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Abstract—The phase equilibria for the systems of carbon dioxide-organic substances which are quite unsym-
metric mixtures at supercritical state, polar-polar mixtures and polar-nonpolar mixtures under moderate pressure are
predicted by using Patel-Teja equation of state with two different mixing rules; One is the 1-fluid quadratic mixing rule
by van der Waals, that is usually applied to nonpolar mixtures, and the other is the mixing rule based on Wilson's local

mole composition model.

The predicted pressure and vapor composition by using the equation of state with local composition mixing rule
are in better agreement with the observed data from literature, comparing with the quadratic mixing rule.

Az

Mackay ¢ Paulaitis[2], Kramer 2

698

7o) HEJAE o183t
el aokelld &2 Fo 2
AF oz gEut o AlRRE olg

o
Il
2
—r
Lo

Z(}'—oi 7]'721'31'1 7]*“ -—J—Xﬂ‘o’] il i | il
S Agstol BEFRAS 2AsE waolrh, ol
2 fojslA T FEEY A% fugacity A5 A4



zolH v AEHE A Aboll Z4E =4 mdle] 29 699

a3l o] zg-slojol dta v|FHEEE

©2 van der Waals¥ 1-fluid
mixing rule¢] A&} g IS EIFE, =&

HH o7 whebr] mlAlHoR Mol =
2329 uf= 1-fluid mixing rule
S 25 el #HZol Bl54, 34
AE-g 23l TEEY —L"’Jf’ﬂ/‘ig}
of BHye &dlr] $sted Kurihara (5] 73
atedoll 21l o) Afoll 219 residual -2 T4l
Uz parameter o 7IetHT& AHEsE EHAE
Aletsteict, =3 Panagiotopoulos 9 Reid[6],
Jra 24wl u|u A EaEl FrolE

Leet[7]& 73 54

o Eaalg Agsin Folo ZAE welsh] Hst

of exolEyoe] gl Atz AT ARSIl F

2oE v FTAERAY 2Re o|&g TEAE Y

F4% Jehle TR AEgAAE feled B

AFAF(8-15]7} BasEe] gick, el o 5ol
=

2ofella} AHFA Al AAR e wiuch a8
urolg} slojx EgAlol EehEe] =g Eieke
Aol mabAle] et Alg Fojok Bh ol2igel
9lov], AF data 2HE AsA4gATE de A
olF Batsted AMg-sl7|7h of7iet[13].

Takishima &[16]2 cl&&F%$ #sle] Etha-
nol+&+olAtstetaAle]  wabsdd dlolelo] Wilson
(17]9) FaTses AHslel AdAns & 28
of, & oM vlaE zZhtaixiat He
£ Wilson ] F4&55% o]43 TWPH
04 B FA+FAEGES oistrtas 2

sl Ao EEES ke YIS

T

o] 8l

2. HlAbebe

FLEEES BT YA AT

o Aol TAETEE Y A YA
ol wollAl 7] -zl HE Ansieich, Hg el

£ 7 4%e] FAE SUsee
=¢:/¢! (1)
O]q’ 047]/(‘] KTL:‘ ’o ], ¢,{‘ 7—}' ono/] T7}'A]E}7:“

424 Patel-Teja[18]9] Aelul44l (o3} P-T A2

2 )& Ahgste] Albstald, P-T A2
P=RT/(v-b)-a/lv{v+b)+clv-b)) ()

od 7] 4]
a=QR*T:/P.xa (T,) (3)
b=Q,RT./P. )
c=QRT./P. (5)
0.,=3Z:+3(1-2Z2,)Q,+95-1-3Z, (6)
Q3+ 2-3Z ) Q3 +3250,-25%=0 (7
Q.=1-3Z, (8)
a (T,)={1+F 1-T¥")}? (9)

Zm, FE BHY Aol £ dl
I grol MaEA] ¥v % ‘°‘_ 73l & ‘}’—T’A‘_Ei[IS]
o] oluiztel Alg ARgsled Z,7% F& A 3ot
Zn7F FoiAd [7]*101]‘% odojzl 3AHe] ellA 4o
okel ,% Abggich E§Eel oA Wilson 2
[17]e 23k ohaol Ea]e] ALg-sioict,

A= .?Zx,xuau (10
¥

a,,=vaa, (11

bpiz= ‘\::X’b' (12)

Cpix= Z“Xtct 13

7|4 FaEFEAl x,E

xljzxtnu/(§xkntk) (14
nu=exp (-=U,/RT) 15

olt}h, (10)-(15)4% o|&sto] F=d F7HAEl Al
H-2of et
P-T A& 4240 3t A (Zn, F)7h 'ishrd

ol oy Ao Fgks|e] glont Fulof i 3zbe
van der Waals 9] th& A (|24 Soave 9
27 Redlich-Kwong 4!, Peng-Robinson 4})® o}
Zuslo] AdlEs Y58 $58 AANE Jehide
ApAdo] wkal A glet(16, 19].

A e ohga) 2ok

1) U, Uyl 271308 A3

9) 7+ Agulele 2B (2)4]9 ZHIE A4
o,

3) (A-1)AolAl FrHA Al -5 AlAkget,

4) 7] -l Hydo]E ] 73“{“’““ AAre otz A
4%)\-0 od.ei/] x}‘,‘ OL Z' Pcald_PExpLVPExpl o

rlr

HWAHAK KONGHAK Vol. 27, No. 5, October 1989



700 ufl g 2+

Table 1. Comparison of AAD% calculated by local composition with those by conventional quadratic
mixing rule

Temp. Press. No. AAD %* of

System Range Range of Parar_n‘eter__ Pressure(P), y Data
(K) (Bar)  Data  U;, U, Local Quad.  Local Quad, Source
Methanol(1) 328.0 0.62/0.83 9 -526.4 461.7 0.4 8.5 1.2 20.5 (20)
-Benzene(2)
Ethanol(1) 313.0 0.19/0.28 11 -529.5 8803.0 0.8 5.5 2.7 15.6 (20)
-Benzene(2)  341.2- 1.013 10 -604.5 5945.0 1.7 3.4 3.2 8.1 20
348.2
Hexane(1)- 328.0 0.46/0.80 17 -19.0 -581.9 1.1 16.0 10.5 13.1 (20)
Ethanol(2)
Benzene(1) 318.0 0.15/0.30 9 110.3  9790.0 2.0 3.3 2.3 2.4 (20)
n-Butanol(2) 298.0 0.07/0.12 5 -10.4 1066.5 1.2 2.3 1.1 1.9 (20)
Decane(1)- 373.0 0.37/0.52 19 84.5 -302.1 1.5 8.7 13.6 19.7 (20)
1-Butanol(2)
Ethanol(1)- 343.0 0.38/0.70 9 -82.3 270.0 0.6 1.0 1.2 1.7 20
n-Propanol(2)
Ethanol(1)- 354.0 1.013 9 -25.5 16.5 0.9 1.0 1.0 1.0 (20)
n-Butanol(2) 380.8
Ethanol(1)- 353.5- 1.013 10 -56.2 -8.3 2.9 3.7 3.6 4.7 (20)
1-Pentanol(2) 405.6
n-Hexane(1)- 323.2 0.2/0.5 7 77.2 -42.2 1.6 1.6 1.5 1.2 20}
n-Heptane(2)
Ethylene(1)- 273.2 2.2/138.4 9 58.3 -20.4 24 3.3 2.2 1.6 21)
1-Butene(2)  283.2 5.3/48.4 10 -28.1 52.2 1.9 1.9 0.9 0.9 21)
Methane(1)- 542.8 30.5/126.7 4 55.0 -670.0 0.5 - 4.7 — (22)
n-Decane(2)
COu(1)- 253.2 3.3/18.3 10 -139.1 381.9 14 2.0 4.2 3.9 (20)
Propane(2) 294.3 10.3/58.6 15 -188.8 528.4 0.5 0.7 2.0 2.0 (20)
CO4(1) 253.2 4.6/17.9 8 -44 4 257.8 0.7 2.5 3.9 2.4 (20)
Propylene(2)
COy(1) 273.2 2.4/31.9 13 -106.9 260.0 1.9 2.4 0.6 1.1 (20)
n-Butane(2)
COu(1)- 273.2 3.1/31.9 11 -50.5 155.2 1.3 1.4 1.0 0.9 (20)
1-Butene(2)
COy(1) 277.7 5.7/37.5 -95.0 210.7 0.8 3.7 04 0.5 (24)

5
n-Pentane(2) 311.0 8.5/73.8 7 -112.6 239.2 2.3 2.7 0.6 0.8 (24)
CO4(1) 462.6 19.6/51.4 4 -22.5 132.3 0.6 0.7 0.9 0.9 (23)

n-Decane(2)  543.0 19.6/51.7 4 17.6 228.2 0.4 .07 4.9 5.8 (23)

*: AAD% = |Expl.-Cald.|/Expl. x 100/No. of Data

47} 5= U, Uns 24 ghaiglog 7o), 7] - 1, 20 vephglch,
pAe] 2A AHE AN mA4e] 2L Fot 1-fluid & quadratic mixing rule 2 &% Wz ¢
T BAEASE 1,002t 2P E F3[25) 0 2 o} £olg Hzlel w2} g 7He] interaction param-
oz 3| yeaayexst | fyExsio] Harh 5% Uy, Us eter o HM =& odglor} Table 1, 20& EAIEA
o A% gamos Fa, okok

5) Uy, Upng 57435lod step 2)of &2 2b5 A BHA | Do 2+ Fdo 243+ Table 1, 2
Asta A9 Uy, Uy et 2 2345 Table o Hydole Tl alfstdy 1 3ol EA4A

SISt mst N27H M5 1989:1 10



701

Table 2. Comparison of AAD % calculated by local composition with those by quadratic mixing rule for
supercritical systems

System Temp. Range  Press. Range  No.of Parameter AAD%* of Press. Data
(K) (MPa) Data Uz Uy Local Quad. Source

COx(1) 328.0 12.0/28.0 5 -520.0 40.0 3.6 9.8 (25)

Benzoic 338.0 12.0/28.0 5 -82.6 50.0 1.7 2.3 (25)

Acid(2) 308.0 12.0/28.0 5 -992.3 68.4 144 17.5 (26)

328.0 10.1/36.3 9 -517.9 33.0 11.2 225 27

343.0 11.1/36.4 6 -258.1 10.0 4.6 21.0 27)

308.0 7.0/17.8 6 362.4 98.8 23.5 249 (28)

COx1)-1,10- 323.0 13.8/30.6 6 -776.0 196.2 7.6 94 29

Decandiol(2) 328.0 13.4/30.7 6 -1026.0 195.1 12.6 14.6 29)

CO41)-Phthalic 308.0 12.0/35.0 5 120.1 -100.0 34.3 33.8 (26)
Anhydride(2)

COA1) 309.0 7.9/23.4 9 -1213.0 168.8 20.0 30.0 30

Phenol(2) 303.0 6.0/16.8 11 632.9 580.0 11.9 25.8 (28)

309.0 6.0/16.8 12 605.5 480.0 11.5 20.5 (28)

COx(1) 308.0 6.0/33.4 12 -221.5 120.0 9.5 216 (31)

Naphthalene(2) 318.0 6.3/31.4 10 -408.3 148.5 10.4 23.8 (31)

328.0 7.7/324 10 -253.9 153.8 8.4 27.0 (31)

CO4(1) 323.0 10.4/41.5 6 -420.9 139.8 19.9 23.8 (32)

Phenanthrene(2) 338.0 12.0/28.0 5 -1616.4 96.9 9.6 18.1 (25)

COu(1) 318.6 15.4/44.8 8 -347.8 98.0 4.5 13.7 (33)

Biphenyl(2) 322.6 15.6/47.5 8 -247.7 105.8 5.1 13.3 (33)

3284 11.1/49.0 8 -90.3 167.2 8.4 28.2 (33)

COA1) 308.0 10.4/27.7 5 -7461.5 170.0 15.7 22.0 (34)

Anthracene(2) 343.0 11.8/41.5 9 -9433.0 180.8 11.8 125 (32)

*: see the foot note of Table 1.

0.04
0.03
] |
=
£ 0.02
%
&
a
O : Vapor
0.01r O : Liquid
—: Local
---: Quadratic
0‘00 1 1 1 1
0 0.2 0.4 0.6 0.8
x(-) or y(-)

Fig. 1. Comparison of solubilities caleulated by
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Fig. 2. Comparison of pressure and vapor compo-

sition calculated by 1-fluid mixing rule
with those by local composition model for
Ethanol(1)Benzene(2) system at 313.2K.
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Z=Pv/RT (A-2)
= bauxtCniz—s)/2 (A-3)
1=~ BOputCuuts)/2 (A-4)
$= {(BpuwtCni)* T4bnuCixt ' (A-5)
(dng/en,)=-0.5{b,+~c,~ (dns/an,) i -6)
(onr/on,)=-0.5{,+c,+ (dns/an,) (A-7)

(dns/an,) =1/s{(bmuxtCnw) b, Hc,) +2bnsc,
+2b Coixt (A-8)
For i-j binary system,
1/n (8n’am,/on,) = (X, +x,+ @x,xu,,) /X)X 48,
& X, XX, xR u)a s+ X - Xuy)xga,
(A-9)

For j component, change the subscript i to j
and j to i in Eq. (A-9)

NOMENCLATURE

: model parameter defined by Eq.(3)

: model parameter defined by Eq.(4)

: model parameter defined by Eq.(5)

. constant in Patel-Teja equation of state
. equilibrium ratio (= y/x)

. pressure

: critical pressure

: defined by (A- 3), (A-4) and (A-5)

: temperature

: critical temperature

: reduced temperature

: binary parameter for i-j mixture

: molar volume

. mole fraction in liquid and vapor phase
: compressibility factor

: parameter in Patel-Teja equation
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Greek Letters

a : defined by Eq.(9)
¢ . fugacity coefficient
n; - defined by Eq.(15)
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Q5 Q. : defined by Eq.(6),(7) and (8)

Subscripts

ik
mix

10.

1.
12,

13.

15.

16.

properties of components i,j and k
mixture
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