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(37) ABSTRACT

A process for the etherification of C,, C; and/or C, tertiary
olefins 1n a hydrocarbon feed with at least one C, to C
alcohol, preterably C,-C, alcohols 1n a distillation column
reactor, preferably where C,’s and C.’s ethers are co-
produced, 1n which the amount of alcohol employed 1n the
ctherification 1s below that which will produce an azeotrope
with hydrocarbons 1n the overheads from the distillation
column reactor. The azeotrope results from the presence of
unreacted alcohol 1n the reaction system 1n the distillation
column reactor. The amount of alcohol 1s less than the
stoichiometric amount, preferably less than 90%, more
preferably 10 to 80%, of the stoichiometric amount and the
overheads contain less than a stoichiometric of alcohol.
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ETHERIFICATION PROCESS

[0001] This application claims the benefit of provisional
application 60/599,177 filed Aug. 5, 2004.

BACKGROUND OF THE INVENTION

0002] 1. Field of the Invention

0003] The present invention relates to the etherification
reaction of C, C. and/or C; 1soolefins with lower alcohols,
such as methanol, to produce the corresponding tertiary
cther. More particularly the invention relates to a process
wherein a catalytic distillation process 1s carried out under
conditions to avoid an azeotrope of alcohol with the hydro-
carbons.

0004] 2. Related Information

0005] Some ethers have been suggested to be detrimental
as gasoline additives, because their presence has been
detected 1n ground water. However, the ethers continue to be
a valuable source of oxygenates to improve octane levels for
reformulated gasoline. The increased governmental restric-
tion on gasoline has strained the availability of feed stocks
tor etherification. The use of the 1soamylenes for the prepa-
ration of octane improvers for gasoline has increased as has
1sohexene. It 1s highly desirable to be able to employ mixed
1sobutene/i1soamylene and i1sobutene/isoamylene/isohexene
streams.

[0006] The reaction of an alcohol and an olefin and
concurrent separation of the reactants from the reaction
products by fractional distillation has been practiced for
some time. The process 1s variously described 1n U.S. Pat.
Nos. 4,232,177; 4,307,254; 4,336,407, 4,504,687; 4,987,
807; and 5,118,873. The 1soolefins preferably react with the
alcohol to form ethers. Briefly the alcohol and 1soolefin are
fed to a distillation column reactor having a distillation
reaction zone containing a suitable catalyst, such as an acid
cation exchange resin, in the form of a catalytic distillation
structure, and also having a distillation zone containing an
inert distillation structure. Tertiary olefins react preferably to
the normal olefins.

[0007] U.S. Pat. No. 5,248,837 discloses a method for
controlling catalytic distillation etherifications wherein the
methanol concentration below the catalyst bed 1s controlled
to a point that maximizes ether production and prevents
alcohol from leaving with the bottoms ether product.

[0008] U.S. Pat. No. 5,313,005 discloses a similar process
to U.S. Pat. No. 5,248,837 wherein the alcohol content 1s
controlled by total oxygen in the form of OH. This system
1s particularly useful when a mixture of alcohols 1s used.

[0009] In the etherification of olefins with alcohol here-
tofore 1t was preferable that an excess of the alcohol be
available 1n the reactor. This means that there 1s an excess of
methanol 1n the reaction distillation zone of the distillation
column reactor. Under these conditions in the distillation
column reactor the methanol forms a minimum boiling
azeotrope with eirther of the olefins. In the case where C,
components are present the azeotrope 1s only slightly more
volatile than the C,’s alone, and therefore the methanol
tends to remain in a relatively constant concentration with
the C,’s throughout the column. The concentration of the
methanol 1n the C, azeotrope 1s about 4% (depending upon
the composition of the C, mixture and operating pressure of
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the column), and 1t 1s necessary to operate with a methanol
concentration to satisiy this azeotrope belore the C. azeo-
trope can be satisfied.

[0010] In maximized ether production reactions using
excess alcohol the C. azeotrope contains about 12 wt %
methanol, and the boiling point of the azeotrope 1s 10 to 15°
F. below that of the corresponding C.’s, but above the C,’s
and C /methanol azeotrope. It the net methanol flow 1nto the
column 1s higher than the azeotrope, the methanol concen-
tration will increase (60% has been measured) until metha-
nol leaves with the TAME bottoms product. Similar con-
siderations apply to the C, streams.

[0011] In addition to the considerations of azeotopes dis-
cussed above, when two or more different alcohols are fed
at the same time, other factors aflect the operation of the
ctherification. For example, 1n the case of etherification of
1C.~ with a mixed methanol/ethanol stream to produce
TAME and tertiary amyl ethyl ether (TAEE), there are two
different azeotropes. The first 1s methanol with the C’s
which 1s 12% methanol. The second i1s the azeotrope
between the C;’s and the ethanol which 1s 8% ethanol. The
different alcohols also react at different rates with the
1soolefins, e.g., methanol reacts more rapidly than ethanol
with 1sopentenes.

[0012] It 1s an advantage of the present invention that the
alcohol/hydrocarbon azeotrope can be reduced or eliminated
using the present process. It 1s a further advantage that the
amount of ether 1n the gasoline mix can be reduced while
enhancing the dimer production. The dimers (olefins) can be
reduced or eliminated by hydrogenation, e.g., diisobutene
hydrogenates to 1sooctane. Since the alcohol 1s maintained at
the partial stoichiometric amount, 1t 1s another advantage
that the process 1s easier to operate on a commercial scale,
because the alcohol can be substantially eliminated as a
down stream problem.

SUMMARY OF THE INVENTION

[0013] The present process is an improvement in the
ctherification of C,, C; and/or C tertiary olefins 1n a hydro-
carbon feed with at least one C, to C,, prefterably C,-C,
alcohol 1n the presence of an acid catalyst in a distillation
column reactor under conditions of concurrent reaction and
distillation, preferably where C,, C. and/or C, ethers are
co-produced, wherein the improvement 1s the use of an
amount of alcohol that will result in an overheads having a
lesser amount of alcohol than the azeotropic amount with
hydrocarbons, preferably the amount of alcohol 1s below
that which will produce an azeotrope with hydrocarbons
under said conditions of concurrent reaction and distillation.
The azeotrope results from the presence of unreacted alcohol
in the reaction system in the distillation column reactor. It
has been found that even at a stoichiometric amount of
alcohol, a portion of the alcohol does not react and an
azeotrope of hydrocarbons (C,, C; and C) 1s formed in the
overheads, which results 1n the necessity to treat the over-
heads to remove alcohol. Thus 1t 1s preferable that the
amount of alcohol be less than the stoichiometric amount,
more preferably less than 90% of the stoichiometric amount,
most preferably in the range of 10 to 80%. The term
“stoichiometric amount™ as used herein shall mean that
amount of alcohol calculable to be necessary to react with all
of the tertiary olefin 1n the feed.
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[0014] A preferred embodiment of the process for the
co-production of ethers from the reaction of the 1sobutene
and 1soamylenes contained 1 a mixed C,/C; stream com-
prises the steps of:

[0015] (a) feeding less than 90%, preferably in the range
of 10 to 80% of the stoichiometric amount of at least one
C-C, alcohol to react with said 1sobutene and said
isoamylenes and a mixture comprising C. hydrocarbons
including pentanes, n-pentenes and i1soamylenes and C,
hydrocarbons including butanes, n-butenes and 1sobutene to
a reaction mixture to a distillation column reactor;

[0016] (b) concurrently in said distillation column reactor:

[0017] (1) reacting a portion of the said isobutene and
said 1soamylenes with alcohol to form methyl tertiary
butyl ether and tertiary amyl methyl ether 1n a reaction
mixture containing methyl tertiary butyl ether, tertiary
amyl methyl ether and reacting a portion of said
1sobutene and 1soamylenes to form dimers thereof,

[0018] (11) separating said methyl tertiary butyl ether
and said tertiary amyl methyl ether and dimers con-
tamned 1n said reaction mixture from said unreacted
C,’s, unreacted C;’s contained in said second reaction
mixture by fractional distillation;

[0019] (c¢) removing said unreacted C,’s and C.’S from
said distillation column reactor as overheads, contaiming less
than an azeotropic amount of alcohol, preferably the over-
heads are substantially free of alcohol; and

[10020] (d) removing said methyl tertiary butyl ether and
said tertiary amyl methyl ether and dimers from said distil-
lation column as bottoms.

10021] The term “substantially free of alcohol” is under-
stood to mean that the alcohol may be present 1n amount of
a few ppm to several thousand ppm, e.g., 50-2000 ppm.

10022] In an alcohol free reaction, oligomerization will
occur between the olefins, particularly the more reactive
tertiary olefins. Under the conditions of temperature and
pressure using acid catalysts the oligomers are a mixture
being mainly dimer and trimer. The presence of an oxygen-
ate, such as alcohol and/or ether, enhances the dimerization
product. Thus, the present low amounts of process alcohol
will reduce or eliminate the need to recover and recycle the
alcohol 1n the overheads and encourage the production of
valuable dimer.

10023] As used herein the term “distillation column reac-
tor” means a distillation column which also contains catalyst
such that reaction and distillation are going on concurrently
in the column. In a preferred embodiment the catalyst is
prepared as a distillation structure and serves as both the
catalyst and distillation structure.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[10024] U.S. Pat. Nos. 5,003,124 and 4,950,803 disclose a
liquid phase process for the etherification and oligomeriza-
tion ol C, or C; 1soolefins with C, to C, alcohols 1n a boiling,
point {ixed bed reactor which 1s controlled at a pressure to
maintain the reaction mixture at 1ts boiling point and which
may be directly attached to a catalytic distillation reactor.
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[0025] In one embodiment of the present process, the
olefin and alcohol are first fed to a fixed bed reactor wherein
most of the olefin 1s reacted to form the corresponding ether,
¢.g., methyl tertiary butyl ether (IMTBE) and tertiary amyl
methyl ether (TAME) and dimers and other oligomers. The
fixed bed reactor 1s operated at a given pressure such that the
reaction mixture 1s 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 1n U.S. Pat. No. 4,950,803 which 1s hereby
incorporated by reference.

[0026] The effluent from the fixed bed reactor i1s then fed
to the distillation column reactor wherein the remainder of
the 1C, s or 1C; s (or 1C, 1n some 1nstance) 1s converted to
oligomers, selectively the dimers, most all of the methanol
having been reacted in the boiling point prereactor. The C,,
C; or C, olefin stream generally contains only about 10 to
60% olefin, the remainder being inerts which are removed 1n
the overheads from the distillation column reactor substan-
tially free of alcohol.

[10027] The catalytic distillation process employs a catalyst
system (See U.S. Pat. Nos. 5,730,843; 4,302,356; and 4,213,
011) which provides for both reaction and distillation con-
currently in the same reactor, at least in part within the
catalyst system. The method 1involved 1s briefly described as
one where concurrent reaction and distillation occur 1n
combination reaction-distillation structures which are
described 1n several U.S. Patents, namely U.S. Pat. Nos.
4,242.530; 4,250,052; 4,232,177, 4,302,356; 4,307,254; and
4,336,40°7. Additionally U.S. Pat. Nos. 4,302,356 and 4,443,
559 disclose catalyst structures which are usetul as distilla-
tion structures.

[10028] 'Typical C, and C; hydrocarbon feeds contemplated
for this process may comprise:

MOLE % RANGE

COMPONENT BROAD PREFERRED
Cs's 1585 40-70
[SOAMYLENE 5—30 15-25
C,'s 15-%85 40—60
[SOBUTENE 5-35 10-20

C3; AND LIGHTER 0-10 <3%

Cgs AND HEAVIER 0—10 <5%

[10029] Catalysts preferred for the etherification process
are acidic 1on exchangers, which contain sulfonic acid
groups and which have been obtained by polymerization or

copolymerization of aromatic vinyl compounds followed by
sulfonation.

[0030] The resulting products preferably contain an aver-
age of 1.3 to 1.8 sulfonic acid groups per aromatic nucleus.
Particularly, suitable polymers which contain sulfonic acid
groups are copolymers of aromatic monovinyl compounds
with aromatic polyvinyl compounds, particularly, divinyl
compounds, 1n which the polyvinyl benzene content is
preferably 1 to 20% by weight of the copolymer (see, for
example, German Patent specification 908,247).

[0031] The ion exchange resin is preferably used in a
granular size of about 0.25 to 1 mm, although particles from
0.15 mm up to about 1 mm may be employed.
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[0032] The resin catalyst 1s loaded into the fixed bed
reactor, which may be used as a guard bed for the catalytic
distillation reactor, as a fixed bed of the granules. The feed
to the reaction 1s fed to the bed in liquid phase. The bed may
be horizontal, vertical or angled. Preferably the bed 1s
vertical with the feed passing downward through the bed and
exiting, after reaction, through the lower end of the reactor.

10033] The catalytic distillation structure must be able to
function as catalyst and mass transfer medium. The catalyst
must be suitably supported and spaced within the column to
act as a catalytic distillation structure. A suitable structure
for the catalyst 1s disclosed in U.S. Pat. No. 5,266,546,
which 1s hereby incorporated by reference. Other catalytic
distillation structures usetul for this purpose are disclosed 1n
U.S. Pat. Nos. 4,731,229; 5,073,236; 5,431,890; and 35,730,
843 which are also incorporated by reference. The catalytic
distillation structure when loaded into the column consti-
tutes a distillation reaction zone.

10034] If a guard bed is used the amount of alcohol used
must be such as to provide the quantities recited above 1n the

catalytic distillation column. Similarly alcohol may be
added to the catalytic distillation column so long as the the
alcohol/hydrocarbon azeotope 1s not formed.

1.-16. (canceled)

17. A gasoline component comprising methyl tertiary
butyl ether and tertiary amyl methyl ether and dimers
produced by a process for the co-production of ethers from
the reaction of the 1sobutene and 1soamylenes contained in
a mixed C,/C. stream comprising the steps of:

(a) feeding less than 90% of the stoichiometric amount of
at least one C,-C, alcohol to react with said 1sobutene
and 1soamylenes 1n a mixture comprising C. hydrocar-
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bons including pentanes, n-pentenes and 1soamylenes
and C, hydrocarbons including butanes, n-butenes and
1sobutene to a reaction mixture to a distillation column
reactor, characterized in that the amount of alcohol 1s
less than an azeotrope amount;

(b) concurrently 1n said distillation column reactor

(1) reacting a portion of the said 1sobutene and said
1soamylenes with alcohol to form methyl tertiary
butyl ether and tertiary amyl methyl ether in a
reaction mixture containing methyl tertiary butyl
cther, tertiary amyl methyl ether and reacting a
portion of said 1sobutene and i1soamylenes to form
dimers thereol and

(1) separating said methyl tertiary butyl ether and said
tertiary amyl methyl ether and dimers contained 1n
said reaction mixture from said unreacted C,’s, unre-
acted C;’s contained 1n said second reaction mixture
by fractional distillation;

(¢) removing said unreacted C,’s and C.’s from said
distillation column reactor as overheads wherein said
overheads are substantially free of alcohol; and

(d) removing said methyl tertiary butyl ether and said
tertiary amyl methyl ether and dimers from said distil-
lation column as bottoms.

18. The gasoline component comprising methyl tertiary
butyl ether and tertiary amyl methyl ether and dimers
according to claim 17 wherein said C,’s comprise 40-60
mole % of the feed and said 1sobutene comprises 10-20 mole
% of said feed and C;’s comprise 40-70 mole % and said
1soamylene comprises 15-25 mole % of said feed.
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