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|. Cubic Equations of State

B Introduction
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Development

¢ path 1 : van der Waals — Redlich-Kwong —
Wilson — Soave— Peng-Robinson

¢ path 2 : Beattie — Bridgeman — Benedict-
Webb-Rubin— Starling — Starling-Han

¢ path 3 : Thiele — Carnahan-Starling —
Beret-Prausnitz — Donahue-Prausnitz
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[1] Van der Waals
equation
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Isotherms as given by a cubic equation of
state
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[2] Redlich-Kwong equation

» An important modification of van der Waals equation

RT a/T"

P =
V-b V(+b)
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[3] Soave Redlich-Kwong
(SRK)eguation

» An important modification of Redlich-Kwong equation

RT a

P= —
V-b V(V+Db)

a=au

o =[1+(0.48+1.570—0.1760>)1-T."")]
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B Acentric factor (w)
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[4] Peng-Robinson (PR) equation

» Modification of Redlich -Kwong equation

RT a

"=V b V(Vib+b(V _D)

a

a.o
o =[1+(0.37464 +1.542260-0.26992°)(1-T,")]’
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Benedict/\WWebb/Rubin(BWR)equation

» BWR cquation is one of the most accurate equations of state.

» Applications —— low temperature
high density

critical region

mixture
—_— 2 —_—
»_RT BRI A)Z C,/T +bRT3 a
V V V
ae  C 1+vy —
+v6 +v3T2(V2 )CXPW
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Figure 1 Correlation of the experimental high-pressure vapor-liquid
equilibrium data for the(carbon dioxide’ + i-butane system using the Peng-
Robinson equation of state and the van der Waals one-fluid mixing rules
with a single binary interaction parameter. (Data from DECHEMA
Chemistry Data Series, vol. VI, 1982, p. 601.)
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Figure 2 Correlation of the experimental high-pressure vapor-liquid
equilibrium data for the pitrogen + n-butane system using the Peng-
Robinson equation of state and the van der Waals one-fluid mixing rules
with a single binary interaction parameter. (Data from DECHEMA
Chemistry Data Series, vol. VI, 1982, p. 334.) :
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II. Mixing rule

B Modification of Cubic EOS (mixingrule)
© X4 o= =8 7=
:Panagiotopoulous-Reid , Stryjek-Vera , Adachi-Sugi , Schwartzentruber-

Renon ,...

=22, %%;8;
a; =(aa, )" (1- kij)
b=2.xb

M Stryjek-Vera : a =(aa ) (1-x ki —XK;)
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@ LT o= =8 &

: Luedeche , Prausnitz , Panagiotopoulos-Reid , ...

B Panagiotopoulos-Reid

a:ZZj:Xin(ajaj) | (l_kij)+VRT ZZ(XJ“ + X Jl)
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: Huron-Vidal , Michelsen , Wong and Sandler , ...
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A_“(EOS) = GE(Activity Coefficient Model )

G =A"+PV"
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Huron-Vidal

B Assumption
p 20| PetHUALl A0 A 80| =otet gt =
JEXRID| 2l Al= 21 IJF00] &/ O OF StL.

At infinite pressure ,
E
2 Xa,

a = b . +f) b=2.xb

where, A=In2 (SRK)
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Wong and Sandler

B cosix 2ox4o 2HE HLGIHAM, JIZ 28 RES
2ot MEZ2 SEefe &8 & XAl

B Helmholtz free energy= Gibbs free energy 2 C &2 0ff H| ) =
A QE... Z2 UM Y LA HHXZ A
[JIZE0 HAIE 28T 2 AME IS ]

o

G5(T,P=1bar,x )= A%(T,P=1bar,x)
= A°(T,high pressure, x)
AEOSE(T>P:°°aXi):AE(TaP:c’oaXi)
= A (T,low P,x)
=G5(T,low P,x)
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Figure 5 The excess Gibbs and Helmholtz free energies of mixing for
(the M_W)at 1 bar and 1000 bar calculated from
the Stryjek-Ver ng-Robinson equation of state
and the Wong-Sandler mixing rule.
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The unique features of Wong and Sandler

B without being density-independent

p E= LE0A=,

H2Hlcle Hl=2 SH S50 d 2/& Ara it X
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