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Phase Equilibria in Multicomponent Mixtures

using Continuous Thermodynamics
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Yong, Pyeong-Soon Kim, Ki-Chang Kwon,Yong Jung
ABSTRACT

Continuous thermodynamics has been applied for modeling of phase equilibria in
multicomponent mixtures, to avoid disadvantages of the pseudo-component and key-component
method. In this paper continuous thermodynamic relations formulated by using the Pate-Teja
equation of state were adopted for calculations of phase equilibria in natural gas mixtures,
crude oil mixtures and mixtures extracted by supercritical CO;z fluids. Calculations of phase
equilibria were performed by two procedures ; a moment method coupled with the beta
distribution function and a quadrature method combined with Gaussian-Legendre polynomials,
Calculated results were compared with experimental data. It was showed that continuous

thermodynamic framewoks considered in this paper were well-matched to experimental data.

FIHE : g&H98), Patel-Teja AejF4], FHEEGE, betal X85
Keywords Continuous thermodynamics, Patel-Teja equation o state, Multicomponent
mixtures, beta function
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Table 1. Comparison of Calculated Dew Point Temperature, Composition of Continuous Fraction and Liquid Density tor
Bergman et al.(1975) Natural Gas Condensate.
. tal This work
system gxpenimen 2 7 Peng-Robinson Patel~Teja
Patm T, K 7 o T K 7]1. pL Xans% T K 7]L pL Xaen%
# 1 2041 2659 0.81 755.8 270.0 0.791 6776 42 6% 266.7 0811 7175  335%
#25 41.84 2716 0.69 704.8 264.1 0.565 649.6 65.0% 261.2 0.582 6709 67.0%
# 48 10.16 2669 051 6744 268.1 0526 665.6 60.4% 266.2 0510 6726 531%
# 65 265 2465 074 7337 2577 0.728 6752 318% 2545 0.755 706.7 268%
¥ 67 2041 208 0.83 760.0 263.2 0.781 670.6 39.9% 2605 0.802 6954 323%
AAD% 262 6.09 784 47.7% 1.96 4.40 4.46 425%
21 Xiewp — Xiical |
xdevd = — Zew x 100
Table 2. Comparison of Calculated Dew Point Temperature, Composition of Conlinuous Fraction and Liquid Density for
Hotfman et al{(1953) Crude Oil System.
experimental This work
system o _— I 7 Peng-Robinon Patel-Teja
am o AR TP K 7t b xe% TR 7t b xe%
crude oil 36.01 367.4 0816 7209 370.12 0809 6261 230% 367.28 083% 679.2 2.0%
crude oil 69.03 3674 0700 7160 36642 0662 6045 126% 363.36 0706  659.8 11.2%
crude oil 10304  367.04 0612 6753 362.89 0548 5785 133% 360.85 0592 6165 9.7%
AAD% 0.72 558 144 163% 091 2.19 745 14.3%

2 ' Xiep ~ Xiical |
i X i exp

xderfs = .

x 100
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Table 3 . Data for V/L. Equilibrium of Lemon Qil-CO. System and Calculated Pure Component

Properties
component Experimental (w6 BPIK] Tc [K] Pc [bar] Remark
liquid vapor
a -Pinene 1.68 2.80 428,65 . 62699 20928 discrete
8 -Pinene 13.06 17.27 438.15 632,212 29.370 discrete
Limonine 6822 67.14 449.15 658,181 27550 discret,
7 ~Terpinene 845 759 456.15 662,54 27.994 discrete
a-Thujene 0.35 061 42415 - - A group
Myrcene 158 1.87 440.15 630.958 24218 A
a-Terpinene 1.10 1.21 456.15 662.942 27.994 A
Terpinolene 0.67 0.47 458.15 - - A
Citronellal 0.04 0.02 480.46 263.596 240652 A
Decanol 0.08 0.01 481.65 628.34 22.981 A
Nonylacetate 0.03 0.00 483.15 634.835 19.424 A
Camphene 0.06 0.09 43515 - - B group
Phellandrene 0.07 0.09 445.30 65052 27411 B
Terpinene-4-ol 0.04 0.02 485.15 667.680 30.625 B
Neral 092 0.24 501.15 689,57 2525 B
Geranial 1.45 0.29 502.15 699.965 25.25 B
Neryl Acetate 0.25 0.03 508.15 680.83 20.47 B
Geranyl Acetate 0.15 0.009 514.15 638.868 2047 B
a~"Terpineol 0.20 0.06 - - b
B~caryophyllene 018 0.013 - - *
tr:;z:;owm 0.26 0016 - - x
a~humalene 0.05 0.00 - - x
8~bisabolene 038 0013 - - .
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Fig. 1. Distribution of continuous fraction for lemon oil mixtures,
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Table 4, Comparison of Compositional Data for Coppella et al.(1987) Lemon Oil at 308K, 68.8 atm using Moment Method

and Quadrature Method

. Calculated y(%)
Experimental
Component — Moment Method Quadrature Method
(%) yo6) PR(beta) __ PT(beta) PR PT
a-pinene 1.68 280 251 3.04 2.37 2.85
B-pinene 13.06 1727 14.06 20.15 13.25 18.93
limonine 6822 6714 7587 680 7156 64.12
y-terpinene 8.45 759 6.97 73 658 691
SF
7°F of A group 4675 4195 478 6675 - -
2°F of B group 3915 1.005 057 1.39 - -
e g5 52 535 805 6.18 716
ky - - 0.117 0.1539 0.117 0.1539
YaerTo - - 9.93% 6.06% 11.69% 507%
7 - - 2,88% 56% 18.9% 37%
i I ylllag yl,ral l
ydewds = — i x 100
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EHET o] AF BAEY A7 # 333 4
apol7b 2 Wit A A %’-‘Z}E——l A8E oZele 3-3%
g ol el AFel® A A Q) Patel-Teja 4le] 2-vhetwigt A
9l Peng-Robinson? Rt} frelsteid vedth =
A7t EFE L crude oil EEEIH Zol A&
n379o 1 e vYFez AT £ v ELES
AHy AN beta REFSFE ALY 2AEWO
&@50, lemon oil EFET #ol AFAHET] 271
olare] Tow FERHE TIBAME EHENREY
quadraturetol ol AW @ Aite] fFastes B
=3

B

—

MBI E
f . Fugacity
P ' Pressure
R : Gas constant
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. Temperature
. Molar volume
v . Mole fraction of discrete component
. Compressibility factor
. Total mole fraction of continuous fraction

a NX <3

Superscripts
V  : Vapour phase
L : Liquid phase

Subscripts
1 . Discrete component
i . Group of continuous fraction
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