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ABSTRACT OF THE DISCIOSURE

The proposed vacuum distillation process involves
dividing the liquid product fed into a vessel under a vacuum
into a steam/gas phase and at least one liquid fraction,
removal of the steam/gas phase from the vessel using a
vacuum-producing device, and subsequent division of the
steam/gas phase into a gas and a liquid phase by condensation
directly in the vacuum-producing device. A portion of the
liquid phase is used as a liquid working medium for the
vacuum-producing device. The proposed vacuum distillation
facility-producing device which includes a jet blower,
separator and pump, these elements being interconnected by

pipes.
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Vacuum Distillation of a Petroleum Product

This invention relates to a method and equipment for vacuum distillation of a
petroleum product, and may be used in the petroleum refining industry for fractionating

of petroleum base stock in a vacuum column.

Equipment for vacuum distillation of petroleum stock is known which includes
a vacuum column equipped with a side section, wherein the reduced pressure 1s
produced using a jet blower (ejector), and wherein the active (ejecting) medium used 15
steam (US-A-2073446 and US-A-2140342).

However, the deficiency of the known method and equipment is in mixing of
petroleum fractions with steam and, accordingly, carrying away by steam a portion of

petroleum fractions, the latter leading to contaminating of steam and to reducing the

equipment efficiency.

A method is known for vacuum distillation of a liquid product which comprises
feeding it to a reservoir under vacuum, separating the liquid product in the reservolr
into gases and vapours of readily volatile fractions and into at least one liquid fraction,
pumping out from the upper reservoir volume the éases and vapours using a vacuum-
creating apparatus through a condensing cooler, and discharging them from the latter
(K.P. Shumski “Vacuum apparatus and equipment in chemical engineering”, Moscow,
Mashinostroyeniye Publishers, 1974, pages 123, 143, 153).

Equipment is known as well for vacuum distillation of petroleum stock which
comprises a vacuum column with lines for feeding the petroleum stock and removing
the liquid fraction, and a line for removing gases and vapours of easily volatile (upper)
petroleum fractions from the top of the column, which is connected to a vacuum-
creating device (ejector-type steam pump). The line between the top of the column and

the vacuum-creating apparatus comprises a cooling condenser (Petroleum refiner

Handbook, Ed. G.A. Lastovkin, Leningrad, Khimiya Publisher, 1989, page 74).
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According to the known method and equipment, the vacuum value 1n the
column is achieved using ejector-type steam pump, in which the ejecting (working)
medium used 1s steam.

The steam mixes with petroleum vapours and decomposition gases, this
resulting in contamination of steam condensate with the former products, and in
removing by the steam condensate of the top petroleum fractions. Moreover, the
ejector-type steam pump does .not provide compression of hydrocarbon gases which are
not condensed after the cooling condenser to a pressure necessary for feeding the said
gases to, €.g., fuel collector of petroleum refinery plant. Therefore, the said gases are to
be flared off if additional compressor equipment is absent.

The condensed matter from vacuum-creating device 1s delivered to a settling
tank wherein the petroleum product is separated from aqueous condensate. Settling
tanks represent obvious sources of environmental pollution.

Another shortcoming of the known method and equipment is in condensing of
easily volatile fractions, before the vacuum-creating device, in the cooling condenser;
this, due to pressure differential in the latter, results either in higher pressure at the top
of the column leading to reduced yield of volatile (light) products, or to a power

increase provided for the vacuum-creating device.

US-A-3 579 307 Qiscloses a method for separating a liquid product into a
vapour and liquid fraction used in a vacuum evaporator. The vapour phase 1s
" condensed and adsorbed in a liquid flow in an ejector which creates vacuum in the
~evaporator. In this method, however, the working fluid fed to the ejector 1s water or
water mixed with a smaﬂ amount of a condensate of a gaseous monomer evaporated in
the evaporator. Therefore, to reduce the monomer concentration 1n the working flud,
which tends to increase, the working fluid has to be constantly diluted with water,
which is unacceptable if an environment-friendly method is to be achieved.

The object of the invention is to create a method and equipment for vacuum
distillation of a liquid petroleum product which could provide intensification of the

vacuum distillation by producing a closed circuit vacuum-creating device, in order to
reduce environmental pollution and to reduce power consumption, along with

equipment efficiency increase.
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The invention provides a method for vacuum distillation of a petroleum product,
comprising: feeding the petroleum product to a vacuum fractionating column in which the
petroleum product is separated into a vapour-gaseous phase containing vapours of
petroleum fractions, at least one liquid fraction, and a residue; feeding part of the at least
one liquid fraction to an upper portion of the vacuum fractionating column; and feeding
the vapour-gaseous phase to a vacuum-creating device which includes a liquid-gaseous
ejector having an inlet to which a fluid working medium is delivered; providing
condensation of the vapour-gaseous phase in the vacuum-creating device to produce a
mixture which consists of a gaseous phase and a liquid phase comprising a condensate of
petroleum fraction vapours; separating the mixture into the gaseous phase and the liquid
phase and discharging the gaseous phase and part of the liquid phase from the vacuum-
creating device; and using as a part of the fluid working medium in the ejector a
condensate of petroleum fraction vapours, formed as a result of the distillation of the
petroleum product, after preliminary removal of excess heat.

It is preferable to refresh the fluid working medium by adding thereto at least a

portion of the liquid fraction from the column.

The invention also provides an apparatus for vacuum distillation of a petroleum
product, comprising: a vacuum fractionating column with lines for feeding the petroleum,
discharching at least one liquid fraction, and discharging a residue. A reflux line feeds
part of the least one liquid fraction to the upper portion of the column. A liquid-gaseous
ejector has a gas inlet connected to the top portion of the column via a vapour-gaseous
line. The apparatus also includes a separator, a first inlet of which 1s connected to an
output of the liquid-gaseous ejector, in which a gaseous phase and a liquid phase are
separated, the gaseous phase and part of the liquid phase being discharged; and a pump
having an inlet and an outlet, the inlet of the pump connected with a liquid outlet of the
separator, the outlet of the pump connected to a liquid inlet of the liquid-gaseous ejector.
The fluid working medium supplied to the liquid inlet of the liquid-gaseous ejector
includes a condensate of petroleum fraction vapours, formed as a result of the distillation

of the petroleum product, after preliminary removal of excess heat.
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It is advisable to place a cooler between the liquid inlet of the ejector and the
liquid outlet of the separator to remove excess heat from the liquid phase.

The connection of an additional separator inlet with the line for removing fluid
fraction from the column provides refreshing of the fluid working medium with liquid
fraction drawn from the column into the closed circuit of the vacuum-creating device.

The method for vacuum distillation of the petroleum product and the equipment
provide effective removal of vapour-gaseous phase from the upper portion of the
column followed with its condensation both in the flow part of the ejector and in the
line after the ejector. The uncondensed gases (hydrocarbon gases) are stmultaneously
compressed to the pressure required for a user. The compression provides delivery
from the separator of a hydrocarbon gas under pressure which may be used for
technology requirements, and the excess of the liquid phase may be delivered as an
intermediate product for further technological processing. In contrast to the prior art,
the method does not include mixing of the top petroleum fractions with water and

expulsion of condensate and hydrocarbon gases to the environment. Thus, the method

is an ecologically pure one.

Moreover, the method makes it possible not to use a cooling condenser, for

vapours of light petroleum fractions, in the line which connects the upper portion of the

column with the vacuum-creating device, because condensation of the light petroleum
fractions’ vapours takes ﬁlace in the ejector. The method also provides a reduction of
the external circulation reflux rate of the column top, resulting in reduction of pressure
difference there, and finally leads to a pressure reduction in the bottom of the column,
this providing an increased yield of the low-boiling (light) products of vacuum
distillation.

Such a method and construction of the equipment for vacuum distillation of a
petroleum product provides a substantive decrease in environment contamination,
decreased power consumption and, accordingly, an increase in the output of the
equipment.

The invention is further described, by way of example, with reference to the
accompanying drawing, schematically showing equipment for vacuum distillation of a

petroleum product.
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The equipment contains a rectifying (fractionating) vacuum column 1 equipped
with a line 2 for feeding heated liquid product (petroleum stock), a liquid fraction
output line 3, an external circulation reflux line 4, a vapour-gaseous phase output line 5,
and a line 6 for output of the column bottoms. The line 5 connects the column top 1
with a liquid-gaseous ejector 7 which is connected in series with a separator 8 and a
pump 9. The ejector 7, separator 8, and pump 9 constitute a vacuum-creating device,
wherein the gas input cf the ejector 7 is connected with the vapour-gaseous phase
output line 5, the liquid input of the ejector 7 is connected with the output of the pump
9, the output of the ejector 7 is connected with the input of the separator 8, and the
liquid output of the separator 8 is connected with the input of the pump 9.

A cooler 10 is mounted in the line between the liquid output of separator 8 and
the liquid input of the ejector 7. The separator 8 is connected by a line 11 with the
consumer’s fuel system and by a line 12 with the petroleum product receiver (neither of
which are shown). An additional input of the separator 8 is connected with the liquid
fraction output line 3 of the column 1 by means of a line 13 for additional feeding of
the vacuum-creating device with a liquid fraction from the column 1. A cooler 14 and a
pump 15 are mounted in the line 3. The output of the cooler 14 1s connected with the
column 1 by the reflux line 4.

The vacuum distillation of a liquid product is carried out as follows.

The heated liquici product (petroleum stock) is fed to the column 1 under a
pressure of 1.3 - 8.0 kPé (10 - 60 mm Hg) via the input line 2. The liquid fraction
(vacuum gas oil) is discharged via the output line 3, passes through the pump 15, 1s
cooled in the cooler 14, and is then divided into two flows, one of which flows via the
line 4 is directed to the external circulating reflux of the upper column portion, and the
other flow is directed via the line 13 through an additional input of the separator 8 of
the vacuum-creating device. The liquid phase is gradually saturated with
‘decomposition gases (hydrocarbon gases) evacuated from the upper column portion,
this reducing vacuum extent in the column due to evolution of the said gases in the
ejector nozzle. The latter causes energy consumption at the liquid phase pump of the
vacuum-creating device. Therefore, in order to produce better vacuum, and to reduce

power consumption in creating the latter, the liquid phase circulating in the vacuum-
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creating device is gradually refreshed using the liquid fraction coming from the column
to the closed circuit of the vacuum-creating device.

From the top column portion, via the output line 5, the vapour-gaseous phase 1s
discharged, being sucked off by the liquid-gas ejector 7 by means of the energy of
liquid phase circulating in the closed circuit due to the pump 9. In the cooler 10 of the
vacuum-creating device, excess heat is removed from the liquid phase, which excess is
partially formed due to mechanical energy dissipation in the circuit of circulating liquid
phase, and partially due to condensation and to cooling of the uncondensed gas which is
sucked off from the column 1 by the liquid-gas ejector 7, thus providing temperature
stabilization.

At the output of the liquid-gas ejector 7, due to energy transfnission from the
active liquid phase to the passive vapour-gaseous phase coming via the line 5 from the
upper portion of the column 1, a two-phase mixture is formed having a pressure of
greater than 0.11 MPa, which is fed to the separator 8. The final condensation of the
vapour phase takes place in the mixture, which phase has not condensed in the flow-
through part of the ejector 7. The mixture is divided in the separator 8 of the vacuum-
creating device to form a gas phase and a liquid phase. The gas phase via the mains 11
is fed to the consumer’s fuel system (not shown). The liquid phase, partially refreshed
with the liquid fraction (vacuum gas oil) from the column 1, is directed to the pump 9
input. The liquid phase excess formed due to condensed vapours delivered to the
ejector 7 from the upper portion of column 1, as well as due to the flow via the liqud
fraction line 13, is delivered via the line 12 to the petroleum products receiver (not
shown). During the start-up period of the vacuum-creating device the working medium
used is any working fluid which is similar by its chemical and physical properties with
the liquid phase, which phase is comprised of vapour condensate and the liquid fraction
fed via the line 3. But gradually the initial working fluid is replaced by the mixture of
vapour condensate and of the liquid fraction accumulated in the separator 8. The line 6
is used for discharge of the heavy fraction from vacuum distillation.

Thus, the suggested method and equipment for vacuum distillation of a product
suggest the solution of actual problems in petroleum refining industry: the ecologically

friendly technology of vacuum petroleum refining is realised, financial expenses are
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reduced for obtaining vacuum in a column, and the yield of light fractions 1s increased

resulting from vacuum distillation of petroleum products.
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The embodiments of the invention in which an exclusive property or privilege is

claimed are defined as follows:

1. A method for vacuum distillation of a petroleum product, comprising:

feeding the petroleum product to a vacuum fractionating column in which the petroleum
product is separated into a vapour-gaseous phase containing vapours of petroleum
fractions, at least one liquid fraction, and a residue;

feeding part of the at least one liquid fraction to an upper portion of the vacuum
fractionating column;

feeding the vapour-gaseous phase to a vacuum-creating device which includes a liquid-
gaseous ejector having an inlet to which a fluid working medium 1s delivered;
providing condensation of the vapour-gaseous phase in the vacuum-creating device to
produce a mixture which consists of a gaseous phase and a liquid phase comprising a
condensate of petroleum fraction vapours;

separating said mixture into the gaseous phase and the liquid phase and discharging the
gaseous phase and part of the liquid phase from the vacuum-creating device; and
using, as part of the fluid working medium in the ejector, a condensate of petroleum
fraction vapours, formed as a result of the distillation of the petroleum product, after

preliminary removal of excess heat.

2. The method according to claim 1, in which part of the at least one liquid

fraction is added to the fluid working medium.

3. An apparatus for vacuum distillation of a petroleum product, comprising:
a vacuum fractionating column with lines for feeding the petroleum, discharching at

least one liquid fraction, and discharging a residue;
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a reflux line for feeding part of the least one liquid fraction to the upper portion of the
column;

a liquid-gaseous ejector having a gas inlet connected to the upper portion of the column
via a vapour-gaseous line;

a separator, a first inlet of which is connected to an output of the liquid-gaseous ejector,
in which a gaseous phase and a liquid phase are separated, the gaseous phase and part of
the liquid phase being discharged; and

a pump having an inlet and an outlet; the inlet of the pump connected with a liquid outlet
of the separator, the outlet of the pump connected to a liquid inlet of the liquid-gaseous
ejector;

wherein the fluid working medium supplied to the liquid inlet of the liquid-gaseous

ejector includes a condensate of petroleum fraction vapours, formed as a result of the

distillation of the petroleum product, after preliminary removal of excess heat.

4. The apparatus according to claim 3, in which the liquid output of

separator is connected to the liquid inlet of the liquid-gaseous ejector via a cooler.

5. The apparatus according to claim 3 or 4, in which the liquid fraction

outlet line of the column is connected to a second inlet of the separator.

6. The apparatus according to claim 5, in which the liquid fraction outlet

line is connected to the second inlet via a cooler.
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