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SAFT Equation of State for Vapor-liquid Phase Equilibria of Associating Fluid Mixtures
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Abstract — We review SAFT equation of state (EOS) which is based on TPT theory and statistical-mechanical prin-
ciples, and confirm that it can be used as a useful tool to predict vapor-liquid phase equilibria of associating fluid mix-
tures. We examine theoretical structure of PC-SAFT EOS in great detail, and then assess the applicability and
performance of the EOS while applying it to various mixtures containing nonpolar components, polar components and
associating components in a stage-wise manner. In contrast to the conventional engineering EOS, PC-SAFT EOS can
accurately predict nonideal behaviors of those mixtures without using semi-empirical binary interaction parameter. This
is because the SAFT theory is based on a rigorous theoretical framework at molecular level which effectively accounts
for various intermolecular interactions, and it thus provides substantial benefits in applying the SAFT EOS to complex
thermodynamic phenomena of multi-component mixtures.
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Fig. 1. Associating fluid model with two bonding sites. Two bond-
ing sites of different types 4 and B can associate with each
other, and linear polydisperse chains are formed at equilib-
rium. As shown in the figure, the fraction of monomers not
bonded at site A4, X*, is 1/2 because the sites of type A of
three monomers among six monomers are not used in bond-
ing. The role of type B is identical to that of type 4, and
hence X% = X' = X. Average chain length is equal to the
inverse of nonbonded fraction, 1/X = 2. To first order, ther-
modynamic properties of the polydisperse chain system are
the same as those of a system containing three dimer mole-
cules at the same monomer density.
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Fig. 2. The potential of mean force for the hard sphere fluid in
units of k7. Lines are calculated from the radial distribu-
tion function of Chang and Sandler [34], and symbols are
the contact values given by eq.(13) from the Carnahan-
Starling equation of state [35].
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Fig. 5. Pxy diagram for the binary mixture of dimethyl ether (1) and
n-butane (2) at 297.86 K (24.7 °C). Symbols are experimental
data [43], solid curves are obtained from the polar PC-SAFT
equation of state with k;,=0, and dotted curves are obtained
from the PC-SAFT equation of state with k;, =0.
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Fig. 6. Pxy diagram for the binary mixture of ethyl acetate (1) and
cyclohexane (2) at 313.15 K (40 °C). Symbols are experimental
data [43], solid curves are obtained from the polar PC-SAFT
equation of state with k;, = 0, and dotted curves are obtained
from the PC-SAFT equation of state with k;, = 0.



SAFT ZJe] w7213} 354

40 °ColA Pxy A =S HERASIEE o] 5410157 E8=
EHSHA ko= Aol wokM | ERES G
PC-SAFT g8 W2 0% 71 G S 58 uf, ldopAH
o|ES] A=A} RAEES 1.79 DE 2781 (1A% 1.78 D), &F
g odopAElo] B9 F7]¢to] & A == SI3itt. Fig. 69 =
AHEA RS e &
Hol=d|, F4 axE x3 *}# PC-SAFT %

FE G TP O] AR o1 (k,=0) Wé 4
2z o S9itt viel, 549 o] Qi PC-SAFT el 874
odoplEo| EAl]ZZ ARl E=2] vloldd& Alth=
ShA] Zgth =edk o] SIS s sAlSsk
ol tialir= o) SHellM =2 b BAE Hol= 2%
IE 5T AR o rA, 54 RS ks 3= v

A
S

t

=]
=
1

O o % N orle [o Moo

e ARA R oS3}, SAFT 2| =4 s
Wedehs B84 & £3ehs Zlo] ARAo|m, o d R e
TPHGGE] AR B E HAskske Wolth

B30l Sli= el A el 7 ANe] AEA 4, B7F SltkaL
7Pt ol2lgt 33 W2 SAFT o] &ell4 2B 2§ melloje}

1 s3], AY AR SHAZ 9HE 5 ek 2 AR 9
RS AT 48k, Aol A Stk A% e o]
oh A o) A A9 AR o AR B WAk GS BN
Sl AR RS AR IR AR sigo] o)Fol
o], o] ) R oA} 547 v soklch. 1t 819 B
g AR e SAPIFES 28 79O Folrs1],

SI7IA 48 = A 0] ARV A8 B2 AL B3 A 54
ole, 10 = R o) A 31F ekl g 9] 54
24 A BAolet.

AZEBE el )=, A g 9 At gl olstel 2t
o] g4APF SR AR 0] BAE Fol AR 4R HFE
A 2He WAREe] WG WA B iRk B, Ak
o] 48] HFL o kom MAF Hgo) 101, BE ARAE
S5 olFo] F8] 21 Ak Roke] SUAE K A
o= AT o] 0 0] ek 2gte] 9p A A 2

o

A A &l 2Jslx] A ETHS,7,20,23,24].

Sassee _ AT , Xt

A% = N z {Z [mx 5 +2H (51)
o71A L 7} el &8 BE R nEY w85 gt

Fatole). E3e] 018 915 AR 5% A= oiX 9] Hze
djgh AEgERA dojzir,

o e 1 1) ax*
A =ZX{Z[XA, —Ejp } (52)

A =] 71 9 615

nas 28 x4 % “AgF 22 HZ]” (mass-action law) ©]2}aL 3}
= 1Y A o

1
Xt = (53)
L+pY > x XA
J B
o714
4 4 e*?
A4 B B
A= ok |:exp( o J—ﬂ g (d;) (54)

1P S0 71 el o, S o A o)
AAAY, B13t0] Loluk AR 2712 el slg 5
W% 0 ARRE SR, S A 9 2
(radyel AT 5 e G5 Amw 1w Jehge b
ARESE 20) Ak ool ulEEh B3R £, WEel 24
o] ZFolA W, HAT g xS0 uME oq%;mxéqod (534S
% SIS AHslo] SAIelE ek, w2 iaEe] sl
(1102 58 BEE= AUAS Fo o), ol 59 w1 %
gl elek MEg ol 3Gl olat @ Qe et

TalxITH24,27].

33 s et 23HES 719 3 o] AHEIEA, Fig. 7
of o] &FEd uﬂ & 23k tigte] 100 °CollA] Pxy A TS
BRIt o] ARE|Ql2 v =g v, ILE 2= A

]61—/\‘10 ure}»nr:} uﬂE& Eﬂﬂ % 4%}%01 17D &

279 = T 50]. HlghE-2 b
315} o= B8 2,000 K o]io @ AnrAel %ﬁ *J;ﬂ%
o] ARt & bl o)) st 18-S ®eltt. v

gro] o] A HHH|Q1S] EAFEF) vlEA] A5olE Erekal (AR

Pressure (bar)

0.0 0.2 04 0.6 0.8 1.0
X1 Y4

Fig. 7. Pxy diagram for the binary mixture of isobutane (1) and
methanol (2) at 373.15 K (100 °C) [28]. Symbols are exper-
imental data [43], and curves are obtained from the polar
PC-SAFT equation of state with k;, = 0.
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Fig. 8. Pxy diagram for the binary mixture of ethanol (1) and n-
pentane (2) at 422.6 K (149.45 °C) [50]. Symbols are exper-
imental data [43], and curves are obtained from the polar
PC-SAFT equation of state with k;, = 0.
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Fig. 9. Pxy diagram for the binary mixture of ethanol (1) and n-
octane (2) at 348.15 K (75 °C) [S0]. Symbols are experimen-
tal data [43], and curves are obtained from the polar PC-
SAFT equation of state with k;, =0.
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Fig. 10. Pxy diagram for the binary mixture of 2-propanol (1) and n-
heptane (2) at 318.15 K (45 °C) [S0]. Symbols are experimental
data [43], and curves are obtained from the polar PC-SAFT
equation of state with k,, = 0.
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Fig. 11. Pxy diagram for the binary mixture of ethanol (1) and 1-pen-
tanol (2) at 348.15 K (75 °C) [S0]. Symbols are experimental
data [43], and curves are obtained from the polar PC-SAFT
equation of state with k;, = 0.
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Fig. 12. Pxy diagram for the binary mixture of 2-propanol (1) and
water (2) at 423.15 K (150 °C) [50]. Symbols are experimen-
tal data [43], and curves are obtained from the polar PC-
SAFT equation of state with k;, = 0.
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Fig. 13. Txy diagram for the binary mixture of methanol (1) and
water (2) at 1.013 bar. Symbols are experimental data [43], and
curves are obtained from the polar PC-SAFT equation of
state with &, =0.
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Fig. 14. Txy diagram for the binary mixture of ethanol (1) and water
(2) at 1.013 bar. Symbols are experimental data [43], and curves
are obtained from the polar PC-SAFT equation of state with
ki, =0.
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Fig. 15. Txy diagram for the binary mixture of ethyl acetate (1) and
ethanol (2) at 1.013 bar. Symbols are experimental data [43],
and curves are obtained from the polar PC-SAFT equation
of state with cross association parameter ¢''5%/k =1450 K.
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Fig. 16. Txy diagram for the binary mixture of acetone (1) and water
(2) at 1.013 bar. Symbols are experimental data [43], and curves
are obtained from the polar PC-SAFT equation of state with
cross association parameter £''5%/k =1510 K.
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and curves are obtained from the polar PC-SAFT equation
of state with cross association parameter &84k =1445 K.
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Nomenclature

: Helmholtz energy, bonding site
: bonding site

. constant

: diameter

: force

: radial distribution function

: integral in perturbation term

: Boltzmann constant, binary interaction parameter
: chain length

: number of moles

: number

: probability

: pressure

NT 2 I IR~ YA A WA

: distance

. gas constant

: temperature

: intermolecular potential energy

: volume

: potential of mean force

: work

: mole fraction, fraction of polar groups
: nonbonded fraction

N <% g T SR N ® Y

: compressibility factor

Greek letter

) : Kronecker delta

A : association strength
€ : energy parameter

¢ : fugacity coefficient
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n : packing fraction

K : association volume parameter

0 : chemical potential, dipole moment

v : chain length

p : density

c : size parameter

€ : density

Superscript

assoc  : association

bond  : bonding

disp  : dispersion

he : hard-sphere chain

hs : hard sphere

ig : ideal gas

polar  : polar

res : residual

* : reduced

Subscript

1 : first order

2 : second order

3 : third order

c : chain

i : component

J : component

k : component

L : component

n : integer

p : polar
s : sphere, segment
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Table Al. Pure component parameters for substances used in this work

Substance M, [g/mol] m a[A] elk [K] AP Bk K] u[D] Xp Ref.
carbon dioxide 44.01 2.0729 2.7852 169.21 - - - - [27]
ethane 30.07 1.6069 3.5206 191.42 - - - - [27]
isobutane 58.12 2.2616 3.7574 216.53 - - - - [27]
n-butane 58.12 2.3316 3.7086 222.88 - - - - [27]
n-pentane 72.15 2.6896 3.7729 231.20 - - - - [27]
n-hexane 86.18 3.0576 3.7983 236.77 - - - - [27]
n-heptane 100.21 3.4831 3.8049 238.40 - - - - [27]
n-octane 114.23 3.8176 3.8373 242.78 - - - - [27]
cyclohexane 84.16 2.5303 3.8499 278.11 - - - - [27]
dimethyl ether 46.07 2.3071 3.2528 211.06 - - - - [27]
46.07 2.0090 3.4343 215.98 - - 1.3 0.4977 [48]
ethyl acetate 88.11 3.5375 3.3079 230.80 - - - - [27]
88.11 2.7481 3.6511 236.99 - - 1.79" 0.5458 [48]
acetone 58.00 2.2210 3.6079 259.99 - - 2.7 0.2258 [48]
methanol 32.04 1.7266 3.1369 168.84 0.06311 2585.9 1.7 0.35128 [50]
ethanol 46.07 2.2049 3.2774 187.24 0.03363 2652.7 1.7 0.29466 [50]
2-propanol 60.10 2.6856 3.3800 199.10 0.02237 2473.8 1.7 0.26065 [50]
1-pentanol 88.15 3.8133 3.3911 239.76 0.01303 2079.4 1.7 0.18357 [50]
water 18.02 1.0405 2.9657 175.15 0.08924 2706.7 1.85 0.66245 [50]

*Adjusted to reproduce the vapor pressure of pure substance, close to the experimental value of 1.78 D.
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