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Prediction of partial molar volumes of solutes in supercritical CO:

using the Peng-Robinson equation of state with various mixing
rules and Kirkwood-Buff solution theory
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Abstract

Two thermodynamic models were used to predict the partial molar volumes of solutes in
supercritical carbon dioxide at infinite dilution: (1) the Peng-Robinson equation of state with
various mixing rules including those based on EOS/GE (2) the Kirkwood Buff fluctuation
integral with the hard sphere expansion (HSE) method. The Kirkwood-Buff fluctuation integral
method, in which an equation of state for pure component and molecular parameters are
required, produced better results especially near the critical point than the Peng-Robinson
equation of state with the several mixing rules based on EOS/GF. When the EOS/G® mixing
rules were used, poorer results were obtained compared with the classical mixing rule and

Kirkwood-Buff model.
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Uy g o3t A an, old AlEH EFHEF
T L& oot Zo
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o] AERoz Ao d9E¥H HEAE 458 F 3l

(32)

Table 1. Results of infinite dilute partial molar volume on COz-naphthalene system with the HSE model and Peng-Robinson equations of

state using various mixing rules (o, = 4.64
) Pressure Num?er of AAD of Peng-Robinson equation of state mr:“i)’;d (—);uff
range(bar) points  (lassical  HV MHV1 WS LCVM gy ap model
3072 75.3-126.2 9 37.04 127.65 38.20 116.85 70.20 7.2687 46833 34.44
308.0 746-373.0 14 53.19 222,04 89.61 168.46 125,94 75995  6.6803 55.81
3180 87.3-261.9 6 2958 188.15 57.80 137.00 104.73 83745 92881 51.24
321.1 90.6-156.7 6 1247 75.40 1591 47.49 2787 74757 54851 2365
342.0 95.6-207.6 6 9.64 68.72 1756 37.12 17.08 6.7019 37174 25,40
3720 95.6-258.5 7 23.18 81.56 3292 29.83 2341 559256  0.8656 28.00
AAD 48 3230 142,12 4950 103.09 73.18 39.35
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5.00

0.00

-10.00

~15.00 ©  exparimental point
~+«=- Kirkwood-Buff model
= =&——classical mixing rule
~—%——HV mixing rule
MHV1 mixing rule
——WS mixing rule
—=-4-—LCVM mixing rule

PMV(liter/mole)

-20.00

-25.00

-30.00

P(bar) o

Fig. 1 Partial molar volume of naphthanene in supercritical CO2
using the Peng-Robinson equation of state with various

mixing rules and Kirkwood-Buff solution theory.
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7b&d MHV1 Eg o] 713 ve Axs »
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HHol Hxd AIAHS Yehln A = ox2

r"l

l‘

fuirt

Holx g,

Peng-Robinson Ael4A A3 oz Egyze
°]-§3 COe-naphthalene 79} COz-penanthrene 7|
o] A3 32 Table 13 Table 29 e AT}

Table 1& 307.2-3720 &% WY AASR
COz-naphthalene Ao} ti$h 334 RREHg o)
AN Astel] die A P HxE Jela o

Table 1914 AA &% - GHHHo] gt Ay 3
@ HAE classical EFHH ol 7414 £A4 Yy
AAT, AN B2 JHgYM = Kirkwood-Buff
dol 2o AT B ARst st ye A
£ B9},

Table 2= CO;-penanthrene Ao td Ao
HAE Yehi 9o, COsnaphthalene A9 7|
A4 AT fAE Aste molm gt}

Kirkwood-Buff €9 o]&d ZAF mdyown
B Addd Aozt Aeidga e o)gsige o mch
H ue 238 Jeua gl dagdmd e =
A EFHAE o] &3 F33]4 REEHY o
5 Ade 2 dF44 ne® Fiix 232 me
of s MHVI E@¥Ho] 73 L A7E et
Har Qlov, Aidoes HV E¥WHHs WS 33
Y dPgto2 Ry gL 08 Holm 9t}

classical E¥HAE o] 83 AEuAH A =7
79} Kirkwood-Buff &< o]&¢]) A% muao]
d&5de ANPYFANZE FAF SEE Ho
T e, dAH =4 9doMe Jgar=
Kirkwood-Buff &9 o]&¢) A% md2o] 713
U2 d&2 & Holi gt}

Table 2. Results of infinite dilute partial molar volume on COs-phenanthalene system with the HSE model and Peng~Robinson equations of

state using various mixing rules (o = 4.6A
~Robi i AAD of
Pressure Number of AAD of Peng-Robinson equation of state .
T(K) ) . Kirkwood-Buff
range(bar points  classical MV MHV1 WS LCVM 01 ap
model
307.2 75.30-258.50 12 7191 223.32 7181 163.09 10062 107642 19.0254 42.30
3221 90.60-258.50 8 2762 212.00 35.99 91.21 66.06 87807 10.1279 3813
3420  105.80-25850 6 10.64 128.89 30.29 53.40 27.02 89211 106733 21.81
3720  105.80-25850 6 466 76.34 21.00 45,50 14.05 69141  3475] 14.90
AAD 32 36.74 175.22 4554 102.50 65.32 3227
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4. 4E&

Fg3y REERT AAME A B dFdAE
PR A4 4% Kirkwood-Buff &9ol&e A%
HSE Ed2& o] &3tgon, e et
o g TFHAL classical EFH L ALY
2o ZAT o8 EFHAE o)&3o AMLE
4.

2 dFo A3%E COz-naphthalene Aol WA=
classical T &L L% Peng-Robinson A&t
Ao o AR AA 25 - FEHEAAA
$-+§ 21, COz-penanthrene A2 7 - Kirkwood-
Buff £<oj&d] 2AF 2d2o] 714 UL AxE
o a3y g Al s AAESgRg
AT EFHAS L34S AF o8 EdHE
of "lg] & ¢d&F LAE BHYow, oj7td HV &
o) ¥ ¢& AHE BAYH,

2lo] g&dtn AMEEr] HAYSUE AL Ad
32 AepA AT classical EFHA ] 2%, 2gn
AA 2xo YA 4He AEJ 8 flo] €9
A AEE 458 F Je FHE A
Kirkwood-Buff &< =mdo] H%g AIAE HA
ow, YJAF IAHANME JFBALEEHA ZAS
Kirkwood-Buff £¢ Zdo] gy thg =g
E v M3 b AdE Bk

M85

a Energy parameter of EOS

b Size parameter of EOS

T Temperature

v Molar volume

n Number of moles

¥° Activity coefficient of combinatorial part
in UNIFAC

y” : Activity coefficient of residual part in
UNIFAC

kr, Solvent isothermal compressibility

o Number density

0y Molecular size parameter

Tl,- : Partial molar property of component [

1) . Acentric factor

k;, : Cross-interaction parameter of EOS
Xj ! Mole fraction of component j

g;, ‘- Radial distribuiton function

n : Packing fraction

Z : Compressibility factor

Superscript

00 : Infinite dilution

o . Pure component

hs . Hard sphere

Subscript

oo . Infinite pressure
gFaes
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