
WO 2004/085023 PCT/US2004/007798 LOW CAPITAL
IMPLEMENTATION. OF. DISTRIBUTED. DISTILLATION IN.
ETHYLENE. RECOVERY 5 Cross-Reference to Related
Applications  None. Background of the Invention
Distributed distillation has been suggested as a basis
for the design of refinery  10. systems, ethylene
recovery systems, and other commercial chemical,
petroleum and  petrochemical separations systems
operations for many years. Distributed  distillation
is best understood by contrasting it with sharp split
distillation. In sharp  split distillation, a
separation is made between light and heavy components
that are  adjacent to each other on the volatility
curve of the mixture being separated. That is, 15.
there are no compounds in the mixture that have
volatility that is intermediate to  those of the light
and heavy components. For example, a typical
sharp-split deethanizer column in an ethylene recovery
system performs a sharp split between ethane and
propylene. The overheads of the  column contain
essentially no propylene and the bottoms contain
essentially no 20. ethane. The overheads therefore
contain all components lighter than the light key
component (e.g. ethylene, methane, etc.), and the
bottoms contain all components  heavier than the heavy
component (e.g. propane, C4s, etc). In a distributed
distillation operation, a sharp split is not made
between  components that are adjacent on the
volatility curve. A distributed distillation analog
25. to the deethanizer is a "C2s distributor". A C2s
distributor column produces a sharp split between
methane and C3 components while distributing ethane
and ethylene  between the column overhead and bottoms.
In a C2s distributor column, the light  component is
methane and the heavy component is propylene. These
components  are not adjacent to each other on the
volatility curve; ethane and ethylene have a 30.
volatility that is intermediate between methane and
propylene. In this case, then,  ethane and ethylene
"distribute" between the column overheads and bottoms.
The  overheads contain some ethane and ethylene, as
well as methane and lighter  



components, but essentially no propylene. The bottoms
also contain some ethane  and ethylene, as well as
propylene and heavier components, but essentially no
-1 WO 2004/085023 PCT/US2004/007798  methane. Of
course, further purification of the components must be
done in  downstream columns. A benefit of a
distributed distillation system is that it requires
less total energy  to produce the final purified
components than an analogous "sharp split"
distillation  5. sequence. A way of understanding the
energy savings provided by distributed distillation is
that it accomplishes the separation of components with
fewer overall  phase changes. Phase changes
(condensation or vaporization) require energy, and
reducing the number of phase changes also reduces the
energy consumption of the  system. 10. Thermal
coupling of columns is another method for improving
the overall  energy efficiency of a distillation-based
system. Thermal coupling of columns  consists of
providing liquid reflux to a column with a liquid side
draw from a  downstream column, or providing stripping
vapor to a column with a vapor side draw  from a
downstream column. In this way, the composition of the
reflux liquid at the top 15 of the column is much
closer to the equilibrium composition existing at the
top of the  column than could be produced by a typical
condenser. Likewise, the composition of  the stripping
vapor sent to the bottom of the column is much closer
to the equilibrium  composition existing at the bottom
of the column than if the vapor were generated  with a
conventional reboiler. This thermal coupling reduces
the amounts of heavier 20. components "remixed" into
the bottom of the column and the amount of lighter
components "remixed" into the top of the column. This
improves the thermodynamic  efficiency of the column,
reducing reflux and reboil rates and thereby saving
energy. In addition, dividing wall columns have been
recited in the prior art as a way to  combine distinct
distillation processes within a single pressure shell.
Wright (US  25 2,471,134) disclosed a partitioned
fractionating column for separating components of a
composite fluid in 1949. Petlyuk et al. (Int. Chem..
Eng. 5, pp 555-561, 1965)  



disclosed a systematic discussion of dividing wall
columns in 1965. The early  dividing wall column
designs included a dividing wall within the middle
section of a  column, with open, full-diameter
rectifying and stripping sections in the top and 30
bottom of the column, respectively. Oginsy (US
5,709,780) disclosed a dividing wall  column in which
the vertical dividing wall extends from the middle
section of the  column all the way to the bottom of
the column. The dividing wall therefore supplied  the
column with two stripping or absorption sections.
Oginsy (US 5,755,933) further  -2 WO 2004/085023
PCT/US2004/007798 disclosed a dividing wall column in
which the vertical dividing wall extends from the
middle section of the column all the way to the top of
the column. The dividing wall in  this case supplied
the column with two separate rectifying sections.
Stork (US 6,077,985) discloses the use of a dividing
wall column for combining  5. the deethanizing and
deethyleneizing functions of an olefins plant
separation train.  This column design contains a
dividing wall that extends from the middle section of
a  column all the way to the bottom of the column. The
column is therefore split into  two bottoms sections.
Feed enters to the middle of one of these sections,
which acts  as a deethanizer column. The full-diameter
rectifying section of.the column acts as 10 an
ethylene rectifying section, and the section on the
other side of the dividing wall  acts as an ethylene
stripper. However, both of the distillation functions
disclosed by  Stork utilize sharp-splits rather than
distributed distillation. Manley (US 5,675,054)
discloses the combined use of Cgs distributors and
ethylene distributors for the recovery of ethylene
from cracked gas mixtures for a  15. variety of feed
types. Manley and Hahesy (Hydrocarbon. Processing,
April 1999, p 117) teaches combining separate
rectifying sections into a single shell, and
combining separate stripping sections into a single
shell, but not combining rectifying  and stripping
sections from two separate distributed distillation
columns into a single  shell. 20. The present
invention relates to a distillation column in which
two distinct  thermally coupled distributed
distillation functions for ethylene recovery and  



purification are combined into a single shell. A
separating wall within the single shell  divides the
column into zones in which ,the distinct distillation
functions take place.  This invention presents an
apparatus that allows for a capital-efficient
implementation 25 of distributed distillation in the
recovery and partial purification of ethylene. This
invention further relates to the recovery of ethylene
from a cracked gas stream  through the use of
distributed distillation, particularly through the
combined use of a  Cgs distributor and an ethylene
distributor. Prior art designs utilize separate
distillation columns for the C2s distributor and  3o
ethylene distributor functions. Two separate pressure
vessels, foundations, and  support structures are
required to build and operate the prior art system.
This  invention is an improvement over the prior art
in that both distillation functions are  combined into
a single pressure shell. Therefore, only one pressure
vessel,  -3 WO 2004/085023 PCT/US2004/007798
foundation, and support structure is required using
the design of this invention. . This  results in a
significant reduction in both materials and
installation costs compared  with the prior art. 5.
Summary of the Invention This invention recites an
apparatus for the recovery and partial purification of
ethylene from a hydrocarbon feed stream. A single
distillation column pressure shell  encases an upper
region that has an ethylene distributor rectifying
section and a  lower region that has a C2 distributor
section and an ethylene distributor stripping 10.
section. The apparatus has a means for collecting
liquid flowing downward through  the ethylene
distributor rectifying section and for transporting
the liquid to the C2  distributor section and the
ethylene distributor stripping section. The C2
distributor  section and the ethylene distributor
stripping section are separated to prevent the
passage of liquid or vapor between both sections.
Vapor is passed from the lower 15 region into the
upper region, and the feed is introduced into the C2
distributor  section. This invention further recites a
process for the recovery and partial purification  



of ethylene. At least one hydrocarbon feed stream is
introduced into a distillation  column pressure shell
encasing an upper region housing an ethylene
distributor 20. rectifying section and a lower region
housing a C2 distributor section and an ethylene
distributor stripping section. The feed stream is
introduced into the C2 distributor  section. Stripping
vapors are also introduced into the C2 distributor
section and the  ethylene distributor stripping
section. Upflowing vapors from the C2 distributor and
the ethylene distributor stripping section are
introduced into the ethylene distributor 25 rectifying
section. The ethylene distributor rectifying section
is refluxed, and distinct  hydrocarbon products are
recovered from the C2 distributor section, the
ethylene  distributor stripping section, and the
ethylene distributor rectifying section. The apparatus
and process shall be. described for the purposes of
illustration  only in connection with certain
embodiments. However, it is recognized that various
30 changes, additions, improvements and modifications
to the illustrated embodiments may be made by those
persons skilled in the art, all falling within the
spirit and scope  of the invention. -4 WO 2004/085023
PCT/US2004/007798 Brief Description of the Drawings
Figure 1 depicts an embodiment of this invention in
which two distillation functions  are combined into a
single shell which incorporates a dividing wall. 5
Detailed Description of the Invention Figure 1 depicts
Cgs distributor and ethylene distributor columns as
combined  into a single distillation column pressure
shell. The single column is designated  C101. A lower
section of C101 is divided into two sub-sections by an
impervious wall  that prevents the transfer of liquids
or vapors from one sub-section to the other. The Io
sub-sections are designated as Section A and Section B
in Figure 1. The wall  dividing the sections is
typically thermally insulated to reduce the amount of
heat  transfer between the two sub-sections. Both
Section A and Section B contain  mechanical devices,
such as contacting trays or packing, that enhance the
contacting  of liquids and vapors in each of the
sections. Each section can contain a different 



15. type of mechanical vapor/liquid contacting device,
or different numbers or designs of  such devices, as
is known to those skilled in the art. The upper
section of C101 above the dividing wall is designated
as Section C  in Figure 1 and also contains mechanical
devices such as contracting trays or  packing that are
designed to enhance the contact of liquid and vapor
within this 20. section. The overhead product of C101
is at least partially condensed in E101 and  the
liquid is separated from any uncondensed vapor in drum
D101. At least a portion  of the recovered liquid is
used to provide reflux liquid that enters the top of
Section C  of column C101. Some of the condensed
liquid may be removed via stream 105 as  an overhead
liquid product. Section C of C101 may also have one or
more side 25. condensers, shown as E102. Those skilled
in the art will recognize that there are  many
potential designs for the overhead condensing system
that are represented  schematically by E101 and D101
and the side condensing system represented by  E102 in
Figure 1. The specific design of these systems does
not impact the nature  of this invention. 30
Downflowing liquid that exits Section C is distributed
between Sections A and  B, and upflowing vapors
exiting Sections A and B are combined and then enter
Section C. Without limiting the nature of this
invention, a typical arrangement for  accomplishing
the distribution of liquid and the combining of vapors
is to situate a  -5 WO 2004/085023 PCT/US2004/007798
total liquid trap-out chimney tray situated below
Section C and directly above the top  of the dividing
wall, as shown in Figure 1. In such a design, all of
the liquid exiting  Section C is trapped on the
chimney tray and thus prevented from directly entering
Sections A and/or B. The liquid trapped on the chimney
tray is removed via stream 5 106 and fed to pump P101,
which provides the necessary pressure for flow
control.  The material from the pump outlet is divided
into two streams, 107 and 108. Stream  107 is directed
to the top of Section A, while stream 108 is directed
to the top of  Section B. The flow rate of streams 107
and 108 can be controlled through the use  of flow
control valve V101. Other means of splitting and
controlling the flow of liquid 



10. to Section A and Section B can be used and are
well known to those skilled in the  art. If desired,
additional condensers may be situated at or near the
top of Section  A to provide more liquid flow and/or a
greater degree of control to this section. Such  a
condenser is shown as E103 in Figure 1. The vapors
from Sections A and B are combined, for example, in an
open  15 space above the top of the dividing wall and
below the total liquid trap-out chimney.  tray. They
then pass through the chimney tray and enter a second
open space  above the chimney tray and below Section
C. The vapors then continue to flow  upwardly and
enter the vapor/liquid contacting devices in Section
C. A feed stream, such as the overhead product of a
depropanizer tower, enters  20 column C101 via stream
101 to a point near the middle of Section A. It should
be  noted that multiple feed streams with multiple
concentrations could enter Section A  without altering
the nature of this invention. In Figure 1, a single
feed to Section A  divides Section A into a stripping
section situated below the feed and above the  section
bottoms, and a rectifying section situated between the
feed and the top of the 25, dividing wall. The bottoms
of Section A are reboiled using exchanger E104. The
bottoms product from Section A exits via stream 103.
The bottoms of Section B are  reboiled using exchanger
E105. The bottoms product from Section A exits via
stream 104. According to the present invention,
Section A functions as a C2 distributor,  30. Section
B functions as the stripping section of an ethylene
distributor, and Section C  functions as the
rectifying section of an ethylene distributor. -6 WO
2004/085023 PCT/US2004/007798 Example I An apparatus
of the invention resembling that shown in Figure 1 was
designed  for a 1000KTA ethylene plant. The design of
this example does not include  exchangers E102 and
E103, and no liquid overhead product (stream 105) is
5. produced. The feed for this example is a vapor from
the overhead of a depropanizer  column (not shown in
the Figure) and contains hydrogen, methane, ethylene,
ethane,  



propylene and propane. In this example, Section C
contains 70 theoretical stages,  Section A contains 34
theoretical stages, and Section B contains 30
theoretical  stages. The feed enters Section A at a
point 20 theoretical stages above the bottom  10. of
Section A. The diameter of the combined column in this
example is 13.5 feet, the height  is 222 feet, and it
operates at a top pressure of 500 psig. The Cgs
distributor of  Manley `054 is a dual-diameter column
with an upper section diameter of 11 feet, a  lower
section diameter of 6.5 feet, an overall height of
about 100 feet, and a top 15 pressure of 500 psi. The
ethylene distributor of Manley `054 is approximately
13 feet  in diameter, 240 feet tall and operates at a
top pressure of 500 psig. Comparing the  installed
equipment cost for the single column of this invention
with the two columns  of Manley `054 indicates that
the single column of this invention can save
approximately US $2.5 million over Manley `054. 20.
Table 1 provides compositions and conditions for this
example. The feed  enters C101 via feed stream 101.
Sufficient stripping vapor is generated by E104 to
strip all of the methane and lighter components from
the liquid bottoms product,  stream 103. Stream 103
therefore contains essentially only propane,
propylene,  ethane, and ethylene. 25. Sufficient
liquid is fed from Section C to the top stage of
Section A to remove  all propylene and heavier
components from the vapor leaving Section A. The vapor
leaving Section A therefore contains essentially only
ethylene, ethane, and  components lighter than
ethylene. Sufficient liquid is fed to the top of
Section C  (generated by exchanger E101) to remove all
of the ethane from the vapor leaving 30. the top of
Section C. The overhead product of the column, stream
102, therefore  contains essentially only ethylene and
components lighter than ethylene. . The liquid leaving
Section C that is not fed to the top of Section A is
fed to the  top of Section B. Sufficient stripping
vapor is generated in E105 to strip all of the  -7 WO
2004/085023 PCT/US2004/007798 methane and lighter
components out of the liquid leaving the bottom of
Section B.  



Therefore, the bottoms liquid of Section B, stream
104, contains essentially only  ethane and ethylene. 5
Table I Flows and Conditions for Streams in Figure 1
Stream No. 101 102 103 104 Vapor from Section A
Temperature (Deg F) 5.0 -80.7 70.2 33.7 -24.1
Pressure (psia) 515 500 515 513 510 Molar flows lb
mol/hr HYDROGEN 8597 8597 0 0 8737  METHANE 4714 4713
0 1 5221  ETHYLENE 9355 4417 .1462 3476 12456  ETHANE
2506 1 682 1823 3964  PROPYLENE 884 0 882 2 4  PROPANE
206 0 206 0 0 -8 WO 2004/085023 PCT/US2004/007798  We
claim: 1. An apparatus for the recovery and partial
purification of ethylene from at least one  5 feed
stream comprising ethylene, ethane, a component or
components lighter  than ethylene, and optionally C3
and heavier components comprising: a. a single
pressure shell encasing an upper region comprising an
ethylene  distributor rectifying section and a lower
region comprising a C2 distributor  section and an
ethylene distributor stripping section; 10. b. a '
means for collecting liquid flowing downward through
said ethylene  distributor rectifying section and for
transporting said liquid separately to  each of said
C2 distributor section and said ethylene distributor
stripping  section; c. a means for separating said C2
distributor section and the ethylene  15 distributor
stripping section and for preventing passage of liquid
or vapor  



directly therebetween; d. a means for permitting the
passage of vapor within said lower region into  said
upper region; and e. a feed introduction means for
introducing said feed stream into said C2  20.
distributor section. 2. The apparatus of Claim I
wherein an overhead stream comprising ethylene  and
components lighter than ethylene from said ethylene
distributor rectifying  section is at least partially
condensed, and the recovered liquid is used to  25
reflux said ethylene distributor rectifying section.
3. The apparatus of Claim 1 wherein said C2
distributor section comprises a  rectifying section
located above the introduction of said feed stream. 30
4. The apparatus of Claim I wherein said C2
distributor section comprises a  stripping section
located below the introduction of said feed stream. -9
WO 2004/085023 PCT/US2004/007798 5. A process for the
recovery and partial purification of ethylene from at
least one  feed stream introduced into a distillation
column pressure shell encasing an  upper region
comprising an ethylene distributor rectifying section
and a lower  region comprising a C2 distributor
section and an ethylene distributor stripping 5.
section, said feed stream comprising ethylene, ethane,
a component or  components lighter than ethylene, and
optionally C3 and heavier components  comprising: a.
Introducing said feed stream into said C2 distributor
section; b. Providing a means for introducing
stripping vapor into said . C2  10. distributor
section; c. Introducing upflowing vapors from said C2
distributor section and said  ethylene distributor
stripping section into said ethylene distributor
rectifying section; d. Providing a means for
introducing stripping vapor into said ethylene  15.
distributor stripping section; 



e. Introducing downflowing liquid from said ethylene
distributor rectifying  section into said C2
distributor section and said ethylene distributor
stripping section; f. Refluxing said ethylene
distributor rectifying section; 20 g. Recovering a
stream of ethylene, ethane and C3+ components from the
bottom of said C2 distributor section; h. Recovering a
stream of ethane and ethylene from the bottom of said
ethylene distributor stripping section; and i.
Recovering a stream of ethylene and components lighter
than ethylene  25. from the overhead of said ethylene
distributor rectifying section. 6. The process of
Claim 5 wherein a wall separates said C2 distributor
section  and said ethylene distributor stripping
section. 30 7. The process of Claim 5 wherein said C2
distributor section, said ethylene  distributor
rectifying section, and said ethylene distributor
stripping section  each comprise a mechanical means
for enhancing the contact of upflowing  vapor and
downflowing liquid. -10 WO 2004/085023
PCT/US2004/007798 8. The process of Claim 5 wherein
said distillation column pressure shell  operates at a
pressure from about 400' psia to about 550 psia. 5 9.
The process of Claim 5 wherein a liquid separation
device situated above said  lower region and beneath
said upper region prevents liquid exiting said upper
area from directly entering said C2 distributor and
said ethylene distributor  stripping sections. -11 


