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MULTI-STAGE SELECTIVE HYDROGENATION PROCESS
FOR PROCESSING OF BUTADIENE EXTRACTION UNIT

STATEMENT OF PRIORITY

0001} his application claims priority to U.S. Application No. 62/264,028 filed

December 7, 2015, the contents of which are hereby incorporated by reference in its entirety.

FIELD OF THE INVENTION

6602} The present invention relates to a process for the production of butadiene. In

particular, this is a process for the improvement in the production and recovery of butadiene.

BACKGROUND

06003} The use of plastics and rubbers are widespread in today’s world. The production
of these plastics and rubbers are from the polymerization of monomers which are generally
produced from petroleum. The monomers are generated by the breakdown of larger
molecules to smaller molecules which can be modified. The monomers are theo reacted to
generate larger molecules comprising chains of the monomers. An important example of
these monomers is light olefins, including ethylene and propylene, which represent a large
portion of the worldwide demand in the petrochemical industry. Light olefins, and other
monomers, are used in the production of numerous chemical products via polymerization,
oligomerization, alkylation and other well-known chemical reactions. Producing large
quantities of light olefin material in an economical manner, therefore, is a focus in the
petrochemical industry. These monomers are essential building blocks for the modern
petrochemical and chemical industries. The main source for these materials in present day
refining is the steam cracking of petroleum feeds.

16004] Another important monomer is butadiene. Butadiene is a basic chemical
component for the production of a range of synthetic rubbers and polymers, as well as the
production of precursor chemicals for the production of other polymers. Examples include
homopolymerized products such as polybutadiene rubber (PBR), or copolymerized butadiene
with other monomers, such as styrene and acrylonitrile. Butadiene 1s also used in the

production of resins such as acrylonitrile butadiene styrene.
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[6005] Butadiene is typically recovered as a byproduct from the cracking process,
wherein the cracking process produces light olefins such as ethylene and propylene. With the
increase in demand for rubbers and polymers having the desired properties of these rubbers,
an aim to improving butadiene yields from materials in a petrochemical plant will 1mprove
the plant economics.

6006} The demand for plastics such as polyethylene and polypropylene has increased
substantially, and will continue 1o increase in the foreseeable future. Due to the increase
demand, the increase in demand for the monomers, ethylene and propylene or light olefins,
has also increased. This increase in demand has led to improvements in the processes for the
production of light olefins. The improvements increase yields from traditional scurces, such
as naphtha cracking, and from other sources by diverting other hydrocarbon streams for the
production of light olefins. For purposes of the present invention, the reference to steam
cracking, as used hereinatter, is intended to include any cracking unit, which can be a
catalytic cracker, a steam cracker, or a cracking unit for hydrocarbon sources other than
naphtha. With increased availability of ethane from associated gas of crude oil production, as
well as, from increased recovery of natural gas hguids (NGL)Y which contains large amounts
of ethane, use of ethane as a feed to steam crackers has increased. When ethane isused as a
feedstock to a steam cracker, the byproduct C4 stream is significantly reduced. As a result of
these changes, the production of byproducts C4s from the cracking process has decreased. An
important part of this byproduct is the recovery of butadiene, and through changes in
feedstocks for light olefins production, butadiene recovery has been reduced, or is not

keeping up with increased demand.

SUMMARY

160067} The present invention 1s a process for increasing the butadiene yields from a crude
C4 stream.

16008} The present invention 1s an integrated process for the production of butadiene,
comprising passing a steam cracked process stream to a butadiene separation system, thereby
generating a first butadiene stream and an acetylene stream; passing the acetylene streamtoa
selective hydrogenation reactor system, thereby generating a second butadiene stream and a
recycle stream; and passing the first butadiene stream to a second butadiene separation

systemn. An embodiment of the invention is one, any or all of prior embodiments in this
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paragraph up through the first embodiment in this paragraph wherein the second butadiene
separation system comprises passing the first butadiene stream to a butadiene fractionation
unit to generate a 1,3 butadiene overhead stream and a 1,2 butadiene bottoms stream. An
embodiment of the invention is one, any or all of prior embodiments in this paragraph up
through the first embodiment 1n this paragraph wherein the 1,2 butadiene bottoms stream
comprises 1,2 butadiene and heavies. An embodiment of the invention is one, any or all of
prior embodiments in this paragraph up through the first embodiment in this paragraph
wherein the selective hydrogenation reactor system comprises passing the acetylene stream
and a hydrogen stream to a first selective hydrogenation reactor to generate a first reactor
effluent stream with reduced acetylenes; passing the first reactor effluent stream and a second
hydrogen stream to a second selective hydrogenation reactor to generate a second reactor
effluent stream with reduced acetylenes; and passing a first portion of the second reactor
effluent stream and a third hvdrogen stream to a third selective hydrogenation reactor to
generate a third reactor butadiene stream with less than 100 ppmw acetylenes. If desired,
much lower levels of acetylenes may be achieved. For example, a third reactor butadiene
stream may have less than 50, less than 20, less than 10, or less than 5 wppm ethylacetylene.
An embodiment of the invention is one, any or all of prior embodiments in this paragraph up
through the first embodiment iu this paragraph further comprising passing a second portion of
the second reactor effluent stream to the first selective hydrogenation reactor. An
embodiment of the invention is one, any or all of prior embodiments in this paragraph up
through the first embodiment in this paragraph further comprising passing the third reactor
butadiene stream to the butadiene separation system. An embodiment of the invention is one,
any or all of prior embodiments in this paragraph up through the first embodiment in this
paragraph wherein the steam cracked process stream comprises crude C4 hydrocarbons. An
embodiment of the invention is one, any or all of prior embodiments in this paragraph up
through the first embodiment in this paragraph wherein the crude C4 hydrocarbouns include
butenes, butanes, butadienes, ethylacetylene and vinylacetylene. An embodiment of the
invention is one, any or all of prior embodiments in this paragraph up through the first
embodiment in this paragraph wherein the butadiene separation system comprises passing the
steam cracked process stream to a first absorption separation column, and passing a solvent to
the first absorption separation column, to generate a raffinate stream comprising butenes and

butanes; a first intermediate stream comprising butadienes, vinylacetylene and
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ethylacetylene; and a tirst bottoms stream comprising butadienes, vinylacetylene,
ethylacetylene and solvent; passing the intermediate stream to a second absorption separation
column, and passing a solvent to the second absorption separation column, to generate a
second overhead stream comprising butadienes, methylacetylene and vinylacetylene and
pentenes; and a second bottoms stream comprising acetylenes and solvent; and passing the
second overhead stream to a first fractionation column to generate the first butadiene stream
and an third overhead stream comprising methy! acetylene and butadiene. An embodiment of
the invention 1s one, any or all of prior embodiments in this paragraph up through the first
embodiment in this paragraph further comprising passing the third overhead stream to the
selective hydrogenation reactor system. An embodiment of the invention is one, any or all of
prior embodiments in this paragraph up through the first embodiment o this paragraph
further comprising passing the second bottoms stream to the first absorption separation
column. An embodiment of the invention is one, any or all of prior embodiments in this
paragraph up through the first embodiment in this paragraph further comprising passing the
first bottoms stream to a solvent recovery unit. An embodiment of the invention is one, any
or all of prior embodiments in this paragraph up through the first embodiment in this
paragraph wherein the solvent recovery unit comprises passing the first bottoms stream 1o a
first flash separation tank to generate a vapor stream comprising butadienes and acetylenes,
and a liquid stream comprising solvent and butadienes and acetylenes; passing the vapor
stream to the first absorption separation column; passing the liquid stream to a first solvent
fractionation column to generate a first solvent fractionation overhead stream; a first solvent
tractionation bottoms stream and a first solvent fractionation intermediate stream; passing the
first solvent fractionation intermediate stream to a second solvent fractionation column to
generate a second solvent fractionation overhead stream comprising acetylenes, and a second
solvent fractionation bottoms stream comprising solvent; and passing the second solvent
fractionation overhead stream to the selective hydrogenation reactor system. An embodiment
of the invention 18 one, any or all of prior embodiments in this paragraph up through the first
embodiment in this paragraph further comprising passing a first portion of the first solvent
fractionation bottoms stream to the first absorption separation column. An embodiment of the
invention is one, any or all of prior embodiments in this paragraph up through the first
embodiment in this paragraph further comprising passing a second portion of the first solvent

fractionation bottoms stream to the second absorption separation column. An embodiment of
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the invention is one, any or all of prior embodiments in this paragraph up through the first
erabodiment 1o this paragraph wherein the solvent used in the adsorption separation colurmns
15 selected from the group counsisting of n-methyl-2-pyrolidone (NMP), dimethylformamide
(DMF}, acetonitrile, and muxtures thereof.

[0009] A second embodiment of the invention is a process for the production of
butadiene, comprising passing a steam cracked process stream to a butadiene separation
system, thereby generating a first butadiene stream and a solvent stream; passing the solvent
stream to a solvent recovery unit to generate a solvent stream and a first acetylene stream;
passing the first butadiene stream to a second butadiene separation system to generate a 1.3
butadiene product stream, a heavies stream comprising 1,2 butadiene and C5+ hydrocarbons,
and a second acetylene stream; passing the first acetylene stream and the second acetylene
stream to a selective hydrogenation reactor system. An embodiment of the invention is one,
any or all of prior embodiments in this paragraph up through the second embodiment 1n this
paragraph wherein the selective hydrogenation reactor system comprises passing the
acetylene stream and a hydrogen stream to a first selective hydrogenation reactor to generate
a first reactor effluent stream with reduced acetylenes; passing the first reactor effluent
stream and a second hydrogen stream to a second selective hydrogenation reactor to generate
a second reactor effluent stream with reduced acetylenes; and passing a first portion of the
second reactor etfluent stream and a third hydrogen stream to a third selective hydrogenation
reactor to generate a third reactor butadiene stream with less than 100 ppmw acetylenes;
wherein the first portion of the second reactor effluent stream is less than 50 wt% of the
second reactor effluent stream. An embodiment of the invention is one, any or all of prior
embodiments in this paragraph up through the second embodiment in this paragraph further
comprising passing a second portion of the second reactor efffuent stream to the first
selective hydrogenation reactor, wherein the second portion of the second reactor effluent
stream is greater than SO wi% of the second reactor effluent stream. An embodiment of the
invention 1s one, any or all of prior embodiments in this paragraph up through the second
embodiment in this paragraph further comprising passing the third reactor butadiene stream
to the butadiene separation system.

10010} Other objects, advantages and applications of the present invention will become

apparent to those skilled in the art from the following detailed description and drawing.
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BRIEF DESCRIPTION OF THE DRAWING

6011} FIG. 1 is a process for recovering butadiene from a crude C4 process stream.

DETAILED DESCRIPTION

(6012} Butadiene is a major petrochemical commodity used in the production of rubber
products such as tires, and other rubber products in the automotive industry. Butadiene needs
to have high purity for use in polyruer grade rubbers, and should be essentially free of
acetylenes, carbonyls, sulfur, and other heavy components.

[0013]  The use of the UDP KLP™ process provides for the production of 1,3-butadiene
from a steam cracked crude C4 stream. The KLP process is a selective hydrogenation process
to hydrogenate acetylenes. A solvent extraction process is performed upstream of the
hvdrogenation process, and the present invention provides for the elimination of one stage of
the solvent extraction process, and provides for a more economical process.

16014} The present invention provides a process with several recycle selective
hydrogenation reactions in series. The first two reaction stages are operated at higher
acetylene concentrations than standard selective hyvdrogenation designs. This improves the
reaction kinetics. The process also does not need to use hydrogen, H2, concentrations in
excess of stoichiometric levels to achieve the desired selective hydrogenation of the
acetylenes. The reaction recycle effluent stream is used to dilute the acetylene concentrations
10 reactor target inlet levels. The H2 is limited to control the amount of hydrogenation, and to
control the amount of the exotherm of the reactions.

001 5] Although not necessarily typical, the reactions can be run to 100% H2
consumption, and this control reduces the risk of exceeding any target maximum exotherms
due to over-hydrogenation. A portion of the effluent stream from the last recycle reactor is
passed to a final reactor, which operates as a once through reactor for the process stream due
to the low acetylene concentration in the feed stream to the last selective hydrogenation
reactor. It 1s more typical to provide excess hydrogen to drive the low product acetylene
level.

10016} The present invention 15 an integrated process for the production of butadiene.
The process treats a crude U4 stream by separation of the butadiene and selectively

hydrogenating the acetylenes to increase the butadiene production. The crude C4 stream is
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typically a stream generated in the steam cracking process, with the C4 hydrocarbons
separated from the steam cracking effluent stream. The crude C4 stream includes C4
hydrocarbons that comprise butenes, butanes, butadienes, ethylacetylene, vinylacetylene, and
methylacetylene. The process, as shown in FIG. 1, includes passing the crude C4 stream 8 to
a butadiene separation system 10 to generate a first butadiene stream 12 and an acetylene
stream 14. The acetylene stream 14 is passed to a selective hydrogenation reactor system 30
to generate a second butadiene stream 32 and a recycle stream 34. The first butadiene stream
12 1s passed to a second butadiene separation system 20

(8017} The second butadiene separation system 20 includes passing the first butadiene
stream 12 to a butadiene fractionation unit 28 to generate a 1,3 butadiene overhead stream 26
and a 1.2 butadiene bottoms stream 24. The bottoms stream 24 from the butadiene
fractionation unit 28 includes heavies, or compounds having 5 or more carbon atoms that
were in the crude C4 stream 8.

16018} The selective hydrogenation reactor system 36 includes passing the acetylene
stream 14 and a furst hydrogen stream 142 to a first selective hydrogenation reactor 140 to
generate a first reactor effluent stream 144 having a reduced acetylene content. The first
reactor effluent stream 144 is passed with a second hydrogen stream 152 to a second selective
hydrogenation reactor 150 to generate a second reactor effluent stream 154 having a reduced
acetylene content. The second reactor effluent stream 154 s divided into a first portion 156
and a second portion 158, The first portion 156 1s passed with a third hydrogen stream 162 to
a third selective hydrogenation reactor 160 to generate a third reactor butadiene stream 32
with less than 100 ppmw acetylenes. The second portion 158 of the second reactor effluent
stream 154 is recycled to the first selective hydrogenation reactor 140. The third reactor
butadiene stream 32 is passed to the butadiene separation system 10. In one embodiment, the
first portion 156 is less than 50 wt% of the second reactor effluent stream. In another
embodiment, the first portion 1s less than 25 wit% of the second reactor effluent stream, and in
another embodiment, the first portion is less than 15 wt% of the second reactor effluent
stream. The embodiment wherein the first portion is less than 15 wit% of the second reactor
effluent stream particularly provides the desired low acetylene in the product. The second
portion 158 comprising the difference of first portion from the second reactor efftuent stream.
19919} In one ernbodiment, a reactor 200 1s kept off-line, on standby, and can be brought

ou-itne, as one of the other reactors s taken off-line for regeneration.
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(8020} The butadiene separation system 10 is a solvent extraction system, which includes
passing the steam cracked process stream 8, and the third reactor butadiene stream 32, to a
first absorption separation colurmon 110, and passing a solvent 184 to the first absorption
separation column 110, The first absorption separation column 110 geverates a raffinate
stream 112 comprising butenes and butanes; a first intermediate stream 114 comprising
butadienes, vinylacetylene and ethylacetylene; and a first bottoms stream 116 comprising
butadienes, vinylacetylene, ethvlacetylene and solvent.

60621} The first intermediate stream 114 is passed to a second absorption separation
column 120, and a solvent 186 is also passed to the second absorption separation column 120
The second absorption separation column 120 generates a second overhead stream 122
comprising butadienes, methylacetylene and trace oligomer byproducts such as
vinyleyclohexane; and a second bottoms stream 124 comprising acetylenes and solvent. The
second overhead strearm 122 1s passed to a first fractionation coluran 130 to generate the first
butadiene stream 12 and third overhead stream 14, The third overhead stream 14 comprises
methyl acetylene and some butadienes. The third overhead stream 14 is passed the selective
hydrogenation reactor system 30,

16022} The second bottoms stream 124 from second adsorption separation column 120 is
passed to the first adsorption separation column 110. The process further includes passing the
first bottoms stream 116 from the first adsorption separation column 110 to a solvent
recovery unit 40,

0023} The solvent recovery unit 40 includes passing the first bottoms stream 116 to a
first flash separation tank 170. The flash separation tank 170 generates a vapor stream 172
comprising butadienes and acetylenes, and a liquid stream 174 comprising solvent. The
solvent will carry some butadienes, acetylenes and other hydrocarbons. The vapor stream 172
15 passed to the first adsorption separation column 110, and the hquid stream 174 is passed to
a first solvent fractionation column 180. The first solvent fractionation column 180 recovers
the solvent in a bottoms stream 182, and generates an overhead stream 188 comprising
butadienes and acetylenes, which is passed to the first adsorption separation column 110. The
tirst solvent fractionation column 180 also generates an intermediate stream 187. The
intermediate stream 187 is passed to a second solvent fractionation column 190 to strip
hydrocarbons from the solvent, and generates an overhead stream 192 comprising acetylenes,

and other C4 compounds. The bottoms stream 194 comprises solvent and 1s returned to the
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first solvent fractionation column 180. The second solvent fractionation overhead stream 192
i3 passed to the selective hydrogenation reactor system 36,

[6024] The solvent recovery stream 182, or the first solvent fractionation botioms stream,
is split into two portions. A first portion 184 is passed to the first adsorption separation
column 110, and the second portion 186 is passed to the second adsorption separation column
120, Preferred solvents inclhude one or more of n-methyl-2Z-pyrolidone (NMP),
dimethylformamide (DMF), acetonitrile, or a mixture of solvents.

(6025} In another embodiment of the present invention, the process for generating a
butadiene product stream includes passing a steam cracked process stream to a butadiene
separation system. The butadiene separation system generates a first butadiene stream and a
solvent stream. The solvent strear is passed to a solvent recovery unit, wherein the solvent
recovery unit generates a recycled solvent stream and a first acetylene stream. The first
butadiene stream 1s passed to a second butadiene separation system which generates a 1,3
butadiene product stream; a heavies stream comprising CS+ hydrocarbons and 1,2 butadiene;
and a second acetylene stream. The first acetylene stream and the second acetylene siream are
passed to a selective hydrogenation reactor system. The selective hydrogenation reactor
system generates a product stream comprising butadiene, and 1s low in acetylenes. The
product stream is passed to the butadiene separation unit.

106026} The operation of the selective hydrogenation unit includes an acetylene rich
stream fed to the selective hydrogenation unit. The acetylene rich stream comprises 30 wt%
acetylenes in the form of vinyl acetylene and ethylacetylene. This is diluted with a butadiene
to maintain the operating region for acetylene concentration to within a safe zoue.

(8027} The first and second selective hydrogenation reactors in the reactor system or
operated with a large recycle, wherein the recycle to feed ratio 1s greater than 5, and
preferably around 7. Recycle can be taken from the first reactor effluent stream or the second
reactor effluent stream. The recycle ts preferably sufficient to reduce the acetylene
concentration to below 6 wi%.

0028} The third reactor in the selective hydrogenation unit will be a much smaller unit
than the first or second reactors.

08029} While the invention has been described with what are presently considered the

preferred embodiments, it is to be understood that the invention is not limited to the disclosed
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embodiments, but it is intended to cover various modifications and equivalent arrangements

included within the scope of the appended claims.
SPECIFIC EMBODIMENTS

19030} While the following is described 1n conjunction with specific embodiments, 1t will
be understood that this description is intended to illustrate and not limit the scope of the
preceding description and the appended claims.

16031} A first embodiment of the invention is an integrated process for the production of
butadiene, comprising passing a steam cracked process siream to a butadiene separation
system, thereby generating a first butadiene stream and an acetylene stream; passing the
acetylene stream to a selective hydrogenation reactor system, thereby generating a second
butadiene stream and a recycle stream; and passing the first butadiene stream to a second
butadiene separation systern. An embodiment of the invention is one, any or all of prior
erabodiments in this paragraph up through the first embodiment in this paragraph wherein the
second butadiene separation system comprises passing the first butadiene stream to a
butadiene fractionation unit {0 generate a 1,3 butadiene overhead stream and a 1,2 butadiene
bottoms stream. An embodiment of the invention ts one, any or all of prior embodiments in
this paragraph up through the first embodiment in this paragraph wherein the 1,2 butadiene
bottoms stream comprises 1,2 butadiene and heavies. An embodiment of the invention is one,
any or all of prior embodiments in this paragraph up through the first embodiment in this
paragraph wherein the selective hydrogenation reactor systerm comprises passing the
acetylene stream and a hydrogen stream to a first selective hydrogenation reactor to generate
a first reactor effluent stream with reduced acetylenes; passing the first reactor effluent
stream and a second hydrogen stream to a second selective hydrogenation reactor to generate
a second reactor effluent stream with reduced acetylenes; and passing a first portion of the
second reactor effluent stream and a third hydrogen stream to a third selective hydrogenation
reactor to generate a third reactor butadiene stream with less than 100 wppm acetylenes, less
than 10 wppm acetylenes, or less than 5 wppm acetylenes. An embodiment of the invention i3
one, any or all of prior embodiments in this paragraph up through the first embodiment in this
paragraph further comprising passing a second portion of the second reactor effluent stream
to the first selective hydrogenation reactor. An embodiment of the invention is one, any or all

of prior embodiments in this paragraph up through the first embodiment in this paragraph
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further comprising passing the third reactor butadiene stream to the butadiene separation
systemn. An embodiment of the invention is one, any or all of prior embodiments in this
paragraph up through the first embodiment in this paragraph wherein the steam cracked
process stream comprises crude C4 hydrocarbons. An embodiment of the invention is one,
any or all of prior embodiments in this paragraph up through the first embodiment in this
paragraph wherein the crude C4 hydrocarbons include butenes, butanes, butadienes,
ethylacetylene and vinylacetylene. An embodiment of the invention is one, any or all of prior
embodiments in this paragraph up through the first embodiment in this paragraph wherein the
butadiene separation system comprises passing the steam cracked process stream to a first
absorption separation column, and passing a solvent to the first absorption separation column,
to generate a raffinate stream comprising butenes and butanes; a first intermediate stream
comprising butadienes, vinvicyclohexene and ethylacetylene; and a first bottoms stream
comprising butadienes, vinvlacetylene, ethylacetylene and solvent; passing the intermediate
stream to a second absorption separation column, and passing a solvent to the second
absorption separation column, to generate a second overhead stream comprising butadienes,
methylacetylene and vinyleyclohexene and pentenes; and a second bottoms stream
comprising acetylenes and solvent; and passing the second overhead stream to a first
fractionation column to generate the first butadiene stream and an third overhead stream
comprising methyl acetylene and butadiene. An ervbodiment of the invention is one, any or
all of prior embodiments tn this paragraph up through the first embodiment in this paragraph
further comprising passing the third overhead stream to the selective hvdrogenation reactor
system. An embodiment of the invention is one, any or all of prior embodiments in this
paragraph up through the first embodiment in this paragraph further comprising passing the
second bottoms stream to the first absorption separation column. An embodiment of the
invention is one, any or all of prior embodiments in this paragraph up through the first
embodiment in this paragraph further comprising passing the first bottoms stream to a solvent
recovery unit. An ernbodiment of the invention 15 one, any or all of prior embodiments in this
paragraph up through the first embodiment in this paragraph wherein the solvent recovery
unit comprises passing the first bottoms stream to a first flash separation tank to generate a
vapor stream comprising butadienes and acetylenes, and a liquid stream comprising solvent
and butadienes and acetylenes; passing the vapor stream to the first absorption separation

column; passing the liguid stream to a first solvent fractionation column to generate a first
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solvent fractionation overhead stream; a first solvent fractionation bottoms stream and a first
solvent fractionation intermediate stream; passing the first solvent fractionation intermediate
stream to a second solvent fractionation column to generate a second solvent fractionation
overhead stream comprising acetylenes, and a second solvent fractionation bottoms stream
comprising solvent; and passing the second solvent fractionation overhead stream to the
selective hydrogenation reactor system. An embodiment of the invention is one, any or all of
prior embodiments in this paragraph up through the first embodiment in this paragraph
turther comprising passing a first portion of the first solvent fractionation bottoms stream to
the first absorption separation column. An embodiment of the invention is one, any or all of
prior embodiments in this paragraph up through the first embodiment o this paragraph
turther comprising passing a second portion of the first solvent fractionation bottors stream
to the second absorption separation column. An embodiment of the invention is one, any or
all of prior embodiments in this paragraph up through the first embodiment in this paragraph
wherein the solvent used in the adsorption separation columns is selected from the group
consisting of n-methyl-2-pyrolidone (NMP), dimethylformamide (DMF), acetonitrile, and
mixtures thereof.

(8032} A second embodiment of the invention is a process for the production of
butadiene, comprising passing a steam cracked process stream to a butadiene separation
system, thereby generating a first butadiene stream and a solvent stream; passing the solvent
stream 10 a solvent recovery unit to generate a solvent stream and a first acetylene stream;
passing the first butadiene stream to a second butadiene separation sysiem fo generatea 1,3
butadiene product stream, a heavies stream comprising 1,2 butadiene and C5+ hydrocarbons,
and a second acetylene stream; passing the first acetylene stream and the second acetylene
stream to a selective hydrogenation reactor system. An embodiment of the invention is one,
any or all of prior embodiments in this paragraph up through the second embodiment in this
paragraph wherein the selective hydrogenation reactor systerm comprises passing the
acetylene stream and a hydrogen stream to a first selective hydrogenation reactor to generate
a first reactor effluent stream with reduced acetylenes; passing the first reactor effluent
stream and a second hydrogen stream to a second selective hydrogenation reactor to generate
a second reactor effluent stream with reduced acetylenes; and passing a first portion of the
second reactor effluent stream and a third hydrogen stream to a third selective hydrogenation

reactor to generate a third reactor butadiene stream with fess than 100 ppmw acetylenes;
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wherein the first portion of the second reactor effluent stream is less than 15 wt% of the
second reactor etfluent stream. An embodiment of the invention is one, any or all of prior
erabodiments in this paragraph up through the second embodiment in this paragraph further
comprising passing a second portion of the second reactor effluent stream to the first
selective hydrogenation reactor, wherein the second portion of the second reactor effluent
stream is greater than 50 wt% of the second reactor effluent stream. An embodiment of the
invention is one, any or all of prior embodiments in this paragraph up through the second
embodiment in this paragraph further comprising passing the third reactor butadiene stream
to the butadiene separation system.

(6033} Without further elaboration, it is believed that using the preceding description that
one skilled in the art can utilize the present invention to its fullest extent and easily ascertain
the essential characteristics of this invention, without departing from the spirit and scope
thereof, to make various changes and modifications of the invention and to adapt it to various
usages and conditions. The preceding preferred specific embodiments are, therefore, to be
construed as merely illustrative, and not limiting the remainder of the disclosure in any way
whatsoever, and that it is intended to cover varicus modifications and equivalent
arrangements included within the scope of the appended claims.

16034} In the foregoing, all temperatures are set forth in degrees Celsius and, all parts and

percentages are by weight, unless otherwise indicated.
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CLAIMS:

1. An integrated process for the production of butadiene, comprising:

passing a steam cracked process stream to a butadiene separation system, thereby

generating a first butadiene stream and an acetylene stream;

passing the acetylene stream 1o a selective hydrogenation reactor system, thereby

generating a second butadiene stream and a recycle stream; and

passing the first butadiene stream to a second butadiene separation system.

2. The process of claim 1 wherein the second butadiene separation system comprises
passing the first butadiene stream to a butadiene fractionation unit to generate a 1,3 butadiene
overhead stream and a 1,2 butadiene bottoms stream.

3. The process of claim 2 wherein the 1, 2 butadiene bottoms stream comprises 1,2
butadiene and heavies.

4. The process of claim 1 wherein the selective hydrogenation reactor system
COMPrisSes:

passing the acetylene stream and a hydrogen stream to a first selective hydrogenation

reactor to generate a first reactor efftuent stream with reduced acetylenes;

passing the first reactor effluent stream and a second hydrogen stream to a second

selective hydrogenation reactor to generate a second reactor effluent stream with
reduced acetylenes; and

passing a first portion of the second reactor effluent stream and a third hydrogen

stream to a third selective hydrogenation reactor to generate a third reactor
butadiene stream with less than 100 ppmw acetylenes.

S. The process of claim 4 further comprising passing a second portion of the second
reactor effluent stream to the first selective hydrogenation reactor.

6. The process of claim 4 further comprising passing the third reactor butadiene
stream to the butadiene separation system.

7. The process of claim 1 wherein the steam cracked process stream comprises crude
4 hydrocarbons.

8. The process of claim 7 wherein the crude C4 hydrocarbons include butenes,

butanes, butadienes, ethylacetylene and vinvlacetylene.
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9. The process of claim 1 wherein the butadiene separation system comprises:
passing the steam cracked process stream to a first absorption separation column, and
passing a solvent to the first absorption separation column, to generate a raffinate
stream comprising butenes and butanes; a first intermediate stream comprising
5 butadienes, vinylacetylene and ethylacetylene; and a first bottoms stream
comprising butadienes, vinylacetylene, ethylacetylene and solvent;
passing the intermediate stream to a second absorption separation column, and
passing a solvent to the second absorption separation column, to generate a
second overhead stream comprising butadienes, methylacetylene and
10 vinylacetylene and pentenes; and a second bottoms stream comprising acetylenes
and solvent; and
passing the second overhead stream to a first fractionation column to generate the first
butadiene stream and an third overhead stream comprising methyl acetylene and
butadiene.
15 10. The process of claim 9 further comprising passing the third overhead stream to the

selective hydrogenation reactor system.
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