculated P-
y data of myristic acid for the ternary system CO»-
palmitic acid(50 wt%)-myristic (50 wt%) at 35°C.
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Table 1. Vapor pressure and parameters of pure compo-
nent for You et al’s model

Temp. Vap.Pres. \ en/R \'A

K Bar cmmol K  cm’/mol
Carbon 308.15 84125 37.320
dioxide 313.15 83693 37.547
318.15 83295 37.770

Stearic 30815 1216X107° 33586 119542 287.903
acid 31815 9373X10° 1 119648 288282
Palmitic 30815 1434X107° 30061 117.010 283627
acid 31315 3.756X107* 116957 283499
Myristic  308.15 1.601X10°% 264.86 120219 247.890
acid 31315 3.821X1078 120253 247.923

Table 2. Properties and paramters of pure component for
Peng-Robinson equation of state

T, P,
K bar ©
Carbon dioxide 304.19 73.82 0.225
Stearic acid 810.81 12.25 0.9681
Palmitic acid 77771 14.08 0.9750
Myristic acid 739.27 16.35 0.9522
Table 3. Binary energy parameters
Temp/K A ki hy
Carbon dioxide 308.15 0.092 0149 0.149
-Stearic acid 318.15 0.083 0.142 0.149
Carbon dioxide 308.15 0094 0131 0.20

-Palmitic acid 313.15 0089 0124 0.120
Carbon dioxide 308.15 0070  0.0825 0.088
-Mpyristic acid 313.15 0061 0.069 0.088

Stearic acid 30815 —130 —20 0.0
-Palmitic acid
Palmitic acid 30815 —036 —034 00

-Myristic acid
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Table 4. Experimental solubilities of pure solute in supercritical carbon dioxide
Myristic acid Palmitic acid Stearic acid
P X,/1073 P Xo/107° p X,/107°
bar 308.15 313.15 bar 308.15 313.15 318.15 bar 308.15 318.15
83.73 3.672 0.999 83.73 1.168 76.8 0.140
94.07 28.33 94.07 3.486 0.897 0.537 90.6 1.389 0470
1044 75.57 112.3 1044 9.271 14.35 9.930 104.4 4.717 5525
121.6 181.5 121.6 20.50 125.1 6.476
138.9 196.3 263.3 138.8 29.17 39.87 6348 138.8 19.87
156.1 211.0 156.1 32.64 145.7 9.391
173.3 239.2 462.8 1733 37.90 64.69 104.2 166.4 9.282
187.1 2473 190.6 42.39 1733 24.23
2078 7084 207.8 48.04 84.30 150.2 180.2 10.30
2147 295.0 237.7 47.13 194.0 27.67
2423 314.0 9154 2423 100.7 210.8 207.8 1140 27.06
276.7 47.01 2284 12.04 49.17
249.1 13.52
262.9 18.36
276.6 47.82
283.6 16.15
311.2 61.23

Table 5. Experimental solubility of stearic acid and pal-
mitic acid for CO;-stearic acid(2)-palmitic acid
(3) system at 308.15 K

Table 6. Experimental solubility of myristic acid and pal-
mitic acid for CO,-myristic acidd(50 wt%)-palmi-
tic acid(50 wt%) system at 308.15 K

mol%(2) =90 ; mol%(2) =50 ;

Feed mol%(3) =10 mol%(3) =50
Pe  Prbar X, X; Phar X, X
Mixture 1044 3500 3740 837 2630 3570
(D 1251 1428 2145 1044 3935 5795

1733 17.18 4860 1388 17.80 3569
2078 1776 3595 1733 2254 5275
2594 18.13 2262 2078 21.82 5462

2767 3559 2250 16.60
2504 2021 3560
2767 2340 4224
Mixture 1044 1136 30.16 837 1060 1840
() 1388 1313 3660 1044 6660 1597
1733 1621 4425 1388 65.31
2077 2202 5352 1733 1813 4660
2422 2905 9040 2077 2363 6545
2767 5490 1039 2422 3383 73.80
276.7 3545 84.12
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Pressure Mole fraction of solutes( X 10°)
(bar) myristic acid palmitic acid
83.73 3.591 1.644
1044 83.19 18.86
138.8 203.3 51.43
1733 283.6 104.1

207.8 348.6 134.0
242.3 510.2 1739
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k-

c : species ¢

: fugacity of chemical species

: binary interaction parameter in Peng-Robinson
€q.

: binary size parameter in Peng-Robinson eq.

: number of molecular species or holes

: pressure [atm]

: effective chain length of a chain molecule

: chain length of a chain molecule

: universal gas constant [J/mol K]

: temperature [K]

: specific volume of molecule [m*mol or vol-

o

<Hmno wzF

ume, m°]
: molar volume of molecule [m*/mol]

<
S

: lattice unit cell size [m*/mol]
: mole fraction of liquid phase

b

y : mole fraction of vapor phase
z : coordination number of lattice
Z  :compressibility factor

Jzjojx 22X}

€ : interaction energy between molecule segments
{J/mol]
0 : total surface area fraction of molecular segments

A; :interaction binary parameter between i and j
molecule(this model)

p  :chemical potential [J/mol]
B :1/kT
Y :term in chemical potential accounting for inter-

nal degree of freedom of a chain molecule
p  :density [mol/m®]

[0} : fugacity coefficient

®  :acentric factor

2HMX}

* : reducing quantity

~ : reduced properties

ol  :standard state

S : solid-phase properties

sat :saturation property
scf :supercritical fluid phase properties

SHFY X}

1 : species 1

C : critical property
0 : species o or holes

i : species i

j : species j

ij  :quantity related to i-j pair
M : mixture property

P :pure component property
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