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Introduction

Environmental laws and the energy crisis have
required petroleum producers to improve the quality
of refinery's heavy residues. Iran has also developed
quality improvement units for these products due to the
large volume of heavy waste. Catalytic processes are a
common quality improvement process. However, due
to asphaltene, heavy metals, sulfur, and nitrogen, it is
necessary to reduce the amount of these compounds to
an acceptable level [1]. Asphaltene deposition causes
coke in heat exchangers, distillation columns, and
clogged filters and deactivates the catalyst surface. In
order to prevent the deposition of asphaltene in process
equipment, it is necessary to extract the asphaltene in
the vacuum distillation tower (VB) before entering
the refinery units by different methods. One of these
methods is asphalting with paraffin solvents (SDA).
The product of this process is the feeding of lubrication
units and catalytic failure with or without hydrogen [2].
According to SARA's analysis, chemical compounds
in crude oil are divided into four main groups: saturated
compounds (S), aromatic compounds (A), resins (R),
and asphaltene (A)[3]. The word asphaltene was first
used by Bosingalt. In the study of asphalt in eastern
France and Peru, Bossingalt encountered insoluble
components in the alcohol and soluble in turpentine
and bore a strong resemblance to asphalt, called
asphaltene [4]. The bottom products of the vacuum
distillation tower include valuable products. Operating
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on this section of the distillation tower involves a flow
of primary products, including asphalt (asphaltene,
soft and hard resins) and de-asphalted oil (DAO) [5].

Materials and Methods

This study used solvents, such as CH,,, CH,,, and
CH,,. The raw material for the experiments is the
heavy residue from vacuum distillation at the Shazand
refinery, the characteristics of which are presented in
Table 1.

Table 1 The vacuum specifications of the distillation tower

in the vacuum of the Shazand refinery.

specifications value Standard method
Specific gravity(g/cm?) 1 ASTM D 4052
Viscosity(cst) 360 ASTM D 445
Asphaltenes (Wt.%) 6 UOP 614
Conradson Carbon Resi-

due (Wt.%) 20 ASTM D 189
Total Sulfur (Wt.%) 4 ASTM D 4294
Nickel (ppm) 35 UOP 800
Vanadium (ppm) 110 UOP 800

Fig.1 represents the schematic diagram of solvent de-
asphalting from the vacuum bottom and the production
of high-quality bitumen. Design-Expert software
(version 13.0.1.0, Stat-Ease Inc., USA) was applied
for modeling and optimization. The parameters
(independent variables) used in this study were the



type of solvent (x,) (C,-C,), solvent/feed volume ratio
(x,) (5-15 ml/g), the temperature of extraction (x,)(15-
35 °C). The weight percentage of asphaltene in the
DAO was considered the dependent factor (response).
Pressure and agitation speed were fixed to reduce the
number of variables and simplify the experimental
design. The BBD was applied for statistical calculations
and the selected independent variables were converted
into the dimensionless codified data.

%
\ Pitch

.
@ P ' :
., .. 4 &>
<L o & X'
pitch+solvent .\ &
=, =
@ Pitch _Mixing with VB3 Standard
hllumen

St1: Mixing - S12: Separation  s13: Separation solvent
g acoalo Std:vacuum d\sﬂl\atmn

s

F L | DAO

g
i - |
T

DAO+Solvent

Solvent
Var.\lum bottol

Y -

Is [‘:

Fig. 1 Schematic of the experimental procedure.

Results and Discussion
A quadratic polynomial model based on the least-
squares method was used to predict the system
response and estimate the coefficients by correlating
the interactions between the process variables and
the response. Eq.l (output of experimental design
software) presents the central composite design model
for the weight percentage of asphaltene of the de-
asphalted degraded oil product of the extraction stage:
Y=+0.3712+0.0318X -0.2183X,-0.4100X -0.1717X,
X,+0.0800X, X,-0.2050X, X,+0.5073X*+0.207,X
(M
The above equation indicates that the independent
variable of extraction temperature and the order of
interaction of 2 times the ratio of solvent to feed has a
greater effect on the weight percentage of asphaltene.
Table 2 shows the analysis of variance (ANOVA)
data obtained from the DoE for solvent extraction
processes.

Table 2 Analysis of variance for response surface quadratic
model terms.

Variable Value Variable Value
Std. Dev. 0.0677 R? 0.9953
C.V.% 0.85 R2Adi 0.9848
Lack of Fit 0.0076 R, 0.9047
F-value 95.34 Pure Error 0.000
P-value <0.0001 Cor Total 4.83

According to Table 2, R% R2Adj (adjusted), and
R2Pred (predicted) are close to one and the R2Pred
of 0.9047 is in reasonable agreement with the R?, g
of 0.9848. High amounts of correlation coefficients
indicate that the regression model data are properly
fitted to the experimental ones. The adequate precision
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(AP) more than four is desirable and the signal to noise
ratio of 31.6145 indicates an adequate signal and this
model can be used to navigate the design space. The
coefficient of variance percentage (CV%) represents
the error between experimental and predicted data. It
cannot be more than 10% for a proper model (0.85%).
Table 2 demonstrates that the response surface
quadratic model for our parameters was significant.
Experimental design software can optimize the
parameters to achieve the lowest weight percentage of
asphaltene in the DAO as the target function. Thus,
all variables are placed between the operating range
and the amount of response in the minimum state.
The weight percentage of asphaltene of the DAO is
obtained with a degree of desirability of 1.

The statistically optimized weight percentage of
asphaltene for solvents C5H12, C6H14 and C7H16,
respectively 0.002, 0.107 and 0.189 at solvent to
feed ratio 10.7, 13 and 11.6 ml/gr and temperature
of extraction 28.5, 34.8 and 35 °C in Fig. 2 were
obtained. In order to confirm the accuracy of the
predicted model, another experiment was performed
by the software in the proposed optimal conditions and
the weight percentage of optimal laboratory asphaltene
in the same operating conditions was 0.0024, 0.1, and
0.21, respectively, with an error of 16%, 7%, and 10%,
there is a good agreement between laboratory data and
statistical model.

Conclusions

This investigation studied the separation of asphaltenes
from the vacuum bottom, using industrial solvents such
as normal pentane, hexane, and heptane. The following
results were obtained: Statistical study showed that
the quadratic response model is acceptable for the
studied parameters (P-value <0.0001) and there is a
large correlation (R2 = 0.9953) between the statistical
model (experimental design) and laboratory data. In
addition, according to the analysis of variance, the
extraction temperature and the quadratic interaction of
the solvent to feed ratio parameter have a significant
effect on the weight percentage of asphaltene.

Under optimal economic conditions, the weight
percentages of asphaltene for solvents of normal
pentane, hexane, and heptane are 0.451, 0.447, and
0.584, respectively, in the ratio of solvent to feed 6.5,
9.5, and 11 ml/g and extraction temperature 25 °C
(ambient temperature) was obtained. The de-asphalted
oil from the extraction of normal hexane was distilled in
vacuum and the residual carbon content of Conradson,
sulfur compounds and nickel and vanadium were less
than 1% and 1.95% by weight, 5 ppm, and 7 ppm,
respectively. It were found to be the same as the RFCC
unit feed. Standard 60-70 bitumen was obtained from
the mixture of asphaltene residue obtained with 100%
by weight ratio of the vacuum bottom.
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Fig. 2 Optimal operating conditions based on function of

desirability.
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