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Introduction 3 s “"é’

— 7
. Advantages of using Equation of State(EOS) - .,.;ﬁ
- = Wide ranges of temperature and pressure
= Application of mixtures of diverse components

\ = Various phase equilibria without any c_o_nceptua1 .-
| / ~ difficulties y

-

B Tr‘ﬁ;work
\"'"t An overview of recent progress in EOS
= Simple empirical EOS

~\ //\’ 'heo re;ally—based EOS
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EOS for simple molecules

_—

@ van der Waals EOS (vdW) (1873)
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EOS for simple molecules -
Modification of Attractive term

® Benedict-Webb-Rubbin EOS (1940)
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EOS for simple molecules
Modification of Attractive term

@ Redlich-Kwong EOS (1949) NEEl= -
/= v -~ e B "‘-"‘.; ’ J
a=0.4278R’T>° /P, —— =

b = 0.0867RT /P,

gnificant improvement over the



EOS for simple molecules ey
Modification of Attractive term i

 ® SRK (1972)
_ vV a) 5%
V-b RT(+h) it
| ‘ 22\ [ 0 wsN2
iC \ a(T) = 0.4274{ RpTC } 1+m1l- [TLJ

m= 0.480+1.57w - 0.176w>
b=0.08664RT_/p.,




EOS for simple molecules ':’_':j
L Modification of Attractive term rﬁ
w Peng—Robinson (1976) - %
- ‘ ﬁ_{-
v a(T)v LD

Z = - e I
V-b RT[V(V+b)+bV-b)]

ReT2) | N
a(T) = 0.45724( : } 1+k 1- (—] ¥
pc c
L L _py
k = 0.37464 +1.54220 - 0.269220°

b = 0.07780RT, / p, i
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improvement of the predictions
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EOS for simple molecules -
Modification of Attractive term‘ =

-\\ - —

@ The advantages of SRK and PR EOSs =

- = Easy representation of the relation among
-— temperature, pressure, and phase com:posﬂlop,s in
| — - multicomponent systems — -‘* ;

.}*Gﬂly requirement of the critical properties an
‘acentric factor

fpming time



Redlich-Kwong (RK) (1949)
Soave (SRK)(1972)
Peng-Robinson (PR) (1976)
Fuller (1976)

Heyen (1980)
(Sandter, 1994)

Schmidt-Wenzel (1980)

Harmens-Knapp (1980)

Modification of Attractive term

a
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RT(V+b)
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RTIV(V+b) +b(V-)]
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Kubic (1982) I
RT(V+cy
| a(TV
Patel-Teja (PT) (1982) RTIV(V+b) +¢(V=b)]
| aTW
Adachi et al. (1983) RT[(V=b,)(V+b,)]
| a(T)V
Stryjek-Vera (SV) (1986a) RT{(7426V-")]
aTW
Yuand Lu (1987) RT[V(V+¢)+b(3V+¢)]
o TV
Trebble and Bishnoi (TB) (1987) RTV 2+ (b10)/~(betd?)]
a(TW
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Schwartzentruber and Renon (1989) RTI(V+0)V+2c4b)]
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EOS for simple molecules =
Modification of Repulsive term —=
- Equation Repulsive Term (Z%%) . '?1
l+n+7n°
Reiss et al. (1959) e L bl
— (I_T}) ‘_ » -
=g l+n+n’ —- - o
Thicle (1963) ——E——f— - o e
N (I—-n) rd e 1A R
. : -
/ Guggenheim (1965) T nonsphericity parameter(c
o) . |+ 7+ 72~ 3 OF arbitrary geometry c ‘molecules
Carnahan-Starling (1969) - ,
(1—n) &
. RT(V + b) ,
Scott et al. (1971) m ..‘ ;
1+ (Ga —2)n+(3a2—3a+1)n2~—0:3

(1-7)
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EOS for simple molecules -
Modification of Repulsive Ch iy
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EOS for simple molecules ey
Combining modification of both attractive and repulsive terms- =~

_— ' AR
- @ Carnahan and Starling (1972) - =

S _Ln+n'-n” T oS

L oy (1_ 77)3 R-I-1.5(\/ +b) / . '- | | & 75a _l.

- = The prediction of hydrocarbon densities and supercritical =
ey phase equilibria. =

-

1 = Cherrand Kreglewski (1977)
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- terms
w Shah et al. (1994)

Repulsive Attractlve
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Reqwrement of 3 properties of fluids : Tc, Ve
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EOS for Chain Molecules -
Perturbed hard chain theory

5

® Prigogine (1957) =13 =
m Rotational and vibrational motions are depend org 2',.1.":;'»
density -~ :
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=> EOS and configurational propertleSTCIre:aff
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EOS for Chain Molecules -
Perturbed hard chain theoryt_—‘ —

® Beret and Prausnitz (1975) el —
- = Development of PHCT EQOS ~3 y

e —m More accurate expressions for repulsive: and
| — attractive partition functions = —

‘= Meeting the ideal gas law at low densmes"
= Deficiency in Prigogine’s theory '
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EOS for Chain Molecules
Perturbed hard chain theory

- w Equation of State ~ -
— 92 4 M T F
7 =1+C477 773 + & (rVO)ZZ rlwlm (~1 j P . 5
R (1_ 77) KTV =1 m=1\ V = T Gt G N P _‘ d .
| - @ Parameters : rVO,ECI/ k,C :.'; -::" ?‘:' _{' :

- Sucessful in calculating the various properties of fluids an
- phase equilibria
PR———

»

rac i aI__ limitations as a result of the use Q-f
Jme terr _and the Alder power series
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EOS for Chain Moleculess 7= ssss
Simplified perturbed hard chain theory

w Kim et al. (1986) ::. :
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EOS for Chain Molecules
Hard—sphere chain theory - ~

@ Wertheim’s thermodynamic perturbatlon theory

. WPT)

= The association site are replaced by Coya'.l_e_ht,

— chain—forming bonds. _——
;‘_~_-\-—“\_ :°- /‘-

| -. o %h/a\pmaﬂ et al. (1988) : Generalization of TP
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EOS for Associating Fluids
Statistical associating fluid theory (SAFT)

\\ . E
@ Chapman et al. (1988, 1990) -
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EOS for Associating Fluias
Statistical associating fluid theory (SAFT)

# Huang and Radosz (1990) -
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EOS for Associating Fluids
Statistical associating fluid theory ‘(SAET)

N @ Development of variable SAFT model -

= Simplified SAFT : Fu and Sandler (1995) :
: 799 — _m ZmV*Y -__} f:.:
.1\.,-—\ VS +V*Y ::'_ ”:‘ . -

\7\ ——

= Galindo et al. (1996) : The expression of Boubl
- the hard-sphere contribution :

5 - ‘,‘ | ::u-!\ [
; Al i
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Comparing EOS '7':3

Interrelationships between different EOS o

@ New EOS - %
= Modification of existing ones * e
= Reuse of successful EOS to form a new EOS '

e — "
/- The branches in next figure show dn‘ferent ways" “’_;“
—ef representmg intermolecular repulsion. 4 |

‘= van der Waals, Carnahan-Starling, HCB, PH
IPT

—
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\ \’ rsor for the developme -.
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Interrelationships between different EOS

RK

vdW

SPHCT

PACT

BWR

Intermolecular Interactions

APACT
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Comparing EOS
Comparison with experiment

@ Experimental data
= [he ultimate test of the accuracy of an EOS

= NO absolute quantitative judgments about the
relative merits of competing EOS

w Why is an absolute quantitative judgments difficult?

m EOS developers test their EOS against experimental
data, but not offer an identical comparison with
other EOS.

m [he accuracy of EOS is often dependent on highly
optimized EOS parameters

m EOS users adopt a favorite EOS with which they
become expert in using.

24



Comparing EOS '7':3
Comparison with experiment _—

@ The true value in using a theoretical EOS 2-‘-_,‘“:‘
m Their improved ability to predict phase equilibria rather ;,e
f?ﬁ

than merely correlate data.

m Correlation of experimental data with PR/SRK at low e
pressure o~ =57

=> Failure of the prediction of phase equmbﬂa’ at htgh /1‘""
pressure =

- = Breakdown of vdW repulsion term

=> Using Carnahan-Starling or Guggenheim repul

' Ferm

Ab|I|ty of calculating full range of phase equ
|xtures

x?\,

J
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Comparing EOS
Comparison with molecular simulation data

w Molecular simulation
m Provision of exact data to test the accuracy of theory
m Discrepancies between theoigy and MC
=>Failure of theory to represuejwt the underlying mqgel,,
m Direct comparison of a theoretical model with
experiment =

=> No useful information = *-

= Direct comparison of a sinduation—verified model
with experiment - » |
Shah et al. (—)

=>To indicate the strength ofWeakness/of t ry
. . Camahan-Starling
m Example => Show figure .
Carnahan-Starling and Gugdenheim equafionis 2
accurate ! 00 0.1 02 N o3 04 05
26




Comparing EOS

Comparison with molecular S|mulat+en—d'ata -

@ Failure of accuracy in comparison of EOS W|FI;=L_I\/I_-" |

| S

- -

= Not merely due to the failure of theory:tD r‘epFe,s Jisf"

‘F adequately the underlying model S

.

\

Because of the limitations of theory to mod
real molecules
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Conclusion 32 =)

s

@ [o meet the challenge posed by large and :
~complicated molecules, EOS are being developed’
N Wlth an improved theoretical basis. -

‘These new EOS are playing an expanding role ]
he calculation of various phase equilibria.
A..- e |

Jlar S|mulat|on have an ongoing at

‘[improvement of the accu
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