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DIMERIZATION AND TRIMERIZATION OF C5 OLEFINS VIA
CATALYTIC DISTILLATION

FIELD OF THE DISCLOSURE
{9001} Embodiments  disclosed herein relate generally to a process for the
dimerization of isoolefins. Some embodiments herein relate to processes and
apparatus for the dimerization of isoolefins, such as Css, at high selectivity. Other
embodiments berein relate to processes and apparatus for the concurrent selective
dimerization and trimerization of iscolefins, such as Css, to form a light naphtha cut.
Other erobodiments herein refate to processes and apparatus for the selective

dimerization and trimerization of Css via catalytic distillation.

BACKGROUND
{0062] In order to meet the fuel blending requirements, such as octane rating or vapor
pressure requirernents, smaller olefin molecules may be upgraded to produce longer
chain molecules.  Alternatively, the smaller olefin molecules may be ctherified to
increase the oxygen content of the molecule and the resolting fuel blend. The
etherification side reaction may also serve as a moderator reaction {o control the main

reactor, selectively formuing dimers as opposed to frimers and heavier oligomers.

{0003} One commonly used method of upgrading smaller olefin molecules, such as
sz to Cs olefins, is a dirperization reaction. Isoamylenes, such as 2-methyl-1-butene
and Z2-methyl-2-butene, and pentenes, such as l-pentene and 2-pentene, are
commercially significant in many applications. For example, iscamylenes can be one
of the comonomers for polymers. These CUss can also be dimerized to produce
compounds that can be used as chemical feedstock for further reacting or in gasoline
blending or for other petrochemical applications.

{0004] Dimerization reactions involve contacting an olefin with a catalyst in order to
produce a longer chain molecule. A dimer can consist of two or more constituent
olefin molecules. For example, dimerization is a type of oligomerization reaction that
is limited to a combination of only two olefin molecules. If the olefin feed contains
only one type of olefin, a dimer product is formed. I the olefin feed countains two or

more different olefins or olefin isomers, a codirner product may also be formed.
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{0005 Specidically, Cy olefin dimerization is widely used for producing iscoctene, an
intermediate that can be hydrogenated to prodace isooctane, a high-value gasoline
blending additive. Several representative olefin dimerization reactions are shown
below:

{36661 A gas phase olefin dimerization process is disclosed in U.S. Patent Nos.
3,960,978 and 4,021,502, where C: to Cs olefins, fed as pure olefins or in admixture
with paraffing, are dimerized via contact with a zeolite fixed catalyst bed. Other
dimerization processes are disclosed in, for example, U.S. Patent Nos. 4,242,530,
4,375,576, 5,003,124, 7,145,049, 6,335,473, 6,774,275, 6838770, 6,936,742,
6,995,296, 7,250,542, 7,288,693, 7,319,180, 0,689927, 6.376.,731, 5.877.372,
4,331,824, 4,100,220 and U.S. Patent Application Publication Nos. 20080064911,
20080045763, 20070161843, 20060030741, 20040210093, and 20040006252, armnong
others. Acid resin catalysts have also found use in various other petrochemical
processes, including formation of ethers, hydration of olefins, esterifications, and
expoxidations, such as described in U.S. Patent Nos. 4,551,567 and 4,629,710,

{00671 Processes for dimerization of olefins over such resin catalysts require periodic
shutdowns of the dimerization unit to replace and/or regenerate the catalysts. Fuarther,
such solid-catalyzed processes may require additives (“reaction moderators”y to
promote the selectivity of the catalyst to the direr, where the additives may result in
unwanted acid throw, deactivating the catalyst, and may additionally require
complicated separation processes o remove the additive from the resulting product
streasns.

{ (008} in any type of dimerization reaction, the dimerization catalyst activity can be
drastically reduced due fo poisoning, fouling, and coking frequently caused hy
impurities present in the olefin feed stream.  Furthermore, various additives and
impurities that may be present in the olefin feed can participate in side reactions

leading to formation of undesirable byproducts.
gl P

{8609} Dimerization reaction additives, such as a reaction moderator, can also
participate in undesirable side reactions with the olefin or with the duverization
product.  Moderator i3 frequentdy added to the dimerization reaction in order to
increase the dimer selectivity by hmiting the extent of oligomerization reaction to the

dimer stage. Suitable moderators include oxygenates, such as water, primary,
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secondary and tertiary C1-C35 alcohols and ethers. However, as a trade-off to
achieving high dimer selectivity, a portion of the moderator can react with an olefin or
a dimerization product to form heavy oxygenates, for example, tertiary amyl methyl
gther (FAME) from reaction with methanol or tertiary aray!l ethyl ether (TAEE) from

reaction with ethanol,

{0010} Regarding etherification, the reaction of an alcohol and an olefin and
concurtent separation of the reactanis from the reaction products by fractional
distillation has been practiced for some tirne. The process is variously described in
1.5, Pat. Nos. 4,232,177: 4,307,254, 4,336,407, 4,504,687; 4,987,807; and 5,118,873,

{6611} Briefly, the alcohol and isoolefin are fed to a distillation colummn reactor
having a distillation reaction zone containing a suitable catalyst, such as an acid cation
exchange resin, in the form of catalytic distilation structure, and having a distiflation
zone containing inert distiflation structure. As embodied in the etherification of
isobutylene and/or isoamylene, the olefin and an excess of methanol are first fed to a
fixed bed reactor wherein most of the olefin is reacted to form the corresponding
ether, methyl tertiary butyl ether (MTBE) or tertiary amy! methyl ether (TAME). The
fixed bed reactor is operated af a given pressure such that the reaction mixture is at the
boiling point, thereby removing the exothermic heat of reaction by vaporization of the
mixture. The fixed bed reactor and process are described more completely in U.S. Pat.
No. 4,950,803 which is hereby incorporated by reference.

{6312} The effluent from the fixed bed reactor 1s then fed to the distillation column
reactor wherein the remainder of the isobutylene or ispamylene are usually converted
to the ether and the methanol is separated from the ether which is withdrawn as
bottoms. The C4 or Cs olefin stream generally contains only about 10 to 60 percent
olefin, the remainder being inerts, which are removed in the overheads from the

distillation column reactor.

{0013} In some cases, the distillation column reactor may be operated such that
complete reaction of the tsoolefin is not achieved for a particular reason and therefore
there may be significant isoolefin in the overheads, that is, from 1 1o 15 wt %, along

with unreacted methanol.
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{0014} Accordingly, there exists a continuing need for improved isoolefin
dimerization catalysts, systems, and processes and isoolefin etherification catalysts,
systems, and processes.

SUMMARY OF THE DISCLOSURE

{3015} According to one or more embodimenis disclosed herein is a process for the
selective dimerization and etberification of isoolefins. The process may include
feeding a mixed €5 stream, comprising isoolefins, olefins, and dienes to a selective
hydrogenation unit to convert the dienes to olefins, isoolefins, and some paraffins
producing a hydrogenated effiuent streany; feeding the bydrogenated effhient stream
and a moderator to a first fixed bed reactor containing a first catalyst, producing a first
reactor effluent comprising dimers of the isoolefin, unreacted CSs, and oxygenates
and unreacted moderator; feeding the first reactor effiuent to a catalytic distillation
reactor systern containing 4 second catalyst, the second catalyst being configured for
both etherification and dimerization, or dimerization only, of isoolefins, producing a
first overheads comprising unreacted olefing, isoolefins, oxygenates, and one of more
CS ethers and a first bottoros comprising dimers of the isoolefins, any produced
wrimers of the isoolefins, and heavy oxygenates, feeding the first overheads to a
second fixed bed reactor containing a third catalyst, the third catalyst being the same
or different as the fist catalyst, producing a second reactor effluent comprising
dimers of the isoolefins, unreacted CSs, and unreacted oxygenates; combining the fivst
bottoms stream and the second reactor efffuent, forming a combined feed stream;
feeding the cornbined feed strear fo a product splitier, producing a second overheads
strearn comprising anreacted C35 olefins, isoolefing, and oxygenates, and a second
bottoms comprising the dimers of the isoolefins and any produced trimers of the

isoolefins.

{0016} According to one or more embodiments disclosed herein is a process for the
flexible production of either dimers or ethers. The process may include feeding a
mixed 5 stream, coroprising isoolefins, olefins, and dienes to a sclective
hydrogenation unit to convert the dienes to olefins and isoolefins, producing a
hydrogenated effluent stream; feeding the hydrogenated effluent stream and a
moderator to a fust fixed bed reactor countaiming a first catalyst which may be

configured for dimerization only, producing a first reactor effluent comprising dimers
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of the isoolefin, unreacted 355, and oxygenates and unreacted moderator; feeding the
first reactor effluent to a catalytic distillation reactor system containing a second
catalyst, the second catalyst being configured for both etherification and dimerization,
or dimerization only, of isonlefins, producing a first overheads comprising unreacted
olefins, isoolefins and oxygenates and a first bottoms comprising dimers of the
isoolefins, any produced trimers of the isoolefins, and heavy oxygenates; feeding the
first bottoms to a product splitter, producing a second overheads stream comprising
un reacted O3 olefins, isonlefins, and oxygenates, and a second bottoms comprising

the dimers of the isoolefins and any produced trimers of the isoolefius.

{6017} According to one or more embodiments disclosed herein is a system for the
flexible production of either dimers or ethers. The systero may include a selective
hydrogenation unit configured for reacting dienes in a mixed C5 stream, comprising
olefins, dienes, and isoolefins, producing a partially hydrogenated feedstream; a first
fixed bed reactor containing 2 first catalyst which may be configured for reacting the
partially hydrogenated feedstream and a moderator, producing a first reactor effluent
comprising dimers of the isoolefin, unreacted C5s, and oxygenates and unreacted
moderator; a catalytic distillate reactor system containing a second catalyst configured
for reacting the unreacted CSs in the presence of the second catalyst to form
additional dimers of the isoolefin and/or ethers, and producing a first overheads
comprising unreacted olefins, ispolefins, and oxygenates and a first bottoms
comprising dimers of the isoolefins, any produced triraers of the isoolefins, and heavy
oxygenates; a second fixed bed reactor containing a third catalyst configured for
reacting the first overtheads and producing a second reactor cfffuent comprising
dimers of the isoolefin, unreacted C5s, and unreacted oxygenates; a product splitter
configured for separating the second veactor effluent and producing a second
overheads stream comprising vireacted C5 olefins, isoolefins, and oxygenates, and a
second bottoms comprising the dimers of the isoolcfins and any produced trimers of

the tsoolefins.

{0018} Other aspects and advantages will be apparent from the following description

and the appended claims.
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BRIEF DESCRIPTION OF DRAWINGS
{6019] Fig. 1 is a simplified process tlow diagram of a system for dimerization and/or
trimerization of isoolefins according to embodiments herein.
{0620] Fig. 2 is a simplified process flow diagram of a system for dimerization and/or
trimerization of iscolefins according to embodiments herein.
{4621} Fig. 3 is a simplified process flow diagram of a system for dimerization and/or
trimerization of isoolefins according to embodiments herein.

DETAILED DESCRIPTION

{0922 Embodiments herein relate generally to dimerization and/or etherification of
isoolefins.
{0623} As used in embodiments disclosed herein, “catalytic distillation reactor

systemy” refers to a system for concurrently reacting compounds and separating the
reactants and the products using fractional distillation. In some embodiments, the
catalytic distillation reactor system may comprise a conventional catalytic distillation
column reactor, where the reaction and distillation are concumrently taking place at
boiling point conditions. In other erpbodiments, the catalytic distllation reactor
syster may comprise a distillation colomn combined with at least one side reactor,
where the side reactor may be operated as a liquid phase reactor or a boiling point
reactor. While both catalytic distillation reactor systems described may be preferred
over conventional liguid phase reaction followed by separations, a catalytic
distiflation columun reactor may have the advantages of decreased piece count, reduced
capital cost, increased catafyst productivity per pound of catalyst, efficient heat
removal (heat of reaction may be absorbed into the beat of vaporization of the
mixture), and a potential for shifting equilibrinm. Divided wall distitlation columns,
where at least one section of the divided wall column contains a catalytic distillation
structure, may also be used, and are considered “catalyvitic distillation reactor systems”
herein.

{0024] The hydrocarbon feed to the reactor{s) may include purified isoolefin streams,
such as a feed stream containing primarily iscamylenes, or mixtures of isoamylenes
with other C5 olefins and/or paratfins. In other embodiments, hydrocarbon feeds may
include a Cs light naphtba cut. When present in mixtures, the tertiary olefins,

including isoamylencs such as Z-methyi-2-butene and 2-moethyi-1-butene, are more
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reactive than the normal olefin isomers and are preferentially reacted {(dimerized or

trimerized). The isoalkanes in the Cs light naphtha cuts may include isobutane,

isopentane or mixtures thereof, cyclopentadiene, as well as n-pentane, each of which
ray act as a diluent in the reactors.

{8825] in some embodiments, a CS-containing hydrocarbon stream, such as a €5
naphtha cut, may be fed to a selective hydrogenation unit so that any dienes in the C5
naphtha cat may be converted to -pentene, 2-pentene, or iscamylenes, thus allowing
for increased dimerization of the isoamylenes. I some embodiments, the 1-petene
and 2-pentene may vndergo skeletal isomerization to produce additional isoamylene.
The resulting selectively hydrogenated stream, inchuding I-pentene, 2-pentene, or
isoamylenes, may be lean in dienes. For example, depending upon the severity of the
hydrogenation conditions used, the sclectively bydrogenated stream may contain less
than 1 weight percent total of dienes; less than 0.5 weight percent total in other
embodiments; less than .1 weight percent total in other embodiments; and less than

506 ppro total in yet other embodirnents.

{00261 The C5 isoolefins may be processed according to embodiments herein to
selectively dimperize the isoolefins, etheridy the isoolefins, or both. In some
embodiments, the CS iscolefins may undergo some ftrimmerization. I such
embodiments, the trimerization reaction may be moderated by one or more oxygenate
moderators.  Systerns according to embodiments herein may be used to flexibly
prodoce dimers during a production campaign, and when market demands change, to
produce ethers during a production campaign. Catalysts used in reactors and
distiflation column yeactors according to embodiments hercin may have functionality
to selectively dimerize isoolefins as well as to ctherify the isoolefins, Accordingly,
the process may be transitioned between dimerization and etherification readily,
without the need to change catalysts. Rather, operating conditions, including
ternperature, pressure, residence tune, and reactant concentrations, among others, may
be transitioned appropriately to effect the desired reaction.

{6027} Processes disclosed herein may include any number of reactors, including
catalytic distillation reactor systerns, hoth up-flow and down-flow. Use of catalytic
distitiation reactor systems may prevent foulants and heavy catalyst poisons in the

feed from building up within the reaction zone(s). In addition, clean reflux may
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continuously wash the catalytic distillation structure in the reaction zone. These
factors combine to provide a fong catalyst life. The beat of reaction evaporates liquid
and the resulting vapor is condensed in the overhead condenser {o provide additional
reflux. The resulting temperatwre profife in the reaction zone in the catalytic
distillation reaction system is pnuch closer to an isothermal catalyst bed rather than the
adiabatic temperature increase typical of conventional fixed bed reactors.

{0028] Other reactors useful in embodiments disclosed herein may include traditional
fixed bed reactors, boiling point reactors, and pulsed flow reactors, where the reactant
flow and product flow may be co-current or counter-current. Boiling point and pulsed
flow reactors may also provide for a continuous washing of the catalyst in addition to
capturing at least a portion of the heat of reaction through evaporation, allowing for
an improved reactor teraperature profile as comopared to conventional fixed hed
reactors. Reactors aseful in embodirents disclosed herein may be used as a stand-
alone reactor or may be used in combination with one or more reactors of the same or
different type.

{00291 Any type of reactor may be used to carry out the reactions described herein.
The examples of reactors suitable for carrying out the reactions involving isoolefin
reactions according to embodiments herein may include distitlation column reactors,
divided wall distiflation coluron reactors, traditional tubular fixed bed reactors, bubble
colamn reactors, slurry reactors equipped with or without a distillation column, pulsed
flow reactors, catalytic distilation colurnns wherein slurry solid catalysts flow down
the column, or any combination of these reactors. Multiple reactor systems useful in
embodiments disclosed herein may inchude a series of multiple reactors or multiple
reactors in paraliel for the first reaction zone. A person of ordinary skifl in the art
would recoguize that other types of reactors ray also be used.

{00361 The reactors useful in embodiments disclosed herein may include any physical
devices or a combination of two or more devices, including reactors and reactor
systems as described above. The reactor{s) may have various internal devices for
vapor-liquid separation and vapor/liquid waffic. Reaction zones within the reactor(s)
may include “wettable” structure and/or packing. Wettable structure and packing
usetul in embodiments disclosed herein may include various distillation structures and

packing materials, which may be catalytic or non-catalytic.  Suitable wettable
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structure and packing may include, for example, random or dumped distillation
packings which are: catalytically inert dumped packings that contain higher void
fraction and maintain a relatively large surface area, such as, Berl Saddles (Ceramic),
Raschig Rings {(Ceramic), Raschig Rings (Steel), Pall rings (Metal), Pall rings
(Plastic, ¢.g. polypropylene) and the like. Monoliths, which are structures containing
multiple, independent, vertical channels and may be constructed of various materials
such as plastic, ceramic, or metals, in which the channels are typically square, are also
suitable wettable structures. Other geometries could also be used.

{0631} Other materials that promote the distribution of liquid and vapors may also be
psed, including wmist eliminators, demisters, or other wire or multi-filament type
structure. Such multi-filament structures may include one or more of fiberglass, steel,
Teflon, polypropylene, polyethylene, polyvinviidenedifluroride (PYDF), polyester, or
other various materials, which roay be knitted (or co-knit, where more than one type
of filament or wire structure is used), woven, non-woven, or any other type of mult-
filaraent structure.  Structures including roultifilament wires as fypically used in
demister services, structures including an clement of woven fiberglass cloth, and high
surface area stainless steel structured packings are preferred.

{06321 Compositions and reactant admixtures uscful for some ermmbodiments disclosed
herein may be n a partial liquid phase in the presence of an acid cation resin catalyst
either in straight pass type reaction or in a catalytic distillation reaction where there is
both a vapor and liquid phase and a concurrent reaction/fractionation. Catalysts used
in dimerization reactors may inchide acid vesins, sach as AMBERLYST 15 {avaifable
from Rohm and Haas) or related oleum derived resins and may inchude phosphoric
acid derived catalysts, such as those known to the industry as SPA {(solid phosphoric
acid) catalysts, or other sulfonic acid resins.

{00331 Reactors according to embodiments disclosed herein may include one or

zultiple reaction zones.

{30341 One of the primary products from processes according to embodiments herein
may inchude dimers of the isoolefins. For example, isoamylene may be dimertzed to
form a (o olefin or ditsoamylene (BA). In some erbodiments, the dimers have 8 to

10 carbon atoms and correspond to dirners prepared from Cq or Cs olefins. ¥a other
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embodiments, some amount of the iseamylene may be trmerized to form a Cis
tertiary olefin.

{0035] In prior C5 dimerization schemes, fixed bed reactions are staged to increase
the sclectivity toward the C10 dimer. The present inventors have found that through
proper dumerization reaction conditions and appropriate use of a moderator in each
reactor, the need for an intermediate depentanizer may be munimal while still
achieving a high isoolefin conversion. Additionally, using one or more oxygenate
moderators, the trimerization of the C5 isoolefins may be controlled.  Suitable
moderators may include water, C1-C5 primary alcohols such as methanol, ethanol, 1-
propanol, etc., as well as C1-CS secondary and tertiary alcohols such as 2-propanoi,
2-butanol, tertiary amyl alcohol (TAA), eic., and ethers such as TAME and TAEE.
Lighter oxvgenates may react with an olefin or a dimerization product to forma
additional heavy oxygenates, for example, TAME and/or TAEE. In some
embodiments, the moderators may include methanol, ethanol, or a combination
thereof.

{00361 Following reaction in upstream reactors, such as fixed bed reactors, the
effluent from the primary fixed bed reactor may be fed to a catalytic distilation
coluron reactor to separate the reaction products while targeting complete conversion
of the isoamylene. Emboduments herein conternplate continued dimerization in the
catalytic distillation column reactor.  Other embodiments herein contemplate
etherification in the catalytic distillation column reactor. The catalytic distillation
reactor systern may be configured to have a single-purpose or dual-purpose catalyst
bed, or may be configured to have an upper and a lower catalyst bed where one
catalyst bed has a catalyst configured for dimerization and trimerization of isoolefins,
and the other catalyst bed has a catalyst configured for etherification of isoolefins.
The catalyst beds may be in equal parts, or there may be more or less of one catalyst
depending on the desired production of C10+ olefins and/or the amount of moderator
available for controlling the trimerization and/or etherification reactions.

{40371 The dimerization and trimerization of isoolefins may be carried out in a partial
liguid phase in the presence of an acid cation resin catalyst cither in straight pass type
reaction or in a catalytic distillation reaction where there is both a vapor and liguid

phase and a concurrent reaction/fractionation. Catalysts used in dimerization reactors
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may inciude acid resins, or related oleum derived resins and may include phosphoric
acid derived catalysts, such as those known to the industry as SPA (solid phosphoric
acid}) catalysts.

{0038} {Oxygen-containing moderators may be used to influence the selectivity of the
dimerization reaction o the dimer product, as opposed to the trimer product, and
control the etherification reaction.  Oxygen-containing moderators  useful in
embodiments disclosed herein may inchude water as well as tertiary alcohols and
ethers. For example, the oxygen-containing moderator may include at least one of
water, tertiary butyl alcohol (TBA), methanol, propanol, methyl tertiary butyl ether
(MTEE), ethanol, ethyl tertiary butyl ether (ETBE), tertiary amyl ethyl ether (TEAA),
and glycerin. In one or more embodiments, the moderator may be MTBE, TBA,
methanol or water, or combinations thercof, for the dimerization reaction. In some
embodiments, a methanol stream may be fed to the process as an initial moderator.
After reaction in a fixed bed reactor and/or catalytic distillation reactor MTBE, TBA,
TEAA, or other heavy oxygenates may be generated. These heavy oxvgenates may
be recycled as the moderator, thereby reducing the amount of fresh methanol needed

for the overall process.

{(639] Dimerization reactions carried out in the presence of the oxygen-containing
moderators may concurrently produce dimers, and some trimers, of the isoolefins, and
various oxygen-coniaining byproducts due fo reaction of a moderator with an
isoolefin or an isoolefin dimer. For example, the oxygenated dimerization byproducts
may include Cs-Cig ethers and Cs-Cio alcohols. Isoamylene, for example, may react
with methanol {moderator) to form tertiary amyl methyl ether (TAME). In some
embodiments, 1-pentene or 2-pentene present may react with a moderator to form
secondary ethers, such as secondary amyl methyl ether (SAME), which may be
pndesireable.  Such dimerization process in the presence of a moderator, may
climinate the need for an intermediate deisopentanizer.

{(048] The resulting dimers and trimers may be used, for example, as a raw material
for the production of vartous chemicals, such as epoxides, herbicides, pesticides, and
for flavors or perfumes. In other embodirents, the dimers and trimers may be fed to
an alkylation systern, where the diroers and friroers may dissociate into constifuent

olefins and react with an alkane to produce an alkylate in the gasoline-boiling range.
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The dimers and trimers may alse be hydrogenated to form gasoline-range
hvdrocarbons, such as iso-decane, and other hydrocarbons, such as isoparaffins for
petrochemical applications such as solvents or cosmetics. In yet other embodiments,
the dimers and frimers containing stream may be used as a gasoline-range
hydrocarbon blendstock without bydrogenation or atkylation.

{0841} Operating  conditions  within  catalytic  distillation reactor systems  for
dimerizing isoolefins may include temperatures and pressures sufficient for a)
recovery of the unreacted €35 hydrocarbons, water, and other light components as an
overhead vapor fraction, b) the desived reactivity of the isoolefins over the catalyst,
and ¢) recovery of the dimer and heavy oxygenates as a bottoms liquid fraction. The
teraperature within the reaction zone may thus be intimately linked to the pressure, the
combination of which provides for boiling of the isoolefin and water within the
reaction zone(s). Higher temperatures may be required in portions of the colamn
below the reaction zone, thus providing for the separation of the dimer from the
unreacted feed compounds. Depending on the conversion in the primary fixed bed
reactor and the catalytic distillation reactor system, a finishing reactor, or secondary
fixed bed reactor may further process the isoamylene in the catalytic distillation
reactor system overheads, further increasing the conversion of iscamylene to dimers
of ispamylene.

{0042} Typical conditions for the catalytic distillation TAME reaction include catalyst
bed ternperatures of about 65-90°C, overhead pressures of about 2.5-5 barg and
equivalent liguid hourly space velocities of about 2.0 to 5.0 b, The teroperature in
the column is determined by the boiling point of the liquid mixture present at any
given pressure. The temperature in the lower portions of the colump will reflect the
constitution of the material tn that portion of the column, which will be higher than
the overhead; that is, at constant pressure a change in the terperature indicates a
change in the composition in the column. To change the teraperature, the pressure in
the column may be changed. Temperature countrol in the reaction zomne is thus
controlled by the pressure with the addition of heat (the reactions being exothermic)
only causing more boil up. By increasing the pressure the temperature is increased,
and vice versa. Even though a distillation column reactor is used, some of the

isoolefin may be unconverted and roay exits the colurnn with the overbeads.
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{00431 Any ether product formed is removed from the distillation column reactor as a
bottoms, along with the dimers, and any formed trimers, in the effluent from the
ppstream reactors. The overheads may contain unreacted light alcohols, such as
methanol or ethanol used as a moderator in the upstrearm reactors and/or a reactant in
the distillation coluron reactor, and isoolefin along with light inerts, such as normal
pentene and pentanes.

{0044] Referring now to Fig. 1, a simplified process flow diagram of a system for the
dimerization and/or ctherification of isoolefins according to embodiments disclosed
herein is tHustrated.

{0045] When operating in dimerization mode, a hydrocarbon feed, such as a raffinate
from a pentadiene separation process, comprising isoolefins, such as iscamylene
(CMIB and 2MZ2B), and one or more of isopentane, I-petene, pentadiene,
cyclopentadiene, n-pentane, and 2-pentene, may be fed via a flow line 10, to a
selective hydrogenation unit (SHU) 18 suitable for partially bydrogenating the feed.
Pentadiene in the feed may be partially, or completely, hydrogenated to form
isoamylene and n-pentanes. In some embodiments, the pentadiene in the feedstock
may be limited to less than 3000ppm. Additionally, hydrogen may be fed to SHU 18
via flow line 14.

{0046} The partiaily hydrogenated feed 20, containing iscamylene (ZMIB and
2M2B), and one or more of isopentane, 1-petene, n-pentane, 2-pentene, and hydrogen
may then be fed to a fivst {ixed bed reactor 22 containing a first catalyst suitable for
the dimerization and/or minor etherification of iscamylene. A reaction moderator,
such as {1-C5 alcobols or other oxygenates, may also be fed to the first fixed bed
reactor 22 via a flow line 12. Alternatively, and/or additionally, oxygenate, such as
methanol and/or ethanol or other C1-C35 alcohols, may be fed to the first fixed bed
reactor 22 via flow line 44. Such alcohols may come from an upstream oxygenate
rectification section.

{047} In reactor 22, the iscamylene reacts in the presence of the catalyst contained in
the reaction zone to convert a portion of the isoamylenc to dimers of iscamylene such
as isodecene, and/or ethers, such as TAME or TAEE.

{048} The effluent 24 from reactor 22 may then be fed to a catalytic distiflation

reactor systemn 26, also containing a resin catalyst 28 suitable for dimerization and
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etherification reactions. While illustrated as a single catalyst bed, resin catalyst 28
may be multiple separate catalyst beds with the same or different catalysts for
concurrent dimerization and ethertflication. In catalytic distillation reactor system 26,
the isoamylene reacts in the presence of the catalyst contained in the reaction zone to
convert a portion of the iscamiyene to form additional dimers, including dimers of
isoamylene such as isodecene, trirners, and/or additional ethers, such as TAME or
TAEE, in addition to those produced in reactor 22. Feeding effluent 24 to catalytic
distitlation reactor system 26 may, in some embodiments, be done without the step of
an intermediate depentanizer.

{0049] If necessary or desired, additional C1-C5 alcchols (not Hustrated) may be fed
to catalytic distillation reactor system 26. The feed of the effluent 24 from reactor 22
may be introduced to the catalytic distillation reactor system 26 below the reaction
zone containing a catalyst suitable for dimerization and/or etherification reactions.
Such catalyst may be the same, or different, from the catalyst in reactor 22. The
heavier reaction products, including TAME or TAEE, any formed tertiary amyl
alcobol (TAA), dirers of soamlyene, and any formed trimers of isoamylene, may
distill downward, while the unreacted isocamylene and lighter components, inchuding
1-pentene, 2-pentene, n-penfane, and oxygenates, such as DME or DEE, distill
upward into the reaction zone, where the isoamlyene reacts in the presence of the
catalyst contained in the reaction zone to convert a portion of the iscamylene to
additional dimers of ispamylene such as isodecene, and/or ethers, such as TAME or
TAEE.

{00561 The overhead distillate 30 from catalytic distillation reactor systern 26 may
include unreacted C5s, such as n-pentane, Z-pentene, and I-pentene, as well as
unreacted methanol and/or ethanol and isoamylene, and may be sent (o one or more
downstream processes such as  alcohol extraction and recovery, alkylation,
isomerization, or metathesis processes.  In the embodiments where the unreacted
stream is sent 1o isomerization, an isomerized effluent may be recycled to the reactor
22.

{6051} In one or more embodiments, the overhead distillate 30 may be partially
removed from the process via flow lne 32, The portion of the overbead distillate 30

not rernoved from the system may be fed to a secondary fixed bed reactor 36, via flow
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line 34, containing a third catalyst suitable for dimerization and/or etherification of
isoaraylene, or a methanol and/or ethanol recovery system 42 via flow lines 31 and
44, The alcohol recovery system 42 may separate unreacted C1-CS aleohols, such as

wethanol and/or ethanol, from the isoamylene, 1-pentene, 2-pentene, n-pentane, and
other oxygenates, producing an alcohol recycle stream 44 and a CS product strearn 46.
The portion of the overhead distillate 34 which s fed to the second fixed bed reactor
36 may undergo additional dimerization and/or etherification, producing a second
effluent stream 38 containing TAME or TAEE, any formed tertiary amyl alcohol
(TAA), dimers of tsoamlyene, any formed trimers of isocamylene, and gnreacted 1-
pentene and Z-pentene. If the concentration of dimers and heavier components in the
second effluent 38 is low, a portion of the second effluent may be fed via flow 37 and
40 to the alcobol recovery system 42 for additional recovery of CSs and unreacted
oxygenates.

{0052} The catalytic distillation reactor system bottoms 27 may include dimers, and
somie frimers, TAME, TAEE, and TAA, and other oxygenates produced via reaction
in reactors 24 and 26, may be combined with the second effluent 38 and fed to a
CS5/C10 product splitter 50. The product splitter 50 may produce a second overheads
stream 32 containing one or more €35, such as 1-pentene, 2-pentene, n-pentane, and
unreacted jsoamylene, uncreated oxygenates including methanol and/or ethanol, and
any produced TAME, TAEE, or TAA. The product splitter 50 may also produce a
second bottoms strearmn 56 containing the dimers and any formed trimers of
isoamiylene. The second bottoms stweam 36 yoay be fed to a total hydrogenation unit
58, with a second hydrogen feed 60, to convert the dimers and trimers of isoamylene
into C10 and C15 parafiins, producing a C10+ product stream 62, While llustrated
with the second bottoros stream 56 heing fed to the total hydrogenation unit 58, in
some ermnbodiments a dimerized olefin product may be desired.  In such embodiments,
the second bottoms stream 56 may be taken as a product, and the total hydrogenation
unit 38 is not in service.

{3053} The second overhead stream 52 may be split into a second product stream 53
and a recycle steam 34. Both the second product stream 53 and recycle stream 54

ray have the same composition and include one or more C3s, such as I-pentene, 2-

pentene, n-pentane, and uvnreacted isoamylene, unreacted oxygenates including
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methanol and/or ethanol, and any produced TAME, TAEE, or TAA. The recycle
stream 54 may be recycled o one or raore of the second fixed reactor 36 via flow line
53, catalyst distillation reactor system 26 via flow line 57, and the SHU 18 via flow
line 59.

{3054} The €5 product stream 46, second product stream 53, and C10+ product
stream 1oay be used as a raw material for various downstream processes.  For
example, these streams may be used as a raw material for the production of various
cheroicals, such as epoxides, herbicides, pesticides, flavors, perfumes, solvents, or
costmetics. In other erohodiments, in gasoline blending.

{(055] While generally described above as producing a dimerization product, the
system described hercin may, in one or more embodiments, be operated in
etherification mode to produce a TAME or TAEE prodact. When the system is used
for production of TAME or TAEE by increasing the feed ratio of oxygenates to mixed
{5s and not operating the total hydrogenation unit 58.

{(056] In one or more embodiments, the process may intially be producing dimers as
a targeted product, separating the dimers of the isoolefins from unreacted oxygenaies
and unreacted CSs in the catalytic distillation reactor system 26, producing a bottoms
siream comprising the dimers of the isoolefing, and an overhead stream comprising
unreacted light oxygenates and CS3s. During a fivst period of time, the system may be
operated in direrization mode where the oxygenates are fed at a concentration for the
oxygenate to be effective as a reaction moderator, producing dimers of the isoolefins.
After running in dimerization mode, the amount of oxygenates fed may be increased
to a concentration for the oxygenate to be effective as a reactant, thereby producing
cthers of the isoolefin. During ctherification, the bottoms fraction via a flow line 27
and second effluent via flow line 38 may be taken directly as product. After running
the process in etherification mode for an amount of time, the concentration of
oxygenates may be reduced and the bottoms fraction via a flow line 27 and second
effluent via flow line 38 may be again fed to product splitter 50.

{00571 For example, when operating in dimerization mode, the mixed C5s to
oxygenates ratio may be from 5:1 to 2:1 with the oxygenates being primarily C1-C5

alcobols, MTBE, ETBE, TAEE, or TAME, and when operating in etherification
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mode, the mixed C5s to oxygenates ratio may be from 2:1 to 1:2 with the oxygenates
being primarily methanol and/or ethanol.

{G058] Accordingly, disclosed herein is a system, which may flexibly produce a
dimerization product or an ctherification product without having to take reactors out
of service. The switch from dumerization to etherification may only require the
increase in oxygenates feed and, when additional separation of the resulting product is
not desired. Both processes may function with suitable high isoamylene conversion
without the need for a depentanizer.

{50591 While the system is illustrated as including two fixed bed reactors, more or
fewer reactors may be used. In such embodiments, the feed of oxygenates, such as
CI1-C5 alcohols, may be staged so as to achieve the desired selectivity in the
dimerization and/or etherification reactions.

{30601 For example, as illastrated in Fig. 2, in embodiments where the amount of
methanol in the fivst overbeads 30 is low, the entivety of the overbeads, not removed
via flow line 32, may be fed via flow line 34 to the second {ix bed reactor. In these
embodiments, the alcohol recovery system 42 may not be necessary.

{G061] As illustrated in Fig. 3, in erabodiments where the conversion of isomaylene in
the first fixed bed reactor 22 and the catalytic distillation reactor system 26 are high,
the second {ixed bed reactor may be unnecessary, and the bottorns fraction 27 may be
the only feed to the product splitier 50.

{(662] Additionally, embodiments hercin may provide for the flexibility in producing
both ethers and/or isoolefins. For example, the system may be used for an extended
run to produce TAME or TAEE, and then transitioned to being used for an extended
run o produce soamylene dimers.

{0063) As described above, embodiments herein provide for flexible dimerization
and/or etherification of isoolefins. In certain embodiments of the present disclosure,
isoarmylene undergoes a controlled dimerization process in a series reactor
configuration in the presence of oxygenates and/or moderators under mild conditions.
Additional oxygenates reaction is completed in the subsequent catalytic distillation
tower that supplernents the requiternent of the moderator in the reaction section. The
advantages of a series reactor configuration includes higher production of Ci10 olefins

and fower mmers and tetramers formation.
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{00641 The present disclosure, among other things, provides a reduction in {apex by
elimninating the need for a depentanirzer between the fixed bed reactors while
maximizing the isoamylene concentration and conversion. The removal of isodecene

and heavier molecules is not required to achieve high overall isnamylene conversion.

[(065] While the disclosure includes a limited nomber of embodunents, those skilled
in the art, having benefit of this disclosure, will appreciate that other embodiments
may be devised which do vot depart from the scope of the present disclosure.

Accordingly, the scope should be limited only by the attached claims.
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CLAIMS
What is clatmed:
1. A process for the sclective dimerization and ctherification of isoolefing, the process
comprising:
feeding a mixed 35 stream, comprising isoolefins, olefins, and dienes to a selective
hvdrogenation unit to convert the dienes to olefins, isocolefins, and paraffins,
producing a hydrogenated effluent strea;
feeding the hydrogenated effluent stream with a moderator to a first fixed bed reactor
containing a first catalyst, producing a first reactor cffluent comprising dimers of
the isoolefin, unreacted C3s, one or more oxygenates, and unreacted moderator;
feeding the first reactor effluent to a catalytic distillation reactor system containing a
second catalyst, the second catalyst being configured for ctherification and/or
dimerization of oolefins, producing a first overheads comprising unreacted
ofefins, isoolefins, oxygenate, and one or more C5 ethers and a first bottoms
comprising dimers of the isoolefins, any produced trimers of the isoolefins, heavy
oxygenates and unreacted moderator,
feeding the first overbeads to a second fixed bed reactor containing a third catalyst,
the third catalyst being the same or different as the first catalyst, producing a
second reactor effluent comprising dimers of the isoolefins, unreacted C3s, the
one ot more oxygenates and unreacted moderator;
combining the first bottoms stream and the second reactor effluent, forming a
combined feed stream; and
feeding the corbined feed strear o a product splitter, producing a second overheads
stream comprising anreacted C3 olefins, isoolefins, moderator, and oxygenates,
and a second bottoms comprising the dimers of the ispolefins and any produced
trimers of the isoolefins and heavier oligomers.
2. The process of claim 1, further comprising feeding the second bottoms and a hydrogen
stream to a total hydrogenation unit, producing a C1{+ paraffin product stream
3. The process of claim 1, wherein the oxygenate comprises C1-C5 aleohols, the process
further coraprising:
feeding a portion of the first overheads stream to an oxygenate recovery system,

producing an oxygenate stream and a 5 hydrocarbon stream;
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recycling the oxygenate siveam to the first fixed bed reactor as the moderator.

4. The process of claim 1, further comprising recycling a portion of the second overhead
strearn to the selective hydrogenation unit, the catalytic distillation reactor system, and/or
the second fixed reactor.

5. The process of claim 1, wherein the isoolefin is 2-roethyl-1-butene and 2-methyl-2-
butene, and wherein the oxygenate stream comprises methanol and/or ethanol.

6. The process of claim 1, wherein the oxygenate and/or moderator is fed to the first and
second fixed bed reactors at a concentration for the oxygenate to act as a moderator for
the dimerization of the isoolefin, and wherein the oxygenate 1s fed to the catalytic

distillation reactor systern at a concentration {o act as a reactant producing ethers.

~3

The process of claim |, wherein the oxygenate is fed to each of the first and second fixed
bed reactors and the catalytic distiflation reactor system at a concentration for the
oxygenate to act as a moderator for the dimerization of the isoolefin.

8. The process of claim 1. wherein the {ivst, second, and third catalysts are each a catalyst
capable of being catalvtically active for both dimcerization and ectherification at
respectively appropriate reaction conditions, and wherein the catalyst is a sulfonic acid
catalyst.

9. The process of claim 1, further comprising recovering a portion of the second overheads
sfream as a mixed product stream.

10, A process for the {lexible production of dirners and ethers comprising:

feeding a mixed 5 stream, comprising isoolcfins, olefins, and dignes to a selective
hvdrogenation unit to convert the dienes to olefins and isoolefins, producing a
hydrogenated effluent stream;

feeding the hydrogenated effluent stream and a moderator to a first fixed bed reactor
containing a first catalyst, producing a first reactor cffluent comprising dimers of
the isoolefin, unreacted C5s, oxvgenates, and vareacted moderator;

feeding the first reactor effluent, without componential separation, to a catalytic
distillation reactor system containing a second catalyst, the second catalyst being
configured for etherification and/or dimerization of isoolefins, producing a first
overtheads comprising unreacted olefins, isoolefins, oxygenate, and uvnreacted
moderator, and one or more {5 ethers and a first bottoms comprising dimers of
the isoolefins, any produced trimers of the isoolefing, heavier oligomers, and

heavy oxygenates; and

26
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it

13.

14.

16.

9.

feeding the first bottoms to a product splitter, producing a second overheads streamn

comprising unreacted €5 olefins, isoolefins, and oxygenates, and a sccond

hottoms comprising the dimers of the isoolefins and any produced trimers of the
isoolefins and heavier oligomers.

The process of claim 10, further comprising feeding the second bottoms and a hvdrogen

stream to a total bydrogenation unit, producing a C10+ paraffin product stream.

2. The process of claim 10, wherein the oxygenate comprises C1-C3 alcohol, the process

further comprising:
feeding the first overheads stream to an oxygenate recovery system, producing an
oxygenate stream and a 5 hydrocarbon stream;
recycling the oxygenate streara (o the first fixed bed reactor as the moderator.
The process of claim 10, further coroprising recycling a portion of the second overhead
stream to the selective hydrogenation unit and/or the catalytic distitlation reactor system.
The process of claim [0, wherein the isoolefin is Z-methyl-1-butene and 2-methyl-2-

butene, and wherein the oxygenate stream comprises methano! and/or ethanok

. The process of claim 10, wherein the oxygenate is fed to the first fixed bed reactors at a

concentration for the oxygenate to act as 8 moderator for the dimerization of the isoolefin,
and wherein the oxygenate is fed to the catalytic distillation reactor systern at a
concentration to act as a reactant producing ethers.

The process of claim 10, wherein the oxygenate is fed to each of the first fixed bed
reactors and the catalytic distillation reactor system at a concentration for the oxygenate

to act as a moderator for the dimerization of the soolefin.

7. The process of claim 10, wherein the first and second are each a catalyst capable of being

catalytically active for both dimerization and etherification at respectively appropriate

reaction conditions, and wherein the catalyst is a sulfonic acid catalyst.

. The process of claim 10, further comprising recovering a portion of the secound overheads

stream as a mixed product stream.

A system for the tlexible production of dimers and ethers comprising:

a selective hydrogenation unit configured for reacting dienes in a mixed C5 siream,
comprising olefins, dienes, and isoolefins, producing a partially hydrogenated
feedstream;

a first fixed bed reactor containing a first catalyst counfigured for reacting the partially

3

hydrogenated feedstream and a moderator, producing a first reactor effluent

21
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comprising dimers of the isoolefin, unreacted CSs, one or more oxygenates, and
unreacted moderator

a catalytic distillate reactor system containing a second catalyst configured for reacting
the unreated 5s in the presence of the second catalyst to form additional dimers of
the iscolefin and/or cthers, and producing a first overbeads comprising unreacted
olefins, isoolefins, oxygenate, and unreacted moderator, and one or more C5 ethers
and a first bottoms comprising dimers of the isoolefins, any produced trimers of the
isoolefins, heavier oligomers, and heavy oxygenates;

a second fixed bed reactor containing a third catalyst configured for reacting the first
overheads and producing a second reactor effluent comprising dimers of the isoolefin,
unreacted C5s, and unreacted moderator; and

a product splitter configured for separating the second reactor efffuent and producing a
second overbeads stream comprising an reacted C35 olefins, isoolefins, and moderator,
and a second bottoms comprising the dimers of the iscolefins and any produced
triraers of the isoolefins and heavier oligomers.

20. The systemn of claim 19, further comprising a total hydrogenation unit configured for
reacting the second bottoms with a hydrogen stream, producing a C10+ paraffin product
streant.

21. The systemn of claim 19, wherein the oxygenate coraprises C1-CS alcobols, the system
further comprising:

an oxygenate recovery system configured for separating a portion of the first
ovetheads stream, producing an oxygenate strearg and a C5 bydrocarbon stream;

a first flow line configured for recyching the oxygenate stream to the first fixed bed
reactor as the moderator.

22. The system of claim 19, further comprising a second flow line configured for recycling a
portion of the second overhead strearn to the selective hydrogenation unit, the catalytic

distillation reactor system, and/or the second fixed reactor.

o]
(5]

. The system of claim 19, wherein the isoolefin is Z-methyl-i-butene and 2Z-methyl-2-
butene, and wherein the oxygenate stream coroprises methanol and/or ethanol.

24. The system of claim 19, wherein the first, second, and third catalysts are each a catalyst

capable of being catalytically active for both dimerization and etherification at

respectively appropriate reaction counditions, and wherein the catalyst is a sulfonic acid

catalyst.



