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(57) Abréegée/Abstract:

The present invention discloses a separation method and system in which granulation of coupled post-extraction asphalt residue Is
used to achieve deep separation of heavy oll. Dispersion solvent is introduced into the asphalt phase after separation by solvent
extraction and the asphalt phase undergoes rapid phase change in a gas-solid separator and Is dispersed into solid particles while
the solvent became gaseous, resulting In low temperature separation of asphalt and solvent with adjustable size of the asphalt
particles. The separation method of this invention also includes a three-stage separation of heavy oll feedstock, in which the
deasphalted oll phase separated from heavy oll Is treated with supercritical solvent and results in the further separation of the resin

C anada hitp:7/opic.ge.ca Ottawa-Hull KIA 0C9 - 4 tp.//cipo.ge.ca OPIC \\ sii:&f*‘-;r ]
OPIC - CIPO 191 AN




CA 2524995 C 2011/01/04

anen 2 524 995
13) C

(57) Abrege(suite)/Abstract(continued):
portion of the deasphalted oil, maximizing the yield and quality of the deasphalted oil. The processes and systems In this invention
use atmospheric pressure and a low temperature gas-solid separator instead of a high temperature and high pressure furnace and

do not require the feed pre-heating or heat exchange equipment at the inlet of resin separator column, resulting in a simplified
process flow and reduced investment.
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Abstract

The present invention discloses a separation method and system in which
granulation of coupled post-extraction asphalt residue is used to achieve deep
separation of heavy oll. Dispersion solvent is introduced into the asphalt phase
after separation by solvent extraction and the asphalt phase undergoes rapid
phase change in a gas-solid separator and is dispersed into solid particles while
the solvent became gaseous, resulting in low temperature separation of asphalt
and solvent with adjustable size of the asphalt particles. The separation method of
this invention also includes a three-stage separation of heavy oil feedstock, in which
the deasphalted oil phase separated from heavy oil is treated with supercritical
solvent and results in the further separation of the resin portion of the deasphalted oil,
maximizing the yield and quality of the deasphalted oil. The processes and systems
in this invention use atmospheric pressure and a low temperature gas-solid
separator instead of a high temperature and high pressure furnace and do not
require the feed pre-heating or heat exchange equipment at the inlet of resin

separator column, resulting in a simplified process flow and reduced investment.
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A deep separation method and processing system for the separation of heavy

oil through granuiation of coupled post-extraction asphait residue

Technical Field
This invention relates to a process and equipment for deep processing of heavy oill

in the petroleum industry. More specifically, the invention relates to a deep separation
method for heavy oil components using solvent and separation of soivent at low

temperature through granulation of coupled post-extraction asphalt residue.

Backg‘round of the Technology
Solvent deasphalting is a technique in the petroleum industry to remove a heavy

component asphalt from heavy oil, applicable to the heavy oil and oilsand bitumen and
the atmospheric and vacuum residua resuiting from the processing of crude oil. The
density at 20°C of these heavy ails is typically greater 0.934g/cm® (API less than 20)or
the boiling point is above 350°C. The deasphalted oil after the removal of asphalt is
mainly used as the base oil for lubricant or as the feedstock for subsequent processing
such as catalytic cracking or (not limited to) hydroprocessing. The asphait removed
can be used for road pavement and construction materials or as fuel.

The solvent used for the deasphalting process of lubricant production is normally
propane or butane while for catalytic cracking or hydroprocessing feedstock butane or
pentane fractions are often used as solvents. The resultant asphalt is mainly used as
fuel or the asphalt component for road construction. The existing deasphalting
techniques use either a two stage or a three-stage process. In the first stage, the
mixture of the solvent and the heavy oil becomes two phases with the light phase being
composed of solvent and deasphalted oil (DAQO) and the heavy phase being asphait
phase comprising deoiled asphait and a certain amount of solvent. After discharging
from extractor, the asphalt phase is heated in a heater to a relatively high temperature
to flash off most of the solvent and the remaining solvent is further removed by gas
stripping, resulting in deoiled asphalt. In the second stage, the DAO phase Is heated to
close to the critical point of the solvent or supercritical condition to recover most of the
solvent. Steam is used to further strip off the remaining solvent to produce DAO. When
a three-stage process is applied, DAO is heated to a higher temperature or reduced to
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a low pressure to lower the dissolving capacity of the solvent so that the heavier
fraction of DAO (resin) settles in the second stage separation. The DAO is heated
again to a higher temperature or reduced to a lower pressure for third stage recovery of
solvent. The resin and the DAQO are stripped to further remove the remaining solvents,
resulting in the so-called heavy DAO (or resin) and light DAO. In this traditional
three-stage separation process, the quality control of the DAO is achieved by heating
the DAO phase to a higher temperature with a heat exchanger so that the resin in the
DAO will settle in the second stage of separation. The separation efficiency is only one
eqﬁilibrium stage and could not achieve good DAO quality with high yield from heavier
feedstock. In order to achieve even such performance, the feeding of the separation
column for the resin in the three-stage separation process still needs a complicated
heat exchange system.

Based on existing solvent deasphalting processes in either two-stage or
three-stage methods, the heating of the asphalt phase is a key factor restricting the
vield of the DAO. |n order to obtain higher yield of DAO, heavier solvents (such as
pentane or hexane) will be used. However, the softening point of the resultant asphalt
will also be higher, which means that the asphalt must be heated to a higher
temperature to remove solvent. Under such high temperature (much higher than the
softening point), asphalt undergoes chemical decomposition and condensation, which
leads to formation of coke and carbonaceous materials. Besides, asphalt of high
softening point (greater than 100°C, especially greater than 150°C) is highly viscous
even at high temperature, which makes it difficult for discharge and transportation.
Therefore, the existing solvent deasphalting processes can not meet the requirements
of deep separation of heavy oil.

US patent 3847751 (9174) discloses a process for separation of asphalt phase of

high asphalt content feedstock by heating the asphalt phase to 287-371°C to remove
the solvent and then form granules. Therefore, the problem of heating the asphalt

phase using a heater is still not effectively solved.
Chinese patent ZL 01141462.6 "A separation process and its equipment for the

removal of asphalt with high softening point in petroleum residua.” discloses a method
for separation of asphait. In this method, the asphalt phase after solvent extraction was
sprayed under throttling and rapid expansion to form asphalt particles with a high
softening point. The remaining solvent becomes gaseous after expansion and thus
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separates from asphalt particles in a low temperature gas-solid separation process.
The advantage of this process is that the recovery of the solvent in the asphalt phase
does not require the traditional method of heating with furnace or flash stripping which
involves high investment so that the process scheme is simplified and construction
investment is reduced. There are two products from the method given by this patent,
..e., deoiled asphalt particles and DAO. However, there are also limitations with this
method. On one hand, while the method is capable of separating solvent from asphalt
at low temperature, the result of the dispersion and granulation of asphailt is controlled
by the property of the asphalt phase after extraction and the operational conditions of
the extraction column and there is no independent operating parameter to control the
size of the asphalt particle, which could even affect the operation of the process. On
the other hand, this patent has not effectively addressed the issue with "heavier”
feedstocks or the adjustment of relatively poor DAO quality. Therefore, there are some

constraints with its application.

Content of the Invention

The present invention provides a deep separation method for heavy oil using
coupled post extraction residue and low temperature separation of solvent with higher
yield of DAO and without requiring high temperature heating. This method simplifies
the processes and iIs capable of deep separation of "heavier" heavy oil feedstocks,
providing a wide range of improved feedstocks for processes of upgrading of heavy oil,
such as catalytic cracking or hydroprocessing.

This invention provides a deep separation method for heavy oil by coupled
post-extraction asphalt residue granulation, including the following processes:

1) mixing heavy oil with extraction solvent to separate the asphalt phase and DAO

phase by extraction;
2) dispersing solvent added to the asphalt phase from the extraction step so that

the asphalt phase Is subjected to a gas-solid separation process under dispersion
conditions. The asphalt is dispersed into solid particles while the solvent becomes
gaseous and is recovered by condensation. The mass flow ratio of the dispersing
solvent to the asphalt phase is approximately 0.01-0.5:1. In this process, the gas-solid

separation occurs at a temperature that is higher than the boiling point of the solvent
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but lower than the softening point of the asphalt. The softening point of the asphalt is
above approximately 100°C, preferably above approximately 150°C.

The inventor of the invention of this application discovered that dispersing solvent
can be introduced Into the asphalt phase after extraction. The asphalt phase and the
dispersing solvent are mixed and undergo rapid phase change in a gas-solid separator
and the asphalt phase is dispersed into solid particles. In this case, a low temperature,
atmospheric gas-solid separator is used to replace a high temperature and high
pressure asphalt heating furnace. Since the asphalt phase is forced into particles by
gas-solid separation under dispersion, the size of the asphalt particles can be adjusted
by controlling the condition and the amount of the dispersing solvent, which leads to
coupled post-extraction asphalt residue granulation. In this invention, the dispersing
solvent that leads to the enhanced dispersion of the asphalt phase is called “enhanced
dispersing solvent.” Theoretically, there is no particular limit to the selection of the
enhanced dispersing solvent as long as it can achieve the said dispersion result, i.e., it
can be the same solvent as the extraction solvent or it can be different from the
extraction solvent. In actual production, for the convenience of operation, the preferred
dispersing solvent would be the same as the extracting solvent used in the separation
system.

According to the scheme of the current invention, the temperature of the
extraction column can be controlled at approximately between 80°C and 250°C with a
pressure range of approximately 3-10 MPa. Upon entering the extraction column, the
mass flow ratio of the extraction solvent (called the primary solvent) to the feedstock is
approximately 1.5-5:1 (defined as primary solvent ratio). The asphalt phase is then

separated. Extraction solvent (called secondary solvent) is again added to the asphalt
phase from the bottom of the extraction column for further extraction. The mass flow

ratio of the secondary solvent to the feedstock is approximately 0.2-2:1(defined as

secondary solvent ratio). After the extraction is completed, the asphalt phase is

discharged from the bottom of the column.
The primary composition of the extraction solvent used in the entire separation

system is C4-C6 alkane while the composition of the solvent can contain isobutane,
butane, pentane, isopentane and hexane with the preferred pseudo critical
temperature Tc of the solvent fractions applicable to this invention being approximately
between 120°C and 240°C. The above pseudo critical temperature Tc is calculated
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using the equation Tc¢ = Zx,.Tc,. , where X; i1s the molar fraction of solvent component i,

i=]
Tc; is its critical temperature in Celsius and n is the number of components contained in
the solvent.

The separation method of this invention can be a two-stage process. The asphalt
phase is separated and asphalt is dispersed into the required sizes of particles and at
the same time, DAO phase is obtained. For “super heavy” heavy oll, a third stage can
be empioyed to further separate the DAO into light DAO and resin (also called heavier
DAOQ) so that the properties of the DAO may be improved and yield of light DAO can be
maximized. Therefore, the deep separation method for heavy oil of this invention also
includes the following: the DAQO phase separated by solvent extraction of process 1) is
first mixed with supercritical solvent and comes into contact with resin-free oil phase
flowing in a countercurrent direction. The heavier resin is separated from the DAO
phase, giving rise to light DAO. The obtained light DAO is heated so that the solvent in
the oll is in supercritical state, resulting in the separation of the solvent from the light
DAO. The ratio of mass flow of the supercritical solvent mixed with the DAO to the total
mass flow of the DAO is equal to 0.01-0.5:1 and the ratio of the mass flow of the
resin-free oil phase to the total mass flow of the DAO is equal to 0.01-0.5:1.

The supercritical solvent mixed with the DAO in this invention is usually the same
as the extraction solvent used and circulating in the separation system and the said
resin-free oil phase can be the direct use of the light DAO separated by the
supercritical solvent recovery in the system. According to the scheme of this invention,
the DAO phase from the extraction column is mixed directly with an appropriate
amount of supercritical solvent to an adequate separation temperature. The mixture is
then passed through a resin separator and comes into contact with light DAO flow in a
countercurrent direction, especially the light DAO of higher temperature from the
circulation portion of the recovery column of the supercritical solvent, resulting in
effective separation of resin, preferably, with the light DAO entering the separation
column from the top, thus creating a temperature gradient by the transfer of materials
and heat. This is favorable for improving the separation selectivity of the resin and the
DAQ. The light phase from the top of the resin separation column is heated to a
supercritical state and enters the solvent recovery column resulting in the effective
separation of light DAO and solvent at relatively low solvent density. The recovery
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condition for supercritical solvent is that the density of the solvent is lower than
approximately 0.2g/cm®, with more than 80 % of the circulating solvent being
recovered from the column and returned to the extraction column under high pressure.

Whether a two-stage or a three-stage process is employed for the separation
method of this invention, it is possible to carry out further actions on the remaining
small amount of solvent in the DAO and the resin, such as pressure reduction, heating,
stripping, cooling and recovery.

Compared with traditional solvent deasphalting of heavy oil, the separation
method of the current invention utilizes alkanes with relatively high carbon atom
number (C4, C5, C6 alkane or their mixture) as a solvent and has liquid yields, i.e., total
amount of DAO and resin for different heavy oil as high as 100 % minus the weight
percent of C7 asphaltene in the feedstock. The yield and quality of DAO can be flexibly
controlled and DAO and resin can be used as feedstock for catalytic cracking or
hydroprocessing as necessary. A low temperature and atmospheric gas-solid
separator is used Iin place of a high temperature and high pressure system and the
heating or heat exchange equipment for the feeding of resin separation column is
eliminated, resulting in a simplified process flow scheme and reduced investment. With
adjustable size of solid asphalt particles, the asphalt particles can be directly
transported or used as feedstock for the manufacturing of synthetic gas or hydrogen,
emulsification fuel or directly used as solid fuel. The current invention can be widely
used in the field of deep processing of heavy oil in the petroleum industry and changing
characteristics of heavy olil production.

The second aspect of this invention is that it provides a separation system for the
implementation of coupled post-extraction asphalt residue granulation and deep

separation of heavy oil with low temperature solvent.
The separation system provided by this invention includes a feedstock mixer, an

extraction column, a mixer for DAQ, a heater, an atmospheric gas-solid separator, a

solvent tank, a recovery column for supercritical solvent, and a stripping column for

DAO, a stripping column for resin, wherein:
a feedstock mixer is connected to the extraction column and the solvent tank is

connected with the mixer through a transfer line; after mixing in the mixer, the solvent
and the heavy oil feedstock are fed into the extraction column and are separated as an
asphalt phase and a DAQO phase; at the lower part of the extraction column is a
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solvent inlet from which solvent can be introduced into the asphait phase at the

column bottom for further extraction;
the asphalt outlet at the bottom of the extraction column being connected to an

atmospheric gas-solid separator with an inlet for enhanced dispersing solvent and a
discharge outlet for asphalt particles on the connecting transfer line and an outlet for
vaporized solvent connected to the solvent tank; the asphalt phase and enhanced
dispersing solvent being mixed and introduced into the gas-solid separator for rapid
phase change with asphalt being dispersed into solid particles and the solvent
vaporized as gas and returned to the solvent tank via a transfer line, resuiting in
solvent-free asphalt particles of high softening point;

an outlet for DAQO at the upper part of the extraction column being connected to a
solvent recovery column through a heater, such that when DAQO enters the
supercritical solvent recovery column via the heater, the solvent can be separated
from the DAO under supercritical conditions;

the outlet at the lower part of the supercritical solvent recovery column being
connected to the stripping column of DAO with a solvent outlet connected to solvent
tank, resin and DAO with a small amount of solvent entering the DAO stripping
column from the lower outlet; the stripping column being fitted with a DAO or resin
discharge outlet and a solvent discharge outlet with the latter connected to the
solvent loop of the system; and

the extraction solvent forms a circulating loop in the system with the recovered
solvent being returned to the solvent tank (high pressure solvent tank and low pressure
solvent tank can be designed in the loop) and circulation being completed with the help
of a solvent pump; with solvent being added to the system whenever it is needed.

In case three-stage separation is desired, the separation system of the present
invention can also include a mixer for DAO, a resin separator (or resin separation
column) and a resin stripping column, i.e., adding a resin separation system
between the extraction column and the heater, as follows:

the outlet for DAO phase at the upper part of the extraction column is connected
to a DAO mixer and the outlet of the DAO mixer is connected to a resin separator;
on the DAO mixer, there is an inlet for supercritical solvent that is connected with

the supercritical solvent recovery column; the DAO and supercritical solvent being
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mixed in the mixer and then introduced into the resin separator where the resin
phase is separated from the light DAO phase;

the resin separator having an inlet for resin-free light DAO phase at the top which is
connected to the oil phase outlet of the supercritical solvent recovery column via a
pump so that the oil phase from the bottom of supercritical solvent recovery column
enters the resin separator from the top and comes into contact with the mixture from
the DAO mixer in countercurrent flow with outlet of the resin separator for DAO
phase and solvent mixture being connected to the heater;

the lower part of the resin separator being connected to the resin stripping column
which has a solvent outlet connecting to solvent recovery pipeline with a cooler in the
transfer line; the resin from resin separator entering the resin stripping column; wherein
after separating the solvent gas, the resin is discharged from the resin outlet.

The separation system of this invention and the specific equipment, such as the
atmospheric gas-solid separator, various separation, extraction and supercritical
solvent recovery columns are all routine equipment in the art. The innovation of this
Invention lies in the appropriate connection and combination of this routine equipment
and operating this routine equipment under appropriate conditions according to the
requirements of the processes which form the entire system for this invention.

It can be seen from the above discussion that in order to obtain higher yield of
DAQO and resin, light alkanes with a higher number of carbon atoms (C4, C5, C6 and
their mixtures) are used as solvents, which will necessarily lead to higher softening
points of deoiled ésphalt which also makes it difficult to recover the solvent using
traditional heating with heaters and flash and steam stripping. The present invention

employs an enhanced rapid phase change method of the asphalt phase and disperses
asphalt residue of high softening point into solid particles and achieves the separation

of asphalt from solvent with an atmospheric gas-solid separator. This method
eliminates the use of heating devices and the issues associated with the heating of
asphalt in traditional processes. Furthermore, this method introduces the process of
coupled post-extraction asphalt residue granulation and is capable of processing
heavier or poor quality feedstock. It not only provides more feedstock for density

reduction of heavy oil but also saves investment for the construction of the processing

plant.
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In summary, the separation method of this invention is an improvement of prior
techniques. By introducing enhanced dispersing solvent, the present invention is
capable of independently adjusting and controlling the dispersion and granulation
introducing enhanced dispersing solvent, the present invention is capable of
independently adjusting and controlling the dispersion and granulation of post-extraction
asphalt phases and the size of the solid asphalt particles can be adjusted; furthermore,
in the three-stage separation process of the traditional solvent deasphalting, the control
of DAO quality Is by heating the DAO phase through a heat exchanger and settle the
resin in DAO In the secondary separation process with a separation efficiency of only
one equilibrium stage. So the traditional methods are not very effective in improving the
poor quality DAO from heavier feedstock. This invention addresses separation
efficiency in two ways: first, direct mixing and heating of DAO and supercritical solvent,
and second, light DAO of relatively higher temperature at the lower part of the
supercritical solvent recovery column being circulated to the top of the resin separation
column. The temperature gradient from bottom to top established by the transfer of heat
and materials In the resin separation column improves the separation selectivity of DAO
and resin. Therefore, the implementation of this invention eliminates the complicated
heat exchange system for the feeding to resin separation column in traditional three-
stage separation processes.

According to a first broad aspect of the present invention, there is disclosed a

method of deep separation of heavy oil with coupled post-extraction adjustable asphalt

residue granulation. The method process comprises the steps of: a) mixing a heavy ol

feedstock and an extraction solvent and separating an asphalt-free oil phase from an

asphalt phase in an extraction column; b) discharging the asphalt phase out of the

extraction column through an asphalt outlet; ¢) adding a dispersing solvent to the
discharged asphalt phase at a mass flow ratio of the dispersing solvent to the asphait
phase of approximately 0.01-0.5:1 to form a dispersed asphalt phase; d) carrying out
gas-solid phase change separation on the dispersed asphalt phase, thereby forming
solid asphalt particles having size thereof depending on an amount of the dispersing
solvent added in step (¢), sald gas-solid separation occurring at a temperature above
the bolling point of the dispersing solvent but below the softening point of asphalt; and

e) vaporizing the dispersing solvent and recovering the dispersing solvent by

cohdensation.
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Description of figures
Figure 1 1s a flowsheet of the process and equipment of the preferred
embodiment of the present invention.

5 Actual implementation
The following are more detailed discussions of the current inventions iIn

association of the figures and the actual schemes of the embodiments.
The solvents used in this invention are mostly C4, C5 and C6 alkanes or their
mixtures, which can contain butane, pentane, hexane and their isomers with the
10 required pseudo critical temperature being in the range of 120-240°C. Pseudo critical
temperature Tc is calculated using the equation Tc = inTc‘. , where xi is the molar
i=1

fraction of solvent component i, Tci is its critical temperature in Celsius and n is the

9a



10

15

20

25

30

CA 02524995 2005-10-31

number of components contained in the solvent. The technical processes are as
follows.

First, mix the solvent (primary solvent) with the feed heavy oil in certain proportion
in feedstock mixer 01 with the ratio of the primary solvent to the feedstock in mass flow
being approximately 1.5-5:1. The mixture enters extraction column 02 and is separated
iInto a DAO phase and asphalt phase. The extraction column 02 operates at
approximately 80-250°C and 3-10 MPa.

Then, DAO phase is separated from the top of extraction column 02 and the
asphalt phase i1s again in full contact with the solvent (secondary solvent)
introduced from the bottom of the extraction column. The mass flow ratio of the
secondary solvent to the feedstock is approximately 0.2-2. The secondary solvent
further dissolves and extracts the residual fraction of oil in the asphalit, giving rise
to asphalt with a relatively higher softening point (greater than 100°C, preferably
greater than 150°C). The asphalt phase separated from extraction column 02 is
mixed with an enhanced dispersing solvent and the mixture enters the gas-solid
separator for rapid phase change separation with the temperature of the solvent
and the asphalt decreased to the range between the boiling point of the solvent
and the softening point of the'asphalt. The solvent becomes gaseous and asphalt
of high softening point is dispersed into solid asphalt particles with the diameter of
the asphalt particles within a range of 1-600 ym. The residual solvent in the solid
asphalt particles is less than 0.35 wt% of the mass of solid asphalt particles. By
adjusting the mixing of the enhanced dispersing solvent, the average diameter of the
solid asphalt particles can be flexibly adjusted with good flowability of the solid asphalt
particles and can be discharged from the bottom of gas-solid separator 07. The solid
asphalt particles can be used as solid fuel and can also be made into particles with an
average diameter of less than 100 ym and is used in emuisification fuel in water. The
solvent gas is separated from the top of the gas-solid separator 07 and is condensed
by cooler 10 and returned to the low pressure solvent tank for re-use.

For heavy feedstock, such as oilsand bitumen or superheavy oil, the DAO from
extraction column 02 can be further separated into light DAO and resin in order to
improve the properties of the DAO and to obtain maximum yield of light DAO. In
such a case, a three-stage separation process can be employed. The DAO phase

Is mixed in DAO mixer 03 with supercritical solvent from supercritical solvent

10
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recovery column 06 and heated to raise the temperature. The mixture then enters the
middle part of resin separation column 04. The light DAO phase from the bottom of the
supercritical solvent recovery column 06 1s sprayed from the top of the resin separation
column 04, which establishes a temperature gradient with the temperature increasing
from the bottom to the top In the resin separation column. The resin is effectively
separated and removed from the bottom of the resin separation column with light DAO
being separated from the top of the column. The light DAO is heated in heater 05 and
enters supercritical solvent recovery column 06 so that the density of the solvent in the
recovery column is lower than 0.2 g/cm3, thus incapable of dissolving oil. The solvent is
separated from the DAO and returned through high pressure solvent tank 12 under high
pressure to feedstock mixer 01 and extraction column 02. The remaining small amount
of solvent in resin and DAO is recovered by pressure reduction and heating in resin
stripping column 08 and DAO stripping column 09, respectively.

If only DAO product i1s desired (the resin component is not needed separated
out), a two-stage separation process can be employed, i.e., the DAO phase from
extraction column 02 can enter heater 05 directly without going through the resin
separation system as shown in the dashed box in Figure 1.

As can be seen from Figure 1, whether two-stage system or three-stage system
IS used, circulation of the solvent for extraction is achieved in the separation system of
the current invention. It has been determined that more than 80 % of the solvent used is
recovered under the high pressure and high temperature supercritical solvent recovery
system. The remaining of the solvent used is recovered by stripping of DAO and /or
resin. Only a small amount of solvent loss carried away by the high softening point
asphalt particles (less than 0.35 % of the mass of the asphalt particles). In addition, the
supercritical solvent and the light DAO of the system are used as the heat source for
resin separation in the invention, resulting in the circulation and re-use of thermal

energy.
The deolled asphalt has undesirable properties. In deoiled asphailt, the principal

components are asphaltene and heavy resin plus some heavy aromatic hydrocarbons
with high content of heteroatoms. These are detrimental factors affecting the density

reduction and viscosity reduction of heavy oil and is the source for catalyst poisoning in

catalytic reaction of heavy oil processing. Asphaltene, resin and heavy aromatic

11
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hydrocarbons usually have large molecular weight (2-7 times that of heavy oil) and
high density, low H/C atomic ratio (1.16-1.39), high in carbon residue (25.8 %-54.6 %).
Heavy metals Ni and V account for 60 %-80 % and S for 25 %-40 % and N for 25 %-50
% of the total mass in heavy oils. The method of this invention can greatly improve the
properties of heavy oil feedstocks by removing those contaminants. The total yield for
different types of DAO and resin from various types of heavy oil can be as high as
100 % minus the weight percent of C7 asphaltene in feedstock and the yield and
quality of the DAO and resin can be flexibly adjusted and controlled by the
temperature and pressure of the resin separation column 04. The DAO and resin
can be used as the feedstock for catalytic cracking of hydroprocessing. Therefore,
the method of this invention plays an important role in improving the operation of
catalytic cracking and hydroprocessing, reducing catalyst poisoning and coking,
improving the upgrading processing of oil and the quality of product, and
alleviating the difficulty of refining light oil products. Compared with the existing
deasphalting techniques, the method of this invention can selectively remove the
undesirable components in heavy oil and obtain solid asphalt particles with high
softening points with the size of particles being adjustable. This makes it possible
for the asphalt particles to be directly used as solid fuel or as the feedstock of
emulsification fuel. All these make the method of this invention very valuable in
applications of the petroleum field.

The following are the embodiments of the present invention with process flow as
shown in Figure 1. The primary solvent and secondary solvent and the enhanced
dispersing solvent used in the method are all used in the system by circulation. All the
examples shown are for illustrative purposes of showing the benefits brought by the

implementation of this invention and should not be construed to limit the scope of the

Invention In any way.

Example 1
Deasphalting of vacuum residue (boiling point higher than 520°C) from

Shengli Oil Field of China was performed with pentane blended as solvent.

Two-stage separation was employed and the vacuum residue was separated as

DAQO and solid asphalt powder.
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The compositions of the solvents were as follows:

Components Isobutane butane pentane hexane
Composition, mol % 1.00 0.05 78.05 20.90
Critical Temperature, °C 135.0 1562.0 196.6 234 .4

The pseudo critical temperature for the blended solvent is 191.1°C.

Feedstock (flow rate at 100 kg/h) and the primary solvent (flow rate at 350 kg/h)
were mixed in mixer 01 (i.e., primary solvent ratio 3.5) and the mixture entered
extraction column 02 for the separation of DAO and the asphalt phase. Secondary
solvent with a mass flow ratio of 0.8 was input from the lower part of the extraction
column 02 for further extraction of the oil in the asphalt phase to improve the vyield of
DAQO and to increase the softening point of the deoiled asphalt. The extraction
column was at 170°C and 5 MPa.

The asphait phase from extraction column 02 was mixed with enhanced
dispersing solvent and the mixturé was introduced into gas-solid separator 07 with a
mass flow ratio of solvent to asphalt phase of 0.05:1. At 100°C and atmospheric
pressure condition, the asphalt and the solvent were separated by rapid phase change.
The asphalt was dispersed into solid particles with residual solvent content in the
asphalt particles accounting for 0.3 % of the mass of the solid asphalt particles as
determined by headspace gas chromatography. The asphalt particles were 200 yum in
diameter on average. The solvent became gaseous after gas-solid separation and was
returned to low pressure solvent tank 11 through a solvent recovery loop.

The DAO phase discharged from the extraction column was heated to a
solvent density of 0.19 g/cm® and entered supercritical solvent recovery column 06

where the solvent and the DAO were separated in which 85 % of the solvent were
recovered. The recovered solvent re-entered the circulation and mixed with heavy
oll feedstock and entered the bottom of the extraction column. The DAO with
residual solvent was further stripped of solvent in the stripping column 09 to

recover the solvent. The recovered solvent was returned to low pressure solvent

tank 11 via the cooler 10 for re-use.

The softening point of the asphalt discharged form the bottom of the gas-solid
separator 07 was 200°C and 45 wt% of carbon residue, 46 % of Ni and almost all of the
C7 asphaltene in the feedstock were removed with the asphalt particles. The DAO
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vield was 85.2 wit% with significantly improved properties favorable for further

processing.
The properties of the feedstock, DAO and the deoiled asphalt particles are as

follows:
...... Vield ‘: 'Cérgo}]':‘[ieﬁg'rt; Softening | C7 : MW | H/IC |  Elemental content
residue | (20°C; | ASD.
wt% | g¢lem wt%

e e e

16.0 | 0.9724

F
11.5 | 0.9590
45.0 J'1.0250

Feedstock| 100
DAO

e e e -y eyt

Note: MW-molecular weight; H/C-Hydrogen-carbon atomic ratio; a- liquid at
room temperatUre, C7 Asp.-C7 Asphaltene content; the same below.

Example 2

Deasphalting of vacuum residue (boiling point > 520°C) from Shengli Oil Field
of China was performed with pentane blended as solvent. The compositions of the
solvent were the same as in Example 1. A three-stage separation process was
employed and the vacuum residue was separated as DAO, resin and solid asphalt
powder.

The feedstock (flow rate at 10 kg/h) and the primary solvent (flow rate at 35 kg/h)
were mixed in mixer 01 (i.e., primary solvent to oil ratio 3.5:1) and the mixture entered
extraction column 02 for the separation of DAO and the asphalt phase. Secondary
solvent with a mass flow to oil ratio of 0.8:1 was input from the lower part of the
extraction column for further extraction of the oil in the asphalt phase to improve the
vield of DAO and the softening point of the deoiled asphalt. The extraction column

was at 170°C and 5 MPa.
The asphalt phase from extraction column 02 was mixed with enhanced

dispersing solvent and the mixture was introduced into gas-solid separator 07 with a
mass flow ratio of solvent to asphalt being 0.15:1. At atmospheric conditions, the
asphalt and the solvent were separated by rapid phase change. The asphalt was
dispersed into solid particles with residual solvent content in the asphalt particles
accounting for 0.22 % of the mass of the asphalt particles. The asphalt particles were
90 um in diameter on average, of which 65 % were less than 90 ym. The particles may
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be emulsified as slurry fuel by adding water. The gaseous solvent obtained from the
gas-solid separation was returned to low pressure solvent tank 11 through a solvent
recovery loop.

The DAO phase discharged from the extraction column were mixed in mixer 03
with the supercritical solvent from supercritical solvent recovery column 06 to a higher
temperature and then entered resin separation column 04. The ratio of mass flow of
supercritical solvent to the totali mass flow of DAO phase was 0.15:1 while the ratio of
mass flow of the light DAO phase from the bottom of the supercritical solvent recovery
column to the mass flow of total DAO phase was 0.1:1. The resin phase was separated
from light DAO phase in the resin separation column 04. The DAO phase was heated in
heater 05 and enters supercritical solvent recovery column 06 where the solvent density
was 0.180 g/cm3. The solvent was separated from the DAO and 85 % of the total used
solvent was recovered. The recovered solvent re-entered circulation and was mixed
with feedstock of heavy oil and entered the extraction column.

The DAO with residual solvent was further stripped of solvent in the stripping
column 09, 08 to recover the solvent. The recovered solvent returned to low pressure
solvent tank (11) via the cooler 10 for re-use.

A three-stage process was used in which the yield of the DAO can be adjusted
as needed to improve the properties of the DAO. In this case, the yield of the DAO was
controlled at 65 wt% with carbon residue of only 6.6 wt%, Ni content of 15.5 ug/g and
free of C7 asphaltene. The yield of the resin separated was 20.2 wt% with a C7
asphaitene content below detection limit, carbon residue of 15 wt% and a Ni content of
51.6 pg/g. The asphalt obtained had softening point of 200 °C with a 45 wt% of residual

carbon and a Ni content of 172 ug/g. 46 % of Ni in the feedstock was removed with

- 15 -
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asphalt. The properties of the feedstock, DAO, resin and the deoiled asphalt

el eyl

| Yield | Carbon| Density | Softening] C7 | MW I‘H?C‘ Elemental content
wt% | residue (20°C:) Point | Asp.
| wit% | glcm® | °C wt% S NP |V
_ 1 __ | wt% | pglg | pglg
100 | 16.0 | 0.9724 | 42 | 2.2 | 967 13.011 557 | 53
i
Feedstock 650/ 66 | 09600 | liquid" | 0.0 | 740 [1.70 | 0.51 | 2.24 | 28.5 | 1.8
DAO | | |
. 20.2| 15.0 | 0.9991 | liquid® | <0.1 | 903 | 1.50 | 0.90 | 3.41 | 516 | 55
Resin | | | | : r |
Asphalt [14.8| 45.0 | 1.0250 | 200 | 13.7 |5515) 1.35 ‘ 1.70 ’ 5.14 | 172 | 12.8
B IS IR R S N I

Example 3
Atmospheric residue from Canadian Athabasca oil sand bitumen with boiling point

over 350°C and a density of greater than 1.0 g/cm’ at 20°C was obtained from a
commercial oilsand plant. This is a heavy feedstock that is quite difficult to process. A
two-stage extraction process was used as in Example 1 with pentane as solvent. The
flow rate of feedstock was 100 kg/h with a primary solvent to oil ratio of 3:1 and a
secondary solvent to oll ratio of 0.5:1. The extraction column was at 160 °C and 5 MPa.
The softening point of the asphalt was 180 °C.

The asphalt phase and the enhanced dispersing solvent were mixed with a
solvent to asphalt mass flow ratio of 0.02:1. The mixture then entered gas-solid
separator 07 and the asphalt and the solvent were separated at atmospheric pressure
by rapid phase change. The asphalt particles were 300 ym in average diameter with
residual solvent of 0.25 wt% of the mass of the asphalt particles.

The solvent density in the supercritical solvent recovery column was 0.17 g/cm”®.
More than 80 % of total solvent used and were separated and recovered. The yield

of DAO was 84 % and had a 0.3 wt% content of C7 asphaltene (an equivalent to
95 % of the C7 asphaltene removal). The removal of Ni and V were 68.5 % and 65.
6 %, respectively. The DAO viscosity was only 1/5 of the feedstock and 61.2 %

carbon residue of the feedstock was removed, which favor for transportation and

further deep processing.

16
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The yield and properties of the feedstock and the products are listed in the table

below:

| Yield |[Carbon| API | Softening [ Elemental content

| wt% |Residue Point |
| L wit% j °C [ cs S Ni | V
_;__ B S B f wt% | ug/g |uglg
Feedstock | 100 | 13.0 | 7.0 | 45 720 15 50 | 80 |220
DAO ] 84 6.0 | 13.0 | liquid® j 133 0.3 j 4.2 i 30 ‘ 90

F F
Asphalt 16 l 49 - 0 | 180 : solid 89.5 7.5 | 378 |919
Example 4
S Orinoco super-heavy oil from Venezuela has boiling point above 350°C and a

density at 20°C greater than 1.0 g/cm°. A two-stage extraction was used for this

material and the process was the same as in Example 1. The compositions of the

solvent are as follows:

Component Isobutane butane pentane hexane
Composition, mol % 1.00 0.05 78.05 20.90
Critical Temp., °C 135.0 152.0 196.6 234 4

10
The pseudo critical temperature of the mixed solvent is 203.9°C.

The flow rate of the feedstock was 100 kg/h with a primary solvent to oil ratio of

4:1 and a secondary solvent to oil ratio of 0.5:1. The extraction column was at
165°C and 4 MPa. The asphalt obtained had a softening point of 160°C.

15 The asphalt phase and the enhanced dispersing solvent were mixed with a

solvent to asphalt mass flow ratio of 0.12:1. The asphalt and the solvent were

separated at atmospheric pressure by rapid phase change. The asphalt particles were
80 um in diameter on average of which 58 % were smaller than 80 ym with residual
solvent of 0.20 wt% of the mass of the asphalt particles. The asphalt particles can be

20 used as slurry fuel by adding water.
The solvent density in the supercritical solvent recovery column 06 was 0.18 g/cm®.

More than 80 % of solvent used was separated and recovered. The yield of DAO
was 80 %. The viscosity was only 1/14 of the feedstock and the removal of Ni and
V were 81.2 % and 89.4 %, respectively, favorable for transportation and further

25 deep upgrading.
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The yield and properties of the feedstock and the products are listed in the table

below:
- Yield ] API ;—Softening | Viscosity ( C7 |  Elemental content
| wt% Point (100°C) Asp.
| | | °C mPa.s | wt% S Ni | V
] % | gl | pglg
feedstock | 100 | 8.9 45 | 800 T 16 36 | 85 i 318
k
DAO 80 | 125 | liquid® | 55 <0.1 3.4 20 | 42
Asphalt | 20 | -6.0 | 160 solid | 80 | 46 | 420 | 1424
____l—__i.. N R [ S — | I _
Example 5

Vacuum residue from Canadian Athabasca oilsand bitumen with a boiling
point of over 524°C, density of 1.0596 g/cm® at 20°C and C7 asphaltene of 18.1
wt% was obtained 'from a commercial oilsand plant. A two-stage extraction was
used for this feedstock with pentane blended as the solvent. The composition of the
solvent and the process were the same as in Example 1. The flow rate of feedstock
was 100 kg/h with a primary solvent to oil ratio of 4.1 and a secondary solvent to oil
ratio of 0.5:1. The extraction column was at 180°C and 7 MPa. The softening point of
the asphalt obtained was 150°C.

The asphalt phase and the enhanced dispersing solvent were mixed with a
solvent to asphalt mass flow ratio of 0.25:1. The mixture then entered gas-solid
separator 07 and the asphalt and the solvent were separated at atmospheric pressure
by rapid phase change. The asphalt particies were 100 ym in diameter on average of
which 56 % was smaller than 100 ym with a residual solvent of 0.25 wt% of the mass
of the asphalt particles. The yield of DAO was 61.88 wt% with all the C7
asphaltene removed. The removal of Ni, V and carbon residue were 76.7 %, 81.1 %
and 70.6 % respectively. The solvent density in the supercritical solvent recovery
column 06 was 0.200 g/cm’. More than 80.5 % of solvent used was separated and

recovered.

18
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The yields and properties of the feedstock and the products are listed in the table

below:
Yield [Carbon |[Density |[Softening [C7  |Elemental content
wt% Residue | (20°C) Point Asp. o _
wt%  |glem®  [°C wt% [N S Ni V
# | wi%  (wt%  {pg/lg  |ug/g
Feedstock | 100 [24.9 [1.0596 |80 18.1 |063 |6.05 [104 [280
DAC 61.88 [11.85 [0.9990 |liquid® ]0.2 |0.50 [4.89 (391 (854
Asphalt 38.12 (426 [1.0600 [150 584 (1.06 |(7.74 |293 |746
Example 6

5 The properties and the source of this feedstock was the same as in Example 5. A
three-stage extraction separation was used for this sample and the procedure was
the same as in Example 2. The solvent was hexane with a critical temperature of
222°C. The flow rate of feedstock was 100 kg/h with a primary solvent to oil ratio of
4.1 and a secondary solvent to oil ratio of 0.5:1. The extraction column was at 190°C

10 and 4 MPa. The softening point of the asphait was controlled to above 200°C.
The asphalt phase and the enhanced dispersing solvent were mixed with a solvent to
asphalt mass flow ratio of 0.15:1. The mixture then entered gas-solid separator and
the asphait and the solvent were separated at atmospheric pressure by rapid phase
change. The asphalt particles were 60 um in diameter on average of which 78 %
15 smaller than 60 uym with a residual solvent of 0.30 wt% of the mass of asphalt
particles.
The DAQO phase discharged from the extraction column was mixed with the
supercritical solvent from supercritical solvent recovery column 06 in mixer 03 and
then entered resin separation column 04. The ratio of mass flow of supercritical
20 solvent to the total mass flow of DAO was 0.2:1 while the ratio of mass flow of the
resin-free light DAO phase from the bottom of the supercritical solvent recovery
column to the mass flow of total DAO phase from the top of extractor was 0.15:1.
Resin phase was separated from light DAO phase in the resin separation column 04
with light DAO and resin yield of 69.7 % and 12.8 %, respectively. Compared with
25 Example 3, the total yield for both light DAO and resin was 83.5 %.
The solvent density in supercritical solvent recovery column 06 was 0.17 g/em®. More
than 80 % of the total solvent used were separated and recovered. Ni and V in DAO
accounted for only 32.8 % and 23.3 % of that in the feedstock. 44.5 % Ni, 55.9
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%V and 47.9 % carbon residue were removed from feedstock with asphalt. In

addition, the DAO did not contain asphaltene.
The yields and properties of the feedstock and the products are listed in the table

below:
| Yield CarEon*; Density | Softening| C7 | Elemental content
| wit% | Residue | (20°C Point Asp.
| °C wt% Ni V
puglg | pglg
Feedstock 104 280
DAO . 49.0 94.0
| |
Resin |13.8] 35.0 171 421
Asp. |16.5| 56.0 310 | 750

e ——— S — . — e ———— e — e —

Example 7
The vacuum residue from Canadian Cold Lake heavy oil was obtained from a

Canadian commercial refinery, which has a boiling point of over 524°C, density of
1.0402 g/cm® at 20°C, softening point was 73°C and C7 asphaltene content was
17.73 wt%. A three-stage extraction separation was used for this feedstock and the
procedure was the same as in Example 2. The solvent was pentane. The flow rate of
feedstock was 100 kg/h with a primary solvent to oil ratio of 4:1 and a secondary
solvent to oil ratio of 0.5:1. The extraction column was at 185°C and 6 MPa. The
softening point of the asphalt was controlled to be abové 180°C.

The asphalt phase and the enhanced dispersing solvent were mixed with a
solvent to asphalt mass flow ratio of 0.15:1. The mixture then entered gas-solid
separator 07 and the asphalt and the solvent were separated at atmospheric pressure
by rapid phase change. The asphalt particles were 65 ym in diameter on average of
which 72 % were smaller than 65 um with residual solvent of 0.28 wt% of the mass of
the asphalt particles. The particles can be used as slurry fuel by adding water.

The DAO phase discharged from the extraction column was mixed with
supercritical solvent in mixer 03. The ratio of mass flow of supercritical solvent
mixed to the total mass flow of DAO from the extractor was 0.10:1, while the ratio
of mass flow of the resin-free light DAO phase from the bottom of the supercritical
solvent recovery column to the mass flow of total DAO phase was 0.15:1. Resin

phase was separated from light DAO phase in the resin separation column 04. The
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DAO phase was heated to a higher temperature and was further separated as light
DAO and resin with yields of 70.2 % and 8.5 %, respectively. The solvent density
in supercritical solvent recovery column 06 was 0.195 g/cm”. More than 80 % of the

solvent used was separated and recovered. The content of carbon residue and Ni,
V of DAO were 46.9 % ,49 % and 35.9 % of the feedstock, respectively. The
removal of C7 asphaltene and carbon residue with asphalt were 90.8 % and 54.3 %,

respectively. The removal of Ni and V with asphalt were 48.0 % and 57.0 %,

respectively.

The yields and properties of the feedstock and the products are listed in the table

below:

e
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CLAIMS:

1. A method of deep separation of heavy oil with coupled post-extraction

adjustable asphalt residue granulation, wherein the process comprises the steps

of:

a) mixing a heavy oil feedstock and an extraction solvent and separating an

asphalt-free oil phase from an asphalt phase in an extraction column;

b) discharging the asphalt phase out of the extraction column through an

asphalt outlet;

c) addition a dispersing solvent to the discharged asphalt phase at a mass flow
ratio of the dispersing solvent to the asphalt phase of approximately 0.01-0.5:1

to form a dispersed asphalt phase;

d) carrying out gas-solid phase change separation on the dispersed asphalt
phase, thereby forming solid asphalt particles having size thereof depending on

an amount of the dispersing solvent added in step (¢), said gas-solid separation

occurring at a temperature above the boiling the point of the dispersing solvent

but below the softening point of asphalt; and

e) vaporizing the dispersing solvent and recovering the dispersing solvent by

condensation.

2. The method according to claim 1 wherein the dispersing solvent is the same

as the solvent used for the separation of the heavy oil feedstock.

3. The method according to claim 1 wherein in step (a):

said separating an asphalt-free oil phase from an asphalt phase is carried out in
the extraction column where the temperature is approximately 80°C - 250°C and

the pressure is approximately 3-10 MPa;
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a mass flow ratio of the extraction solvent phase and the heavy oil feedstock is

approximately 1.5 - 5:1 upon entering the extraction column;

the asphalt-free oil phase and the asphalt phase are separated in the extraction
column with the asphalt-free oil phase being discharged from the top of the

extraction column; and

additional extraction solvent is added to the asphalt phase at a lower part of the
extraction column, with a mass flow ratio of the extraction solvent and the heavy

oll feedstock of approximately 0.2 - 2 :1, and a further extraction is performed.

4. The method according to claim 1, further also comprising the steps of:

f) mixing the asphalt-free oil phase obtained from step (a) with a super-critical
solvent, with 2 mass flow ratio of the supercritical solvent to the asphalt-free oil

phase of approximately 0.01-0.5 : 1;

g) passing the mixture of the asphalt-free oil phase and the supercritical solvent
through a countercurrent flow of a resin-free oil which has a higher temperature,
with a mass flow ratio of the resin-free light oil phase to the mixture of the
asphalt-free oil phase and the supercritical solvent of approximately 0.01-0.5 : 1,
and obtaining separated resin and a light deasphalted oil containing the

supercritical solvent respectively; and

h) heating the light deasphalted oil to put the supercritical solvent in a
supercritical state, thereby achieving separation of the supercritical solvent from
the light deasphalted oil.

5. The method according to claim 4 wherein said resin-free oil phase is a light
deasphalted oil produced In a supercritical solvent separation and recovery

system.

6. The method according to claim 4 wherein the light deasphalted oil phase is
heated so that the supercritical solvent is kept at a supercritical state and the
density of the solvent is equal to or lower than 0.2 g/cm3.
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/. The method according to claim 1 wherein the principal components of the
extraction solvent are C4-C6 alkane fractions with a pseudo-critical temperature

being approximately between 120°C and 240°C; the pseudo-critical temperature

being calculated using equation:7c = » xTc,, where xi is the molar fraction of
=1

solvent component i, Tci is the critical temperature of the component in °C, and

n is the number of components contained in the extraction solvent.

8. The method according to claim 1 wherein the softening point of the asphalt is

approximately above 100°C.

9. The method according to claim 3 wherein the temperature of the extraction

column is approximately from 120°C to 200°C.

10. The method according to claim 1 wherein the extraction solvent and the

dispersing solvent are utilized in a circulation manner.

11. The method according to claim 1 wherein the said heavy oil feedstock
comprises heavy oil, oill sands bitumen recovered from the olil field, or residuum
from processing unit with a density at 20°C greater than 0.934g/cm3 or the

boiling point above 350°C.

12. The method according to claim 4, further comprising recovering remaining
solvent in the light deasphalted oill and the resin, respectively, by pressure

reduction, heating, and stripping.

13. The method according to claim 1, wherein the size of said solid asphalt

particles Is adjusted by controlling the amount of the dispersing solvent.

14. The method according to claim 4, wherein the resin-free oil phase having a
higher temperature Is sprayed downward on the mixture of the asphalt-free oll
phase and the supercritical solvent thereby establishing a temperature gradient

with an increase of temperature in upward direction
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