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rent extraction processes conducted in the petroleum industry, particularly in the solvent deasphalting

process. Correlations to estimate critical temperature, critical pressure and acentric factor values of
SARA (Saturated, Aromatic, Resin, and Asphaltene) fractions of vacuum residue from the Barrancabermeja
Refinery were determined from their physical properties such as density (molar volume) and molecular weight.
New correlations for critical property prediction were evaluated using model molecules and the Avaullee and
Satou’s group contribution methods, respectively.

Knowledge of critical properties and the acentric factor is required in phase-equilibrium studies in diffe-
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n los estudios de equilibrio de fases, de los diferentes procesos de extraccién en la industria del pe-

tréleo y en particular en el proceso de desasfaltado con solventes, se requiere el conocimiento de las

propiedades criticas y factor acéntrico. Por esta razon, en el presente trabajo se determinaron correla-
ciones para estimar temperatura critica, presion critica y factor acéntrico de las fracciones SARA (Saturados,
Aromaticos, Resinas y Asfaltenos) de fondos de vacio provenientes de la Refineria de Barrancabermeja, a partir
de sus propiedades fisicas como densidad (volumen molar) y peso molecular. Las nuevas correlaciones para
la prediccién de propiedades criticas fueron evaluadas usando moléculas modelo, mediante los métodos de
contribucion de grupos de Avaullee y Satou, respectivamente.

Palabras Clave: Fondos de Vacio, fracciones de petréleo, propiedades criticas, refineria de Barrancabermeja.
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ESTIMATION OF CRITICAL PROPERTIES OF TYPICALLY COLOMBIAN VACUUM RESIDUE SARA FRACTIONS

INTRODUCTION

Vacuum residue can be separated into four distinctive
fractions named saturated, aromatic, resin and asphaltene
fractions. These, in turn, contain Ni and V as well as
heteroatoms such as S, N, and O (Andersen & Birdi,
1990; Suoqi Zhao, Renan Wang, & Shixioing Lin
2006). Metals and heteroatoms are considered as
polluting agents promoting corrosion and catalyst
poisoning at the Hydrotreatment (HDT) and catalytic
Craking (FCC) units. Vacuum residue undertake the
deasphalting process with propane-butane solvent in
order to prepare loads for HDT aiming at the decrease of
pollutant compounds. At present, several works on the
deasphalting process are being developed. These works
are based on a study oriented toward the design of
thermodynamic mathematical models to interpret the
phase-equilibrium behavior as it is explained by Suoqi
Zhao et al. (2006), Parra and Canas (2007), and Leon
(2008).

Thermodynamic studies based on state equations re-
quire to know the critical temperature, critical pressure,
and acentric factor values of both the fractions obtained
by SARA separation analysis of vacuum residue and
the deasphalting process. Important correlations are
observed in the petroleum industry regarding the study
of physicochemical and critical properties of non-polar
compounds and heavy crude oil fractions. A detailed
explanation is published by Jalowka and Daubert (1986),
Riazi and Al-Sahhaf (1987), Zhang Jianzhong et al.
(1998), among other authors.

Much effort has been invested so far to find the appro-
priate correlations in the prediction of critical and
physicochemical properties of vacuum residue. The
Group Contribution Method has demonstrated to be one of
the most competitive and effective methods. This method
divides molecules in independent functional groups being
this classification, to some extent, arbitrary. The molecule
— molecule interactions correspond to the weighed sum of
interactions among their corresponding functional groups. It
is possible to determine certain properties of other molecular
structures, even though no experimental data are available
(Prausnitz, 2000). Calculation is based on this method, and
on the study of experimental data, similarities between the
structure and the physical properties of compounds.
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In their study of pure compounds and their isomers,
Constantinou and Gani (1994) determined the appro-
priate parameters to detect properties such as: boiling
point, critical temperature, critical pressure, critical
volume, vaporization standard enthalpy, standard Gibbs
energy and formation enthalpy. Correlation of critical
properties in heavy crude oils and bitumens, as well
as of hydrocarbon and liquid carbon fractions were
developed in similar works by Cheng-Tze Fu and Rao
Puttagunta (1986); and Zhang Jianzhong, Zhan Biao,
and Zhao Suoqui (1998), respectively.

Despite the chemical complexity of vacuum residue
SARA fractions, and scarce, even lacking of informa-
tion about their properties to facilitate the calculation,
several authors have considered that the fractions men-
tioned above are composed by polycondensed aromatic
species. These are represented by model molecules.
Their critical and physicochemical properties can be
determined in function of their molecular weight and
density (Garnier, Neau, Alessi, Cortesi, and Kikic, 1999;
Akbarzadeh, Alboudwarej, Ayatollah, & Yarranton,
2004); Alboudwarej, Akbarzadeh, Beck, and Yarranton
(2003); Golam, and Mansouri (2006). For the prediction
of'heavy crude oil mixture densities, bitumens, and their
SARA fractions, parameters of the state equations used
were adjusted from estimated correlations of critical
temperature, critical pressure, and acentric factor for
each fraction based on model molecules such as na-
phthalene, antracene, phenantrene, pyrene, and perilene
proposed by Garnier et al. (1999) and evaluated with
the Group Contribution Method proponed by Avaullee
etal. (1997).

Murgich, Rodriguez, and Aray (1995) and other
authors such as Zander et al. (1987), Strausz, Mojelsky,
and Lown (1992); Kotlyar, Woods, and Sparks (2001);
Rogel, Leon, Espidel and Gonzalez (1999); Rogel
(2000); Rogel and Carbognani (2003); Wakeham,
Cholakov and Stateva (2003), have utilized molecu-
lar simulation to provide representative structures of
SARA fraction molecules in different types of hydro-
carbon compounds, based on descriptive parameters
and experimental data.

A set of model molecules of greater molecular weight
was selected in this study. Their critical properties and
density (molar volume) were evaluated with the methods
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proposed by Avaullee, Trrasy, Neau, and Jaubert (1997);
Satou, Nakamura, Chiba, and Hattori (2000), in order
to find a tendency to predict typical Colombian vacuum
residue SARA fraction properties in a more accurate
manner.

EXPERIMENTAL METHODOLOGY

Nine vacuum residue from vacuum distillation units
at the Barrancabermeja Refinery were selected. The
work was conducted in two stages: first, the SARA
separation analysis was used in the vacuum residue. The
molecular weight and density values were determined
for each fraction found. Secondly, based on the study
of model molecules, appropriate correlations were
developed in order to determine critical temperature,
critical pressure, and acentric value for SARA fractions
based on their molecular weight and density. The corre-
sponding tests were conducted at Instituto Colombiano
del Petroleo (ICP), Ecopetrol S.A.

SARA Separation analysis

Liquid chromatography is preceded by an asphaltene
precipitation process. Aratio of 1:40 volume of vacuum
residue and n-heptane was used, thus conforming to the
ASTM D-4124 (1997) regulation. The separation of the
maltene fraction was validated based on the ASTM-D
2007 (1998) regulation. The saturated carbon elution
was conducted with n-heptane. Aromatic hydrocar-
bons were treated by a reflux extraction process, with a
mixture toluene-ketone 1:1 volume in a silicon column.
The resin fraction was then obtained by reflux extraction
with a toluene-ketone mixture 1:1 in a clay column.
A liquid chromatography separation method has been
used in this study at preparative scale in order to obtain
significant amounts of each SARA fraction.

Density

The test was conducted in each selected vacuum
residue and its SARA fractions. Toluene was selected as
the preferential solvent according to the ASTM D 2320
(1998) regulation. Three solutions with concentrations
between 0 ppm and 15000 ppm were prepared during
each fraction analysis. The real density of each sample
was determined by linear regression, extrapolating
solute concentration at 100%. A DMA 48 digital den-
simeter was used as it is recommended in the standard
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procedure set out by the ASTM D-4052 regulation. Tests
were run at 20°C, 40°C and 70°C (291,15 K; 313,15 K;
343,15 K).

Molecular weight

The distribution profile of samples in heavy crude
oils, atmospheric residues, and vacuum residues is
obtained from the high temperature simulation distilla-
tion analysis. Results of this study show the proportion
of the sample weight percentage in distilled material
according to the temperature used. However, the
average molecular weight of vacuum residue and
their SAR (Saturated, Aromatic, and Resin) fractions
was determined from the distillation curve and the
composition percentage of the standard sample. The
measurement of the asphaltene fraction was determined
by subtracting the molecular weight of SAR fractions
from the molecular weight of the vacuum residue. The
calibration sample is normal paraffin sample ranging
from n-C, to n-C, . The solvent used in the in the test
is CS,. The analysis was conducted at the HP 6890 gas
chromatograph Ander the specifications set out by the
ASTM D-6352 regulation.

RESULTS

Table 1 shows the results obtained by the SARA of
the vacuum residue selected and their corresponding
density at 15°C (288,15 K).

The following density correlations for each vacuum
residue SARA fraction in function of temperatura have
been found in the density studies at 20°C, 40°C and
70°C (293,15 K; 313,15 Ky 343,15 K) for each SARA
fraction:

- Saturated fraction

d, =d, —0,00088698(T, —T,)

1
R*=0,9965 @
SCE = 0,00246
- Aromatic fraction
d, =d, —0,000713296(T, —T,) @
R* = 10,9966
CT&F - Ciencia, Tecnologia y Futuro - Vol. 3 NUOm. 4  Dic. 2008
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Tablel. Vacuum residue SARA analysis and density of each fraction at 15°C (288,15 K)

Vacuum SARA Composition (%) g/cm? at 15°C

bofiom | g A R ssph | Vacuum s A R Asph
1 16,1 41,1 36,4 6,3 0,9994 0,8946 0,9859 1,0716 1,0752
2 14,6 42,3 37,2 5,8 1,0144 0,8926 1,0124 1,0255 1,1017
3 12,1 55,1 18,4 14,4 1,0299 0,2094 0,9941 1,0151 1,0886
4 6,3 53,3 29,0 11,4 1,0181 0,8907 0,9823 1,0803 1,0850
5 13,4 36,1 30,7 19,8 1,0345 0,9063 0,9936 1,0422 1,1027
6 17,5 38,4 33,6 10,4 1,0072 0,043 0,9699 1,1135 1,1338
7 22,5 44,2 27,0 6,3 0,9952 0,8975 0,9530 1,0597 1,1049
8 20,8 41,9 32,7 4,6 0,9987 0,8977 0,9693 1,0065 1,1075
% 17,5 39,9 30,8 11,8 0,9875 0,92010 0,9894 1,0550 1,0959

S =saturated A=aromatic R =Resin
- Resin fraction

d, =d,—0,000936832(T, —T;)

R? = 0,9959 (3)
SCE = 0,48587

SCE =0,00695271

- Asphaltene fraction

d, =d, —0,000936407(T, —T,)

R*=0,9962

SCE = 0,00785

Where, 4
R? = determination coefficient.

SCE = Error square sum

Molecular weight

The values found for each SARA fraction vary according
to the analytical method used. Akbarzadeh et al. (2003) con-
sider that the molecular weight is related to the aggrega-
tion average number and that this number depends on the
composition, concentration, and temperature. However, a
component distribution method by simulated distillation
has been used in this work, based on paraffin molecules
as standard molecules. Furthermore, the gamma dis-
tribution function has been considered to calculate the
average molecular weight of vacuum residue and their
SAR fractions.
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Asph = Asphaltene

The gamma distribution has been used as a
mathematical function to characterize properties of
hydrocarbon mixtures (Behrenbruch et al., 2007).
The probability distribution function for a two-
parameter.

Gamma distribution conforms to Equation 5:

xaflex/[i
== ° 5
P B“T(ar) ®

Where,

x = independent variable (0 < x < )

o = form parameter(o > 0)

B = scaling parameter (3 > 0)

I'(a) = gamma function, as follows in Equation 6:

INo)= Te'”uo‘_ldu (6)

The cumulative probability function is expressed as
Equation 7:

P(X <x)= jp(x)dx (7)

The a and f parameters described in the expressions
above are estimated to obtain a better tendency of the
above mentioned data regarding experimental data.
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The two-parameter gamma distribution model can be
transformed into a three-parameter gamma distribution
model, as it has been analyzed by Whitson (Curtis, 2000;
& Riazi, 2005). Their studies report that this model is
appropriate to describe the molecular weight distribution
in hydrocarbon mixture of different kinds. In terms of
molecular weight, the gamma probability distribution
function is the following Equation 8:

M=
B )

(,
(M —m)*"exp
B I(a)
However, the  and n parameters can be apporoxi-

mately expressed in funtion of the o parameter as follows
Equation 9:

pM)=

®

M. —
p=mN 9)
o
and,
n=100-— (10)
1+4,0430. 7%
Where:
M, = ZMi.xi (11)

Mi and xi correspond to the molecular weight and
the molar fraction of each component found in the
calibration curve.

The a values of the vacuum residue and their
corresponding SAR fractions are adjusted according
to the determination coefficient expression Equa-
tion 12:

n
. . 2
2 (XZ XLy )
i=1
n

3 (i)’ (12)

i=1

R*=1-

Where, xi, and xi, are the experimental, average,
and calculated molar fractions, respectively, of the
pseudocompounds i found in each distribution curve.

Besides, considering that the percentage weight
of recovery is not total when applying the simulation
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distillation technique for the fractions in this study, com-
ponents with molecular weights greater than C, | (M, >
C,,,) were assumed from the study of model molecules
in order to obtain a better representation of each sample
distribution. The molar fractions of components greater
than C, , (hi) are adjusted in a parallel manner regarding
the o and ff parameters until an approximate R? of 1 was

obtained (Figure 1).

Chromatogram
I
Mi, Xi, Mhi

Estimation:
a, B and hi
I

New: xi, hi, XI
I
R*=1

M= X(Mi-n).p(Mi-n).xi
/¥ p(Mi-n).xi

END

Figure 1. Algorithm to obtain the molecular weight of vacuum residue
and their SAR (Saturated, Aromatic, & Resin) fractions

Both the vacuum residue and their SARA fractions are
composed by a mixture of high-molecular weight compo-
nents so as the carbon number increases in the structures
belonging to different hydrocarbon families, the difficulty
for describing the different fractions also increases.

As an example, Figure 2 shows data distribution ob-
tained from simulated distillation of the vaccum residue
# 6 and its corresponding SAR fractions. The saturated
and aromatic fractions exhibit a better distribution trend
between experimental data and the data established
with the gamma distribution function due mainly to the
chemical composition of these fractions.

Zander et al. (1987); Strausz, Mojelsky, and Lown
(1992); Kotlyar et al. (2001); Rogel et al. (1999, 2000
and 2003) and Wakeham et al. (2003), have demon

CT&F - Ciencia, Tecnologia y Futuro - Vol. 3 NUOm. 4  Dic. 2008
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Figure 2. Gamma distribution curves for the vacuum residue 6
and its SARA fractions

strated by analytic simulation and techniques that the
compounds in the saturated fraction consist of linear
chains, ramified chains and cycloparaffins. Furthermore,
it has been considered that the aromatic fraction is
largely composed by a aromatic cores with condensed
sets of naphtenic rings with several lateral alkyl chains
of different length. In general terms, the chemical
nature of the two fractions mentioned above and their
low molecular weights exhibit favorable effects with

CT&F - Ciencia, Tecnologia y Futuro - Vol. 3 Num. 4  Dic. 2008

the simulated distillation analysis regarding component
distribution.

Resin fraction is found in average proportion in the
vacuum residue (Table 1). Its chemical nature makes
it sensible to temperature changees (Barth et al.,1984.
& Gawel et al., 1987). Furthermore, this fraction con-
tains several rings in its structure that are condensed
with polar groups such as O and S. These rings make
inter-molecular bonds and bridges thus helping in the
synthesis of high-molecular weight strucutures (Poirier
& Sawatzky, 1990).

Due to the simulated distillation test conditions at
high temperature, the vacuum residue and resins have
more important deviations as a result of the synthesis
of high-molecular weight molecules and coke (Wang,
& Anthony, 2003). On the other hand, it is considered
that the interaction among the compounds of the
different fractions is greater, thus avoiding the easy
elution of components. As temperature increases, the
formation of condensed aromatic rings increases in the
vacuum bottom and resin fraction. This decreases the
distillation yield. Furthermore, the polarization ability
of asphaltenes due to their aromatic nature is helpful
in the creation of strong attraction to similar particles,
especially high molecular weight resins. The vacuum
residue show better distribution in comparison to the
resin fraction. This influence has to be taken into account
due to the saturated and aromatic fraction proportion.

Even though the percentage of distilled compounds
or recovery using this technique is lower for vacuum
residue and resins compared to the saturated and aro-
matic fraction, with the gamma distribution functions
permitted values have been established within the inter-
vals found, as it is mentioned by Murgich et al. (1995),
Kotlyar et al. (2001), Akbarzadeh et al. (2004) and
Golam, and Mansouri (2006), among other authors.

Table 2 reports the molecular weights of vacuum
residue and their SARA fractions. Despite of the results
established, it is not possible now to compare it to other
technique, although its principles are totally different.

An average is obtained with the analysis of simulated
distribution. It shows the distribution of a wide variety
of constituent molecule families of vacuum residue-
fractions that is appropriate for the presentation of a
molecular weight range.
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Table 2. Molecular weight of vacuum residue and their SARA fractions

VACUUM BOTTOM SATURATED AROMATIC RESINS AS

B R PM « B R PM « B R PM « B R PM PM

4,25 233,20 0,956 857 12,54 57,49 0,99 727 10,59 78,51 0,97 814 4,80 2622 0,91 946 1165
3,35 204,99 0,904 723 42,61 13,72 0,92 585 16,7 41,46 0,85 694 2,67 410,12 0,96 775 1355
2,61 29557 0,990 663 6,57 82,20 0,99 539 4,20 147,57 0,99 600 2,99 354,17 0,98 784 1107
3,47 251,27 0,977 743 6,77 88,53 0,99 596 4,85 143,87 0,99 666 3,34 340 0,96 828 1259
3,7 270,07 0,950 807 24,94 27,08 0,97 694 17,6 42,79 094 755 3,64 302,3 0,99 832 99
3,23 237,08 0,887 695 8,14 6580 1,00 535 7,24 8518 0,99 613 3,78 2787 0,98 822 1383
3,17 240 0,950 756 19,14 30,80 0,98 606 4,97 142,97 0,98 715 4,05 315,99 0,92 926 1458
4,27 195,58 0,973 797 18,22 36,45 0,97 687 10,75 70,6 0,96 753 4,28 2966 0,87 932 1042
2,54 300 0,931 708 5,77 90,67 0,99 522 6,23 104,06 0,99 640 3,18 336,11 0,98 798 1718

SAMPLE

V| O [NV~ W[IN|—

Table 3. Model Molecules evaluated with the Avaullee and Satou method

Compound Tc Pc Q d
Indene 672,2 34,6 0,223 0,996
Naphtalene 783,0 41,5 0,308 1,0253
2 Metyl naphtalene 769,7 358 0,338 1,023
Biphenyl 7525 32,4 0,395 0,866
2,3- Dimethylnaphthalene  786,3 32,3 0,374 1,0026
Fluorene 809,0 29,6 0,420 1,203
Antracene 880,7 28,0 0,477 1,283
Fenantrene 899,3 29,1 0,501 0,98
o Pyrene 950,5 27,7 0,547 1,271
Naphthacene 949,4 22,3 0,583 -
Benzonaphtotiophene 921,3 18,1 0,577 1,1484
Triphenylmethane 860,2 20,8 0,566 1,014
Perilene 1016,4 23,4 0,670 1,35
b Anthrantene 1048,3 22,7 0,712 1,3467
Coronene 1075,8 22,0 0,751 1,3761
7,8 Tiabenzo(ghi) perilene  1042,6 18,0 0,735
Gty o Dicycle Penta Coronene  1052,7 14,0 0,739 1,442
A FU1 (Rogel et al) 1061,8 6,17 1,266 1,26
VG3 (Rogel ef al) 1073,2 4,83 1,424 1,22
CN (Rogel et al) 1076,3 3,83 1,516 1,18
MO21 (Rogel etal)  1080,6 3,21 1,632 1,17
BC5 (Rogel et al) 1082,8 2,9 1,701 1,171
DTQ (Rogel et al) 1101,3 2,8 1,767 1,28
DTJ (Rogel ef al) 11045 2,4 1,885 1,25

Table 3, continue in next page
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Gefy

Gafh [
Lty

Gyt Gty

Gt

ToH, SO

G H M

Cgthg
Gty

Gty I ;

Gt Gy Gt [ Gy

| J K
Citg
CHCH)Cath
e L L) r
L N

Compound Tc Pc Q d
A (Kotlyar et al) 965,3 4,45 1,235 0,9614
B (Kotlyar et al) 985,6 4,49 1,287 0,9334
C (Kotlyar et al) 1008,7 4,26 1,287 0,9631
D (Kotlyar et al) 1036,9 2,39 1,849 0,9538
E (Kotlyar et al) 1061,8 4,58 1317 -
F (Kotlyar et al) 1014,0 5,37 1,213 -
‘ G (Kotlyar et al) 1101,8 3,39 1,597 -
H (Kotlyar et al) 1089,4 3,53 1,542 ---
G| (Kotlyar et o) 957,6 4,28 1,279 0,9665
J (Kotlyar ef o) 881,1 11,04 0,864 0,973
K (Kotlyar et al) 957,5 5,89 1,132 0,9597
L (Kotlyar et al) 943,40 10,23 0,886  ---
M (Kotlyar et al) 982,81 5,72 1,154 1,0089
N (Kotlyar et al) 976,7 8,42 0,884 -
O (Kotlyar et al) 1015,9 5,28 1,198  ---
LM1 (Zander et al) 1026,6 3,91 1,404 1,0084
LM2 (Zander et al) 1027,3 4,50 1,278 1,022
NM1 (Zander et al) 1067,6 3,22 1,593
NM2 (Zander et al) 1040,3 4,32 1,335 1,0552

Critical properties

Vacuum residue SARA fractions do not present a
unique single and exact correlation to estimate thier
physical and critical properties. Therefore, in order
to facilitate calculation, it has been established that
this fractions are constituted by molecule species
or types.

Two critical property correlation types have been
established from the molecules reported in this
work in function of the molecular weight and the
molecular weight-density for the vacuum bottom
SARA fractions.

Table 3. shows the critical properties of model
molecules evaluated with the Group Contribution

CT&F - Ciencia, Tecnologia y Futuro - Vol. 3 Num. 4  Dic. 2008

Method proponed by Avaullee et al. (1997) and Satou
et al. (2000).

Critical properties in function of the molecular
weight

Based on the work conducted by Akbarzadeh et al.
(2003), Alboudwarej et al. (2004); Golam, R., and Man-
souri. (2006); this work considers molecules of greater
molecular weight in order to find a better predictive
correlation tendency regarding the critical properties of
vacuum residue SARA fractions (Figure 3).

Table 4 evaluates the properties of eight compounds
to compare the correlations found in this study (preseent
correlations) to the values reported by Akbarzadeh et
al., 2003

137



ADAN-YOVANI LEON et al.

Gl'y 69l 8/0L 0§C €9'G  8r'6E0L 8S'El €Sl 9L'LSL €02 ¥'/0L 8S'¥8CC £9/'L 8'C €'10LL vOLL ©ld
96’0 8C'L ¢S'6 8G'S %€l  8C'9/0L 88’9 8L'L 6098 <c¥'LL €495 6L'v99L /'L L1'9 8190l €09 Lnd
06y 180 Ol'v¥ 60'%L Sv'8  9Ll’/ZL0L 8S'Sy 640 180 96'6L 0y 19GSLL ¥S'0 ¢'ST  LLLL  9'00¢ |usUoIos
6€'Sy 94'0 60°LE  09'GL lg'6 09666 9Lty v/'0 T¥'vl ¢l 780 86'60LL S0 8¥C LOLL S€'8/C ausdld
z0'se ¢9'0 S/'8c L€'z S8 vLl'Své €89 €90 0/'CL 88'vC /LT /¥'000L 9¥'0 S'8C 620l 6C'8CC sussly
VE'LE ¥S'0 61'GC  98'€T  68’E 0€906 99°9¢ 950 €0Vl cC¥'/T  ¥¥'O0 8886 L¥'0 6'lE  Evé  C'C0T susjuniol4
65’y GE'0 €98 lg've 9L €S'v08 //'0C O¥'0 C9'6 w¥'¥E  OL'L 20’608 €€0 L'8E 8l8  Z'¢Sl aus|yydousdy
6e've €20 66'L €Lty Tl 6’88  6£0 €0 ev'c  CS'6e  wl'L  9¥'6EL COE0 SOy  8vL  C'8ClL aus|oyjydoN
Lo.u_\,.._m_ ™ ._o.,L_\_.._m_ hwn_o_ ._o.“_\“m_ w_H ._o.ﬁm ™ hoeMm_ N_o_ L_o..Mm_ W_M o hwn_n vu_m Wd punoduion
SUOID[9.110D JUSSaIY SUOI}D[8110D YapDZIDgY DINJOISYIT

wCOZC_m\COU SYysppziogyy pun wCOZU_w\_\_OU _Cwmm\_a wiol} pauiniqo wm_EGQOLQ _Du_tt_u ' 9|91

Dic. 2008

CT&F - Ciencia, Tecnologia y Futuro - Vol. 3 Ndm. 4

138



ESTIMATION OF CRITICAL PROPERTIES OF TYPICALLY COLOMBIAN VACUUM RESIDUE SARA FRACTIONS

Base don the results found, present correlations exhibit a
good tendency for high-molecular weight molecules.

If the molecular weights found for the vacuum resi-
due SARA fractions are considered, the best correla-
tions to evaluate their critical properties are the present
correlations.
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Figure 3. Estimation of Critical Properties in function
of the molecular weight

Critical properties in function of molecular weight
and density

As critical properties, density data for hydrocarbons
and petroleum fractions can be obtained from adjusted
correlations, from estimated correlations by several
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authors such as: Kesler-Lee, Cavett, Riazi — Daubert,
and Nokay (Riazi, 1987). However, prediction of new
correlations of both physical and critical properties for
petroleum fractions can be determined from two physi-
cal properties as parameters suitable for the characteriza-
tion of molecular forces and size of a given compound.
Therefore, new correlations were developed based on
the expressions reported by Zhang Jianzhong et al.
(1998), Equations 13 and 14:

0=20"0; (13)
O =a.exp[bO,+cO,+d06,.0,]0, 06, (14)
Where:

© = Correlation of the adjusted critical property
©,, O, = Evaluated physical properties

By applying the above mentioned correlations for
vacuum bottom SARA fractions, the following critical
property correlations were found in function of density
and molecular weight:

InTc =4,31421 + 0,000174615*PM +
0,240237*InPM + 1,14961*d— 0,709751*Ind — 0 000334662*PM.d

R = 0,9818 (15)

InPc = 4,56803 — 0,00105787*PM — 1,22782*InPM + 5,04354*d
—5,05039*Ind + 0,000792096*PM.d
R?=0,9831 (16)

Inw =-6,85735— 0,000370537*PM + 1.04643*InPM+ 0,721861*d
-0,645741*Ind — 0,000175723*PM.d
R%=0,994 (17

Table 5 shows the properties of the evaluated
compounds with the correlations found (Equations 15
through 17).

Comparing the results of the Table 4 to Table 5, the
critical properties related to molecular weight and den-
sity have the least error percentages. This percentage
value is even lower for compounds with high molecular
weight. In addition, these latter correlations adjust even
more for a greater and more number of components.
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Table 5. Evaluation of correlations of critical properties in function of the molecular wegiht and density

Correlations in function of MW and d.

Compound Te Er‘:’A)or Pe Er‘:’A)or @ Er‘:’A)or
Naphthalene 749,6 0,22 37,4 7,61 0,326 7,78
Florantene 915,6 2,90 24,9 21,99 0,518 26,38
Crisene 886,2 13,88 19,1 33,04 0,570 23,93
Picene 989,0 10,17 17,6 29,20 0,698 34,22
Coronene 1047,7 5,69 18,2 27,88 0,759 40,63
FU1 1052,0 0,93 5,7 6,85 1,287 1,36
DTQ 1087,6 1,24 2,5 9,49 1,836 3,91

Table 6 reports the interval of specific critical
properties of these vacuum residue SARA fractions
considering the correlation of the critical properties-
found, the density properties at 20°C (293,15 K) and
the molecular weight of saturated, aromatic, resin, and
asphalthene fractions.

Comparing the results in table 6 to some similar
hydrocarbon works, (Akbarzadeh et al., 2003, Alboud-
warej et al., 2004, & Golam et al., 2006), it is possible
to conclude that the methodology developed is appro-
priate for the estimation of properties such as critical
temperature, critical pressure, and acentric factor of
vacuum residue SARA fractions.

Table 6. Critical properties of vacuum bottom SARA fractions

Fraction PM, gr/mol d, g/lem’. Tc, °K. Pc, bar. ®
Saturated 522 727 0,8965 0,8901 953,6 1005,7 5,91 3,665 1,142 1,451
Aromatics 600 814 0,9896 0,9814 994,4 1033,4 4,92 3,175 1,260 1,544
Resins 775 946 1,0209 1,0669 1034,8 996,8 3,49 4,76 1,495 1,280
Asphalthenos 996 1458 1,0981 1,1002 1071,3 1073,9 2,64 1,52 1,713 1,966

CONCLUSIONS

® The gamma distribution probability function is a
suitable tool for predicting of molecular weight in
vacuum residue and their saturated, aromatic, and
resin fractions.
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® The correlation of critical properties and acentric
factor has been found in function of density and
molecular weight for typically Colombian vacuum
residue SARA fractions. This is achieved through
the study of model molecules and selected group
contribution method.
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® The estimated correlations for critical properties in
function of density and molecular weight can be
adjusted for a broad range of condensed aromatic
compounds.
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