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Abstract - In this study, vapor-liquid equilibrium (VLE) data at several isothermal tempera-
tures for carbon dioxide and ethane binary systems were estimated using binary interaction para—
meters (BIP’s) in Peng-Robinson (PR) equation of state built-in PRO/II with PROVISION (PRO/IT)
process simulator. Moreover, BIP's in PR equation of state were newly determined by regressing
the experimental VLE data for carbon dioxide and ethane systems for each different isothermal
temperatures using the summation of squares of the bubble point deviations as an objective
function. Comparative works have been performed for absolute average deviation % (AAD(%))
between experimental and predicted bubble pressures using built-in BIP’s in PRO/II and newly
regressed one, respectively. Our calculation results gave a better estimation result than the
simulation result using an existing parameter built-in PRO/IL

Key words : vapor-liquid equilibria; Peng—Robinson equation of state; simulator; binary interaction
parameter
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Table 1. Typical natural gas composition

(mol%).
Component | Alberta | Colorado | Kansas | Mexico

Helium 0.00 0.0 0.45 0.00

N2 3.20 26.10 14.65 0.68
co2 1.70 42.66 0.00 0.82
H2S 3.30 0.00 0.00 0.00
CH4 77.10 29.98 72.89 96.91

C2H6 6.60 0.5 6.27 1.33

C3H8 3.10 0.28 3.74 0.19

C4H10 2.00 0.21 1.38 0.05

C5 Plus 3.00 0.25 0.62 0.02
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Fig. 1. Binary isothermal experimental
data(©) for ethane-propane at
270K and its prediction with PR
equation of state(curve line)
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Fig. 2. Binary isothermal experimental data
(O) for ethane—propane at 270K and
its prediction with PR equation of state
(dotted line® k,; = 0.1322, line k,; =0)
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Table 2. Coefficients in a new alpha func—
tion in equation (6).

Component a (@3 Gy

1. CO 0.20468 0.81973 1.0000

2. CoHs 0.20910 0.86806 1.6875
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Fig. 3. Experimental vapor pressure(C) of carbon
dioxide versus temperature and its pre—
diction with PR equation of state(line:
original alpha function, dotted line! new
alpha function).

Table 3. Coefficients in a modified Antoine equa-
tion in equation (7).

Coefficients G G (o G

Value 140.54 -4735 | -21.268 | 0.040909
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Fig. 4. Binary interaction parameters for the
temperature ranges from 220K to 298.15K

iz = Z Zzix]aij (8)
i

b iz Exzbz (9)
J

e 2 @A A2 ek AR ) Akele] o)A
Ao 3t energy parameterS] a, 01] el A= van
der Waals 31218 AFR-EI =] o]+= 2 (10)3’/]—

25 2=
#ol & 7+ 3

a; = ,/aiaj(l—kij) (10)

A5 B Aol A £
o} og o] Ao 7)e] Abu s
L MR S)
dlo el o} Fab A3} Afo]e] &
(3 o] FelE Hainh

N P&xp Pml 2
Z( j (1)

= PE‘XP

g, 91e (1S AR&3te] ZHzke] Foixl
S04 o]k @rEP*S&‘r ol gk Ato]e] o)A 7]
433 Ad dlolg e 3HARAS Tl AA
o] A FE A miA AR 2 &S Dot
2 43 th59] Fg. 49 22 295 95 7 Uk
Fig. 4ol Yehd A= Ho} ]*P:@}EM% o gk A}
o]9] oA FEAE vRgE &% oA o]
Pos & Uk T ol EA A EE v
TR Ky 7b 2ol mlE@ehd ofge] A (12)9) 2F

a7 Aska] %] 41449 A5E 20109 10



o] TR & U Aol W= I W) |g
o 2 133 Zo] 28T F AL Flo|th10]
. 2
k= Ay+ B, T+ C,T (12)
B G

BEA|RF Fig. 401 2131 220.00K01 4 291.15K A}
oJel| A 147 T-=ollA] olitsterae} o' o] &
Al 71 438 AE delgeE 27 gAA s
A3tk gkell TRk 25 o)L glon Hagh
0136285 & = USTE o] AL o]ikstekae} o
g oA 71 AP S A 98 A H
g ale] wi| 4ot & o)Esktal 3743k
oHd AFAES] Ao gty = AE o1
o] PRO/IC W= o] &= %kel 0.12989}+= tf
2x zpe]7} Qi B Aol A= Ag dolE ol tigh
3| AEAE FalA AlEA AT o] A s
2k o 7421 0.1362 w2 PRO/IC] W= o
A= 74?1 01298 Fk Atolo] AEdS wlaLsly] ¢

Table 4. Comparison of AAD(%) between
kij built-in PRO/II and new Kki.

AAD (%)

Temp. (K)
kij built-in PRO/IL new Kij
220.00 2.528% 1.309%
222.04 2.948% 1.313%
22315 1.676% 0.634%
243.15 0.903% 0.794%
224.26 1.601% 0.781%
250.00 1.210% 0.586%
252.95 1.327% 1.250%
263.15 0.438% 0.847%
266.48 0.825% 0.912%
283.15 0.756% 0.859%
283.15 0.701% 0.654%
291.15 0.672% 0.625%
293.15 0.980% 0.675%
298.15 0.526% 0.378%
Average 1.221% 0.830%
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: temperature [K]

: pressure [kPa]

: gas constant [8.314 J/gmole-K]
: molar volume [m3/gm01e]

: energy parameter

: size parameter

: number of data points

: critical temperature [K]

: pressure [kPa]

: reduced temperature [K]

TRV NR=ETTE S YN

;;  binary interaction parameter
¢, G, Cyand C,
pressure equation

F' : objective function

x;, ; : mole fraction of component i and j
a;; : energy parameter for component i and j
b, : size parameter for component i

miz: €NErgy parameter for mixture

a,
b,,i,: Size parameter for mixture

P[*P: experimental bubble pressure
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: coefficients in Antoine vapor

Pf"lz calculated bubble pressure
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a : alpha function
w : acentric factor
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