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Abstract — Vapor-liquid equilibria data for propionic acid+n-hexane were measured at 308.15K and 323.15K. Interaction
energy parameter, a and co-volume parameter b of Peng-Robinson(PR) equation of state incorporated in Association Equation
of State(AEOS) proposed by Anderko were determined by regressing derived data of vapor pressures and liquid densities of
pure propionic acid. By modifying van der Waals mixing rules in the physical contribution term of the AEOS to the compo-
sition dependent mixing rules proposed by Panagiotopoulos, we achieved a better thermophysical properties prediction than the
two-model approach of Non-Random-Two-Liquid(NRTL) for a liquid phase and Hayden-O'Connel model for a vapor phase
built in the Aspen Plus chemical process simulator.
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Fig. 1. Schematic diagram of vapor-liquid equilibria(VLE) experimentd
apparatus.

. Gas chromatography 9. Trap
. Constant temperature water bath 10. Cylinder regulator
. Equilibrium cell 11. Magnet

. Magnetic pump

. Immersion circulator

. Temperature controller
. Sample input cylinder
. Vacuum pump

12. Pumping motor

14. 3-Way valve
15. 2-Way valve
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Table 1. Experimental VLE data for propionic acid(1)/n-hexane(2) mixture

at 308.15K

Temp. X y P[bar]
0.000 0.000 0.3061

0.056 0.023 0.2985

0.158 0.013 0.2903

0.196 0.014 0.2820

0.268 0.025 0.2765

0.376 0.031 0.2682

0.469 0.045 0.2592

308.15K 0.612 0.058 0.2365
0.673 0.068 0.2172

0.731 0.069 0.2117

0.786 0.080 0.1820

0.896 0.112 0.1241

0.924 0.139 0.0951

1.000 1.000 0.0186

13. Liquid sampling point

Table 2. Experimental VLE data for propionic acid(1)/n-hexane(2) mixture

at 323.15 K

Temp. X y P[bar]
0.000 0.000 0.5399

0.047 0.006 0.5337

0.076 0.020 0.5157

0.177 0.034 0.5075

0.221 0.034 0.4909

0.284 0.045 0.4799

323.15K 0.359 0.053 0.4647
0.442 0.051 0.4482

0.614 0.071 0.4027

0.658 0.076 0.3765

0.799 0.094 0.2916

0.917 0.153 0.1868

1.000 1.000 0.0221
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Table 3. Parameters for regression of propionic acid vapor pressures and 0.35 . . T T
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Table 4. Binary interaction parameters and AAD(%) of P
Models TK Ko A Koy Ay Oy CAAD(%)
AEQOS with van der Waals mixing rules 308.15  0.032407 - - - - 6.67
323.15 0.033757 - - - - 3.26
AEOS with Panagiotopoulos mixing rules 308.15  0.029293 - 0.032754 - - 5.64
323.15 0.026166 - 0.034638 - - 1.54
NRTL+Hayden-O'Connel model 308.15 - 112.38 - 555.01 0.30 9.30
323.15 - 284.94 - 673.93 0.30 4.58
AAD(%) = B%Q_%P(EXP)—P(MN
N 4 P.(exp)
3.26%= ER vFH Panagiotopoulo& 3HFA-S o]k A5 4 zPh : compressibility factor for physical contribution term
= AAD(%)7} 308.15 KA = 5.64%E 323.15 KiA= 1.54%E H. zeh : compressibility factor for chemical contribution term
do=ZH F 1 JE 7 A FAAFAE JERIS B ohy
2} 7122 22 two-modeb] 3 A Fell A o] A Adw A nis R} Jz[o|a =Xt
3NZA Panagiotopoulos=3+& B} Ul ¥ #-2 NRTL+Hayden- ay, - binary interaction parameter for NRTL model
O'Connely-& o] &afA F4tsk A3l 308.15 KA AAD(%) 7t a(Tr, ) : alpha function
9.30%, 323.15 KIA] 4.589.t} 9-<pgt 23S Ve [ : jth experimental liquid density of propionic acid fitgmol]
pjci' : jth calculated liquid density of propionic acid [#gmol]
5.4 = O : fugacity coefficient of component A in a mixture
Ep,ih - fugacity coefficient of component A in a mixture for chemical
H A7 A= propionic aci@t n-hexang] o)A 7|8 AHE =} contribution term
HE 308.15 K} 323.15 KA Z}zF &3l th. Anderka?] AEOS Ep,'ih : fugacity coefficient of component A in a mixture for physical
A Ed 3 7]edeke] A AL van der Waalss 3] oA contribution term
Panagiotopoulo& 33 0.2 HPslman 7|89 wda B} 923 @ : fugacity coefficient of component i in a mixture
A FEAE A8 IR, B FEER 2APY W ) )
o] Sl 7143} Ao tis) Zhz) the mulg AMsle] 7| 4 EL #o=s
=338} 7+ 1 o225 —VEL X .. . .. .
T gas & AR eI 1. Anderko, A., “Association and Semiempirical Equation of State,

Al

o
A7
a(T) : energy parameter in Peng-Robinson equation at critical
temperature [bar - £eK%moF]
3 : energy parameter between component i and j [War Kétnof]
Ai, Ay, binary interaction parameters for NRTL model

by : co-volume parameter for component i [cc - K/mol]

K : dimerization constant of propionic acid [mmiHig

ki : binary interaction parameter in van der Waals mixing rule

Ki - binary interaction parameter in Panagiotopoulos mixing rule
Ny : apprent number of moles

P : pressure [bar]

P. : critical pressure [bar]

ch"’" : jth calculated bubble pressure (or vapor pressure) [bar]
pee : jth experimental bubble pressure (or vapor pressure) [bar]
R : gas constant [bar - cc/mol]

T : absolute temperature [K]

T, : critical temperature [K]

X : apparent mole fraction of component A
X(1), X(2), X(3) : regression parameters

4 : compressibility factor
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