METHOD FOR CONTEMPORANEOQUSLY DIMERIZING AND HYDRATING A
FEED HAVING BUTENE

Technical Field of the Invention

18661} The present invention relates to a method for simultancously producing butene
oligomers and butanol from a feed stream having butene. More specifically, the present
invention relates to a method for sinwltancously dimerizing and hydrating a mixed

butenes feedstock to produce butene ohigomers and butanols.

Backoround of the Invention

0002} Internal combustion engines are commonly used on mobile platforms, in remote
arcas or in lawn and garden tools, There are various types of mternal combustion
engines. Spark type engines compress volatile fuels, such as gasoline, before ignition.
Compression type engines take in air and compress it to generate the heat necessary to

ignite the fuel, such as diesel.

10003} Although hydrocarbon fuels are the dominant energy resource for such engines,
alcohols, especially methanol and ethanol, have also been used as fuels. For example, in
the 1970s, gasohol, a blend of mostly gasoline with some ethanol, was introduced during
the Arab oil erabargo. Currently, the primary alcohol fuel 18 cthanol. In general, ethanol
can be blended into gasoline in various gquantities, normally at up to about 10%, which
typically results in a higher octane rating than regular gasoline. Certain fuels being
produced today primarily juclade alcobols, for example, E-85 fuel contains 85% ethanol
and 15% gasoline, and M-85 has 5% methanol and 15% gasoline. There are, however,

several drawbacks to the use of ethanol, such as encrgy deficiencies (ethanol provides
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about 39% less energy than gasoline), high blending RVP (at 10% of blending, RVP=11

psi), and incompatibility with existing trausportation facilities.

10004} Further hmitations exist with respect to the use of grain-based fuels. For
example, grain ethanol is cxpensive to produce. Producing sutficient quantitics of grain
cthanol to satisty the transportation indusiry needs 1s not practical because food crops and
foed crops are and have been diverted into grain ethanol fuel production. In addition, on
a volumetric basis, both methanol and ethanol have relatively low energy contents when
compared to gasoline. For example, methanol contains about 50,000 Btw/gal and ethanol

contains about 76,000 Btu/gal, whereas gasoline contains about 113,000 Btu/gal.

10005} Long chaiun alcohols can be used together with amives/antines as inhibitors to
prevent metal corrosion and rubber/plastics swellings caused by the ethanol fuels. These
long chain alcohols, such as dodecanol, can also be used as emulsifying agents. Mixed
fow cost methanol and ethanol can be used with long chain aleohols to form alcohol
blended dicsels or used as emulsifying diesel adjustors. Long chain aleohols, however,
are relatively expensive to produce. Methanol-based and ethanol-based diesels also
suffer from the drawback that other additives are required to maintain a mintmum Cetane
number greater than 40 and to assore the diesel burns efficiently, such as long chain

alcohols, alkyl esters and fatty acids.

10606] Some time ago, lead was added to gasoline to boost iis octane rating, thercby
improving the antiknock properties of gasohine. Lead use, however, has being ehiminated
in most countries from gasoline for environmental reasons. In response to the need to
phase out lead, gasoline sold in the United States and other countrics was blended with up
to 15% volumes of an oxygenate, such as methyl-tertiary-butyl-cther (MTBE}, in an
ctfort to raise the octane rating and to reduce cnvirommentally harmil exhaust emissions.
Due to its harmful effects, however, the industry is now replacing MTBE with the use of
fermented grain cthanol, but as discussed above, producing the necessary quantitics of

grain ethanol to replace MTBE is problematic in specific regions.

16647} Another additive that has been used in fuels is methyleyclopentadienyl manganese

tricarbonyl (MMT). MMT has been a controversial gasoline additive for many years that



is able to increase octane, but also increases emissions, which may have an adverse effect

on health and exhaust catalyfic conversion systems,

16608} In licu of these questionable additives having the various deficiencies described
above, certain alcohols (e.g., butanols), and di-isobutencs (DiBs} can be used as
combustible neat fuels, oxygeunate fuel additives, or constituents n various types of fuels.
When used as an oxygenate fuel, the BTU content of butanols and di-isobutenes is closer
to the encrgy content of gasoline than many of the methanol or cthanol based fuels, as
shown in Table I HHY (second column} refers to Higher Heating Value, which is
defined as the amount of heat released by combusting a specified quantity of the tucl at
25°C and returning the temperature of the combustion product to 25°C, which takes the

latent heat of vaporization of water in the combustion products.

Table I: Properties of Butanols as compared te Gaseline

Hydro- Energy | RON | MON | (R+M) | RVP | RVP Biend | Blend | d(BON~ | Den
carbon Besnsity /2 (PRI} | 15% RON | BION | MON) {g/ce)
HHEY viv {10%:) | (16%)
{(Md/kg) Blend
Gasoline | 45.58 95 &5 80 7.5 7.5 a5 85 10 0.747
Alkylate | 42 95 R7 92 26 2.6 391 96.1 3 0.7
DiBs 4824 1011 | 857 93.4 1.7 1.7 124 99.1 249 .73
2- 37.33 115 a7 166 0.83 {4-5 120 5] 25 (3.808
butanol
t-butanol | 37.33 115 89 102 0.44 | 4-5 108 &9 i6 0.780
9
MTBE 37.96 118 102 119 821 9 118 162 16 0.74
Ethanol | 29.85 129 02 115.5 2 15 112 95 17 (.79

[0009] Alcohols and DIBs can be prepared from olefins. Unfortunately, until now, there

have not been any olefin hydration processes in place that are particularly effective for
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converting mixed olefins into alcohols, cspecially butenes into butanols, while

stmultancously dimerizing the mixed olefins into oligomers such as DiBs.

10618} Hydration reactions of butenes to butanols are comvuercially faportast as the
products have several important industrial applications. Additionally, butanols have been
deemed as a second generation fuel components after ethanol, These butanols can also
be used as solvents or chemical intermediates for the production of corresponding

ketones, esters, ethers, et

10611} Butanols produced through typical bio-routes are not produced by efficient
processes and are not produced in large enough quantity to meet the demanding needs of
the butanol market. Hydration reactions, which are typically acid catalyzed, can be used,
but it is costly. Because organic butenes have very low solubility in water, relatively
strong acids are often required to achieve the desired kanctics to convert the butenes to
alcohols. Other processes used to produce butanols are also expensive. For example,
petrochemical routes to produce mixed butanols by hydroformation and hydrogenation

from propylene and carbon monoxide can be extrerely costly.

18612} One conventional commercial method of production of secondary butyl alcohol
includes using a two step processes i which the n-butenes are reacted with excess
sulfuric acid (c.g., 80%) to form the corresponding sulfate, which i3 then hydrolysed to

SBA, as follows:
2-CiHOS0:H + H.O — 2-CiHoOH + HoSO,

During this process, the sulfuric acid becomes diluted to about 33% concentration by
weight and must be re-concentrated before it can be reused in the process, One
advantage of the process is a high conversion rate. Many other problems, however, are
typically associated with the use of higuid catalysts. Among the problems includes the
separation and recovery of the catalyst, corrosion of equipment and installations, and the
formation of undesired byproducts, such as secondary butyl ether, 1sopropyl alcohol, Cs-
(s hydrocarbous, and polymers. Some of these by-products complicate the purification

of SBA.



10013} Cationic exchange resins and zeolites are potentially important acid catalysts for
olefin hydration and are known to offer substantial reaction rates 1u both polar and non-
polar media. Attempts have been made to use sulfonated polystyrene resins that have
been cross hinked with divinyl benzene as catalysis for the hydration of olefins such as
propylene or butene. These types of catalyst systerns may offer several engineering

benefits, such as case in separation and provide 4 non-corrosive environtucnt.

100614} In spite of the currently available processes, there are currently no cffective routes
to producing mixed butanols and DIiBs cconomically. Furthermore, conversion rates of

olefin hydration are low at less than 10% per pass.

10015] Thus, a need exsts for processes and catalyst systerus that allow for the
simultaneous direct catalytic hydration and oligomerization of alkenes to alcohols and
oligomers. It would also be beneficial if the processes and catalyst systems were both
inexpensive and provided a route to industrially useful alcchols and a convenient

syithetic route for the synthesis of alcohols in general,

10016] Additionally, there 18 a need for a fuel additive or fuel that has an octane rating
that is comparable to gasoline and having increased combustion efficiency. There ts also
a need for a fuel that reduces harmful cmissions and airborne soot when combusted,
cither in neat form or as a fuel additive.

{0617} Finally, there is a need to provide a fuel or fuel composition having an octane
rating and BTU valuc that 1s similar to gasoline, but wherein the fuel or fucl composition
does not include the use of tetracthyl lead, MTBE, methanol, ethanol, or MMT.
Additionally, it is desirable to provide a tuel additive that lowers the Reid Vapor Pressure
of the fuel at least as well as, but without the use of, MTBE. H is also desirable that such
fuels, fuel compositions, or additives include mixed alcohols that are produced from

mixed olefin sirearus.

Spnmary of the Invention

18018} The present invention is directed to a method that satisfies at least one of these
needs. In one aspect, a method 1s provided for the simuliancous dimerizing and hydrating

of a hydrocarbon feed having butene. In one embodiment, the method includes the step



of introducing the hydrocarbon feed nto a reaction zone in the presence of water and a
catalyst under reaction counditions that are operable to oligomerize and hydrate the butene
within the hydrocarbon feed to form a product stream, wherein the product stream

comprises butanols and di-isobutenes (DIBs).

18819] In one embodiment, the hydrocarbon feed can inchide mixed butenes. In another
embodiment, the hydrocarbon feed can be a mixed butene stream that includes at least
two butcne compounds selected from the group consisting of I-butene, 2-cis-butene, 2-
trans-butene, and isobutene. In another embodiment, the hydrocarbon feed can incinde at
lcast 5% by weight isobutene, In another embodiment, the hydrocarbon feed can be a
light olefin stream. In one embodiment, the catalyst can be a water soluble acid. In
another embodiment, the catalyst can be a water insoluble acid. In another embodiment,
the reaction zone can include a reactor having one or more reaction stages. In one
embodiment, preferred reaction conditions include a reaction temperature between about

100°C and 200°C and a pressure of between about 20 bars and 120 bags.

10026} v one embodiment, the method can 1nclude the step of removing DIB and butanol
from the product stream, such that the forward reaction is more favorable than the reverse
reaction. In another embodiment, the method can also include the step of combining at
lcast a portion of the product stream with a gasoline stream to produce a gasoline
composition having an increased research octane number (RON) as compared with the

gasoline stream.

Brief Description of the Drawinps

100621} These and other features, aspects, and advantages of the present invention will
become better understood with regard to the following description, claims, and
accompanying drawings. It is to be noted, however, that the drawings illustrate only
several embodiments of the invention and are therefore not to be considered limiting of

the invention’s scope as it can admit to other cqually effective embodiments.

18622] FIG. 1 shows a process flow diagram in accordance with an embodiment of the

invention.

Detailed Description
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180623] While the mnvention will be described in connection with several embodiments, it
will be understood that the description is not jotended to limit the imvention to those
embodiments. Un the contrary, it is intended to cover all the alternatives, modifications
and cquivalents as may be included within the spirit and scope of the invention defined

by the appended claims.
Diisobutenes (DBs) or isooctenes:

18024] Duisobutenes include two isomers of 2.4 4-trimethyl-1-pentene and 2,4.4-

trivaethyi-2-pentene.

Mixed bulenes:

[6625] Mixed butencs have four structural isomers, 1-butene, 2-cis-butene, 2-trans-
butene and isobutene. Optionally, other low olefing such as ethylene, propylene and

peatylenes could be present n the feed.

A~/ ~ <

Mixed Butanols:

18026] Mixed butanols mnclude at least two compounds selecied from I-butanol, 2-
butanol, t-butanol and isobutanol. Preferred embodiments of the present invention

include only 2-butanol and t-butanol.
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The Major Compounds Derived From the Oligomerization of Mixed Butenes:



18627] Di-isobutenes (DIBs), tri-isobutenes, dimer of isobutene and n-butenes, and trimer
of isobutene and n-butenes can all be derived from the oligomerization of mixed butenes,
(ther possible products are known for persons who are skilled in the art. DIB is a non-
oxygenative fucl componcent with many advantages as a blending agent, such as higher
RON, higher octane sensittvity or better anti-knock gquality, higher energy content

compared to MTBE and alkylates, and/or lower RVP than MTBE and cthanol.
Oligomerization of Mixed Butenes:

16628} Oligomerizations of mixed builenes inchude oligomenizations of all butene
isomers, preferably oligomerizations of isobutene and most preferably the dimerization of
isobutene. The oligomerization fraction can be extremely rich 1u dimers (isooctenes or

DIBs}, and can be added as such to the gasoline cuts to give a very high gquality gasoline.

Dimerization of Ischutene:
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Major Compounds Dertved From the Hydration of Mixed Butenes:

18629] 2-butanol and t-butanol can both be made from the hydration of mixed butencs.
Other possible products such as etherification products of butanols and butenss or
butanols itselt are known for person who skilled in the art, Butanols generally have good
gasoline octane blending characteristics and may be used in combination as petroleum

additives with other oxygenates such as ethanol.

Hydration of Mixed Butenes:



100301 Hydrations of butenes to butanols are commercially tmportant reactions as the
products find several important mdustrial applications. Geuerally, the hydration of mixed
butenes is normally selected to only produce 2-butanol and t-butanol. Mixed butanols,
primarily 2-butanol and t-butanol, can be used as oxygenative type premminm gasoline

additives,

isobutene + Water T TRA
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n-butene + Walsr sec-Butanol
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10631} Methods for producing alcohols and oligomers {rom butene and/or other olefins,
and the catalyst systems for making such products are provided as embodiments of the
present mvention.  Additionally, methods for producing fuct compositions that include
mixed alcohols and ohgomers prepared from butene and/or other olefins are also

provided as embodiments of the present invention.

10632} For example, in one embodiment of the present invention, a method for producing
alcohols and oligomers from olefins is provided. In this embodiment, a2 mixed olefin
foedstock s contacted with a dual phase catalyst in the presence of water at the
appropriate reaction conditions to produce a product stream that includes oligomers and
alcohols.  In certain embodiments, the mixed olefin feedstock is a mixed butene
feedstock, and the product stream mcludes DIBs and muxed butavols.  In oune
embodiment, the product stream that includes DMBs and mixed butanols can be combined
with a fuel component to produce the fuel composition. The tuel component of the fucl
composition can be selected from gasoline, diesel, jet fuel, aviation gasoline, heating oil,
bunker oil, or combinations thercof. In certain embodiments, the resultant fuel
composition will have an increased RON and reduced RVP, without the presence of other

chemicals that can have deleterious effects on the environment.

18633} The source of the mixed olefin stream can vary., For example, in some
embodiments of the present invention, the mixed olefin stream can be a discharge stream

from an FCC uynit or thermal cracking unit, a raffinates stream from an MTBE process, a
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raffinates stream from a TBA process, a liquified petroleum gas (LPG} stream, or
combinations thereof, Various types of olefins can be included i the mixed olefin
stream.  For example, in certain embodiments, the mixed olefin stream can include a
mixed butene stream. In another embodiment, the mixed olefin siream can include
propylene, n-butylene, 2-butene, isobutylene, pentenes, hexenes, olefins having more
than 6 carbons with at least two butenes, or combinations thereof. Other olefins that can
be used in ewbodimoents of the present 1nvention include ethylene, propene, butenes,
pentenes, or other higher olefins, Other suitable sources for the mixed olefin stream and
types of olefins will be apparent to those of skall in the art and are to be considered within

the scope of the present mvention.

100341 Most commercialized butene hydration processes are designed either with pure
feeds, like I-butene and iso-butene, or muxed feeds for selective iso-butene hydration,
The process conditions are selected to maximize the yield of either 2-butano! or yield of
t~butanol within the hmit of thermal dynamics. Because both 2-butanol and t-butanol are
valuable oxygenates and octane enhancers for fuels, certain embodiments of the present
invention use an novel olefin hydration catalyst system that s effective for the production
of highly desired butanols, such as 2-butanol and t-butanol, for gasoline components from

cheap mixed butencs.

180358] In one emobidiment, the catalyst can be a dual phase catalyst system for the

DA

production of mixed alcohols from mixed olefins that includes a water soluble acid

catalyst and a solid acid catalyst,

10036} The dual phase catalyst systewns of the preseut invention can include a water
soluble acid catalyst and a solid acid catalyst. In certain embodiments, the water soluble
acid can include an organic acid, an norganic acid, or combinations thereof. In
embodiemnts wherein the water soluble acid is an organic acid, the organic acid can be
sceleted from acetal acid, tosylate acid, perflurated acetic acid, lactic acid, cuiric acid,
oxalic acid, benzoic acid, or combinations thereof. In embodiments wherein the water
soluble acid 1s an inorganic acid, the imorganic acid can be sected from hydrochloric acid
{(HCU, phosphoric acid (H3PQOy), sulfuric acid (H:SO4), hydrofluric acid, heteropoly

acids, or combinations thercof. In certain embodiments, particularly suitable water
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soluble acid catalysts can include H3;POs or Hi{P(W3000] * H2O.  In certain
embodiments, the solid acid catalyst can be an ionic exchange resin, a zeolite, a
supported acid, or combinations thercof. An example of a suitable supported acid is
phosphoric acid supported on silica. In certain cmbodiments, particularly suitable acid
catalysts are ionic exchange resins, such as Dowex® 50 resin from Dow Chemical
Company, Amberlyst® 15 resin from Rohm and Haas, or DOO8 resin from KaiRui
Chemical Co., Lid., Chiva. Optionally, phase transfer agents, surfactants, or promoter
catalysts can be added to aid in the olefin hydration reactions. Other suitable types of
catalysts that can be used as the water soluble acid catalyst or the solid acid catalyst will
be apparent to those of skill in the art and are to be considered within the scope of the

present invention,

16337} In certain embodiments, the water soluble acid catalyst and the solid acid catalyst
can be mixed together to form the dual phase catalyst system. The mixing of each
component can occur prior to being added to the reactor or the mixing can occur in the
reactor. Other suitable methods for preparing the dual phase catalyst system, such as
layering the components of the catalyst system, will be apparent to those of skill in the art

and are to be considered within the scope of the present tnvention,

{0638} The amount of cach catalyst can vary depending upon the mixed olefin stream
being sent to the process. o certain emboduments, the weight ratio of the water soluble
acid catalyst to the solid acid catalyst can range from about 8.01:1 to about 100:1 in the
dual phase catalyst system. In certain embodiments, the weight ratio of the water soluble
acid catalyst to the solid acid catalyst is between about 4:1 and 1:4, alternatively between
about 2:1 and 1:2. In certain embodiments, the weight ratio of the water soluble acid
catalyst to the solid acid catalyst is about 1:1. Other suitable amounts of each component
of the dual phase catalyst system will be apparent to those of skill in the art and are to be
considered within the scope of the present mvention.

16639} The dual phase catalyst system described herein is more effective to convert a
mixed olefin stream into mixed alcohols than current commercialized single catalyst
systems, such as (1) solution processes with sulfuric acid, and (2) solid catalysts with

ionic exchange resins. The dual catalyst system described herein 1s particularly effective
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for the production of “petro-butanocls”, i.e. sccondary butyl alcohol (SBA} and tertiary
butyl alcohol {TBA), from mixed 4 olefin streams of FCC antt or other thermal cracking

units and reffinates of other processes such as MTBE or TBA.

[0040] The methods and catalyst systems described herein can be used to produce
various types of alcohols and oligomers. For example, in one erabodiruent, the mixed
alcohol stream can include butanols. In another embodiment, the mixed alcohol stream
can include 2-butanol and t-butanol, The types of alcohols produced will depend upon
the type of olefins contained in the mixted olefin stream and the types of catalyst systems
selected. Other types of alcohol streams that can be produced using the processes and
catalyst systems described herein will be appareunt to those of skill in the art and are to be

considered within the scope of the present invention.

10041} The alcohols and oligomers n the product siream made n accordance with
embodiments of the present invention can be used as a component in fuel compositions or
as a neat fuel composition. For example, i one embodiment, a neat fucl composition can
be prepared according to the methods described herein that includes a muxed butanol fuel
having an octanc rating suitable for use in combustion or compression engines. In
another embodiment, a fuel composition that mehudes a fuel component and a mixed
butanol fuel is provided. In an embodiment, the fuel component can include gasoline,
diesel, jet fuel, aviation gasoline, heating oil, bunker otl, or combinations thereof. In an
aspect, the mixed butancls can include n-butanci, 2-(+/-)-butanocl, iso-butanocl, tert-
butanol, or combinations thereof; or alternatively, 2-(+/-}-butanol and tert-butanol. In
certain embodiments, the mixed butanols can include at least two butanol compounds
selected from the n-butanol, 2-{+/-)-butanol, iso-butanol, tert-butanol, or combinations
thereof; or allernatively, 2-(+/-}-butanol and tert-butanol. The mixed alcohol streams
made in accordance with embodiments of the present invention can be used inn other types
of fuel compositions, as will be apparent to those of skill in the art and are to be

considered within the scope of the present invention.

10042} Using mixed butanols as oxygenate fuel additives or constituents or as a neat fuel
bias several benefits. There are increased cormbusiion efficiencies and reduced emissions

of harmiul gases and airborne soot. Other benefits of the mixed olefin fuels are that the
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BTU cenergy content is closer to the energy content of gasoline than that of
methanol/ethavol based fuels. Butanols can be used as octane euhavcers and replace
tetra~ethyl-lead, MTBE, methanol, ethanol, MMT and other octane boosters without the
negative envirommental impacts.  As another benefit, butanols have low and stable Reid
Vapor Pressure blending characteristics and are wmwuch less corrosive than
methanol/ethanol, which enables them to be used by existing storage and transportation
facilities. Butanol based fuels can also be used 1u existing engines without modifications,

Furthermore, butanols arc low toxicity components and normally readily biodegradable.

100643} Additionally, the DIBs that arc produced simulianecusly with the butanols
according to the methods described herein serve as non-oxygenative, high energy content
and low Reid Vapor Pressure (RVP) gasoline components. The product stream can be
blended into a gasoline cut in aw awount of about 1-35% by volume, aliernatively
between about 5-30% by volume, alternatively between about 5-20% by volume,
alternatively between about 5-12% by volume, alternatively between about 8-15% by
volume, aliernatively between about 12-20% by volume, for use in any internal
combustion engine. The mixed DIBs and butanols can also help to meet future
reductions on aromatics content in fuel compositions. The combined use of butanols and
DiBs helps to meet the oxygen content limits, while also satistying a desired increase of

RON and lower RVP,

18044} Another advantage of various embodiments of the invention includes not having
to perform a butene pre-separation step. A further advantage 1s that whole fractions of
butene streams can be utilized for the manufactare of useful fuel components, oxygenates
and octane enhancers as the whole product stream can be used as a fuel additive without
the need for additional separation of the product streamy components. The products from
various embodiments of the processes described herein can be used as replacements for
or be complimentary of MTBE, cthanol, and alkylaies m gasoline without having to

perform an expensive separation process.

[0045] A further advantage of certain embodiments of the present invention is that the
co-production of the DIBs provides a synergistic effect with the productions of the

butanols. For example, the butanols can enhance the interactions between the acidic
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catalysts and iso-butene, thereby aiding the production of DIBs. Furthermore, butanol
exhibite a preference for distributing itsell within the DIB rich organic phase, thereby
facilitating extraction of the butanol from the unreacted water. Consequently, continuous
removal of the organic phase can shift the reversible reaction i the forward direction,

thereby increasing the overall reaction yields.

100461 Another advantage of the dual phase catalyst system of the present invention is
that the catalyst system can hydrate and oligomerize mixed olefins at higher conversion
rates than are realized commonly used commercial catalysts. In certain embodiments,
pre-separation of the olefins that is typically required with prior known mcthods is not
required. By using the methods and systems described herein, whole fraction of olefins,
such as butenes, can be utilized as feedstock for the manufacture of uscful gasoline
additives. The lower RVP of butanols and DIBs allows for larger quantities of higher

alkane additions, such as pentane, in gasoline,

1006471 A turther advantage of the methods and systerns deseribed herein s that the whole
product stream, particularly when the product stream mcludes nuxed bulanols, can be
utilized as useful fuel components, oxygenates, and octane cnhancers. The “petro-
butanols” produced according to the methods described herewn can then be used as

replacements or complimentary of MTBE or cthanol in gasoline

100648] The methods described herein can utilize multiple types of equipment.  For
example, in certain emboduments, the siep of coutacting the mixed olefin stream can
occur in a multi-staged reactor system. In another embodiment, the step of contacting the
mixed olefin strearn can occur in a single reactor system. Other suitable types of process
equipment that can be used in embodiments of the present invention will be apparent to

those of skill n the art and are to be considered within the scope of the present imvention,

10049} 1o FIG. 1, water supplied via hine 2 18 combined with hydrocarboun feed supplied
via line 4 in reaction zone 10, where the butenes within hydrocarbon feed 4 become
hydrated and oligomerize to create product stream rewnoved via hine 12, wherein product
stream in line 12 contains butanol and BIB. In a preferred embodiment, reaction zone 10
18 matntained at a temperature of approximately 1350°C and a pressure of approximately

76 bar. Product stream in line 12 can then be optionally passed through heat exchanger
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13 to reduce the temperature of product stream in line 12 to approximately 100°C prior to
enteting Hash drum decauter 30, In one embodiment, flash drum decanter 30 reduces the
pressure to approximately 30 bar. Flash drum decanter 30 aids in the removal of
unreacted water 34 to form dry product strearmn n line 32. Unreacted water can then be

recycled back via line 34 into the process to be reused in reaction zone 16,

100561 Dry product stream supplied via line 32 is then fed into recovery column 40,
where the butanol and DIB are separated from any unreacted butenes which are removed
via line 42 to form final product stream exiting the recovery column via line 44, Final
product stream in line 44 exits the bottom of recovery column 40, and unreacted butences
in Hne 42 exit the top of recovery column 40. In oune embodiment, the top of recovery
column 40 is operating at a temperature of approximately 75°C and a pressure of about 9
bar. Unreacted butenes in line 42 can be cooled via heat exchanger 45 prior to being
supplied to accumulator decanter 50, At accumulator decanter 50, any additional water
in unreacied butenes supplied via line 42 can be removed and recyeled back to reaction
zone 10 via line 54. Optionally, dry unreacted butenes in line 52 can then be recycled
back to reaction zone 10 as well. Heat exchangers 5 and 7 can be used to preheat water

supplied in line 2 and hydrocarbon feed supplied in Hine 4, respectively.
EXAMPLES

10651} The following examples are given for the purpose of illustrating embodiments of
the present mvention. However, it 1s to be understood that these examples are merely
tlhustrative in nature, and that the process embodiments of the present invention are not

necessarily limited thereto.

16652} The following experiments were conducted at a pilot plant, In the first example,
isobutene was used as the feedstream. The catalyst was Kairut Chemicals DOOS (wet)
with a total of 157 g of catalyst being loaded 1uto the reactor. The reactor was mawmntained
at temperature of approximately 150°C and a pressure of about 70 bars. The isobutene
feed had a flow rate of approximately 0.5 mi/ron.  The waler had a flow e of
approximately 0.1 ml/min. This flow rate therefore yields about a8 1:1 molar ratio of
water to sobutene, The results of the first experiment can be found in Table IT and Table

111, below:



Tabie I Product Distribution and Yields

Butanol | Oligomers | Conversion Butanol ‘
Exp.# ‘ 7 DIB vield | ButanoVDIB
{g) & (%) yield

1 197.3 i9l.6 35 16.9 18.5 0916

2 212.3 2167 38 178 20.5 .872

3 2181 212.0 40 19.3 21.0 0.916

4 1159 1670 29 109 17.7 (.618
Average 36 16.2 194 0.841

100531 Detailed organic layer composition identifications are listed in Table HE

Table HI: Organic Layer Composition

Group Area (V)
Butenes 14.0
T-butanol 36.0
(C8-olefins (dimers) 43.0
Di-butylethers 2.0
Cl2-olefins (irimers} 50

100541 In the second example, the feedstream was comprised of mixed butenes. Table
IV below provides a suromary of the feed comaposition. The catalyst was Kawrat
Chemicals DOOS (wet) with a total of 157 g of catalyst being loaded into the reactor. The

reactor was maintained at a temperature of approximately 150°C and a pressure of about
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76 bars. The isobutene feed had a flow rate of approximately 0.5 mL/min. The water
had a flow rate of approximately 0.2 mL/moin. This flow rate provided about a 2:1 wmolar
ratio of water to mixed butenes. The results of the second experiment can be found in
Table IV and Table I, The composition of the resulting organic layer s provided in

Table VI

Table IV: Feed Composition for Second Experiment

1-Butene 21
2-CIS Butene 19
2-Transbutene 25
i-butene 35

Table V: Production Yield

Butanol | Oligomers Butene
Exp# Water (g}
(g} (g} Conversion (%)
i 15.94 9.81 218.65 10.8%
2 14.65 9.63 206.12 16.9%
3 11.24 12.88 341.08 8.4%
4 .10 12.74 325.16 8.9%
5 35.85 26.26 7R5.89 11.2%
o 58.87 56.95 1280.48 11.5%
7 29.07 2992 637.02 10.4%

Table VE: Organic Layer Composition for Second Experiment

Group Area (%)

Butenes i1.3
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T-butanol (.9
2-butanol 0.8
{8-olefins {dimers) 72.3
Di-butylethers 24
C12-olefins {(trimers} 12.2

18058 While the invention has been described in conjunction with specific embodiments
thercof, it 1s evident that many alternatives, modifications, and variations will be apparent
to those skilled in the art in light of the foregoing description. Accordingly, it is intended
to embrace all such alternatives, modifications, and variations as fall within the spirit and
broad scope of the appeunded clairus. The present invention ruay suitably comprise,
consist or consist essentially of the clements disclosed and may be practiced in the
absence of an cleruent not disclosed. Furthermore, language referring to order, such as
first and second, should be understood in an exemplary sense and not in a limiting sense.
For example, it can be recognized by those skilled in the art that certain steps can be

combined into a single step.

18036} The singular forms "a", "an" and "the" include plural referents, unless the context

clearly dictates otherwise.

100571 Optional  or optionally weans that the subsequently described event or
circumstances may or may not occur. The description includes instances where the event
or circumistance occurs and instances where it does not occur.

10058] Ranges may be expressed herein as {rom about one particular value, and/or to
about another particular value. When such a range is expressed, it 1S to be understood
that another emwvbodiment is from the one particular value and/or to the other particular

value, along with all combinations within said range.
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CLAIMS

Weclam:

1. A method for simultaneously dimerizing and hydrating a hydrocarbon feed

comprising mixed butenes, the method comprising the steps of:

introducing the hydrocarbon feed into a reaction zone in the presence of water and
a dual phase catalyst system under reaction conditions that are operable to oligomerize
and hydrate the butenes within the hydrocarbon feed to form a product stream comprising
mixed butanols and DIB,

wherein the dual phase catalyst comprises a water soluble acid catalyst and a solid
acid catalyst,

wherein the reaction zone is at a temperature between 100°C and 200°C, and

wherein the reaction zoneis at a pressure between 20 bars and 120 bars.

2. The method as clamed in clam 1, wherein the hydrocarbon feed comprises
isobutene.
3. The method as claimed in any of clams 1 or 2, wherein the hydrocarbon feed

comprises at least 5% by weight isobutene.

4. The method as clamed in any of clams 1 - 3, wherein the reaction zone

comprises two or more reaction stages.

5. The method as claimed in any of clams 1 - 4, further comprising the step of
removing the DIB and butanol from the product stream, such that the reaction

equilibrium shifts to favor the forward reaction.

6. The method as claimed in any of claims 1 - 5, further comprising the step of
combining the product stream with a gasoline stream to produce a gasoline product
having an increased research octane number and reduced Reid vapor pressure as

compared to a second gasoline product having an absence of the product stream.

7. The method as clamed in claim 1, wherein the water soluble acid catalyst is an

organic acid selected from acetal acid, tosylate acid and perflurated acetic acid.
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8. The method as claimed in claim 1, wherein the water soluble acid catalyst is an
inorganic acid selected from HCI, H3PO4, and H2SOA4.

9. The method as claimed in claim 1, wherein the solid acid catalyst is selected from
ion exchange resin, zeolite, and a supported acid.

10. A gasoline composition, the composition comprising:

afuel-grade gasoline; and

an octane enhancing additive comprising mixed butanols and DIBs, wherein the
octane enhancing composition is prepared by contacting a mixed butene stream with a

dual phase catalyst system and water under conditions operable to oligomerize and

hydrate the butenes to form the octane enhancing mixture.

11.  The composition of claim 10, wherein octane enhancing additive is present in an
amount of between about 5 and 30% by weight of the gasoline composition.

12.  The composition of any of claims 10 or 11, wherein the gasoline composition has
an increased RON and a decreased RV P, relative to the fuel-grade gasoline prior to being
combined with the octane enchancing additive comprising the mixed butanols and DIBs.

13. A method for preparing a gasoline composition, the method comprising the steps
of:
providing afuel grade gasoline;

providing an octane enhancing composition, wherein said octane enhancing
composition is prepared by contacting a mixed butene stream with a dua phase catalyst
system and water under conditions operable to oligomerize and hydrate the butenes to

form the octane enhancing mixture,

wherein the dual phase catalyst comprises a water soluble acid catalyst and a solid
acid catalyst,

wherein the water soluble acid catalyst is an organic acid selected from

acetal acid, tosylate acid and perflurated acetic acid,

wherein the water soluble acid catalyst is an inorganic acid selected from
HCI, H3PO4, and H2S04,
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wherein the solid acid catalyst is selected from ion exchange resin, zeolite,

and a supported acid;

combining a fuel-grade gasoline and octane enhancing composition, the octane
enhancing composition comprising mixed butanols and DIBs to form the gasoline

composition.

14.  The method of claim 13, wherein the octane enhancing composition is combined

with the fuel-grade gasoline after preparation without further purification.

15.  The method of any of claims 13 or 14, wherein octane enhancing additive is

present in an amount of between about 5 and 30% by weight of the gasoline composition.
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