A new cubic molecu-
lar-based equation of
state (MMM) accurately
calculates pressure, vol-
ume, temperature (PVT)
and vapor-liquid equilib-
rium (VLE) data for pure
and mixed fluids.

Comparisons to the Redlich-Kwong
(RK) equation of state, which is con-
sidered the best two-constant-parame-
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DENSITY OF N-HEPTANE AT 303.13 K.

ter equation of state, indicated that the
MMM equation of state was more accu-
rate.

This article reports application of the
MMM equation of state to pure and
mixed fluid calculations of interest to
the oil and gas industries. Comparison
of the results to those obtained using
the RK and Peng-Robinson (PR) equa-
tions of state showed that MMM is
more accurate.

Equations of state

Volumetric and equilibrium calcula-
tions for oil mixtures are important in
separation-equipment designs. A sim-
ple, accurate eéquation that calculates
PVT properties of oil and gas mixtures
is therefore useful for design and oper-
ation purposes,

Simple theoretical equations of state
to predict fluid properties are becom-
ing more important for industrial oper-
ators. The equations of state developed
must be simple and accurate enough to
replace existing empirical equations of
slate,

Current theoretical equations of state
are based on successful theories of sta-
tistical thermodynamics." Simple cubic
equations of state, however, are still
used for chemical engineering calcula-
tions especially in the oil and gas in-
dustries.’

We developed a molecular-based
equation called the MMM equation of
state." Comparisons showed the advan-
tages of MMM vs. the RK equation as
the best cubic, two-constant equation
for pure and mixed fluid calculations.**

In this article, we used the MMM
equation of state to calculate the densi-
ty and equilibrium states for pure, bi-

nary, ternary, and oil mixture fluids.
We compared results of the volu-
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DENSITY OF N-NONANE AT 325.13 K. Table 2 HYDROCARBON MIXTURES Table 3
Density, maole/l, — Absolute
Pressure, bar MMM RK Experimental average
Pressure deviation,
0 5,390 4.380 £.414 Temperature, Data range, %o
50 5.450 4,450 5.450 Mixture K. points atm MMM  RK
100 5630 4,520 5490
ggg g.gig :.ggg gggg Cy 4 NG, 298.16 9 10-180 28 164
200 2840 Aes B30 Cy+nCs 273.16 18 10-318 42  18B
1 000 8330 4650 2950 €y +nCq 345.15 18 10-313 1.7 - 198
‘IEUD 6300‘ 5'030 .030 Ci+ I"I.C!u 273.15 10 10-100 35 225
2,000 6.400 5.080 6.210 Cy+nCyg 273.15 10 20-100 38 283
3,000 6.560 5.150 6.420 Cy +nCyp 313.15 13 1-60 198  B1.8
5,000 6730 5.220 6.750 Ca + NCyp 333,15 13 1-80 18.1 b5.2
Cl+C 00 277.70 23 28-280 41 197
Ci+ Ca+ nCyy 477.60 12 28-210 10.2 211
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LIQUID OIL MIXTURE AT 387 K. vabies :
2 bl Calculations
Aompanse e aion Because PVT fluid properties play
co, 00123 such an important role in the various
o g-ig;ﬁ steps of design and process operations,
c; 0.0915 we used the MMM equation of state to
Ca 0.0298 calculate density calculations of pure
G, 0.0269 2 :
o 0.0271 components.
G 0,4386 Tables 1 and 2 compare the results
Bt with the RK equation of s[ale,Tlhtst:* ta-
Density, point, bles show that the MMM equation is
1. glec bar much more accurate than the RK equa-
MMM 0.659 130.4 tion.
RK 0.495 B6.4 We also used the MMM and RK
FH 0,608 139.0 N 2 i Gt . HEitieg
Esefirmastal HeAn 1980 equations of state to calculate densities

Data source: Reference 10,

give similar results for volumetric cal-
culations; therefore we compared
MMM equation of state with RK and
PR’ only for calculating VLE and PVT
for oil mixtures.

MMM equation of state
Equations 1-4 (see Equation box)
show the MMM equation of state,""
This equation was previously used
for PVT and VLE calculations of pure
and mixed fluids, In this article, we
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of binary and ternary mixtures. The cal-
culation results in Table 3 show that
MMM is more accurate than RK for
density calculations of the evaluated
Systerms.

We then applied the MMM equation
to PVT and VLE calculations for oil
mixtures and compared the results 1o
data obtained using the RK and PR
equations of state.

Tables 4 and § show the calculated
results for selected oil mixtures. For all
the calculations, k; equal zero.

According to our comparisons,
MMM performs better than RK and PR
equations for density calculations. For

LiouiD OIL MIXTURE AT 250.93 K. tubies

Component Mole fraction
co, 0.00184
N; 0,00079
4 0.11447
G; 0.08573
G 0.09115
iC, 0.02639
nC, 0.08337
iCy 0.04814
nCs 0.06281
nCe 0.10205
G 0.14334
Gy 0.14434
Ci 0.06408
Cig 0.02832
Cy, 0.00971
Ci; 0.00364
Bubble
Density, point,
alce bar
MMM 0,700 15,160
RK 0.514 13,190
PR 0.640 15,600
Exparimental 0.685 24.125
Data source: Reforence 11
TERNARY MIXTURE C,-C;-Coy  Tabies
Absolute
average
deviation,
MMM RK
Buhble point, bar 18,7 337
Liquid fraction, val % 6.1 2613
k. ICy 3.0 B4
ki Cy 22,2 273

Temperature range = 277-477 K.
Pressure range = 27-137 bar

phase equilibrium calculations, the
MMM equation of state was compara-
ble to the PR equation; however, the
MMM equation does not require accen-
tric factor data.

For a ternary mixture (C,-C;-C,),
we compared bubble point pressure
calculations using MMM and RK equa-
tions of state. Table 6 shows that MMM
is the more accurate of the two equa-
tions of state.

The MMM equation of state is more
suitable for extrapolation purposes due
to its theoretical basis. 4
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