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ABSTRACT

A thermodynamic model based on multi-solid theory to predict asphaltene and wax precipitation has been
developed. The pseudo-components of crude oil are estimated as paraffinic, naphthenic and aromatic
portions. The model is capable of predicting the amount of asphaltene precipitation caused by pressure
changes and solvent injection. The predictions of the proposed model are compared to experimental data
adopted from available literature and those of the other models. The results of the present model are
satisfactory. The effects of temperature, molecular weight of solvent, resin, carbon number, addition of an
aromatic and wax and asphaltene precipitation simultaneously are also represented. The effect of temperature

on wax precipitation is also performed and the predictions are compared to experimental data.
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1. INTRODUCTION

Paraffins, asphaltenes and resins are the typical sources
of organic deposition in wells, pipelines, and reservoir
formation during petroleum production[1]. Asphaltenes

are defined as "the wax-free fraction of crude oil that is
insoluble in n-heptane but soluble in hot toluene/
benzene" (ASTM 6560). Resins are defined as the
fraction of crude oil that is insoluble in propane but
soluble in n-heptane.

Asphaltenes have high density polyaromatic structures
with polydispersity property containing different atoms
and metals existing in crude oils and are surrounded and
stabilized by resins. Pentane and heptane are the two
solvents which are used to separate asphaltenes from
crude oil. Resins are also polar and aromatic molecules
containing different atoms and metals that surround
asphaltenes and help keep them in suspension.

Asphaltene induced damage can be explained by three
mechanisms [2].

1-The increase of the reservoir fluid viscosity by
formation of a water-in-oil emulsion.

2- The change of the wettability of the reservoir
formation from water-wet to oil-wet by the adsorption of
asphaltenes over the pore surface in the reservoir
formation.

3-The impairment of the reservoir formation
permeability by plugging of the pore throats by asphaltene
particles.

The precipitation mechanism of wax and asphaltenes
are significantly different. Asphaltene aggregates; wax
crystallizes or solidifies and precipitates due to high
saturation. The stability of asphaltenes is affected by the
environment; the wax stability depends on temperature
and composition. Parafinic waxes are non-polar
molecules, whereas asphaltenes are polar ones containing
hydrogen bonds. These differences cause different
changes in waxes and asphaltene phase behaviour.

Wax and asphaltene precipitation are different
processes; the effects of composition, pressure and
temperature on wax precipitation can be in the opposite
direction to those on asphaltene precipitation. An increase
in pressure enhances wax precipitation, but can inhibit
asphaltene precipitation. Wax precipitation is strongly
affected by temperature; temperature may weakly affect
asphaltene precipitation, and may enhance or inhibit it.
The composition effect is also very different on wax and
asphaltene precipitation. An increase in concentration of
light hydrocarbons such as C3 and C5 and non-
hydrocarbons such as CO2 decrease wax precipitation. On
the other hand, an increase in the amount of these species
can significantly enhance asphaltene precipitation. The
mixing of a crude oil with some polar species in small
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amounts may have a strong effect on asphaltene
precipitation [3].

A comparison between the specifications of wax and
asphaltene precipitation is represented in Table 1.

In the present model, a thermodynamic model to
predict the amounts of asphaltene and wax precipitation is
developed.

TABLE 1

COMPARISON BETWEEN THE SPECIFICATIONS OF
WAX AND ASPHALTENE PRECIPITATION

Asphaltenes Waxes

High pH , Injecting
Low Surface Tension|
Fluids
(light paraffins ,
Pentane , Hexane ,
..., Gas
Condensates)
Pressure

Cooling
High Pressure
Drop

Precipitation
Causes

Short distance
from the wellbore
(0 to 1 feet)

Precipitation
Region

Large distance from
the wellbore

Precipitation

TN S Aggregation Crystallization
Temperature Weak Effect Strong Effect
Effect (high temperature) | (low temperature)
Pressure Effect Strong Effect Weak Effect
Thermodynamic| Reversible and .
- . Reversible
Model irreversible
Polar + -

2. REVIEW OF WAX AND ASPHALTENE
PRECIPITATION THERMODYNAMIC MODELS

References [4] and [5] proposed a model to study wax

precipitation in two and three phases which is based upon
Regular Solution Theory and used Soave-Redlich-Kwong
(SRK) Equation of State to predict phase behavior.
References [6] and [7] have shown that wax precipitated

from a petroleum fluid consists of normal paraffins, iso-
paraffins, and naphtenes. Aromatics are not precipitated
as wax. Reference [8] based upon the observations of [9]

developed a thermodynamic multisolid wax model.
Reference [10] represented a thermodynamic model to

describe wax precipitation based on Flory-Free-Volume
model for the liquid phase and a predictive form of
Wilson equation for the nonideality of the solid solution.
References [11] and [12] studied wax precipitation for gas

condensate fluids.

Asphaltene precipitation is modeled using a variety of
methods. In general, there are two points of view with
regard to asphaltene precipitation; some models have

considered this process, like the other components, as
reversible process and allow the use of phase equilibria
calculations. On the other hand, the other models have
assumed that the process of asphaltene precipitation is
irreversible since asphaltene particles are suspended and
stabilized by resins. According to these models, when
resins are removed, asphaltenes precipitate irreversibly.
The recent models have emphasized on the reversibility of
asphaltene precipitation.

A. Solubility Models

These models have been developed based upon Flory-
Huggins theory and admit that asphaltene precipitation is
a reversible process. In all these models, at first, a liquid-
vapor equilibrium is performed to determine the liquid
phase properties. Then a pseudo-liquid-liquid equilibrium
calculation is conducted and it is assumed that the
asphaltene precipitation will not affect the liquid-vapor
equilibrium. These models are divided into monodisperse
and polydisperse models. In the first group, the complex
mixture of asphaltenes is characterized by one pseudo-
component with average properties to identify the whole
family. In the second group, the asphaltene compound is
characterized by using a distribution function with one or
two variables. Molecular weight of asphaltenes usually is
used as a variable.

Reference [13] used for the first time the Flory-

Huggins theory to predict the onset of asphaltene. The
model admits that the crude oil is a homogeneous mixture
of asphaltene and solvent. References [14], [15] and [16]

developed a model based on statistical thermodynamic of
polymer solutions. Hirschberg’s model is modified by
considering that asphaltenes precipitate as a non-pure
phase [17].

References [18] and [19] employed for the first time a

distribution function to characterize the asphaltenes. Then
Scott-Magat polymer solution theory is used with gamma
function as the distribution function [18]. Reference [19]

used another analytical function based upon the fractal
aggregation theory, as proposed in [20]. Reference [19]
obtained satisfactory results for asphaltene precipitation
of a stock tank oil but the model proposed poor results at
high pressures.

Reference [21] also employed a distribution function to

characterize  asphaltenes. They obtained several
subcomponents experimentally. This model is used for
polar and non-polar solvents. Reference [22] employed a

bivariant distribution function to characterize the
composition of asphaltenes. The molecular weight of
asphaltenes and H/C ratio of the components are the
variables. Reference [23] represented a model based upon

polydisperse solution mechanism associated with
aggregation kinetic theory.

Reference [24] developed a thermodynamic model to
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predict asphaltene precipitation in crude oil under
reservoir conditions. In this model, asphaltenes are
characterized as a continuous family that follows a
distribution function based upon the fractal aggregation
theory. Discretization of the function is made by using
roots of an orthogonal polynomial. A satisfactory
representation of the experimental data is obtained.

B. Solid Models

These models have considered asphaltene as one
component in solid phase and use the cubic EOS to model
liquid and vapor phases. Reference [25] has presented a

model to predict asphaltene precipitation by taking into
account asphaltenes as a solid phase. Asphaltenes have
been divided into two pseudo-components, one
precipitating and the other non-precipitating. The
precipitating one is considered asphaltene. The amount of
asphaltene precipitated is obtained by making equivalent
the fugacity of asphaltene component in liquid and solid
phases. Additionally, a three- phase -calculation is
conducted.

C. Association Models

Association theory is an important subject in
thermodynamics. The most common application of this
model is related to fluids containing hydrogen bonds
which molecules attach to each other to form dimers and
trimers. Reference [26] proposed an association model
incorporated in the Peng Robinson Equation of Satate (PR
EOS) for predicting water/reservoir crudes phase
behavior. Reference [27] represented a method for
application of EOS for associating fluids using the
analytic chain association theory (ACAT). The model is
used to calculate density and vapor pressure of water,
ammonia, and methanol as the three representative
associating fluids. Reference [28] developed an
association model using PR-EOS to predict asphaltene
precipitation and to explain the liquid-vapor phase
behavior. In that model the association term is
incorporated in the EOS.

D. Colloid Model
This model assumes asphaltene precipitation process is
irreversible. Reference [29] proposed a colloidal model

which is developed in [14] and [15]. According to this

model, the asphaltene particles are stabilized and
suspended by resin molecules. Critical point is a situation
where the resin concentration is such that a monolayer of
resins remains around the asphaltene particles. After this
point when the resin concentration reduces, asphaltene
precipitates. Reference [30] has stated that this model

results are satisfactory in determining the onset of
asphaltene precipitation, but are not good for the quantity
of deposited asphaltene. Reference [17] also has reported

this result.

E. Micellization Model

Reference [31] proposed a micellization model for
asphaltene precipitation. It is assumed that asphaltene
molecules form a micellar core and the resin molecules
surrounded and are adsorbed on asphaltene core. The
minimization of Gibbs free energy is used to determine
micelle structure and concentration. A satisfactory
representation of micellar size was obtained, but the
results do not include the quantity of asphaltene
precipitated.

F. Fractal Aggregation Models
According to statistical physics, there are three
principal models of fractal aggregation:
1-Diffusion Limited Aggregation (DLA)
2-Diffusion Limited Cluster-Cluster Aggregation (DLCC)
3-Reaction Limited Cluster-Cluster Aggregation (RLCC)
The experimental observations by X-ray scattering
methods and the microscopic observations of solution
including asphaltenes precipitated show that asphaltene
aggregation follows these models. In the first model,
aggregation mechanism will occur by attaching the
particles and is controlled by diffusion. In the second
model, aggregation will occur by attaching the small
aggregated particles to the large ones. In the third model,
it is assumed that aggregation is controlled by reaction
between the aggregats. References [32], [33], [34], and

[35] showed that the titration curves of a crude oil

including asphaltene can produce a universal equation
which is similar to the universal equations in association
process.

3. AMULTI-SOLID MODEL TO PREDICT WAX
AND ASPHALTENE PRECIPITATION
SIMULTANOUSLY (PRESENT MODEL)

In this paper, a multi-solid model to calculate the
quantity of wax and asphaltene precipitation is developed.
Studies show that when a binary normal alkane mixture is
cooled, the precipitation is unstable and segregates into
two solid phases, providing the chain-length difference
between the two alkanes exceeds a certain value [3].

At first, a thermodynamic multi-solid wax model is
developed [6]. In this model, each solid phase is described

as a pure component which does not mix with the other
solid phases. According to the stability analysis, a
component may exists as a pure solid if

FP.T,2)~ fei(P.T)20 i=1,....c Q)

where s(p.1.2) is the fugacity of component i with
feed composition z. The components that fulfill (1) will
precipitate.

In the present model, in order to calculate the physical
properties of components, the pseudo-components are
subdivided into paraffinic, naphtenic and aromatic (PNA)
groups.
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There is the following expression between the fugacity
of a pure solid component i (/’ﬁ,) and the fugacity of that

component in liquid phase (/,j’), with considering various

solid-state transitions [12]:
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is the enthalpy of the j-solid

transition and is the j-solid-state transition
temperature.

By neglecting the effect of the heat capacities of solid-
state transitions and with applying simplifications on the
second term on the right hand side of (1), the following

expression may be obtained:
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At specified temperature and pressure, for each
component i, the equilibrium between liquid, vapor and
multi-solid phases are expressed by the following
equations.

Precipitating components:

fi‘» - fil = f[;s‘ure S (4)
Non-precipitating components:
o= A (5)

In order to calculate the fugacity of a pure solid
component i (f[;;'m‘, ), it is required to obtain the melting-

point temperature 7/ ), the enthalpy of fusion (a#/ ), the
heat capacity of fusion (ACp; ), the transition temperature
and enthalpy (7}, AH] ), the critical points and acentric

factor of component i. These properties for pure
components and pseudo-components ~ which are
subdivided into PNA groups are calculated by using the
correlations obtained from the literature. For asphaltenes

A
and PR-EOS parameters (a ,b) are adjusted to fit
experimental data available from the literature. The
Nelder-Mead method or Simplex method which is a
commonly used nonlinear optimization algorithm is
applied to minimize the sum of relative errors as an

objective function [36].

and resin components, the properties such as7/,

A. Binary Interaction Coefficients

The binary interaction coefficients between methane
and the other n-alkanes are estimated by the following
correlations [37].

K =0.0289+1.633x 1074 MW (6)

for two n-alkanes:
when (MW, <255 MW; < MW )
La(MW;)

5
AW~
i

Ky=fi + fyLn(MW))+ £ @
in which
/i =0.2578761+0.0001M1¥

J2=0.05498-3.864x107° MW
f3=55.3282-0.04085 MW,

when (MW; 2 255, MW; < MW))

Ky =0 (8)

The binary interaction coefficients between n-alkanes
and non n-alkanes and also between two non n-alkanes
due to minor effects on results are considered to be zero.
B. Characterization Method

A semi continuous method represented in [38] is used

to characterize the heavy—end component of a crude oil.
In this model, a Gaussian-laguerre quadrature function
has been used. The upper limit of carbon number and the
number of pseudo-components are as input parameters
and the carbon number and the mole fraction of each
pseudo-component are as output parameters. The upper
limit of carbon number may be 50 or more. The carbon
number more than 70 is not common in crude oil. The
number of pseudo-components usually is selected

between 3 and 6.

C. Discretization of Pseudo-Components to PNA Groups
According to [39] the paraffinic, naphthenic, and

aromatic portions of pseudo-components can be predicted
from two sets of properties:

1- Specific gravity, refractive index, and viscosity.

2- Molecular weight, refractive index, and carbon to
hydrogen weight ratio.

The proposed correlations may be used for fractions
with molecular weights of 70-600.

In the present model, the second method is applied.
Molecular weight (M), refractive index (n) and carbon to
hydrogen ratio (C/H) are calculated from the correlations
represented in the literature [40], [41], [39], [42], [43].

D. Fugacity of A Pure Solid Component

The fugacity of a pure solid component is estimated
from (2), in which the following properties are required.
1) Melting-Point Temperature

The melting-point temperature of n-alkanes is
estimated from the correlation proposed in [4] and those

of aromatics, naphthenes and paraffins are calculated
from the correlation represented in [6].
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2) Enthalpy of Fusion
For the enthalpies of fusion the following correlations

are used.
The correlation proposed in [4] for paraffins and the

correlation given in [44] for aromatics and the correlation
proposed in [6] for aromatics, naphtenes and isoparaffins.

3) Transition Temperature and Enthalpy

Fusion properties of n-alkanes with odd and even
carbon numbers are different. This difference is
essentially caused by steric effects from the
rearrangement of atoms in the molecules [12].

In the present model, the correlations proposed in [45]

are used to estimate transition temperature and enthalpy of
components.
4) Heat Capacity of Fusion

The correlation represented in [46] is admitted to
calculate heat capacity of fusion for alkanes, naphtenes
and aromatics.
5) Critical Properties of Light Components and Pseudo-
Components

These properties are estimated using the correlations
proposed in [47] and [48]. The correlation of [48] is

analyzed for hydrocarbon components including
paraffins, olefins, naphtenes and aromatics; the results are
satisfactory. In this method, a group of n-alkanes is used
as a reference system to predict the properties of the other
hydrocarbons.

Critical temperature, critical volume, specific gravity
and molecular weight of n-alkanes from C; to Cq are
obtained in terms of a function of normal boiling point
accurately. At each specific boiling point, one n-alkane is
determined that has the same boiling point by trial and
error and using this n-alkane the properties of the pseudo-
component are calculated with applying the properties of
reference system.

The critical properties of PNA groups are estimated
using the correlations represented in [47]. The correlation

developed in [45] is admitted to calculate acentric factor

of heavy aromatics. For aromatic components with
molecular weight more than 800, w=2 has been taken into
account. The method presented in [47] is used to calculate

the acentric factor of paraffin and naphtene components.
4. APPLICATIONS OF THE PRESENT MODEL
Two different sets of experimental data are applied to
evaluate the present model for asphaltene precipitation.
A. Effect of Pressure
Table 2 reports the composition of oil (1) [49] used to

evaluate the effect of pressure on asphaltene precipitation.
In order to characterize the heavy-end component, the
method developed by Behrens and S. 1. Sandler is used
[38]. Table 3 shows the characterization of oil (1) using
this method. The C;+ component is subdivided into 9
pseudo-components; the last four ones are asphaltenes.

TABLE 2
COMPONENTS AND COMPOSITIONS OF OIL (1)

Composition
Component (mol%)
Nitrogen 0.57
CcO2 2.46
Methane 36.37
Ethane 3.47
Propane 4.05
i-Butane 0.59
n-Butane 1.34
i-Pentane 0.74
n-Pentane 0.83
Hexanes 1.62
Heptane plus 47.96
Total 100
C7+ molecular weight 329
C7+ specific gravity 0.9594
Live-oil molecular weight 171.4
Asphaltene content in
stock-tank oil, wt% 16.8
Reservoir temperature, oC 100
Saturation Pressure, atm 200.68

Fig. 1 shows a comparison between the results of the
model and experimental data. The calculated points from
the other models obtained from the literature are also
shown in this figure. As it can be seen, according to the
experimental data, the pressure in which the maximum
precipitation is occurred is 137 atm. However, the present
model predicts the maximum precipitation is occurred at
206 atm (out of the four available points). As the
saturation pressure of oil (1) is 201 atm [49] and the
maximum precipitation is taken place at the saturation
pressure, the prediction of the present model is correct
and shows the weak point of the experimental data.
However, the results of the other model [31] are far from

experimental data, could shows this weak point.
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Figure 1: A comparison between the results of the present
model and experimental data for oil (1).

& Amirkabir /Vol.21 / No.72-D / (Chemical Engineering) / Winter2011 %



B. Effect of Solvent Injection
Table 4 shows the composition of oil (2) used to assess

the effect of solvent addition [50]. Table 5 shows the

characterization of oil (2) by using the method proposed
in [38]. The Cs+ component is subdivided into 9 pseudo-

components; the three last ones are asphaltenes.

Fig. 2 compares the predicted values using the present
model and experimental data. The result of the other
model [51] is shown in this figure. The cause of

precipitation is CO, injection and with increasing solvent,
the amount of precipitation is increased.

IS
1

— — = Pan& Firoozabadi (1997)
Present Model
o EXP, Srivastava (1997)

9
»

(%)

o

o
o o
OFTTTT T T T T T T

Precipitated Asphaltene (W%)
N (NJ“ "
e

o

CO2 (mol%)

Figure 2: A comparison between the results of the present
model and experimental data for oil (2).

C. Effect of Temperature

Fig. 3 shows the effect of pressure on asphaltene
precipitation at different temperatures for oil (1). It should
be considered that these predictions are performed using
the adjusted parameters obtained in the part of effect of
pressure. Therefore, these results show the application of
the model qualitatively. Fig. 4 depicts the precipitation
with changes in temperature at different pressures. All
profiles have a maximum point and the precipitation is
increased as pressure increases.

It is evident that this is correct just at the studied range
of pressure and over saturation pressure the precipitation
will decrease. These results are in agreement with the
results of the previous investigators [23], [52], [16] and

(521,

[53]. According to this figure at above saturation pressure,

are obtained from experimental analysis as well

the asphaltene solubility has been changed abruptly which
is in accordance with the conclusions of the some other

researchers [23][53].
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Figure 3: Effect of pressure on asphaltene precipitation at
different temperatures for oil (1).
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Figure 4: Effect of temperature on asphaltene precipitation
at different pressure for oil (1).

D. Effect of Solvent Molecular Weight

Fig. 5 shows the effect of n-alkanes molecular weight
as solvent on asphaltene precipitation in different amounts
of solvent injection for oil (1). Evidently, the precipitation
is decreased with increasing solvent molecular weight.
The increasing of solvent molecular weight results in
increasing of crude oil molecular weight.

The heavier crude oil solves more asphaltene. This
result is in accordance with the works of the other
researchers [52], [1]. It can be seen from Fig. 5, for lighter

solvents (left side of the figure), the precipitation
increases with increasing mole fraction of the solvent and
vice versa for heavier solvents (right side of the figure).
The results are in concordance with expected physical
behavior.
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Figure 5: Effect of n-alkanes molecular weight as solvent on
asphaltene precipitation for oil (1).

E. Effect of Resin

Fig. 6 shows the effect of resin on asphaltene
precipitation for oil (1) in two different amounts of resin.
Obviously, as resin increases, the asphaltene precipitation
declines. This result is according to the theory of
asphaltene precipitation in which the asphaltene particles
are stabilized and suspended by resins and when resin
concentration reduces, asphaltene flocculation occurs.

resin 2 > resin 1
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Figure 6: Effect of resin injection on asphaltene precipitation
for oil (1).

G. Effect of Aromatics

Fig. 7 shows the effect of increasing an aromatic
(Benzene) on asphaltene precipitation at two different
pressures. This result is obtained by change of the
aromatic composition in oil (1).The increasing of benzene
causes decreasing of precipitation. Furthermore, the
quantity of precipitation is increased with increasing
pressure (in the studied range).

Considering that aromatics such as benzene and toluene

are solvent of asphaltene, this result is reasonable.
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Effect of an aromatic injection on asphaltene
precipitation for oil (1).

Figure 7:

H. Wax Precipitation
The composition of oil presented in [12] and [44] is
used to predict wax precipitation. Due to lacking of
asphaltene in the oil, the parameters of the model are not
adjusted to fit experimental data. Fig. 8 shows the
comparison of the model results with experimental data
[37].
L. Precipitation of Wax and Asphaltene Simultanously
Fig. 9 shows the precipitation of wax and asphaltene
simultaneously for oil (1). As it can be seen, at high
temperatures only asphaltene precipitates and wax
precipitates in low temperatures.
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Figure 8: A comparison between results of the model and
experimental data for oil (3). (Wax precipitation)

5. DISCUSSION AND RESULTS

A thermodynamic model is developed with the
following specifications:
1- The model is based on a multi-solid phase.
2- The C7, component of crude oil after characterization
is subdivided to PNA groups.
3- The model can predict the wax and asphaltene
precipitation in the reservoir conditions.
4- Effect of pressure and increasing solvent on asphaltene
precipitation is predicted and the results are compared
with experimental data and the results of some other
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models adopted from the literature, showing a better
agreement than the earlier models.

5- The prediction of the model regarding the effect of
temperature on wax precipitation is compared to
experimental data.

6- The effects of temperature, molecular weight of
solvent, resin, carbon number of solvent and injection an
aromatic on asphaltene precipitation are predicted by the
present model. The results are in agreement with the
earlier models.

7- In the case of asphaltene precipitation, the model can
determine an error in the experimental data of a famous
crude oil.
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Figure 9: the precipitation of wax and asphaltene
simultaneously for oil (1).
6. NOMENCLATURE
a PR-EOS parameter
b PR-EOS parameter
AS asphaltene
C/H carbon to hydrocarbon weight ratio
fi fugacity of component i in feed, bar, atm
el fugacity of component i in liquid phase, bar, atm
5 fugacity of component i in vapor phase, bar, atm
5 fugacity of component i in liquid phase, bar, atm
fhure;  fugacity of component i in solid phase, bar, atm
13 fugacity of component i in solid phase, bar, atm
Ky binary interaction coefficient
MW molecular weight of component, g/mol
n number of component in feed
P pressure, bar, atm
PNA paraffinic, naphtenic and aromatic groups
PR Peng Robinson EOS
PS pseudo-component
R gas constant
RS resin
i temperature, C, K
T/ fusion temperature of component i, K
I j solid-state transition temperature of component
i, K

w acentric factor
Z mole fraction of component i in feed

Greek Letters

ACp;  heat capacity of fusion, cal/K-mol

at/  enthalpy of fusion, cal/mol

AH[f enthalpy of the J-solid transition of component i,

cal/mol
subscripts
i indice of components

j indice of components
7. APPENDIX
TABLE 3: CHARACTERIZATION OF OIL (1)
Component %mol MW(g/mol)
Nitrogen 0.57 28.12
CcOo2 2.46 44.01
Methane 36.37 16.04
Ethane 3.47 30.54
Propane 4.05 44.1
i-Butane 0.59 58.12
n-Butane 1.34 58.12
i-Pentane 0.74 72.15
n-Pentane 0.83 72.15
Hexanes 1.62 86.18
PS-1 7.53 103.08
PS-2 13.1 171.44
PS-3 12.2 291.08
PS-4 8.09 455.64
RS 4.18 654.56
AS-1 1.81 871.67
AS-2 0.706 1083.99
AS-3 0.259 1262.22
AS-4 0.0778 1375.15

TABLE 4: COMPONENTS AND COMPOSITIONS OF OIL (2)

Component %omol
Nitrogen 0.96
CO2 0.58
H2S 0.3
Methane 4.49
Ethane 259
Propane 4.75
i-Butane 0.81
n-Butane 1.92
i-Pentane 1.27
n-Pentane 219
C6-C9 25.73
C10-C17 26.98
C18-C27 13.28
C28+ 13.75
Total 100
molecular weight 230
Asphaltene content , wt% 4.8
Reservoir temperature, oC 59
Saturation Pressure, Mpa 2.89
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9.
n

[e]
7]

(8]

[

[10]

(1]

(12]

[13]

TABLE 5: CHARACTERIZATION OF OIL (2)

Component Yomol MW
Nitrogen 0.96 28.12
CcO2 0.58 44.01
H2S 0.3 34.076
Methane 4.49 16.04
Ethane | 2.99 30.54
Propane ' 4.75 44.1
i-Butane 0.81 58.12
n-Butane 1.92 58.12
i-Pentane 1.27 72.15
n-Pentane 2.19 J2.13
PS-1 25.73 105
PS-2 26.98 179
PS-3 13.28 312
PS-4 7.034016 527.84
PS-5 3.708 855.47
RS 2.1782 1139.72
AS-1 0.500317 1338.08
AS-2 0.296479 1359.43
AS-3 0.032705 1402.29
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