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apoderado de la Sociedad INTEVEP, S.A., segun lo acredita el documento
de poder presentado en la Secretaria General, de acuerdo con el Articulo 44
de la Decision 486 de la Comisién de la Comunidad andina, me permito

solicitar que se examine si la invencion contenida en la solicitud en referencia
es patentable.

De acuerdo con lo anterior, me permito anexar el recibo oficial de caja No.
. 03-22,072 por valor de $335.000.

Serior Superintendente,

RAMIRO CASTRO DUQUE
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SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO “:\
DIVISION DE NUEVAS CREACIONES 3

2020 |
Bogota D.C., Agosto 10 de 2005

Doctor i
RAMIRO CASTRO DUQUE : !
Apoderado INTEVEP S.A.

ASUNTO  Radicacién 00-24842 “

Tramite 002 :
Evento 001 :
Actuacion 430 a9 “
Oficio ! P :
Folios 015

Como resultado del examen de fondo, realizado con fundamento en el articulo 45 de la:
Decision 486 de la Comision de la Comunidad Andina, se le comunica: |

]

1. Documentos estudiados:

A. Para el presente estudio se tuvo en cuenta el capitulo descriptivo, comprendido en

los folios 5 a 17 del expediente correspondiente a la solicitud en estudio, tal como fue
radicado al inicio del tramite; y correcciones en los folios 32 a 34.

B. El capitulo reivindicatorio tomado en cuenta para el presente estudio comprende 17

reivindicaciones y se encuentra en los folios 35 a 38, el cual reemplazé al que fue
radicado al inicio del tramite.

C. Conforme lo establecen los articulos 9, 10 y 11 de la Decision 486 de la Comision de
la Comunidad Andina, la presente solicitud en estudio fue presentada el 15 de abril
de 2000, en el momento de la radicacion se reclamo prioridad. La copia certificada

de la solicitud cuya prioridad fue reivindicada (US 09/286,722 del 6 de abril de 1999)
aparece junto con su traduccion en los folios 40 a 89.

2. Objeto de la invencién:

A. Las reivindicaciones 1 a 17 de la solicitud en estudio se refieren a: un proceso para
~preparar éteres que consiste en los siguientes pasos: proveer una materia prima que
contenga iso-olefinas seleccionadas del grupo compuesto por iso-olefinas C5, iso-
olefinas C6 y mezclas de las mismas; mezclar dicha materia prima con alcohol
-alquilo con el fin de proveer una materia prima de reaccion; alimentar dicha materia
prima de reaccion a una zona de reactor en la presencia de un primer catalizador de
eterificacion mediante lo cual el alcohol alquilo reacciona con dichas iso-olefinas para
formar éteres alquil-tert-alquil con el fin de proveer una materia intermedia que
contenga dichos éteres e iso-olefinas no reaccionadas y alcohol alquilo; alimentar
dicha materia prima intermedia a una columna de destilacién catalitica que tenga un
segundo catalizador de eterificacién que defina una zona catalitica; mezclar alcohol
alquilo adicional a dicha materia prima intermedia con el fin de formar azeotropos de
dicho alcohol alquilo con dichas iso-olefinas no reaccionadas sin formar azeotropos
de dicho alcohol alquilo con dichos éteres, mediante lo cual la dicha zona catalitica
es sustancialmente libre de dichos éteres y dichas iso-olefinas no reaccionadas con
dicho alcohol alquilo en dicha zona catalitica para formar éteres alquil-tert-alquil




|
adicionales.

B. Elobjeto de la solicitud se puede clasificar segiin la clasificacién internacional como
C 07 C 41/05.

3.  Claridad de la Solicitud: 1

A. En el articulo 30 de la decision 486 de la Comision de la Comunidad Andina se
establece: “Las reivindicaciones definiran la materia que se desea proteger medianfe
la patente. Deben ser claras y concisas y estar enteramente sustentadas por Ia
descripcion. Las reivindicaciones podran ser independientes o dependientes. Una
reivindicacion sera independiente cuando defina la materia que se desea proteger sn‘g
referencia a otra reivindicacion anterior. Una reivindicacion sera dependiente cuando
defina la materia que se desea proteger refiriéndose a una reivindicacion anterlor’
Una reivindicacion que se refiera a dos o mas reivindicaciones anteriores se
considerara una reivindicacion dependiente multiple.” En el articulo 51 se establece

ademas: “El alcance de la proteccion conferida por la patente estara determinado por
el tenor de las reivindicaciones.”

El capitulo reivindicatorio no se encuentra correctamente redactado. Por su |
estructura todas las reivindicaciones deben constar de dos partes. Una primera parte,
el preambulo, sirve para situar el objeto de la invencion dentro de un contexto '
técnico; es lo que se conoce y sobre lo cual no se reclama ningln privilegio. La
segunda parte o parte caracteristica, define lo que se considera novedoso y se desea
proteger. Estas dos partes se separan por expresiones como “caracterizado por” o
similares. En el proceso reivindicado no se entiende cuales pasos son ya conocidos y

cuales son los novedosos e inventivos. Debe corregirse el capitulo en especial las
reivindicaciones independientes.

De acuerdo con lo anterior, el capitulo reivindicatorio no cumple con el requisito de
claridad segun lo establecido en el articulo 30 de la Decision 486. E! solicitante

debera anexar un nuevo capitulo reivindicatorio con todas las correcciones aqui
requeridas.

Determinacion del estado de la técnica:

- El articulo 16 de la Decision 486 de la Comisién establece que: “El estado de la
' técnica comprendera todo lo que haya sido accesible al ptblico por una descripcion
* escrita u oral, utilizacién, comercializacion o cualquier otro medio antes de la fecha
-de presentacion de la solicitud de patente o, en su caso, de Ia prioridad reconocida.”

“Solo para el efecto de la determinacién de la novedad, también se considerara
dentro del estado de la técnica el contenido de una solicitud de patente en tramite
ante la oficina nacional competente, cuya fecha de presentacion o de prioridad fuese
anterior a la fecha de presentacion o de prioridad de la solicitud de patente que se
estuviese examinando, siempre que dicho contenido esté incluido en la solicitud de

fecha anterior cuando ella se publique o hubiese transcurrido el plazo previsto en el
articulo 40"

La fecha para determinar el estado de la técnica es el 6 de abril de 1999, tomando
en cuenta la prioridad reivindicada.

Consultadas las bases de datos y los archivos con que cuenta la entidad,
especialmente bajo las clasificaciones C 07 C 41/05, se encontrd que antes del 6 de

i



abril de 1999 habian sido publicados los documentos enumerados en la S|gwente
tabla.

%
t

No. | Documento Titulo Fechade
publicacion

D1 WO 97/23437 | Process for preparing tertiary alkyl 1997-07-03
ethers :

D2 WO 96/01244 | Process and apparatus for 1996-01-18
preparing tertiary alkyl ethers

¢
1
i

Evaluacion de los requisitos de patentabilidad: “

El articulo 14 de la Decision 486 de la Comunidad Andina establece que: “Los Paises

Miembros otorgaran patentes para las invenciones, sean de producto o de

procedimiento en todos los campos de la tecnologia, siempre que sean nuevas, '
tengan nivel inventivo y sean susceptibles de aplicacion industrial’. ‘5
En cumplimiento del articulo 14 de la Decision 486, se procedio a evaluar Ios \
requisitos de novedad, nivel inventivo y aplicacion industrial con el fin de establecer

la patentabilidad del objeto de la solicitud reivindicado en la solicitud en estudio.

A. Evaluacion de la Novedad:

El articulo 16 de la decisidon 486 de la Comision de la Comunidad Andina establece:

“Una invencion se considerara nueva cuando no esté comprendida en el estado de la
técnica.” “El estado de la técnica comprendera todo lo que haya sido accesible al
publico por una descripcion escrita u oral, utilizacién, comercializacion o cualquier

otro medio antes de la fecha de presentacion de la solicitud de patente o, en su caso,
de la prioridad reconocida.”

El documento D1 trata de un proceso para preparar éteres alquilicos terciarios el cual
comprende los pasos de hacer reaccionar iso olefinas C4 a C7 con un acido
alquilico en presencia de un primer catalizador en un reactor con el fin de formar una
mezcla que contiene una mezcla de éteres alquilicos terciarios. La mezcla que
contiene los mencionados éteres con las olefinas y el alcohol sin reaccionar se
alimentan a una columna de destilacion catalitica. Los éteres de interés se recuperan
del fondo de la columna de destilacién. Los azeotropos formados por los
hidrocarburos y el alcohol sin reaccionar son retirados como producto de cabeza de

destilacion. Una parte del flujo liquido de la columna es recirculado a la zona de
reaccion.

Este proceso coincide con el reivindicado en la solicitud estudiada y, por lo tanto,
afecta la novedad del objeto reivindicado.

Por lo tanto, la solicitud estudiada no cumple con lo requerido en el articulo 16 de la
resolucion 486.

B. Evaluacion del nivel inventivo:
El articulo 18 de la Decisién 486 de la Comision de la Comunidad Andina dispone

que: “Se considerara que una invencion tiene nivel inventivo, si para una persona del
oficio normalmente versada en la materia técnica correspondiente, esa invencion no
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Se anexa copia de las anterioridades mencionadas.

ALIX CARMEN
Jefe de la Dwsién de Nuevas Creaciones

hubiese resultado obvia ni se hubiese derivado de manera evidente del estado de la
técnica”.

En el documento D2 se sugiere el proceso para aumentar el porcentaje de
conversion de hidrocarburos en éteres alquilicos terciarios mediante un sistema de
destilacion catalitica instalado después de la reaccion inicial de isoolefinas y alcanol.
Alli mismo se sugiere la idea de recircular el alcanol, lo que es equivalenté a

adicionar alcanol adicional para formar azeotropos entre el alcanol y las olefinas que
no han aun reaccionada.

Por lo tanto, combinando las ensefianzas de D1y D2, un técnico medio en la materla

habria resuelto el problema propuesto por el solicitante el cual es aumentar la
conversion de isoolefinas a ésteres terciarios.

1

Por lo tanto, la solicitud en estudio no cumple con el requisito de nivel mventlvo
establecido por el articulo 18 de la Decisién 486. '

i

. p
C. Resumen

A
l

!

En conclusion los requisitos de patentabilidad de la presente solicitud podnan
encontrarse afectados asi:

No. Documento Reivindicaciones afectadas Requisito \;
’ afectado t

D1 | WO 97/23437 1a17 Novedad y.oivel |
inventivo “

D2 | WO 96/01244 1a17 Nivel inventivo ?‘

Notificacion

En cumplimiento del articulo 45 de la decision 486 de la Comision de la comunidad 1
Andina, se le indica que debe dar respuesta dentro del término de sesenta dias

contados a partir de la fecha de la notificacion de la presente comunicacion. Encaso -

de no dar respuesta al presente requerimiento, o si a pesar de la respuesta
subsistieran los impedimentos par: oncesion, se denegara la patente.

Notifiquese el presente ofici6 conforme/a lo dispuesto en el numeral 5.2, literal e)del
capitulo quinto del titulgfrimero de I circular nica No. 10 de 2001.

ESPEDES DE VERGEL

El  anterior requerimiento fue notificado por fijacion en lista, de
fecha 9
ty
CONCEPTO TECNICO EXAMINADOR TECNICO
Numero: 1169 Cédigo: 202043

\\0
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19 A, FIN-00120 Helsinki (FI).

{54) Title: PROCESS FOR PREPARING TERTIARY ALKYL ETHERS

(57) Abstract

A process for preparing tertiary alkyl ethers comprises the steps of reacting C4.7 isoolefins of an olefinic hydrocarbon feedstock with
an alkanol in the presence of a first catalyst in a reaction zone to form a reaction mixture containing a tertiary alkyl ether or a mixture of
tertiary alkyl ethers, feeding the reaction mixture to a distillation column, distilling the reaction mixture and recovering the alkyl ether(s)
with the bottoms product of the distillation. An azeotrope formed by unreacted C4 hydrocarbons and the alkanol is withdrawn as an overhead
product of the distillation. According to the invention, a part of the liquid flow of the column is withdrawn to form a side drawoff, and the

side drawoff is recirculated to the reaction zone. As a result, the conversion of the reactive Cg hydrocarbons is increased and the opevatlng
cost of the ethers process is reduced.
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PROCESS FOR PREPARING TERTIARY ALKYL ETHERS

Background of the Invention i

Field of the Invention (

The present invention concerns a process for preparing tertiary alkyl ether products 1
which are used, in particular, as components of motor fuels. The products contain, t
methyl z-butyl ether, ethyl z-butyl ether, r-amyl methyl ether or z-amy! ethyl ether, or
mixtures thereof, and possibly heavier tertiary alkyl ethers. According to the process,i
isoolefins, in particular the C, - C, isoolefins, of an olefinic hydrocarbon feedstock afre
reacted with a suitable alkanol in order to prepare the corresponding ethers. These
ethers are removed together with the bottoms product of the distillation reaction systexin
and, if necessary, they are further processed in order to prepare a motor fuel com- ‘

ponent. Unreacted alkanol is removed with the overhead product of the distillation. '

i
{

Description of Related Art

Tertiary alky! ethers are added to gasoline in order to improve the anti-knocking |
characteristics thereof and to reduce the concentration of harmful components in the ‘
exhaust gases. The oxygen-containing ether group of these compounds has been found '
favourably to improve the combustion process of automotive engines. Suitable alkyl )
tert-alkyl ethers are methyl #-butyl ether (MTBE), ethyl #-butyl ether (ETBE), z-amyl 1
methyl ether (TAME), t-amyl ethyl ether (TAEE) and ¢-hexyl methyl ethers (THME), °
to mention a few examples. These ethers are prepared by etherification of isoolefins “
with monovalent aliphatic alcohols (alkanols). The reactions can be carried out in a }
fixed bed reactor, in a fluidized bed reactor, in a tubular reactor or in a catalytic

distillation column.

The etherification reaction is an exothermic equilibrium reaction, and maximum
conversion is determined by the thermodynamic equilibrium of the reaction system. To

use TAME as an example, it is possible to obtain an about 90 % conversion by



2

carrying out reaction and separation in a reactive distillation column, whereas only a 651

to 70 % conversion is obtainable in a fixed bed reactor.

Ton exchange resins are the most common etherification catalysts. Generally the resin
used comprises a sulfonated polystyrene/divinyl benzene based cation exchange resin

(sulfonated polystyrene cross-linked with divinylbenzene) having particle sizes in the
range from 0.1 to 1 mm.

Two types of TAME processes have been commercially available for some time. The
first one comprises fixed bed reactors, columns for product separation by distillation
and a

methanol separation unit. In the other process, the product distillation is replaced by a

catalytic distillation unit, which substantially improves the TAME conversion, as
mentioned above.

A third completely novel etherification process is described in our International Patent
Application WO 93/19031. This novel process comprises a catalytic distillation unit
which has been modified by transferring the catalyst conventionally placed in the
distillation column into a separate external reactor which is being fed from the product
separation distillation unit. The side reactor product is recycled back to the same
product separation distillation unit. According to an embodiment of that process
described in our international patent application WO 93/19032, the product distillation
of the catalytic distillation reactor system is operated in such a way that most, and
preferably practically all, of the alkanol which is removed with the distillate is bound to
the inert C, hydrocarbons of the distillate, forming an azeotrope with them. The

product is recovered from the bottom of the column and it comprises a mixture of
TAME and heavier ethers.

The process described in our international patent applications mentioned above can also
be used for preparing lower alkyl ethers, such as methyl t-butyl ether (MTBE) and
ethyl t-buty! ether (ETBE), and mixed ether products containing such ethers.

!

i
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A suitable feedstock for the above-mentioned processes for preparing tertiary alkyl
ethers is Fluidized Catalytic Cracking (FCC) Gasoline containing C,.; hydrocarbons, a
substantial portion, generally at least 5 %, typically about 7 to 30 wt-%, of which t
comprises reactive C,, isoolefins. These reactive isoolefins include the following
compounds: isobutene, 2-methyl-1-butene, 2-methyl-2-butene, 2-methyl-1-pentene, 2-1‘
methyl-2-pentene, 2,3-dimethyl-1-butene, 2,3-dimethyl- -2-butene, 2-ethyl-1-butene, 2
methyl-2-hexene, 2,3-dimethyl-1-pentene, 2,3-dimethyl-2-pentene, 2,4-dimethyl-1-

pentene, 2-ethyl-1-pentene and 2-ethyl-2-pentene. Other suitable hydrocarbon ‘;

feedstocks for etherification processes are formed by Pyrolysis C; Gasoline, Thermofc;r
Catalytic Cracking (TCC) Gasoline, Residual Catalytic Cracking (RCC) Gasoline and ‘
Coker Gasoline. 1
Although the above-mentioned novel etherification process will provide excellent ]
conversion rates of the reactive C,’s and Cy’s, the conversion of the reactive Cq's to the
corresponding tertiary alkyl ethers (e.g., THME, tert-hexyl methyl ether, THEE, ten-{
hexyl ethyl ether) is less than 50 %. Depending on the process configuration it can |
even be less than 40 or 30 %. In a mixture containing C,, Cs and C -based ethers and‘:1
the corresponding non-reactive hydrocarbons, an increase of the amount of Cg ethers
would significantly reduce the vapor pressure of the ether products, improve the octane;
number thereof and, considering the fact that the alkanol is a more inexpensive |

!

component than the gasoline, increase the cost efficiency of the process. \

Summary of the Invention

The present invention aims at eliminating the problems associated with the prior art by !
providing a novel process for producing tertiary alkyl ethers from an olefinic ;

hydrocarbon feedstock while increasing the conversion of reactive C, hydrocarbons to

over 50 % and maintaining high conversion rates (over 90 %) of reactive C, and Cs

hydrocarbons.

The present invention is primarily based upon the novel etherification process described’

in international patent application WO 93/19032. In particular, the hydrocarbon
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feedstock and at least one alkanol are fed into a reaction zone, wherein the components:

4

of the feed, viz., the alkanol(s) and the reactive isoolefins, are reacted with each other '
in order to form a product containing tertiary alkyl ethers. The reaction mixture is
continuously subjected to fractionation in a distillation column. A bottoms product

mainly containing the alkyl ethers formed and substantially all of the unreacted

|
1

hydrocarbons is withdrawn from the distillation, whereas the overhead product mainly '

contains an azeotrope formed by the non-reactive (inert) feed hydrocarbons, in

particular the non-reactive C, hydrocarbons, and alkanol not consumed by the :
|
etherification reaction.

10

According to the present invention the feed stream containing the hydrocarbons |
together with the alcohol is combined with a recycle stream from the fractionator
(distillation column) before it is being fed into the etherification reaction zone. "
Surprisingly, it has turned out that by recycling from the distillation column a drawoff |
15 at a rate of 10 to 500 %, preferably about 50 to 200 %, of the fresh feed stream and Z
combining it with the fresh feed, it becomes possible to increase the conversion of the

reactive C,’s to over 65 % compared with less than 50 % if the side drawoff is !
subjected to etherification separately.

20 In particular the present invention comprises the following steps:

- reacting C, , isoolefins of an olefinic hydrocarbon feedstock with an alkanol in the
presence of a first catalyst in at least one reaction zone to form a reaction mixture :
containing a tertiary alkyl ether or a mixture of tertiary alkyl ethers, i

feeding the reaction mixture to a distillation column at a feed point between the ‘
25 bottom and the top of the column,

subjecting said reaction mixture to distillation in the distillation column,

recovering the alkyl ethers and Cs, hydrocarbons with the bottoms product of the
distillation,

- withdrawing as an overhead product of the distillation an azeotrope formed by
30 unreacted C, hydrocarbons and said alkanol,

withdrawing a part of the liquid flow of the column from above the feed point of the

reaction mixture to form a side drawoff, and
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“Typically, in such a process configuration, the feed hydrocarbons together with the

5 f

- recirculating the side drawoff to the reaction zone.

Brief Description of the Drawing L
|

Next, the invention will be described in more detail with the aid of the attached «,

drawing, which depicts a simplified scheme of an etherification process according to tﬁe
present invention, comprising three prereactors and a product separation column. g
|

Detailed Description of the Invention

The production of the ether according to the present invention can be carried out in a |
conventional etherification system comprising a number of reactors in a cascade *

connected to at least one distillation column designated for product separation.

|
alcohol (methanol or ethanol) and the recycle stream from the fractionator are fed to the

reaction zone, which comprises at least two reactors. The greater the ratio of heavier '
hydrocarbons to light hydrocarbons, the more reactors are needed. The feed is first )
adjusted to the specific reaction temperature used before feeding to first etherification ‘
reactor. The effluent from the first reactor is cooled and fed to a second etherification |
reactor. The effluent from the second reactor is optionally cooled and fed to a third “
(fourth etc.) etherification reactor. The effluent of the last reactor is then heated and fed%;
to the main fractionator, which is operated according to the principles laid down in WO!
93/19032, i.e. so that the distillate consists of mainly C, hydrocarbons and the alcohol,
which is in azeotropic concentration in the distillate. The amount of unreactive feed C4’§
therefore fixes the amount of distillate. A side drawoff is taken out from the distillation
column above the feed point and fed to the first reactor via a heat exchanger. The |

bottom product consists of unreacted hydrocarbons and the ethers formed.

In the above embodiment, the fresh feed, the alkanol and the side drawoff are mixed
together before feeding into the etherification zone. It is also possible to feed one (e.g.

the alkanol) or all of the three streams separately into the etherification zone. In that
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case, the side drawoff is preferably cooled before being fed into the reaction zone.

The term "alkanol" includes lower alkyl alcohols capable of forming azeotropes with
saturated and unsaturated hydrocarbons, in particular C, to C, hydrocarbons, of the

hydrocarbon feedstock. As specific examples of the alkanols, the following can be

mentioned: methanol, ethanol, n-propanol, i-propanol, n-butanol, i-butanol and t-butanol.
Methanol and ethanol are particularly preferred.

The term "olefinic hydrocarbon feedstock"”, is intended to cover all hydrocarbon
feedstocks, which contain an isoolefin or a mixture of isoolefins which can be etherified
to form tertiary alkyl ethers. In particular, the following feedstocks are preferred: FCC
Gasoline, FCC Light Gasoline, Pyrolysis C, Gasoline, TCC Gasoline, RCC and Coker
Gasoline. The feed can also comprise a mixture of two or more olefinic hydrocarbon
feedstocks, such as a mixture of FCC Light Gasoline and a pyrolysis C, cut. The

proportion of the various C, to C, isoolefins will, of course, to a large extent determine
the composition of the ether product.

Of the above feedstocks, FCC, RCC and TCC are preferred because these hydrocarbon
cuts can be used as such, possibly after the removal of heavier cuts (C,,). The use of
Pyrolysis Gasoline requires that the light cut and the C. cut be removed before it can
be fed into the process. Up to some 10 % of the C,, cut can be included in the resulting
hydrocarbon mixture, called a Pyrolysis C; Gasoline, so as to ensure that substantially
all of the reactive C,’s of the Pyrolysis Gasoline are present in the olefinic feedstock.
This feedstock will also contain reactive aliphatic C,, hydrocarbons. Pyrolysis Gasoline
is particularly rich in isoprene (up to 10 wt-%) and other diolefins, which can be
converted to mono-unsaturated hydrocarbons by selective hydrogenation. This will
greatly improve the value of this cut as a feedstock for etherification, in particular in

combination with any of the above mentioned cracking gasoline cuts.

The attached drawing gives an overview of a preferred embodiment of the process
according to the present invention.
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Thus, in the test arrangement depicted in the drawing, the hydrocarbon feedstock, the
alkanol, and a side stream from distillation column 4 are mixed together, the mixture is
heated and fed through the reactor section 1, 2. The hydrocarbon feedstock may, for
instance, be a hydrocarbon fraction containing isoolefins, such as a hydrocarbon cut of a

cat cracker, containing a mixture of isoolefins. The reactors consist of three reactors

filled with ion exchange resin beds. The reactors can be fixed or fluidized bed or tubular

reactors. The reactors may be arranged in series (in a cascade), as shown in the figure,
or in parallel. If there are more than two reactors they may also be arranged in
series/parallel. Because of the reaction there is a temperature rise in the prereactors in

the range from about 5 to about 15 °C depending on the amount of isoolefins and the

efficiency of the reactor insulation. From the reactors the mixwre is conducted to |
distillation column 4. The location of the feed point is defined below more speciﬁcall;i#.
At the bottom of the distillation column 4 there is a reboiler 9. The distillation column
can be a packed column or one provided with valve, sieve or bubble-cap trays. The
overhead of the column is removed via a condenser 10 to a reflux drum 11, from
which the overhead is removed by means of a pump 12. A part of the overhead is
forwarded to further processing and a part thereof is returned to the distillation column.
Ethers are removed with the bottoms product. In addition to the ether, the bottoms
product also contains unreacted C,, hydrocarbons. The reflux ratio of the column 18

preferably from about 1 to 500. Even greater ratios can be used in pilot plant

equipments. According to the invention, the reflux ratio is adjusted so that the distillate
amount removed from the process at least substantially corresponds to the amount of (%‘4
hydrocarbons of the feed.

From the distillation column 4 a side stream is taken and mixed with fresh hydrocarbo
and alkanol feeds as described above. The side drawoff comprises some 10 to 500 %,
preferably about 50 to about 200 % of the fresh feed. The pressure of the side stream

is increased by pump 14 because the distillation is typically carried out at a lower

=}

pressure than the reaction. The side stream is preferably taken from a tray which is
located below trays having alkanol K-values less than 1. The effluent of the reactors
(distillation column feed) is fed to a plate having an alkanol K-value greater than 1. As

a result of this arrangement, the alkanol gets more enriched in the vapor phase than do
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the hydrocarbons. The side drawoff makes up 40 to 90 %, typically about from 60 to
about 70 % of the total liquid flow within the column.

The distillation is carried out at a pressure generally ranging from about 1.1 to 20 bars
and the etherification reaction at 6 to 40 bars. When preparing TAME, the temperature
at the top of the distillation column is about 40 to 70 °C, typically about 50 to 60 °C,
and at the bottom of the column about 100 to 150, typically about 120 to 130 °C.

As mentioned above, according to the present invention the distillation column of the
reactive distillation unit is operated in such a way that the alkanol is heavier than the
hydrocarbons at the top of the distillation column. Therefore, the alkanol not bound to
the hydrocarbons in the form of an azeotrope will tend to flow downwards within the
column. At the same time the vapor-liquid-equilibrium between C; and heavier
hydrocarbons and the alkanol at the bottom of the column is maintained at such a level
that the alkano! is lighter than the hydrocarbons. This causes the alkanol to flow
upwards from the bottom of the column. Thus, the alkanol will circulate within the
distillation system between the top and the bottom of the column. By fitting a reaction
bed in the distillation column or by conducting a side stream from the column through
a reaction bed in a side reactor, an alkanol consuming reaction can be created which

will remove the alkanol from the system.

The alkanols, in particular methanol and ethanol, form azeotropes with the hydro-
carbons of the feedstock. The heavier the hydrocarbons, the greater the alkanol
concentration of the hydrocarbon-alkanol-azeotrope. According to the present invention,
in order to minimize the amount of unreacted alkanol removed from the distillation
process, substantially only the C,-hydrocarbon-alkanol azeotropes are taken as an
overhead product. These azeotropes are the lightest hydrocarbon-alkanol azeotropes and

have the smaliest alkanol concentrations.

Thus, according to the present invention, the amount of unreacted alkanol can be
controlled by adjusting the amount of C, hydrocarbons in the feed so that it correlates

with the amount of alkanol. The less there are C, hydrocarbons in the feed, the less

\

st
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distillate can be removed and the less alkanol is removed from the process. By
increasing the amount of C, hydrocarbons in the feed the distillate flow rate can be |
increased without any change of the relative amount of free unreacted alkanol in the
overhead product. Therefore, if desired, C, hydrocarbons (or even C, hydrocarbons)

|
can deliberately be added to the process so that the intended effect is achieved. . ‘

1

When operating the process according to the invention, the alkanol concentration of the
bottoms product of the column can easily be reduced to as small a value as desired. Int
the case of methanol, it is possible to reduce its concentration in the bottoms product t6
below 100 ppm. The amount of alkanol in the distillate will correspond to the amount |
bound by the azeotrope, only. The composition of the azeotrope and, thus, the amount
of alkanol removed depends on the hydrocarbon composition of the overhead product |
and the operating pressure of the distillation. To mention an example based on the |
production of TAME: if C, hydrocarbons make up the main part (over 90 %) of the |
overhead product, there will remain some 0.1 to 5.0 % by weight of methanol depend{
ing on the distillation pressure and the amount of Cs hydrocarbons. The more Cs |
hydrocarbons are included in the overhead product, the more methanol will be removed
with it (there may be less than 90 % by weight of the C, hydrocarbons in the overhead
product). I
The above-described etherification is preferably carried out in the presence of a
conventional cation exchange resin. However also different kinds of zeolites can also be
used as etherification catalysts. Thus, the resin may contain sulfonic acid groups and it
can be obtained by polymerization or copolymerization of aromatic vinyl compounds !
followed by sulfonation. Examples of aromatic vinyl compounds suitable for preparingii
polymers of copolymers are: styrene, vinyl toluene, vinyl naphthalene, vinyl ethyl-
benzene, methyl styrene, vinyl chlorobenzene and vinyl xylene. The acid cation
exchange resin typically contain some 1.3 to 1.9 sulfonic acid groups per aromatic
nucleus. Preferred resins are based on copolymers of aromatic monovinyl compounds |
with aromatic polyvinyl compounds, particularly, divinyl compounds, in which the
polyvinyl benzene content is from about 1 to 20 wt-% of the copolymer. The ion

exchange resin preferably has a granular size of about 0.15 to 1 mm.
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In addition to the above resins, perfluorosuifonic acid resins which are copolymers of

sulfonyl fluorovinyl ethyl and fluorocarbon can be used.

The invention is preferably carried out in connection with the MTBE, ETBE, TAME
5 and the TAEE processes.

In connection with the TAME process, the overhead product obtained can be forwarded
to a MTBE unit. Since it contains some impurities (Cs hydrocarbons, as far as the
MTBE process is concerned), the overhead product can be introduced either in the feed
10 of the MTBE unit, which means that the C; hydrocarbons remain in the MTBE
product, or to the methanol washing unit of the MTBE unit. In the latter case the C;

hydrocarbons end up in the raffinate stream of the MTBE unit (which contains mainly
C, hydrocarbons).

Alternatively, the overhead product of the distillation can - because it contains only

minute amounts of methanol and because the overhead is very small compared to the
feed - also be combined with the bottoms product of the distillation in order to form a
gasoline component. If necessary, the mixture is subjected to an additional treatment.
According to a preferred embodiment of the invention, the C, hydrocarbon content of
the feed is, however, deliberately kept so small that the mixture of the overhead and

the bottoms products can be used as such as a component of motor fuels.

.Considerable benefits are achieved by means of the invention. Thus, not only is the
conversion rate of the reactive C;’s greatly increased, the present invention also
reduces the capital investment of the etherification process by simplifying the
equipment, and increases the yield of produced ethers compared to the state of art. The

operating costs are aiso lowered by reduced utility (steam, water) usage.

The following working example will clarify the invention:
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Claims:

1. A process for preparing tertiary alkyl ethers, comprising the steps of

- reacting C,, isoolefins of an olefinic hydrocarbon feedstock with an alkanol in the
presence of a first catalyst in at least one reaction zone to form a reaction mixture
containing a tertiary alkyl ether or a mixture of tertiary alkyl ethers,

- feeding the reaction mixture to a distillation column at a feed point between the
bottom and the top of the column,

- subjecting said reaction mixture to distillation in the distillation column,

- recovering the alky] ether(s) and C;., hydrocarbons with the bottoms product of the
distillation,

- withdrawing an azeotrope formed by unreacted C, hydrocarbons and said alkano! as
an overhead product of the distillation,

- withdrawing from above the feed point of the reaction mixture a part of the liquid
flow of the column to form a side drawoff, and

- recirculating the side drawoff to the reaction zone.

2. The process according to claim 1, wherein the reaction zone is placed in at least two
reactors connected to the distillation column.

3. The process according to claim 1 or 2, wherein the side drawoff is cooled before
being fed into the reaction zone.

4. The process according to any of claims 1 to 3, wherein the alkanpl used in the

etherification zone is separately fed into the reaction zone.

5. The process according to claim 1, wherein the fresh hydrocarbon feed stream and
the side drawoff of the distillation are combined before the reaction zone to form a

modified feed for the reaction zone.

6. The process according to claim 1, wherein the alkanol is methanol or ethanol or a

f\’z

2
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mixture thereof.

7. The process according to claim 1, wherein the reaction mixture is heated before
feeding into the distillation column,

8. The process according to any of the previous claims, wherein the flow rate of the

side drawoff amount is 10 to 500 %, preferably about 50 to 200 % of the flow of the
fresh hydrocarbon feed.
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