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WO 2013/014003 /’ PCT/EP2012/063755

PROCEDIMIENTO DE ELIMINACION DE CONTAMINANTES OXIGENADOS DE UNA

CORRIENTE DE ETILENO

Campo de la invencion

La presente invencién es un procedimiento de eliminacién de contaminantes
oxigenados de una corriente de etileno.

Las olefinas son producidas tradicionalmente a partir de componentes del petréleo
mediante procesos de craqueo catalitico o con vapor. Estos procesos de craqueo,
especialmente el craqueo con vapor, producen olefina(s) ligera(s), tales como etileno y/o
propileno, a partir de diversos componentes de hidrocarburos. El etileno y el propileno son
importantes productos petroquimicos basicos Utiles en una variedad de procesos de
fabricacién de plasticos y otros compuestos quimicos. El suministro limitado y el coste
creciente del crudo han promovido la busqueda de procesos alternativos de produccién de
productos de hidrocarburos.

Las olefinas pueden ser producidas por deshidratacién del alcohol
correspondiente. El etanol se puede obtener mediante fermentacién de carbohidratos.
Compuesta por la materia organica procedente de organismos vivos, la biomasa es la
fuente de energia renovable lider en el mundo. El efluente producido por la deshidratacién
de etanol comprende esencialmente etanol no transformado, agua, etileno, acetaldehido.
El acetaldehido puede provocar problemas en operaciones de recuperacion de etileno.
Puede comprender también cantidades muy pequefias de etano, CO, CO2, H2, CH4 e
hidrocarburos C3+. La relacién en peso de etano+CO+CO2+H2+CH4+hidrocarburos C3+
a etileno es la mayoria de las veces menor de 20/80.

Antecedentes de la invencion

El documento US 20030098281 A1 describe un procedimiento de control de
concentraciones de agua y/o oxigenados de una corriente de olefina. El procedimiento
incluye poner en contacto la corriente de olefina con un absorbente liquido. El absorbente
liquido se selecciona del grupo constituido por un poliol, amina, amida, nitrilo, compuesto

que contiene nitrégeno heterociclico y mezclas de los mismos. Se condensa una corriente
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gaseosa que comprende esencialmente vapor, etileno, propileno y menos de 2 % en peso
de oxigenados en una torre de desactivacion. Las cabezas de dicha torre de
desactivacion se lava con una solucion caustica para eliminar CO2 y a continuacién se
pone en contacto con el absorbente liquido para eliminar los oxigenados.

El documento WO 03 020670 A1 proporciona un procedimiento para eliminar
componentes oxigenados tales como acetaldehido, CO2 y/o agua de una corriente de
olefina. Esto explica que es deseable eliminar tales componentes oxigenados, ya que
estos pueden envenenar catalizadores que se usan para procesar posteriormente la
composicion de olefina. Adicionalmente la presencia de ciertos compuestos oxigenados,
tales como acetaldehido, puede provocar el fallo en otras unidades de purificacion de
olefinas, por ejemplo, unidades de tratamiento de gas acido. El procedimiento comprende
proporcionar una corriente de olefina que contiene etileno, propileno, olefinas C4+ y
acetaldehido. La corriente de olefina se separa en una primera fraccion y una segunda
fraccién, en la que la primera fraccion comprende al menos una mayor parte del etileno
y/o propileno presentes en la corriente de olefina, y la segunda fraccién comprende al
menos una mayor parte de las olefinas C4+ y acetaldehido presente en la corriente de
olefina. La primera fraccién se trata a continuacién con gas acido mediante hidréxido de
sodio o hidroxido de potasio. La corriente de olefina se separa por destilacion,
preferiblemente, la destilacion es destilacion extractiva usando un extractante. El
extractante preferido es una composicion polar que presenta un punto de ebullicion medio
de al menos 38 °C a 1 atm. El metanol es un tipo de extractante preferido.

El documento WO 03 020672 A1 describe el procedimiento de eliminacién de
dimetiléter de una corriente que contiene etileno y/o propileno. La corriente de olefina se
pasa a una columna de absorcién de agua, se usa metanol como el absorbente de agua.
El metanol y el agua introducida, asi como también algunos hidrocarburos oxigenados, se
recuperan como la corriente de colas de dicha columna de absorcién de agua, se
recupera una olefina por cabezas y se envia a una columna de destilaciéon. La columna de
destilacién separa etileno y propileno, asi como también componentes de menor punto de

ebuliicién del dimetiléter y de componentes de mayor punto de ebullicion, incluyendo
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componentes C4+ y metanol que queda del lavado de metanol. Se afiade mas metanol a
la columna de destilacién para reducir la formacién de clatrato y/o agua libre en la
columna de destilacién. La corriente que contiene etileno y propileno sale de la columna
de destilacién como cabezas y los componentes de mayor punto de ebullicién que
incluyen el dimetiléter y componentes C4+ salen de la columna de destilacién como las
colas. Etileno y propileno fluyen a una columna de lavado caustica.

El documento WO 03 033438 A1 describe un procedimiento para el procesamiento
de una corriente de olefina que contiene oxigenados y agua, que comprende:
proporcionar una corriente de olefina que contiene oxigenados y agua; deshidratar la
corriente de olefina; comprimir la corriente de olefina deshidratada; lavar la corriente de
olefina con metanol para eliminar al menos una parte del oxigenado de la corriente de
olefina; poner en contacto la corriente de olefina lavada con metanol con agua; y
fraccionamiento de la corriente de olefina en contacto con agua. La corriente de olefina
recuperada (lavada con metanol y a continuacion con agua) se envia a continuacién a un
lavado con alcali y a una etapa de secado. La corriente de olefina que contiene
oxigenados y agua es el efluente de un procedimiento MTO.

El documento US 6.444.869 describe un procedimiento de produccién de etileno
partiendo de una corriente efluente para conversién de oxigenado. La corriente de
efluente de conversiéon de oxigenado comprende hidrogeno, metano, etileno, etano,
propileno, propano y olefinas C4+. Este efluente se comprime, se trata para eliminar
oxigenados, se pasa a una zona de eliminaciéon de dioxido de carbono en la que se
absorbe el didxido de carbono poniendo en contacto una solucioén caustica o poniendo en
contacto una solucion de amina en combinacion con una solucién caustica de una forma
convencional para eliminar el diéxido de carbono, se seca, a continuacion se hace el
fraccionamiento mediante un desetanizador y un desmetanizador.

El documento US 2005-0283038 A1 describe un procedimiento de produccién de
una corriente de olefinas partiendo de una primera corriente de efluente de vapor de una
reaccion de conversion de oxigenado a olefina, comprendiendo dicha primera corriente de

efluente de vapor olefinas C2 y C3, hidrocarburos C4 y compuestos carbonilo C2 a C6. En
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el procedimiento, la temperatura y presion de la corriente de efluente de vapor se ajustan
para producir una segunda corriente de efluente de vapor que presenta una presion que
varia de aproximadamente 100 psig a aproximadamente 350 psig (de 790 a 2514 kPa) y
una temperatura que varia de aproximadamente 70° F a aproximadamente 120° F (de 21
a 49° C), conteniendo dicha segunda corriente de efluente de vapor de aproximadamente
50 % en peso 0 mas de hidrocarburos C4 basado en el peso total de hidrocarburos C4 en
la primera corriente de efluente de vapor. La segunda corriente de efluente de vapor se
lava a continuacion con una corriente que contiene alcohol liquido para producir una
tercera corriente de efluente de vapor, después de lo cual la tercera corriente de efluente
de vapor se lava con agua liquida para proporcionar una cuarta corriente de efluente de
vapor que comprende las olefinas C2 y C3 y aproximadamente de 1,0 % en peso 0 menos
de compuestos de carbonilo C2 a C6. En una realizacién de un procedimiento de
recuperacién de este tipo, al menos parte de la cuarta corriente de efluente de vapor se
pone en contacto con un componente basico, tal como componente cdustico o una amina,
para eliminar la masa del dioxido de carbono del mismo (eliminando de este modo “gas
acido” de la cuarta corriente de efluente de vapor), después de esto se seca la corriente
sin CO2.

La desventaja principal de las técnicas anteriores es el fallo del limpiador caustico.
El gas de entrada al limpiador caustico contiene oxigenados reactivos como aldehidos y
cetonas. Estos aldehidos reaccionan en la reaccion de condensacion de alcohol en el
ambiente de la torre caustica formando polimeros de aceite rojo en cantidad significativa.
Esto provoca el fallo significativo relativo a la torre caustica lo que incide en el tiempo de
paso por la unidad. El tratamiento cdustico consumido con contenido significativo en
polimeros de aceite rojo es también un problema importante asi como también el
tratamiento caustico consumido y la eliminacion de desechos. Ademas hay problemas de
manipulacion y eliminacion de polimeros de aceite rojo.

Se ha descubierto ahora un procedimiento de eliminacién de contaminantes
oxigenados de una corriente de etileno en la que no hay lavado caustico para eliminar el

CO2 y tampoco columna de lavado para eliminar los oxigenados. Los oxigenados son
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compuestos organicos constituidos por carbono, oxigeno e hidrégeno.
Breve sumario de la invencion

La presente invencién es un procedimiento de eliminacién de contaminantes
oxigenados de una corriente de etileno que comprende:
a) proporcionar una corriente de etileno (A) seca que comprende esencialmente etileno,
hasta 1 % en peso de oxigenados, etano, CO, CO2, H2, CH4 e hidrocarburos C3+,
b) enviar dicha corriente (A) a un separador C2 / desetanizador para producir una
corriente de colas que comprende esencialmente etano, oxigenados e hidrocarburos C3+,
una corriente de cabezas que comprende el resto de componentes,
c) enviar dicha corriente de cabezas a una zona de adsorcion de CO2 de lecho fijo para
recuperar una corriente esencialmente exenta de CO2,

d) enviar dicha corriente esencialmente exenta de CO2 a un desmetanizador / equipo

. depurador de CO para recuperar una corriente de cabezas que comprende H2, CH4 y

CO, etileno liquido en las colas.

En otra realizacion la etapa de eliminacion de CO2 se puede realizar en el etileno
recuperado. En dicha realizacion la presente invencion es un procedimiento de
eliminacion de contaminantes oxigenados de una corriente de etileno que comprende:
al) proporcionar una corriente de etileno (A) seca que comprende esencialmente etileno,
hasta 1 % en peso de oxigenados, etano, CO, CO2, H2, CH4 e hidrocarburos C3+,
b1) enviar dicha corriente (A) a un separador C2 / desetanizador para producir
una corriente de colas que comprende esencialmente etano, oxigenados e hidrocarburos
C3+,
una corriente de cabezas que comprende el resto de componentes,
c1) enviar dicha corriente de cabezas a un desmetanizador / equipo depurador de CO
para recuperar una corriente de cabezas que comprende H2, CH4 y CO,
etileno liquido que comprende CO2 en las colas,
d1) enviar dicho etileno que comprende CO2 a una zona de adsorcién de CO2 de lecho
fijo para recuperar una corriente de etileno esencialmente exenta de CO2.

En una realizacién la relacién en peso de etano+CO+CO2+H2+CH4+hidrocarburos
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C3+ a etileno en (A) es menor de 10/90.

En una realizacion la relacion en peso de etano+CO+CO2+H2+CH4+hidrocarburos
C3+ a etileno en (A) es menor de 10/90 y superior a 0,1/99,9.

En una realizacion la relacion en peso de etano+CO+CO2+H2+CH4+hidrocarburos
C3+ a etileno en (A) es menor de 5/95.

En una realizacion la proporcién de oxigenados en (A) va de 50 ppm en peso a
7000 ppm en peso.

En una realizacion la proporcion de oxigenados en (A) es de hasta 3000 ppm en
peso.

En una realizacién la proporcién de oxigenados en (A) es de hasta 2000 ppm en
peso.

En una realizacion la proporcién de H2 en (A) es de 5 a 1000 ppm en peso.

En una realizacion la proporcion de H2 en (A) es de hasta 800 ppm en peso.

En una realizacion la proporcion de H2 en (A) es de hasta 500 ppm en peso.

De forma ventajosa “corriente de etileno seca” en la etapa a) significa un contenido
en agua menor de 5 ppm en peso, de forma ventajosa menos de 3 ppm en peso y
preferiblemente menos de 1 ppm en peso.

En una realizaciéon cuando la corriente de etileno (A) seca se ha preparado
mediante deshidratacién de etanol dicha corriente (A) no contiene sustancialmente
acetileno.

El etileno tratado de acuerdo con esta invencién es particularmente adecuado para
uso como alimentacion para la produccion de alfa-olefinas, etilbenceno/estireno, éxido de
etileno/etilenglicol, dicloruro de etileno y polimeros correspondientes, como homo- o
copolimeros de polietileno (PE, EPR, EPDM etc.), poliestireno (PS), copolimeros de
estireno con butadieno, isopreno, acrilonitrilo o combinaciones (SBS, SIS, SBR, ABS,
SAN), poliésteres (PET) y policloruros de vinilo (PVC).

Descripcion detallada de la invencion
En lo que respecta a los contaminantes oxigenados también denominados

como oxigenados, se puede citar etanol, alcoholes C3; éteres tales como dietiléter y
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metiletileter; acidos carboxilicos tales como &cido acético; aldehidos tales como
acetaldehido; cetonas tales como acetona; y ésteres tales como metilésteres.
Contaminantes oxigenados particularmente problematicos en una deshidratacion de
alcohol son aldehidos.

En lo que respecta a la corriente de etileno (A) de la etapa a), esta puede
originarse de la deshidratacion de etanol. Dicha deshidratacién puede hacerse en uno o
mas reactores de deshidratacion de etanol. En lo que respecta a la deshidratacion del
alcohol, se describe este procedimiento en los documentos WO-2009-098262, WO-2009-
098267, WO-2009-098268 y WO-2009-098269 cuyo contenido se incorpora a la presente
solicitud. La presente invencion es muy eficiente para la purificacion de etileno producido
por deshidratacion de etanol.

La salida de dicho reactor de deshidratacion comprende esencialmente etileno y
vapor asi como también cantidades menores de oxigenados, etano, CO, CO2, H2, CH4 e
hidrocarburos C3+. "Cantidades menores" significa que la relacién en peso de etano
+CO+CO2+H2+CH4+hidrocarburos C3+ a etileno es menor de 20/80 y la mayoria de las
veces menor de 10/90.

Dicha salida del reactor de deshidratacion se enfria inicialmente, de forma tipica en
una torre de desactivacion que usa agua como el medio de desactivacién. En la torre de
desactivacion la mayor parte del agua contenida en la salida del reactor de deshidratacion
se condensa y se elimina de las colas de la torre como una corriente de colas de agua
liquida. Una parte de dicha corriente de colas de agua se enfria en un intercambiador de
calor y se recicla como medio de desactivacion a la parte superior de la columna de
desactivacion. La parte de la corriente de colas de agua que no se recicla como medio de
desactivacion puede contener una parte de los oxigenados y en su caso la mayor parte
del etanol no transformado. Dicha corriente puede ser tratada en una columna de
depuracion para recuperar una corriente de agua pura. Se eliminan etileno, oxigenados,
etano, CO, CO2, H2, CH4 e hidrocarburos C3+ de la parte superior de la torre de
desactivacion a una presion tipica tal como 100 a 1600 kPa (1 a 16 barg) absolutos y se

designan como la corriente de etileno contaminada. De forma ventajosa dicha corriente de
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etileno contaminada se comprime sucesivamente y se enfria en una o mas etapas para
eliminar la mayor parte del agua, se alimenta adicionalmente a una zona de secado de
lecho fijo y finalmente al separador C2/desetanizador de la etapa b).

En las etapas de compresion previas el agua recuperada contiene una parte de los
contaminantes oxigenados e hidrocarburos disueltos. La corriente de hidrocarburos
contaminada se puede enfriar también antes de la primera etapa de compresién y
recuperar agua. En una realizacion el agua recuperada tras cada enfriamiento va a una
etapa de compresion y tras enfriamiento, si procede, antes de la primera etapa de
compresion, se envia a una columna de depuracién para producir una corriente de
cabezas que comprende esencialmente contaminantes oxigenados e hidrocarburos y una
corriente de colas esencialmente de agua pura. De forma opcional la corriente de cabezas
se quema para destruir los contaminantes oxigenados y recuperar calor.

Tras las etapas de compresion la corriente de etileno contaminada se alimenta
adicionalmente a una zona de secado de lecho fijo y finalmente al separador
C2/desetanizador de la etapa b). La zona de secado de lecho fijo es en si conocida.

En lo que respecta al separador C2/desetanizador de la etapa b), este es de
forma ventajosa una columna de destilaciéon. La corriente de cabezas es una mezcla de
etileno, CO, CO2, H2 y CH4.

En lo que respecta a la zona de adsorcion de CO2 de lecho fijo de la etapa c)
esta puede ser cualquier componente capaz de eliminar CO2 de forma selectiva. A modo
de ejemplo se trata de una adsorcion en lecho fijo comercialmente disponible (PSA para
adsorcion regulable por presion o TSA para adsorcion regulable por temperatura) que usa
tamices moleculares u oxidos basicos, 6xidos basicos soportados, carbones de gran area
superficial, componentes marco organometalicos (MOF) o mezclas de los mismos. Los
tamices moleculares son preferiblemente zeolitas de bajo contenido en silice, que
presentan 8 (entre las que esta zeolita A) o 12 (entre las que esta zeolita X) miembros de
anillo e intercambiadas con cationes alcalinos, alcalinotérreos o lantanidos. Otros tamices
moleculares son silicatos de titanio cristalinos (materiales de la familia de ETS). Oxidos

basicos soportados son preferiblemente 6xidos alcalinos, alcalinotérreos o lantanidos
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soportados sobre carbonos, aluminio, silice, circonio o titanio de gran area superficial. La
eliminacion de CO2 puede llevarse a cabo con una corriente de liquido o con una
corriente de etileno gaseoso en funcién de la presion y temperatura. Se recupera una
corriente esencialmente exenta de CO2. Debido a que solo tienen que ser eliminadas
cantidades traza de CO2 del etileno, el ciclo de proceso preferido es del tipo de adsorcion
por regulacion térmica (TSA). Dicho adsorbente de lecho fijo, una vez saturado con CO2,
puede ser regenerado, durante la regeneracion la desorcién produce una corriente que
pueden ser tratada en cualquier lugar. En un ciclo de proceso de TSA la regeneracién se
realiza mientras se arrastra el adsorbente saturado con un gas inerte aumentado la
temperatura hasta que tiene lugar la desorcion del CO2. Eventualmente el adsorbente
saturado puede ser reemplazado por nuevo adsorbente y el adsorbente saturado bien
puede ser acondicionado o regenerado ex situ para uso posterior. “Esencialmente” tiene
que considerarse a la luz del uso posterior de etileno. Si el etileno se tiene que polimerizar
el CO2 tiene que ser 1 ppm en volumen o menos y preferiblemente 0,5 ppm en volumen o
menos.

En lo que respecta al desmetanizador, su fin es recuperar una corriente de
cabezas que comprende esencialmente H2, CH4 y CO vy etileno liquido en las colas. De
forma ventajosa se trata de una columna de destilacion.

En lo que respecta a las condiciones de operacién, el desmetanizador de la
etapa d) tiene que estar a una presion suficientemente alta para operar a temperaturas
que no sean demasiado bajas. Un desmetanizador para recuperar una corriente de
cabezas que comprende H2, CH4 y CO y esencialmente etileno liquido en colas que
opera a 4000 kPa (40 barg) presenta una temperatura de cabezas entornoa0a-10°Cy
una temperatura de colas en torno a 0 °C. El mismo desmetanizador que opera a 2100
kPa (21 barg) presenta una temperatura de cabezas de -30 °C una temperatura de colas
en torno a -24 °C.

Estas temperaturas y presiones son una funcién de la proporcion de H2, CH4 y CO
en la corriente de etileno (A) y principalmente de la proporcion de H2. La proporcién de

H2, CH4 y CO en la corriente de etileno (A) y principalmente la proporcion de H2 controla
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también la presiéon y temperatura del separador C2 / desetanizador localizado aguas
arriba de dicho desmetanizador.

En una realizacion la presion de la etapa b) se selecciona para tener una
temperatura de las colas del separador C2/desetanizador tal que no haya oligomerizacion
0 polimerizacién de los oxigenados. A modo de ejemplo dicha temperatura no deberia
superar 150 °C y de forma ventajosa no superar 100 °C. Esta temperatura es funcién de la
presion 'y de la proporcion de oxigenados en la mezcla de
oxigenados+etano+hidrocarburos C3+. Cuanto mayor sea la proporcién de oxigenados
mayor sera la temperatura. Cuanto mayor sea la presion mayor sera la temperatura.

En una realizacion el separador C2 / desetanizador y el desmetanizador se operan
a la misma presion excepto la caida de presion entre el separador C2 / desetanizador y el
desmetanizador para la trasferencia de fluidos. De forma ventajosa la presion varia de
1500 a 4500 kPa (de 15 a 45 barg). En esta realizacién la corriente de etileno
contaminada que viene de la columna de desactivacion se comprime de forma ventajosa
en dos a cuatro fases de compresion en serie (en funcion de la presion del reactor de
deshidratacion), se envia a los secadores y finalmente al desetanizador separador C2.

Dicha realizacion se describe en la figura 1 en la que (1) es el desetanizador
separador C2, (2) y (3) los adsorbedores de CO2 y (4) el desmetanizador / equipo
depurador de CO. La corriente de etileno contaminada de la columna de desactivacién se
ha secado y enviado al desetanizador separador C2 (1) para producir una corriente de
colas que comprende esencialmente etano, oxigenados e hidrocarburos C3+ y una
corriente de cabezas que comprende etileno, CO, CO2, H2 y CH4 (no se muestran
condensador, decantador y reflujo del desetanizador separador C2, el calderin del
desetanizador separador C2 no se muestra). Dicha corriente de cabezas se envia a los
adsorbedores de CO2 (2) y (3) para recuperar una corriente esencialmente exenta de
CO2 y a continuacion al desmetanizador / equipo depurador de CO (4) para recuperar una
corriente de cabezas que comprende H2, CH4 y CO y etileno liquido en colas. El
condensador, decantador y reflujo del desmetanizador / equipo depurador de CO no se

muestran, el calderin del desmetanizador / equipo depurador de CO no se muestra.



10

15

20

23

y

En un ejemplo especifico de acuerdo con la figura 1 la presion del separador C2 /
desetanizador esta en torno a 1500 a 2500 kPa (de 15 a 25 barg), la parte superior de
dicho separador / desetanizador estd a una temperatura en torno a -20°C a -30°C,
condensa a una temperatura en el intervalo de -20 °C a -30 °C, la temperatura en colas de
dicho separador / desetanizador esta en torno a 70 a 90 °C, |a presion del desmetanizador
/ equipo depurador de CO en torno a 1500 a 2500 kPa (de 15 a 25 barg), la parte superior
del desmetanizador / equipo depurador de CO esta en torno a -15°C a -35°C, se
condensa a una temperatura en torno a -15 a -35°C y la temperatura en colas del
desmetanizador / equipo depurador de CO esta en torno a -15 °C a -35 °C.

De forma ventajosa la presion del separador C2 / desetanizador esta en torno a
1800 a 2500 kPa (de 18 a 25 barg), la parte superior de dicho separador / desetanizador
esta a una temperatura en torno a -18 °C a -28 °C, condensa a una temperatura en el
intervalo de -18 °C a -28 °C, la temperatura en colas de dicho separador / desetanizador
esta en torno a 75 a 85 °C, la presién del desmetanizador / equipo depurador de CO esta
en torno a 1800 a 2500 kPa (18 a 25 barg), la parte superior del desmetanizador / equipo
depurador de CO esta en torno a -20°C a -30 °C, se condensa a una temperatura en
torno a -20 a -30 °C y la temperatura en colas del desmetanizador / equipo depurador de
CO esta en torno a -20 °C a -30 °C.

En una realizacion al presion del separador C2 / desetanizador es menor que la
presion del desmenatizador / equipo depurador de CO. De forma ventajosa la presion del
separador C2 / desetanizador varia de 1500 a 2500 (de 15 a 25 barg) y de forma
simultanea la diferencia de presion entre el desmetazinador / equipo depurador de CO y el
separador C2 / desetanizador varia de 1000 a 2500 kPa (de 10 a 25 barg). En esta
realizacion la corriente de etileno contaminada que viene de la columna de desactivacion
se comprime de forma ventajosa en dos a tres etapas de compresion en serie, se envia a
los secadores y finalmente al desetanizador separador C2. A continuacién, la corriente de
cabezas del desetanizador separador C2 se comprime y se envia a través de los
adsorbedores de CO2 al desmetanizador / equipo depurador de CO. De forma opcional la

corriente esencialmente libre de CO2 que abandona la zona de adsorcion de CO2 de
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lecho fijo se enfria, se envia a un decantador para producir una fase liquida enviada como
un reflujo al separador C2 / desetanizador y se envia una fase gaseosa al desmetanizador
/ equipo depurador de CO.

Dicha realizacion se describe en la figura 2. La corriente de etileno contaminada de
la columna de desactivacion ha sido secada y enviada a una presién en torno a 1500 a
2500 kPa (de 15 a 25 barg) al desetanizador separador C2 (1) para producir una corriente
de colas (el calderin no se muestra) que comprende esencialmente etano, oxigenados e
hidrocarburos C3+ y una corriente de cabezas que comprende etileno, CO, CO2, H2 y
CH4. Dicha corriente de cabezas (parte superior del desetanizador separador C2) se
envia al compresor (6) para aumentar la presion con 1000 a 2500 kPa (de 10 a 25 barg)
sobre la presion del separador C2 / desetanizador, opcionalmente enfriada (el enfriador no
se muestra) y se envia a los absorbedores de CO2 (2) y (3) para recuperar una corriente
esencialmente exenta de CO2. A continuacion, dicha corriente exenta de CO2 se enfria
(el enfriador no se muestra) y se envia al decantador (5) para producir una fase liquida
enviada como un reflujo al desetanizador separador C2 (1) y una fase gaseosa enviada al
desmetanizador / equipo depurador de CO (4). Dicho desmetanizador / equipo depurador
(4) produce una corriente de cabezas (el condensador, decantador y reflujo no se
muestran) que comprende H2, CH4 y CO vy etileno liquido en colas (el calderin no se
muestra).

De forma alternativa, el condensador y decantador (5) pueden ser instalados entre
la salida superior del separador C2 / desetanizador (1) y el compresor (6). La fase liquida
producida se envia como un reflujo al separador C2 / desetanizador (1) mientras que la
fase gaseosa se envia al compresor (6). En otras palabras la corriente de etileno
contaminada de la columna de desactivacién ha sido secada y enviada al desetanizador
separador C2 (1) para producir una corriente de colas que comprende esencialmente
etano, oxigenados e hidrocarburos C3+ y una corriente de cabezas que comprende
etielno, CO, CO2, H2 y CH4. Dicha corriente de cabezas, la salida superior del separador
C2 / desetanizador (1), se condensa, se envia a un decantador para lograr una fase fase

liquida enviada como un reflujo al separador C2 / desetanizador (1) y una fase gaseosa se
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envia al compresor (6). A continuacién, la corriente comprimida se envia a los
adsorbedores de CO2 (2) y (3) para recuperar una corriente esencialmente exenta de
CO2 y a continuacion al desmetanizador / equipo depurador de CO (4) para recuperar una
corriente de cabezas que comprende H2, CH4 y CO vy etileno liquido en las colas.

En un ejemplo especifico de acuerdo con la figura 2 la presién del separador /
desetanizador esta en torno a 1500 a 2500 kPa (de 15 a 25 barg), la temperatura en la
parte superior de dicho separador / desetanizador esta en torno a -25°C a -35°C, la
temperatura en colas de dicho separador / desetanizador en torno a 70 a 90 °C, la presién
del desmetanizador / equipo depurador de CO en torno a 3500 a 4500 kPa (de 35 a 45
barg), la parte superior del desmetanizador / equipo depurador de CO esta en torno a -
10 °C a 10 °C, se condensa a una temperatura en torno a -35 a -45 °C y la temperatura en
colas del desmetanizador / equipo depurador de CO esta en torno a-10 °C a -10 °C.

De forma ventajosa la presion del separador / desetanizador esta en torno a 1800
a 2000 kPa (18 a 20 barg), la temperatura en la parte superior de dicho separador /
desetanizador esta en torno a -28 °C a -32 °C, la temperatura de colas de dicho separador
/ desetanizador en torno a 78 a 82 °C, la presién del desmetanizador / equipo depurador
de CO en torno a 3800 a 4200 kPa (de 38 a 42 barg), la parte superior del
desmetanizador / equipo depurador de CO esta en torno a -5°C a 5 °C, se condensa a
una temperatura en torno a -38 a -42 °C y la temperatura en colas del desmetanizador /
equipo depurador de CO esta en tornoa-2 a 2 °C.

En lo que respecta a la otra realizacion en la que la etapa de eliminacion de
CO2 se realiza sobre el etileno recuperado, opera de una forma similar a lo explicado
anteriormente en donde la etapa de eliminacion de CO2 esta antes del desmetanizador /
equipo depurador de CO.

En una realizacion el separador C2 / desetanizador y el desmetanizador se operan
a la misma presién excepto la caida de presién entre el separador C2 / desetanizador y el
desmetanizador para la trasferencia de fluidos. De forma ventajosa la presién varia de
1600 a 4500 kPa (de 15 a 45 barg). En esta realizacién la corriente de etileno

contaminada que viene de la columna de desactivacion se comprime de forma ventajosa
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en dos a cuatro fases de compresion en serie (en funcién de la presién del reactor de
deshidratacion), se envia a los secadores y finalmente al desetanizador separador C2.

Dicha realizacién se describe en la figura 3 en la que (1) es el desetanizador
separador C2, (2) y (3) los adsorbedores de CO2 y (4) el desmetanizador / equipo
depurador de CO. La corriente de etileno contaminada de la columna de desactivacion ha
sido secada y enviada al desetanizador separador C2 (1) para producir una corriente de
colas (el calderin no se muestra) que comprende esencialmente etano, oxigenados e
hidrocarburos C3+ y una corriente de cabezas (el condensador, el decantador y el reflujo
no se muestran) que comprende etileno, CO, CO2, H2 y CH4. Dicha corriente de cabezas
se envia al desmetanizador / equipo depurador de CO (4) para recuperar una corriente de
cabezas (el condensador, el decantador y el reflujo no se muestran) que comprende H2,
CH4 y CO y etileno liquido que comprende CO2 en colas (el calderin no se muestra).
Dicho etileno que comprende CO2 se envia a una zona de adsorcién de CO2 de lecho
fijo, los adsorbedores de CO2 (2) y (3), para recuperar una corriente de etileno
esencialmente exenta de CO2.

En un ejemplo especifico de acuerdo con la figura 3 la presion del separador C2 /
desetanizador esta en torno a 1500 a 2500 kPa (de 15 a 25 barg), la parte superior de
dicho separador / desetanizador estd a una temperatura en torno a -20 °C a -30 °C,
condensa a una temperatura en el intervalo de -20 °C a -30 °C, la temperatura en colas de
dicho separador / desetanizador esta en torno a 70 a 90 °C, la presién del desmetanizador
/ equipo depurador de CO en torno a 1500 a 2500 kPa (de 15 a 25 barg), la parte superior
del desmetanizador / equipo depurador de CO esta en torno a -15°C a -35°C, se
condensa a una temperatura en torno a -15 a -35°C y la temperatura en colas del
desmetanizador / equipo depurador de CO esta en torno a -15 °C a -35 °C.

De forma ventajosa la presién del separador C2 / desetanizador esta en torno a
1800 a 2500 kPa (de 18 a 25 barg), la parte superior de dicho separador / desetanizador
esta a una temperatura en torno a -18 °C a -28 °C, condensa a una temperatura en el
intervalo de -18 °C a -28 °C, la temperatura en colas de dicho separador / desetanizador

esta en torno a 75 a 85 °C, la presion del desmetanizador / equipo depurador de CO esta
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en torno a 1800 a 2500 kPa (18 a 25 barg), la parte superior del desmetanizador / equipo
depurador de CO esta en torno a -20 °C a -30 °C, se condensa a una temperatura en
torno a -20 a -30 °C y la temperatura en colas del desmetanizador / equipo depurador de
CO esta en torno a -20 °C a -30 °C.

En una realizacion la presion del separador C2 / desetanizador es menor que la
presion del desmenatizador / equipo depurador de CO. De forma ventajosa la presion del
separador C2 / desetanizador varia de 1500 a 2500 (de 15 a 25 barg) y de forma
simultanea la diferencia de presion entre el desmetazinador / equipo depurador de CO y el
separador C2 / desetanizador varia de 1000 a 2500 kPa (de 10 a 25 barg). En esta
realizacién la corriente de etileno contaminada que viene de la columna de desactivacion
se comprime de forma ventajosa en dos a tres etapas de compresién en serie, se envia a
los secadores y finalmente al desetanizador separador C2. A continuacion, la corriente de
cabezas del desetanizador separador C2 se comprime y se envia al desmetanizador /
equipo depurador de CO.

Dicha realizacion se describe en la figura 4. Adicionalmente a la figura 3 hay
equipo adicional: un compresor (6). La corriente de etileno contaminada de la columna de
desactivacion ha sido secada y enviada a una presion en torno de 1500 a 2500 kPa (15 a
25 barg) al desetanizador separador C2 (1) para producir una corriente de colas (el
calderin no se muestra) que comprende esencialmente etano, oxigenados e hidrocarburos
C3+ y una corriente de cabezas que comprende etileno, CO, CO2, H2 y CH4. Dicha
corriente de cabezas se condensa, se envia a un decantador para conseguir una fase
liquida se envia como un reflujo a (1) y se envia una fase gaseosa al compresor (6). Dicho
condensador, decantador y reflujo no se muestran). El compresor (6) aumenta la presion
con 1000 a 2500 kPa (de 10 a 25 barg) por encima de la presion de separador C2
/desetanizador, y la corriente comprimida se envia al desmetanizador / separador de CO
(4). Dicho desmetanizador / equipo depurador de CO (4) produce una corriente de
cabezas (el condensador, el decantador y el reflujo no se muestran) que comprende H2,
CH4 y CO y en las colas etileno liquido que comprende CO2 (el calderin no se muestra).

Dicho etileno que comprende CO2 se envia a una zona de adsorciéon de CO2 de lecho
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fijo, los adsorbedores de CO2 (2) y (3), para recuperar una corriente de etileno
esencialmente exenta de CO2.

En un ejemplo especifico de acuerdo con la figura 4 la presién del separador /
desetanizador esta en torno a 1500 a 2500 kPa (de 15 a 25 barg), la parte superior de
dicho separador / desetanizador esta a una temperatura en torno a -25°C a -35°C,
condensa a una temperatura en el intervalo de -25 °C a -35 °C, |la temperatura en colas de
dicho separador / desetanizador esta en torno a 70 a 90 °C, la presion del desmetanizador
/ equipo depurador de CO en torno a 3500 a 4500 kPa (de 35 a 45 barg), la parte superior
del desmetanizador / equipo depurador de CO esta en torno a -10°C a 10°C, se
condensa a una temperatura en torno a -35 a -45°C y la temperatura en colas del
desmetanizador / equipo depurador de CO esta en torno a -10 °C a 10 °C.

De forma ventajosa la presién del separador / desetanizador esta en torno a 1800
a 2000 kPa (18 a 20 barg), la parte superior de dicho separador / desetanizador esta a
una temperatura en torno a -28 °C a -32 °C, la temperatura de colas de dicho separador /
desetanizador en torno a 78 a 82 °C, la presidn del desmetanizador / equipo depurador de
CO en torno a 3800 a 4200 kPa (de 38 a 42 barg), la parte superior del desmetanizador /
equipo depurador de CO esta en torno a -5 °C a 5 °C, se condensa a una temperatura en
torno a -38 a -42 °C y la temperatura en colas del desmetanizador / equipo depurador de
COestaentornoa-2a2°C.

Ejemplo

Se opera el procedimiento de acuerdo con la figura 5. La figura 5 se deriva de la
figura 2 por cambio de la posicion del condensador y decantador (5), estos se localizan
entre la salida del separador C2 / desetanizador y el compresor. Los resultados se

encuentran en la siguiente tabla.

N.° de corriente en la 1 2 3

figura 5

Alimentacion Colas del | Destilado  de

del separador | separador C2 | vapor del




C2 separador C2
Temperatura °C 15 80 -30
Presién barg 20 19 19
H2 ka/h 8 8
CcO kg/h 1 1
Cco2 kg/h 1 1
Etano kg/h 23 11 12
Etileno kg/h 25108 30 25078
Aceltaldehidos kg/h 150 150
C3+ kg/h 715 715
Total kg/h 26006 906 25100
N.° de corriente en la 4 6 5
figura 5
Alimentacion Purga del | Producto de
del desetanizador | etileno
desetanizador
Temperatura °C -2 -40 20
Presion bar g 40 40 20
H2 kg/h 8 8
Cco kg/h 1 1
CO2 ka/h
Etano kg/h 12 12
Etileno kg/h 25078 90 24988
Aceltaldehidos kg/h
C3+ kg/h
Total kg/h 25099 99 25000
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REIVINDICACIONES

1. Procedimiento de eliminacién de contaminantes oxigenados de una corriente de etileno
que comprende:

a) proporcionar una corriente de etileno (A) seca que comprende esencialmente etileno,
hasta 1 % en peso de oxigenados, etano, CO, CO2, H2, CH4 e hidrocarburos C3+,

b) enviar dicha corriente (A) a un separador C2 / desetanizador para producir una
corriente de colas que comprende esencialmente etano, oxigenados e hidrocarburos C3+,
una corriente de cabezas que comprende el resto de componentes,

c) enviar dicha corriente de cabezas a una zona de adsorcion de CO2 de lecho fijo para
recuperar una corriente esencialmente exenta de CO2,

d) enviar dicha corriente esencialmente exenta de CO2 a un desmetanizador / equipo
depurador de CO para recuperar una corriente de cabezas que comprende H2, CH4 y

CO, etileno liquido en las colas.

2. Procedimiento de acuerdo con la reivindicacion 1, en el que el separador C2 /
desetanizador y el desmetanizador se operan a la misma presioén, excepto la caida de
presion entre el separador C2 / desetanizador y el desmetanizador para la transferencia

de fluidos, y dicha presién varia de 1500 kPa a 4500 kPa.

3. Procedimiento de acuerdo con la reivindicacién 1, en el que la presion del separador C2
/ desetanizador es menor que la presion del desmetanizador / equipo depurador de CO,
variando la presion del separador C2 / desetanizador de 1500 a 2500 kPa vy
simultdneamente la diferencia de presion entre el desmetanizador / equipo depurador de

CO y el separador C2 / desetanizador varia de 1000 kPa 6 2500 kPa.

4. Procedimiento de acuerdo con la reivindicacion 3, en el que la corriente de cabezas, la
salida superior, del separador C2 / desetanizador, se condensa, se envia a un decantador

para lograr enviar una fase liquida como reflujo a dicho separador C2 / desetanizador y se
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envia una fase gaseosa a un compresor, a continuacion la corriente comprimida se envia

a la zona de adsorcion de CO2.

5. Procedimiento de acuerdo con la reivindicacién 3, en el que la corriente de cabezas, la
salida superior, del separador C2 / desetanizador, se envia a un compresor, enfriado
opcionalmente y se envia a la zona de adsorcién de CO2 para recuperar una corriente
esencialmente exenta de CO2, a continuacion dicha corriente exenta de CO2 se enfria y
se envia a un decantador para producir una fase liquida enviada como un reflujo al
separador C2 / desetanizador y se envia una fase gaseosa al desmetanizador / equipo

depurador de CO.

6. Procedimiento de eliminacion de contaminantes oxigenados de una corriente de etileno
que comprende:

al) proporcionar una corriente de etileno (A) seca que comprende esencialmente etileno,
hasta 1 % en peso de oxigenados, etano, CO, CO2, H2, CH4 e hidrocarburos C3+,

b) enviar dicha corriente (A) a un separador C2 / desetanizador para producir

una corriente de colas que comprende esencialmente etano, oxigenados e hidrocarburos
C3+,

una corriente de cabezas que comprende el resto de componentes,

c1) enviar dicha corriente de cabezas a un desmetanizador / equipo depurador de CO
para recuperar una corriente de cabezas que comprende H2, CH4 y CO,

etileno liquido que comprende CO2 en las colas,

d1) enviar dicho etileno que comprende CO2 a una zona de adsorcion de CO2 de lecho

fijo para recuperar una corriente de etileno esencialmente exenta de CO2.

7. Procedimiento de acuerdo con la reivindicacion 6, en el que el separador C2 /
desetanizador y el desmetanizador se operan a la misma presion, excepto la caida de
presion entre el separador C2 / desetanizador y el desmetanizador para la transferencia

de fluidos, y dicha presién varia de 1500 kPa a 4500 kPa.
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8. Procedimiento de acuerdo con la reivindicacién 6, en el que la presién del separador C2
/ desetanizador es menor que la presion del desmetanizador / equipo depurador de CO,
variando la presion del separador C2 / desetanizador de 1500 a 2500 kPa vy
simultaneamente la diferencia de presion entre el desmetanizador / equipo depurador de

CO y el separador C2 / desetanizador varia de 1000 kPa 6 2500 kPa.

9. Procedimiento de acuerdo con una cualquiera de las reivindicaciones 6 a 8, en el que la
corriente de cabezas, la salida superior, del separador C2 / desetanizador, se condensa,
se envia a un decantador para lograr enviar una fase liquida como reflujo a dicho
separador C2 / desetanizador y se envia una fase gaseosa a un compresor, a

continuacion la corriente del compresor se envia al desmetanizador / equipo de

depuracion de CO.

10. Procedimiento de acuerdo con una cualquiera de las reivindicaciones precedentes, en
el que la relacién en peso de etano+CO+CO2+H2+CH4+hidrocarburos C3+ a etileno en

(A) es menor de 10/90.

11. Procedimiento de acuerdo con la reivindicacion 10, en el que la relacion en peso de
etano+CO+CO2+H2+CH4+hidrocarburos C3+ a etileno en (A) es menor de 10/90 y se

superior a 0,1/99,9.

12. Procedimiento de acuerdo con una cualquiera de las reivindicaciones 1 a 9 o
reivindicacion g o [ en el que la relacién en peso de

etano+CO+CO2+H2+CH4+hidrocarburos C3+ a etileno en (A) es menor de 5/95.

13. Procedimiento de acuerdo con una cualquiera de las reivindicaciones precedentes, en

el que la proporcién de oxigenados en (A) es de 50 ppm en peso a 7000 ppm en peso.
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14. Procedimiento de acuerdo con una cualquiera de las reivindicaciones precedentes, en

el que la proporcion de oxigenados en (A) es de hasta 3000 ppm en peso.

15. Procedimiento de acuerdo con la reivindicacién 14, en el que la proporcion de

oxigenados en (A) es de hasta 2000 ppm en peso.

16. Procedimiento de acuerdo con una cualquiera de las reivindicaciones precedentes, en

el que la proporcion de H2 en (A) es de 5 a 1000 ppm en peso.

17. Procedimiento de acuerdo con una cualquiera de las reivindicaciones precedentes, en

el que la proporcion de H2 en (A) es de hasta 800 ppm en peso.

18. Procedimiento de acuerdo con la reivindicacion 17, en el que la proporcién de H2 en

(A) es de hasta 500 ppm en peso.

19. Procedimiento de acuerdo con una cualquiera de las reivindicaciones precedentes, en

el que la corriente de etileno (A) seca se origina de la deshidratacién de etanol.
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PROCEDIMIENTO DE ELIMINACION DE CONTAMINANTES OXIGENADOS DE UNA

CORRIENTE DE ETILENO

Resumen

La presente invencion es un procedimiento de eliminacién de contaminantes
oxigenados de una corriente de etileno que comprende:
a) proporcionar una corriente de etileno (A) seca que comprende esencialmente etileno,
hasta 1 % en peso de oxigenados, etano, CO, CO2, H2, CH4 e hidrocarburos C3+,
b) enviar dicha corriente (A) a un separador C2 / desetanizador para producir una
corriente de colas que comprende esencialmente etano, oxigenados e hidrocarburos C3+,
una corriente de cabezas que comprende el resto de componentes, c) enviar dicha
corriente de cabezas a una zona de adsorcién de CO2 de lecho fijo para recuperar una
corriente esencialmente exenta de CO2, d) enviar dicha corriente esencialmente exenta
de CO2 a un desmetanizador / equipo depurador de CO para recuperar una corriente de
cabezas que comprende H2, CH4 y CO, etileno liquido en las colas. En otra realizacion la

etapa de eliminacién de CO2 se puede realizar en el etileno recuperado.
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PROCESS FOR REMOVING OXYGENATED CONTAMINANTS FROM AN
ETHYLENE STREAM

[Field of the invention]

The present invention is a process for removing oxygenated
contaminants from an ethylene stream.

Olefins are traditionally produced from petroleum feedstocks by catalytic
or steam cracking processes. These cracking processes, especially steam
cracking, produce light olefin(s), such as ethylene and/or propylene, from a
variety of hydrocarbon feedstock. Ethylene and propylene are important
commodity petrochemicals useful in a variety of processes for making plastics
and other chemical compounds. The limited supply and increasing cost of crude
oil has prompted the search for alternative processes for producing
hydrocarbon products.

Olefins can be produced by dehydration of the corresponding alcohol.
Ethanol can be obtained by fermentation of carbohydrates. Made up of organic
matter from living organisms, biomass is the world's leading renewable energy
source. The effluent produced by the ethanol dehydration comprises essentially
unconverted ethanol, water, ethylene, acetaldehyde. Acetaldehyde may cause
problems in ethylene recovery operations. It may comprise also very small
amounts of ethane, CO, CO2, H2, CH4 and C3+ hydrocarbons. The weight
ratio of ethane+CO+CO2+H2+CH4+C3+ hydrocarbons to ethylene is most of
time less than 20/80.

[Background of the invention]

US 20030098281 A1 describes a method of controlling water and/or
oxygenate concentrations of an olefin stream. The method includes contacting
the olefin stream with a liquid absorbent. The liquid absorbent is selected from
the group consisting of a polyol, amine, amide, nitrile, heterocyclic nitrogen

2\
2
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containing compound, and mixtures thereof. A gaseous stream comprising
essentially steam, ethylene, propylene and less than 2 w% of oxygenates is
condensed in a quench tower. The overhead of said quench tower is washed
with a caustic solution to remove CO2 and then contacted with the liquid
absorbent to remove the oxygenates.

WO 03 020670 A1 provides a method for removing oxygenated
components such as acetaldehyde, CO2 and/or water from an olefin stream. It
explains it is desirable to remove such oxygenated components, since they may
poison catalysts that are used to further process olefin composition. In addition,
the presence of certain oxygenated compounds, such as acetaldehyde, can
cause fouling in other olefin purification units, e.g., acid gas treating units. The
method comprises providing an olefin stream containing ethylene, propylene,
C4+ olefins and acetaldehyde. The olefin stream is separated into a first fraction
and a second fraction, wherein the first fraction comprises at least a majority of
the ethylene and/or propylene present in the olefin stream, and the second
fraction comprises at least a majority of the C4+ olefins and acetaldehyde
present in the olefin stream. The first fraction is then acid gas treated by sodium
hydroxide or potassium hydroxide. The olefin stream is separated by distillation,
preferably, the distillation is extractive distillation using an extractant. The
preferred extractant is a polar composition having an average boiling point of at
least 38°C at 1 atm. Methanol is one type of preferred extractant.

WO 03 020672 A1 describes method of removing dimethyl ether from an
ethylene and/or propylene containing stream. The olefin stream is passed to a
water absorption column, methanol is used as the water absorbent. Methanol
and entrained water, as well as some oxygenated hydrocarbon, is recovered as
the bottoms stream of said water absorption column, an overhead olefin is
recovered and sent to a distillation column. The distillation column separates
ethylene and propylene, as well as lighter boiling point components from the
dimethyl ether and heavier boiling point components, including Cé4+
components and methanol remaining from the methanol wash. Additional
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/[
methanol is added to the distillation column to reduce clathrate and/or free
water formation in the distillation column. The ethylene and propylene
containing stream exits the distillation column as overhead and the heavier
boiling point components which include the dimethy! ether and C4+ components

exit the distillation column as the bottoms. Ethylene and propylene then flow to
a caustic wash column.

WO 03 033438 A1 describes a method for processing an olefin stream
containing oxygenates and water, comprising: providing an olefin stream
containing oxygenates and water; dewatering the olefin stream; compressing
the dewatered olefin stream; washing the olefin stream with methanol to remove
at least a portion of the oxygenate from the olefin stream; contacting the
methanol washed olefin stream with water; and fractionating the water
contacted olefin stream. The recovered olefin stream (washed with methanol
and then with water) is further sent to an alkali wash and a drying step. The
olefin stream containing oxygenates and water is the effluent of an MTO
process.

US 6,444,869 describes a process for the production of ethylene from an
oxygenate conversion effluent stream. The oxygenate conversion effluent
stream comprises hydrogen, methane, ethylene, ethane, propylene, propane
and C4+ olefins. This effluent is compressed, treated to remove oxygenates,
passed to a carbon dioxide removal zone wherein carbon dioxide is absorbed
by contacting a caustic solution or by contacting an amine solution in
combination with a caustic solution in a conventional manner to remove the
carbon dioxide, dried, then fractionation is made through a deethanizer and a
demethanizer.

US 2005-0283038 A1 described a process for producing an olefins
stream from a first vapor effluent stream from an oxygenate to olefin conversion
reaction, said first vapor effluent stream comprising C2 and C3 olefins, C4
hydrocarbons, and C2 to C6 carbonyl compounds. In the process, the
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temperature and pressure of the first vapor effluent stream are adjusted to
produce a second vapor effluent stream having a pressure ranging from about
100 psig to about 350 psig (790 to 2514 kPa) and a temperature ranging from
about 70° F. to about 120° F. (21 to 49° C.), said second vapor effluent stream
containing about 50 wt. % or more C4 hydrocarbons based upon the total
weight of C4 hydrocarbons in the first vapor effluent stream. The second vapor
effluent stream is then washed with a liquid alcohol-containing stream to
produce a third vapor effluent stream, whereafter the third vapor effluent stream
is washed with liquid water to provide a fourth vapor effluent stream comprising
the C2 and C3 olefins and about 1.0 wt. % or less C2 to C6 carbonyl
compounds. In one embodiment of such a recovery process, at least part of the
fourth vapor effluent stream is contacted with a basic component, such as
caustic or an amine, to remove the bulk of the carbon dioxide therefrom (thus
removing "acid gas" from the fourth vapor effluent stream), whereafter the CO,-
depleted stream is dried.

The main drawback of the above prior arts is the fouling of the caustic
scrubber. The inlet gas to the caustic scrubber contains reactive oxygenates
like aldehydes and ketones. These aldehydes react in the aldol condensation
reaction in the caustic tower environment to form significant red oil polymers.
This causes significant fouling concerns in the caustic tower which impact the
unit run length. The spent caustic treatment with significant red oil polymer
content is also an important concern as well as the spent caustic treatment and
disposal issues. In addition there are the handling and disposal issues of red oil
polymers.

It has now been discovered a process for removing oxygenated
contaminants from an ethylene stream wherein there is no caustic wash to
remove the CO2 and no wash column to remove the oxygenates. Oxygenates

are organic compounds consisting of carbon, oxygen and hydrogen.

[Brief summary of the invention]
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The present invention is a process for removing oxygenated
contaminants from an ethylene stream comprising :
a) providing a dried ethylene stream (A) comprising essentially ethylene, up
to 1 w% oxygenates, ethane, CO, CO2, H2, CH4 and C3+ hydrocarbons,
b) sending said stream (A) to a C2 splitter/deethanizer to produce
a bottom stream comprising essentially ethane, oxygenates and C3+
hydrocarbons,
an overhead comprising the remaining components,
C) sending said overhead to a fixed bed CO2 adsorption zone to recover a
stream essentially free of CO2,
d) sending said stream essentially free of CO2 to a demethanizer/CO
stripper to recover an overhead comprising H2, CH4 and CO,
liquid ethylene at the bottoms.

In another embodiment the CO2 removal step can be made on the
recovered ethylene. In said embodiment the present invention is a process for
removing oxygenated contaminants from an ethylene stream comprising :
al) providing a dried ethylene stream (A) comprising essentially ethylene, up
to 1 w% oxygenates, ethane, CO, CO2, H2, CH4 and C3+ hydrocarbons,
b1) sending said stream (A) to a C2 splitter/deethanizer to produce
a bottom stream comprising essentially ethane, oxygenates and C3+
hydrocarbons, ’
an overhead comprising the remaining components,
¢1) sending said overhead stream to a demethanizer/CO stripper to recover
an overhead comprising H2, CH4 and CO,
liquid ethylene comprising CO2 at the bottoms.
d1) sending said ethylene comprising CO2 to a fixed bed CO2 adsorption
zone to recover an ethylene stream essentially free of CO2.

;(
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In an embodiment the weight ratio of ethane+CO+CO2+H2+CH4+C3+
hydrocarbons to ethylene in (A) is less than 10/90.

In an embodiment the weight ratio of ethane+CO+CO2+H2+CH4+C3+
hydrocarbons to ethylene in (A) is less than 10/90 and above 0.1/99.9.

In an embodiment the weight ratio of ethane+CO+CO2+H2+CH4+C3+
hydrocarbons to ethylene in (A) is less than 5/95.

In an embodiment the proportion of oxygenates in (A) is from 50 wppm to
7000 wppm.

In an embodiment the proportion of oxygenates in (A) is up to 3000
wppm.

In an embodiment the proportion of oxygenates in (A) is up to 2000
wppm.

In an embodiment the proportion of H2 in (A) is from 5 to 1000 wppm.
In an embodiment the proportion of H2 in (A) is up to 800 wppm.
In an embodiment the proportion of H2 in (A) is up to 500 wppm.

Advantageously "dried ethylene stream" at step a) means a water
content less than 5 wppm, advantageously less than 3wppm and preferably less
than 1 wppm.

In an embodiment when the dried ethylene stream (A) has been made by
ethanol dehydration said stream (A) contains substantially no acetylene.

Ethylene treated in accordance with this invention is particularly suitable
for use as feedstock for making alpha-olefins, ethylbenzene/styrene,
ethyleneoxide/ethyleneglycol, ethylenedichloride and corresponding polymers,
like polyethylene homo or copolymer (PE, EPR, EPDM etc), polystyrene (PS),
styrene copolymers with butadiene, isoprene, acrylonitrile or combinations
(SBS, SIS, SBR, ABS, SAN), polyesters (PET) and polyvinylchlorides (PVC)

[Detailed description of the invention]
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As regards the oxygenated contaminants, also referred to as
oxygenates, one can cite ethanol, C3 alcohols; ethers such as diethylether and
methyl ethyl ether; carboxylic acids such as acetic acid; aldehydes such as
acetaldehyde; ketones such as acetone; and esters such as methyl esters.

Particularly problematic oxygenate contaminants in an alcohol dehydration are
aldehydes.

As regards the ethylene stream (A) of step a), it can be originating
from the dehydration of ethanol. Said dehydration can be made in one or more
ethanol dehydration reactors. As regards alcohol dehydration, such process is
described in WO-2009-098262, WO-2009-098267, WO-2009-098268 and WO-
2009-098269 the content of which is incorporated in the present application.
The present invention is very efficient for the purification of ethylene produced
by dehydration of ethanol.

The outlet of said dehydration reactor comprises essentially ethylene and
steam as well as minor amounts of oxygenates, ethane, CO, CO2, H2, CH4 and
C3+ hydrocarbons. | "Minor amounts" means the weight ratio of
ethane+CO+CO2+H2+CH4+C3+ hydrocarbons to ethylene is less than 20/80
and most of time less than 10/90.

Said outlet of dehydration reactor is initially cooled, typically in a quench
tower employing water as the quench medium. In the quench tower, most of the
water contained in the outlet of dehydration reactor is condensed and is
removed from the bottom of the tower as a liquid water bottom stream. A part of
said water bottom stream is cooled in a heat exchanger and recycled as
quenching medium to the top of the quench column. The part of the water
bottom stream which is not recycled as quenching medium may contain a part
of the oxygenates and mostly unconverted ethanol if any. Said stream can be
treated in a stripping column to recover a pure water stream. Ethylene,
oxygenates, ethane, CO, CO2, H2, CH4 and C3+ hydrocarbons are removed
from the top of the quench tower at a pressure typically such as 1 to 16 bars
absolute and are referred to as the contaminated ethylene stream.

}7
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Advantageously said contaminated ethylene stream is successively
compressed and cooled in one or more steps to remove the major part of water,
further fed to a fixed bed drying zone and finally to the C2 splitter/deethanizer of
step b).

In the previous compression steps the recovered water contains a part of
the oxygenated contaminants and hydrocarbons dissolved. The contaminated
hydrocarbon stream can also be cooled before the first compression step and
water recovered. In an embodiment the water recovered upon each cooling
further to a compression step and upon cooling, if any, before the first
compression step is sent to a stripping column to produce an overhead stream
comprising essentially oxygenated contaminants and hydrocarbons and an
essentially pure water bottoms stream. Optionally the overhead stream is
burned to destroy the oxygenated contaminants and recover heat.

After the compression steps the contaminated ethylene stream is further
fed to a fixed bed drying zone and finally to the C2 splitter/deethanizer of step
b). The fixed bed drying zone is known in itself.

As regards the C2 splitter/deethanizer of step b), it is advantageously
a distillation column. The overhead is a mixture of ethylene, CO, CO2, H2 and
CH4.

As regards the fixed bed CO2 adsorption zone of step c), it can be
any component capable to selectively remove CO2. By way of example it is an
available commercial fixed bed adsorption (PSA for pressure swing adsorption
or TSA for temperature swing adsorption) using molecular sieves or basic
oxides, supported basic oxides, high surface area carbons, organo-metallic
framework components (MOF's) or mixture thereof. The molecular sieves are
preferably low silica zeolites, having 8 (among which zeolite A) or 12 membered
(among which zeolite X) rings and exchanged with alkali, alkaline earth or
lanthanide cations. Other molecular sieves are crystalline titanosilicates (ETS
family materials). Supported basic oxides are preferably, alkali, alkaline earth or

3§
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lanthanide oxides supported on high surface area carbons, alumina, silica,
zirconia or titania. The removal of CO2 can be carried out with a liquid stream or
with a gaseous ethylene stream depending on the pressure and temperature. A
stream essentially free of CO2 is recovered. As only trace amounts of CO2
have to be removed from the ethylene, the preferred process cycle is of the
thermal swing adsorption (TSA) type. Said fixed bed adsorbent, once saturated
with CO2, can be regenerated, during regeneration the desorption produces a
stream which can be treated anywhere. In a TSA process cycle, the
regeneration is done while sweeping the saturated adsorbent with an inert gas
by increasing the temperature until desorption of the CO2 occurs. Eventually
the saturated adsorbent can be replaced by new adsorbent and the saturated
adsorbent either be disposed of or regenerated ex-situ for further use.
"Essentially" has to be interpretated in the light of the further use of ethylene.
Should ethylene to be polymerized CO2 has to be 1 ppm vol or less and
preferably 0.5 ppm vol or less.

As regards the demethanizer, purpose is to recover an overhead
comprising H2, CH4 and CO and liquid ethylene at the bottoms. It is
advantageously a distillation column.

As regards the operating conditions, The demethanizer of step d) has
to be at a pressure high enough to operate at temperatures which are not too
low. A demethanizer to recover an overhead comprising H2, CH4 and CO and
liquid ethylene at the bottoms operating at 40 barg has an overhead
temperature of around 0 to -10°C and a bottom temperature of around 0°C. The
same demethanizer operating at 21 barg has an overhead temperature of -30°C
and a bottom temperature of around -24°C.

These temperatures and pressures are a function of the proportion of H2,
CH4 and CO in the ethylene stream (A) and mainly of the proportion of H2. The
proportion of H2, CH4 and CO in the ethylene stream (A) and mainly the
proportion of H2 governs also the pressure and temperature of the C2
splitter/deethanizer located upstream said demethanizer.
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In an embodiment the pressure of step b) is selected to have a
temperature of the C2 splitter/deethanizer bottoms such as there is no
oligomerization or polymerization of the oxygenates. By way of example said
temperature should not exceed 150°C and advantageously not exceed 100°C.
This temperature is function of the pressure and of the proportion of oxygenates
in the mixture of oxygenatest+ethane+C3+ hydrocarbons. The higher the

proportion of oxygenates the higher the temperature. The higher the pressure
the higher the temperature.

In an embodiment the C2 splitter /deethanizer and the demethanizer are
operating at the same pressure except the pressure drop between the C2
splitter /deethanizer and the demethanizer for transfer of fluids. Advantageously
the pressure is ranging from 15 to 45 barg. In this embodiment the
contaminated ethylene stream coming from the quench column s
advantageously compressed in two to four compression stages in series
(depending on dehydration reactor pressure), sent to the driers and finally to the
C2 splitter deethanizer.

Said embodiment is described on fig 1 wherein (1) is the C2 splitter
deethanizer, (2) and (3) the CO2 adsorbers and (4) the demethanizer/CO
stripper. The contaminated ethylene stream from the quench column has been
dried and sent to the C2 splitter deethanizer (1) to produce a bottom stream
comprising essentially ethane, oxygenates and C3+ hydrocarbons and an
overhead comprising ethylene, CO, CO2, H2 and CH4 (condenser, decanter
and reflux of C2 splitter deethanizer are not shown, reboiler of C2 splitter
deethanizer is not shown). Said overhead is sent to the CO2 adsorbers (2) and
(3) to recover a stream essentially free of CO2 and then to the
demethanizer/CO stripper (4) to recover an overhead comprising H2, CH4 and
CO and liquid ethylene at the bottoms. Condenser, decanter and reflux of the
demethanizer/CO stripper are not shown, reboiler of the demethanizer/CO
stripper is not shown.
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In a specific example according to fig 1 the pressure of the C2
splitter/deethanizer is around 15 to 25 barg, the top of said splitter/deethanizer
is at a temperature around -20°C to -30°C, condensed at a temperature in the
range -20°C to -30°C, the temperature on bottoms of said splitter/deethanizer is
around 70 to 90°C, the pressure of the demethanizer/CO stripper around 15 to
25 barg, the top of the demethanizer/CO stripper is around -15°C to -35°C, is
condensed at a temperature around -15 to -35°C and the temperature on
bottoms of the demethanizer/CO stripper is around -15°C to -35°C.

Advantageously the pressure of the C2 splitter/deethanizer is around 18
to 25 barg, the top of said splitter/deethanizer is at a temperature around -18°C
to -28°C, condensed at a temperature in the range -18°C to -28°C, the
temperature on bottoms of said splitter/deethanizer is around 75 to 85°C, the
pressure of the demethanizer/CO stripper around 18 to 25 barg, the top of the
demethanizer/CO stripper is around -20°C to -30°C, is condensed at a
temperature around -20 to -30°C and the temperature on bottoms of the
demethanizer/CO stripper is around -20°C to -30°C.

In an embodiment the pressure of the C2 splitter /deethanizer is lower
than the pressure of the demethanizer/CO stripper. Advantageously the
pressure of the C2 splitter /deethanizer is ranging from 15 to 25 barg and
simultaneously the pressure difference between the demethanizer/CO stripper
and the C2 splitter /deethanizer is ranging from 10 to 25 barg In this
embodiment the contaminated ethylene stream coming from the quench column
is advantageously compressed in two to three compression stages in series,
sent to the driers and finally to the C2 splitter deethanizer. Then the overhead of
the C2 splitter deethanizer is compressed and sent through the CO2 adsorbers
to the demethanizer/CO stripper. Optionally the essentially CO2 free stream
leaving the fixed bed CO2 adsorption zone is cooled, sent to a decanter to
produce a liquid phase sent as a reflux to the C2 splitter/deethanizer and a
gaseous phase sent to the demethanizer/CO stripper.

Said embodiment is described on fig 2. The contaminated ethylene
stream from the quench column has been dried and sent at a pressure around
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15 to 25 barg to the C2 splitter deethanizer (1) to produce a bottom stream (the
reboiler is not shown) comprising essentially ethane, oxygenates and C3+
hydrocarbons and an overhead comprising ethylene, CO, CO2, H2 and CH4.
Said overhead (top of the the C2 splitter deethanizer) is sent to the compressor
(6) to increase the pressure with 10 to 25 barg over the C2 splitter /deethanizer
pressure, optionally cooled (the cooler is not shown) and sent to the CO2
adsorbers (2) and (3) to recover a stream essentially free of CO2. Then said
CO2 free stream is cooled (the cooler is not shown) and sent to the decanter (5)
to produce a liquid phase sent as a reflux to the C2 splitter deethanizer (1) and
a gaseous phase sent to the demethanizer/CO stripper (4). Said
demethanizer/CO stripper (4) produces an overhead (the condenser, decanter
and reflux are not shown) comprising H2, CH4 and CO and liquid ethylene at
the bottoms (the reboiler is not shown).

Alternatively, the condenser and decanter (5) can be installed between
the top outlet of the C2 splitter/deethaniser (1) and the compressor (6). The
produced liquid phase is sent as a reflux to the C2 splitter/deethaniser (1) while
the gaseous phase is sent to the compressor (6). In other words the
contaminated ethylene stream from the quench column has been dried and sent
to the C2 splitter deethanizer (1) to produce a bottom stream comprising
essentially ethane, oxygenates and C3+ hydrocarbons and an overhead
comprising ethylene, CO, CO2, H2 and CH4 Said overhead, the top outlet of
the C2 splitter/deethaniser (1), is condensed, sent to a decanter to get a liquid
phase sent as a reflux to the C2 splitter/deethaniser (1) and a gaseous phase
sent to the compressor (6). Then the compressed stream is sent to the CO2
adsorbers (2) and (3) to recover a stream essentially free of CO2 and then to
the demethanizer/CO stripper (4) to recover an overhead comprising H2, CH4
and CO and liquid ethylene at the bottoms.

In a specific example according to fig 2 the pressure of the
splitter/deethanizer is around 15 to 25 barg, the temperature on top of said
splitter/deethanizer around -25°C to -35°C, the temperature on bottoms of said
splitter/deethanizer around 70 to 90°C, the pressure of the demethanizer/CO
stripper around 35 to 45 barg, the top of the demethanizer/CO stripper is around
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-10°C to 10°C, is condensed at a temperature around -35 to -45°C and the
temperature on bottoms of the demethanizer/CO stripper is around -10 to 10°C.

Advantageously the pressure of the splitter/deethanizer is around 18 to
20 barg, the temperature on top of said splitter/deethanizer around -28°C to -
32°C, the temperature on bottoms of said splitter/deethanizer around 78 to
82°C, the pressure of the demethanizer/CO stripper around 38 to 42 barg, the
top of the demethanizer/CO stripper is around -5°C to 5°C, is condensed at a
temperature around -38 to -42°C and the temperature on bottoms of the
demethanizer/CO stripper is around -2 to 2°C.

As regards the other embodiment wherein the CO2 removal step is
made on the recovered ethylene, it works in a similar way as explained above
in which the CO2 removal step is before the demethanizer/CO stripper.

In an embodiment the C2 splitter /deethanizer and the demethanizer are
operating at the same pressure except the pressure drop between the C2
splitter /deethanizer and the demethanizer for transfer of fluids. Advantageously
the pressure is ranging from 15 to 45 barg. In this embodiment the
contaminated ethylene stream coming from the quench column is
advantageously compressed in two to four compression stages in series
(depending on dehydration reactor pressure), sent to the driers and finally to the
C2 splitter deethanizer.

Said embodiment is described on fig 3 wherein (1) is the C2 splitter
deethanizer, (2) and (3) the CO2 adsorbers and (4) the demethanizer/CO
stripper. The contaminated ethylene stream from the quench column has been
dried and sent to the C2 splitter deethanizer (1) to produce a bottom stream (the
reboiler is not shown) comprising essentially ethane, oxygenates and C3+
hydrocarbons and an overhead (the condenser, the decanter and the reflux are
not shown) comprising ethylene, CO, CO2, H2 and CH4. Said overhead is sent
the demethanizer/CO stripper (4) to recover an overhead (the condenser, the
decanter and the reflux are not shown) comprising H2, CH4 and CO and liquid
ethylene comprising CO2 at the bottoms (the reboiler is not shown). Said
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ethylene comprising CO?2 is sent to a fixed bed CO2 adsorption zone, the CO2
adsorbers (2) and (3) to recover an ethylene stream essentially free of CO2.

In a specific example according to fig 3 the pressure of the C2
splitter/deethanizer is around 15 to 25 barg, the top of said splitter/deethanizer
is at a temperature around -20°C to -30°C, condensed at a temperature in the
range -20°C to -30°C, the temperature on bottoms of said splitter/deethanizer is
around 70 to 90°C, the pressure of the demethanizer/CO stripper around 15 to
25 barg, the top of the demethanizer/CO stripper is around -15°C to -35°C, is
condensed at a temperature around -15 to -35°C and the temperature on
bottoms of the demethanizer/CO stripper is around -15°C to -35°C.

Advantageously the pressure of the C2 splitter/deethanizer is around 18
to 25 barg, the top of said splitter/deethanizer is at a temperature around -18°C
to -28°C, condensed at a temperature in the range -18°C to -28°C, the
temperature on bottoms of said splitter/deethanizer is around 75 to 85°C, the
pressure of the demethanizer/CO stripper around 18 to 25 barg, the top of the
demethanizer/CO stripper is around -20°C to -30°C, is condensed at a
temperature around -20 to -30°C and the temperature on bottoms of the
demethanizer/CO stripper is around -20°C to -30°C.

In an embodiment the pressure of the C2 splitter /deethanizer is lower
than the pressure of the demethanizer/CO stripper. Advantageously the
pressure of the C2 splitter /deethanizer is ranging from 15 to 25 barg and
simultaneously the pressure difference between the demethanizer/CO stripper
and the C2 splitter /deethanizer is ranging from 10 to 25 barg. In this
embodiment the contaminated ethylene stream coming from the quench column
is advantageously compressed in two to three compression stages in series,
sent to the driers and finally to the C2 splitter deethanizer. Then the overhead of
the C2 splitter deethanizer is compressed and sent to the demethanizer/CO
stripper.

Said embodiment is described on fig 4. In addition to fig 3 there are
additional equipment : a compressor (6). The contaminated ethylene stream
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from the quench column has been dried and sent at a pressure around 15 to 25
barg to the C2 splitter deethanizer (1) to produce a bottom stream (the reboiler
is not shown) comprising essentially ethane, oxygenates and C3+ hydrocarbons
and an overhead comprising ethylene, CO, CO2, H2 and CH4. Said overhead is
condensed, sent to a decanter to get a liquid phase sent as a reflux to (1) and a
gaseous phase sent to the compressor (6). Said condenser, decanter and reflux
are not shown). The compressor (6) increases the pressure with 10 to 25 barg
over the C2 splitter /deethanizer pressure, and the compressed stream is sent
to the demethanizer/CO stripper (4). Said demethanizer/CO stripper (4)
produces an overhead (the condenser, the decanter and the reflux are not
shown) comprising H2, CH4 and CO and at the bottom liquid ethylene
comprising CO2 (the reboiler is not shown). Said ethylene comprising CO2 is
sent to a fixed bed CO2 adsorption zone, the CO2 adsorbers (2) and (3) to
recover an ethylene stream essentially free of CO2.

In a specific example according to fig 4 the pressure of the
splitter/deethanizer is around 15 to 25 barg, the top of said splitter/deethanizer
is at a temperature around -25°C to -35°C, condensed at a temperature in the
range -25°C to -35°C, the temperature on bottoms of said splitter/deethanizer is
around 70 to 90°C, the pressure of the demethanizer/CO stripper around 35 to
45 barg, the top of the demethanizer/CO stripper is around -10°C to 10°C, is
condensed at a temperature around -35 to -45°C and the temperature on
bottoms of the demethanizer/CO stripper is around -10 to 10°C.

Advantageously the pressure of the splitter/deethanizer is around 18 to
20 barg, the top of said splitter/deethanizer is at a temperature around -28°C to
-32°C, the temperature on bottoms of said splitter/deethanizer around 78 to
82°C, the pressure of the demethanizer/CO stripper around 38 to 42 barg, the
top of the demethanizer/CO stripper is around -5°C to 5°C, is condensed at a
temperature around -38 to -42°C and the temperature on bottoms of the
demethanizer/CO stripper is around -2 to 2°C.

[Example]
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The process according to fig 5 is operated. Fig 5 is derived from fig 2 by

PCT/EP2012/063755

changing the position of the condenser and decanter (5), they are located
between the outlet of the C2 splitter/deethaniser and the compressor. The
results are on the following table.

stream No on fig 5 1 2 3
C2 splitter C2 splitter C2 splitter
feed bottoms vapor
distillat
Temperature G 15 80 -30
Pressure bar g 20 19 19
H2 kg/h 8 8
6]0] kg/h 1 1
CO2 kg/h 1 1
ethane kg/h 23 11 12
ethylene kg/h 25108 30 25078
acetaldehydes kg/h 150 150
C3+ kg/h 715 715
Total kg/h 26006 906 25100
stream No on fig 5 4 6 5
Demethanizer | Demethanizer | Ethylene
feed purge product
Temperature °C -2 -40 20
Pressure bar g 40 40 20
H2 kg/h 8 8
CO kg/h 1 1
CO2 kg/h
ethane kg/h 12 12
ethylene kg/h 25078 90 24988
acetaldehydes kg/h
C3+ kg/h
Total kg/h 25099 99 25000
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CLAIMS

1 Process for removing oxygenated contaminants from an ethylene
stream comprising :
a) providing a dried ethylene stream (A) comprising essentially ethylene, up
to 1 w% oxygenates, ethane, CO, CO2, H2, CH4 and C3+ hydrocarbons,
b) sending said stream (A) to a C2 splitter/deethanizer to produce
a bottom stream comprising essentially ethane, oxygenates and C3+
hydrocarbons,
an overhead comprising the remaining components,
C) sending said overhead to a fixed bed CO2 adsorption zone to recover a
stream essentially free of CO2,
d) sending said stream essentially free of CO2 to a demethanizer/CO
stripper to recover an overhead comprising H2, CH4 and CO,
liquid ethylene at the bottoms.

2 Process according to claim 1 wherein the C2 splitter /deethanizer
and the demethanizer are operating at the same pressure, except the pressure
drop between the C2 splitter /deethanizer and the demethanizer for transfer of

fluids, and said pressure is ranging from 15 to 45 barg.

3 Process according to claim 1 wherein the pressure of the C2
splitter /deethanizer is lower than the pressure of the demethanizer/CO stripper,
the pressure of the C2 splitter /deethanizer is ranging from 15 to 25 barg and
simultaneously the pressure difference between the demethanizer/CO stripper
and the C2 splitter /deethanizer is ranging from 10 to 25 barg.

4 Process according to claim 3 wherein the overhead, the top outlet,
of the C2 splitter/deethaniser, is condensed, sent to a decanter to get a liquid
phase sent as a reflux to said C2 splitter/deethaniser and a gaseous phase sent
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to a compressor, then the compressed stream is sent to the CO2 adsorption
zone.

5 Process according to claim 3 wherein the overhead, the top outlet,
of the C2 splitter/deethaniser, is sent to a compressor, optionally cooled and
sent to the CO2 adsorption zone to recover a stream essentially free of CO2,
then said CO2 free stream is cooled and sent to a decanter to produce a liquid
phase sent as a reflux to the C2 splitter deethanizer and a gaseous phase sent
to the demethanizer/CO stripper.

6 Process for removing oxygenated contaminants from an ethylene
stream comprising :
al) providing a dried ethylene stream (A) comprising essentially ethylene, up
to 1 w% oxygenates, ethane, CO, CO2, H2, CH4 and C3+ hydrocarbons,
b1) sending said stream (A) to a C2 splitter/deethanizer to produce
a bottom stream comprising essentially ethane, oxygenates and C3+
hydrocarbons,
an overhead comprising the remaining components,
c1) sending said overhead stream to a demethanizer/CO stripper to recover
an overhead comprising H2, CH4 and CO,
liquid ethylene comprising CO2 at the bottoms.
d1) sending said ethylene comprising CO2 to a fixed bed CO2 adsorption
zone to recover an ethylene stream essentially free of CO2.

7 Process according to claim 6 wherein the C2 splitter /deethanizer
and the demethanizer are operating at the same pressure, except the pressure
drop between the C2 splitter /deethanizer and the demethanizer for transfer of
fluids, and said pressure is ranging from 15 to 45 barg.

8 Process according to claim 6 wherein the pressure of the C2
splitter /deethanizer is lower than the pressure of the demethanizer/CO stripper,
the pressure of the C2 splitter /deethanizer is ranging from 15 to 25 barg and
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simultaneously the pressure difference between the demethanizer/CO stripper
and the C2 splitter /deethanizer is ranging from 10 o 25 barg.

9 Process according to any one of claims 6 to 8 wherein the
overhead, the top outlet, of the C2 splitter/deethaniser, is condensed, sent to a
decanter to get a liquid phase sent as a reflux to said C2 splitter/deethaniser
and a gaseous phase sent to a compressor, then the compressed stream is
sent to the demethanizer/CO stripper.

10  Process according to any one of the preceding claims wherein the
weight ratio of ethane+CO+CO2+H2+CH4+C3+ hydrocarbons to ethylene in (A)
is less than 10/90.

11 Process according to claim 10 wherein the weight ratio of
ethane+CO+CO2+H2+CH4+C3+ hydrocarbons to ethylene in (A) is less than
10/90 and above 0.1/99.9.

12 Process according to any one of claims 1 to 9 or claim 11 wherein
the weight ratio of ethane+CO+CO2+H2+CH4+C3+ hydrocarbons to ethylene in
(A) is less than 5/95.

13 Process according to any one of the preceding claims wherein the
proportion of oxygenates in (A) is from 50 wppm to 7000 wppm.

14 Process according to any one of the preceding claims wherein
wherein the proportion of oxygenates in (A) is up to 3000 wppm.

15 Process according to claim 14 wherein the proportion of
oxygenates in (A) is up to 2000 wppm.

16 Process according to any one of the preceding claims wherein the
proportion of H2 in (A) is from 5 to 1000 wppm.

14
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17 Process according to any one of the preceding claims wherein the

proportion of H2 in (A) is up to 800 wppm.

5 18  Process according to claim 17 wherein the proportion of H2 in (A)
is up to 500 wppm.

19  Process according to any one of the preceding claims wherein the
dried ethylene stream (A) is originating from the dehydration of ethanol.

&
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[Field of the invention]

The present invention is a process for removing oxygenated contaminants from
an ethylene stream.

Olefins are traditionally produced from petroleum feedstocks by catalytic or
steam cracking processes. These cracking processes, especially steam cracking,
produce light olefin(s), such as ethylene and/or propylene, from a variety of
hydrocarbon feedstock. Ethylene and propylene are important commodity
petrochemicals useful in a variety of processes for making plastics and other chemical
compounds. The limited supply and increasing cost of crude oil has prompted the
search for alternative processes for producing hydrocarbon products.

Olefins can be produced by dehydration of the corresponding alcohol. Ethanol
can be obtained by fermentation of carbohydrates. Made up of organic matter from
living organisms, biomass is the world's leading renewable energy source. The effluent
produced by the ethanol dehydration comprises essentially unconverted ethanol, water,
ethylene, acetaldehyde. Acetaldehyde may cause problems in ethylene recovery
operations. It may comprise also very small amounts of ethane, CO, CO,, H,, CH, and
Ca+ hydrocarbons. The weight ratio of ethane+CO+C02+H2+CH4+C33r hydrocarbons to
ethylene is most of time less than 20/80

[Background of the invention]

US 20030098281 A1 describes a method of contralling water and/or oxygenate
concentrations of an olefin stream. The method includes contacting the olefin stream
with a quu'icl absorbent. The liquid absorbent is selected from the group consisting of a
polyol, amine, amide, nitrile, heterocyclic nitrogen containing compound, and mixtures
thereof. A gaseous stream comprising essentially steam, ethylene, propylene and less
than 2 w% of oxygenates is condensed in a quench tower. The overhead of said
quench tower is washed with a caustic solution to remove CO, and then contacted with
the ligquid absorbent to remove the oxygenates.

\ WO 03 020670 A1 provides a method for removing oxygenated components
such as acetaldehyde, CO, and/or water from an olefin stream. It explains it is
desirable to remove such oxygenated components, since they may poison catalysts
that are used to further process olefin composition. In addition, the presence of certain
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oxygenated compounds, such as acetaldehyde, can cause fouling in other olefin
purification units, e.g., acid gas treating units. The method comprises providing an
olefin stream containing ethylene, propylene, C4+ olefins and acetaldehyde. The olefin
stream is separated into a first fraction and a second fraction, wherein the first fraction
comprises at least a majority of the ethylene and/or propylene present in the olefin
stream, and the second fraction comprises at least a majority of the C,+ olefins and
acetaldehyde present in the olefin stream. The first fraction is then acid gas treated by
sodium hydroxide or potassium hydroxide. The olefin stream is separated by
distillation, preferably, the distillation is extractive distillation using an extractant. The
preferred extractant is a polar composition having an average boiling paint of at least
38°C at 1 atm. Methanol is one type of preferred extractant.

WO 03 020672 A1 describes method of removing dimethyl ether from an
ethylene and/or propylene containing stream. The olefin stream is passed to a water
absorption column, methanol is used as the water absorbent. Methanol and entrained
water, as well as some oxygenated hydrocarbon, is recovered as the bottoms stream
of said water absorption column, an overhead olefin is recovered and sent to a
distillation column. The distillation column separates ethylene and propylene, as well as
lighter boiling point components from the dimethyl ether and heavier boiling point
components, including C4 + components and methanol remaining from the methanol
wash. Additional methanol is added to the distillation column to reduce clathrate and/or
free water formation in the distillation column. The ethylene and propylene containing
stream exits the distillation column as overhead and the heavier boiling point
components which include the dimethyl ether and C, + components exit the distillation
column as the bottoms. Ethylene and propylene then flow to a caustic wash column.

WO 03 033438 A1 describes a method for processing an olefin stream
containing oxygenates and water, comprising: providing an olefin stream containing
oxygenates and water; dewatering the olefin stream: compressing the dewatered olefin
stream; washing the olefin stream with methanol to remove at least a portion of the
oxygenate from the olefin stream; contacting the methanol washed olefin stream with
water; and fractionating the water contacted olefin stream. The revovered olefin stream
(washed with methanol and then with water) is further sent to an alkali wash and a
drying step. The olefin stream containing oxygenates and water is the effluent of an
MTO process.
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US 6,444,869 describes a process for the production of ethylene from an
oxygenate conversion effluent stream. The oxygenate conversion effluent stream
comprises hydrogen, methane, ethylene, ethane, propylene, propane and C,+ olefins.
This effluent is compressed, treated to remove oxygenates, passed to a carbon dioxide
removal zone wherein carbon dioxide is absorbed by contacting a caustic solution or by
contacting an amine solution in combination with a caustic solution in a conventional
manner to remove the carbon dioxide, dried, then fractionation is made through a
deethanizer and a demethanizer.

US 2005-0283038 A1 described a process for producing an olefins stream from
a first vapor effluent stream from an oxygenate to olefin conversion reaction, said first
vapor effluent stream comprising C, and C, olefins, C4 hydrocarbons, and C, to Cg
carbonyl compounds. In the process, the temperature and pressure of the first vapor
effluent stream are adjusted to produce a second vapor effluent stream having a
pressure ranging from about 100 psig to about 350 psig (790 to 2514 kPa) and a
temperature ranging from about 70° F. to about 120° F. (21 to 49° C.), said second
vapor effluent stream containing about 50 wt. % or more C, hydrocarbons based upon
the total weight of C4 hydrocarbons in the first vapor effluent stream. The second vapor
effluent stream is then washed with a liquid alcohol-containing stream to produce a
third vapor effluent stream, whereafter the third vapor effluent stream is washed with
liquid water to provide a fourth vapor effluent stream comprising the C, and C; olefins
and about 1.0 wt. % or less C, to Cs carbonyl compounds. In one embodiment of such
a recovery process, at least part of the fourth vapor effluent stream is contacted with a
basic component, such as caustic or an amine, to remove the bulk of the carbon
dioxide therefrom (thus removing "acid gas" from the fourth vapor effluent stream),

whereafter the CO,-depleted stream is dried.

The main drawback of the above prior arts is the fouling of the caustic scrubber.
The inlet gas to the caustic scrubber contains reactive oxygenates like aldehydes and
ketones. These aldehydes react in the aldol condensation reaction in the caustic tower
environment to form significant red oil polymers. This causes significant fouling
concerns in the caustic tower which impact the unit run length. The spent caustic
treatment with significant red oil polymer content is also an important concern as well
as the spent caustic treatment and disposal issues. In addition there are the handling
and disposal issues of red oil polymers.
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It has now been discovered a process for removing oxygenated contaminants
from an ethylene stream wherein there is no caustic wash to remove the CO, and no
wash column to remove the oxygenates.

[Brief summary of the invention]

The present invention is a process for removing oxygenated contaminants from
an ethylene stream comprising :
a) providing a dried ethylene stream (A) comprising essentially ethylene, up to 1
w% oxygenates, ethane, CO, CO,, H,, CH, and Cs+ hydrocarbons,
b) sending said stream (A) to a C, splitter/deethanizer to produce
a bottom stream comprising essentially ethane, oxygenates and Cs+ hydrocarbons,
an overhead comprising the remaining components,
c) sending said overhead to a fixed bed CO, adsorption zone to recover a stream
essentially free of CO,,
d) sending said stream essentially free of CO, to a demethanizer/CO stripper to
recover an overhead comprising H,, CH4 and CO,
liquid ethylene at the bottoms.

In another embodiment the CO, removal step can be made on the recovered
ethylene. In said embodiment the present invention is a process for removing
oxygenated contaminants from an ethylene stream comprising :
al) providing a dried ethylene stream (A) comprising essentially ethylene, up to 1
w% oxygenates, ethane, CO, CO,, H,, CH,4 and Cs+ hydrocarbons,
b1)  sending said stream (A) to a C; splitter/deethanizer to produce
a bottom stream comprising essentially ethane, oxygenates and C;+ hydrocarbons,
an overhead comprising the remaining components,
c1) sending said overhead stream to a demethanizer/CO stripper to recover an
overhead comprising H,, CH4 and CO,
liquid ethylene comprising CO, at the bottoms.
d1)  sending said ethylene comprising CO, to a fixed bed CO, adsorption zone to
recover an ethylene stream essentially free of CO,.
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In an embodiment the weight ratio of ethane+CO+CO,+H;+CH4+Cs+
hydrocarbons to ethylene in (A) is less than 10/90.

In an embodiment the weight ratio of ethane+CO+CQO,+H,+CH4+Cs+
hydrocarbons to ethylene in (A) is less than 10/90 and above 0.1/99.9.

In an embodiment the weight ratio of ethane+CO+CO,+H,+CH,+Cy+
hydrocarbons to ethylene in (A) is less than 5/95.

In an embodiment the proportion of oxygenates in (A) is from 50 wppm to 7000
wppm.

In an embodiment the proportion of oxygenates in (A) is up to 3000 wppm.

In an embodiment the proportion of oxygenates in (A) is up to 2000 wppm.

In an embodiment the proportion of H, in (A) is from 5 to 1000 wppm.
In an embodiment the proportion of H, in (A) is up to 800 wppm.
In an embodiment the proportion of H, in (A) is up to 500 wppm.

Advantageously "dried ethylene stream" at step a) means a water content less
than 5 wppm, advantageously less than 3wppm and preferably less than 1 wppm.

In an embodiment when the dried ethylene stream (A) has been made by
ethanol dehydration said stream (A) contains no acetylene and no diolefines.

Ethylene treated in accordance with this invention is particularly suitable for use
as feedstock for making polyethylene homo or copolymer.

[Detailed description of the invention]

As regards the oxygenated contaminants one can cite ethanol, C, alcohols;
ethers such as diethylether and methyl ethyl ether; carboxylic acids such as acetic
acid; aldehydes such as acetaldehyde; ketones such as acetone; and esters such as
methyl esters. Particularly problematic oxygenate contaminants in an alcohol

dehydration are aldehydes.

As regards the ethylene stream (A) of step a), it can be originating from an
ethanol dehydration reactor. As regards alcohol dehydration, such process is described
in WO-2009-098262, WO-2009-098267, WO-2009-098268 and WO-2009-098269 the
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content of which is incorporated in the present application. The present invention is
very efficient for the purification of ethylene produced by dehydration of ethanol.

The outlet of said dehydration reactor comprises essentially ethylene and steam
as well as minor amounts of oxygenates, ethane, CO, CO,, H,, CH, and Cg+
hydrocarbons. "Minor amounts" means the weight ratio of
ethane+CO+C0O2+H2+CH4+C3+ hydrocarbons to ethylene is less than 20/80 and most
of time less than 10/90.

Said outlet of dehydration reactor is initially cooled, typically in a quench tower
employing water as the quench medium. In the quench tower, most of the water
contained in the outlet of dehydration reactor is condensed and is removed from the
bottom of the tower as a liquid water bottom stream. A part of said water bottom stream
is cooled in a heat exchanger and recycled as quenching medium to the top of the
quench column. The part of the water bottom stream which is not recycled as
quenching medium may contain a part of the oxygenates and mostly unconverted
ethanol if any. Said stream can be treated in a stripping column to recover a pure water
stream. Ethylene, oxygenates, ethane, CO, CO,, H,, CH; and Cs+ hydrocarbons are
removed from the top of the quench tower at a pressure typically such as 1 to 3 bars
absolute and are referred to as the contaminated ethylene stream. Advantageously
said contaminated ethylene stream is successively compressed and cooled in one or
more steps to remove the major part of water, further fed to a fixed bed drying zone
and finally to the C, splitter/deethanizer of step b).

In the previous compression steps the recovered water contains a part of the
oxygenated contaminants and hydrocarbons dissolved. The contaminated hydrocarbon
stream can also be cooled before the first compression step and water recovered. In an
embodiment the water recovered upon each cooling further to a compression step and
upon cooling, if any, before the first compression step is sent to a stripping column to
produce an overhead stream comprising essentially oxygenated contaminants and
hydrocarbons and an essentially pure water bottoms stream. Optionally the overhead
stream is burned to destroy the oxygenated contaminants and recover heat.

After the compression steps the contaminated ethylene stream is further fed to
a fixed bed drying zone and finally to the C, splitter/deethanizer of step b). The fixed
bed drying zone is known in itself,
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As regards the C, splitter/deethanizer of step b), it is advantageously a
distillation column. The overhead is a mixture of ethylene, CO, CO,, H, and CH,.

As regards the fixed bed CO, adsorption zone of step c), it can be any
component capable to selectively remove CO,. By way of example it is an available
commercial fixed bed adsorption (PSA for pressure swing adsorption or TSA for
temperature swing adsorption) using molecular sieves or basic oxides or mixture
thereof. A stream essentially free of CO, is recovered. Said fixed bed can be
regenerated, during regeneration the desorption produces a stream which can be
treated anywhere. "Essentially” has to be interpretated in the light of the further use of
ethylene. Should ethylene is to be polymerized CO, has to be 1 ppm vol or less and
preferably 0.5 ppm vol or less.

As regards the demethanizer, purpose is to recover an overhead comprising
Hz, CH4 and CO and liquid ethylene at the bottoms. It is advantageously a distillation
column.

As regards the operating conditions, The demethanizer of step d) has to be
at a pressure high enough to operate at temperatures which are not too low. A
demethanizer to recover an overhead comprising H,, CH4 and CO and liquid ethylene
at the bottoms operating at 40 barg has an overhead temperature of around -40°C and
a bottom temperature of around 0°C. The same demethanizer operating at 21 barg has
an overhead temperature of -30°C and a bottom temperature of around -24°C. These
temperatures and pressures are a function of the proportion of H,, CH4 and CO in the
ethylene stream (A) and mainly of the proportion of H,. The proportion of H;, CH4 and
CO in the ethylene stream (A) and mainly the proportion of H, governs also the
pressure and temperature of the C, splitter/deethanizer located upstream said

demethanizer.

In an embodiment the pressure of step b) is selected to have a temperature of
the C, splitter/deethanizer bottoms such as there is no oligomerization or
polymerization of the oxygenates. By way of example said temperature should not
exceed 100°C and advantageously not exceed 85°C. This temperature is function of
the pressure and of the proportion of oxygenates in the mixture of

A
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oxygenates+ethane+Cy+ hydrocarbons. The higher the proportion of oxygenates the
higher the temperature. The higher the pressure the higher the temperature.

In an embodiment the C, splitter /deethanizer and the demethanizer are
operating at the same pressure except the pressure drop between the C, splitter
/deethanizer and the demethanizer for transfer of fluids. Advantageously the pressure
is ranging from 15 to 45 barg. In this embodiment the contaminated ethylene stream
coming from the quench column is advantageously compressed in four compression
stages in series, sent to the driers and finally to the C, splitter deethanizer.

Said embodiment is described on fig 1 wherein (1) is the C, splitter deethanizer,
(2) and (3) the CO, adsorbers and (4) the demethanizer/CO stripper. The contaminated
ethylene stream from the quench column has been dried and sent to the C, splitter
deethanizer (1) to produce a bottom stream comprising essentially ethane, oxygenates
and Cs+ hydrocarbons and an overhead comprising ethylene, CO, CO,, H, and CH,
(reflux of C, splitter deethanizer is not shown). Said overhead is sent to the CO,
adsorbers (2) and (3) to recover a stream essentially free of CO, and then to the
demethanizer/CO stripper (4) to recover an overhead comprising Hz, CH, and CO and
liquid ethylene at the bottoms.

In an embodiment the pressure of the C, splitter /deethanizer is lower than the
pressure of the demethanizer/CO stripper. Advantageously the pressure of the C,
splitter /deethanizer is ranging from 15 to 25 barg and simultaneously the pressure
difference between the demethanizer/CO stripper and the C, splitter /deethanizer is
ranging from 15 to 25 barg. In this embodiment the contaminated ethylene stream
coming from the quench column is advantageously compressed in three compression
stages in series, sent to the driers and finally to the C, splitter deethanizer. Then the
overhead of the C, splitter deethanizer is compressed and sent through the CO,
adsorbers to the demethanizer/CO stripper. Optionally the essentially CO, free stream
leaving the fixed bed CO, adsorption zone is cooled, sent to a decanter to produce a
liquid phase sent as a reflux to the C, splitter/deethanizer and a gaseous phase sent to
the demethanizer/CO stripper. Advantage of this option is to avoid a condenser on top
of the C, splitter/deethanizer and a reflux pump.

Said embodiment is described on fig 2. In addition to fig 1 there are additional
equipment : a compressor (6) and a decanter (5). The contaminated ethylene stream
from the quench column has been dried and sent at a pressure around 15 to 25 barg to
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the C, splitter deethanizer (1) to produce a bottom stream comprising essentially
ethane, oxygenates and Cs+ hydrocarbons and an overhead comprising ethylene, CO,
CO,, H; and CH,. Said overhead is sent to the compressor (6) to increase the pressure
of 15 to 25 barg over the C, splitter /deethanizer pressure, cooled (the cooler is not
shown) and sent to the CO, adsorbers (2) and (3) to recover a stream essentially free
of CO,. Then said CO, free stream is cooled (the cooler is not shown) and sent to the
decanter (5) to produce a liquid phase sent as a reflux to the C, splitter deethanizer (1)
and a gaseous phase sent to the demethanizer/CO stripper (4). Said demethanizer/CO
stripper (4) produces an overhead comprising H,, CHs and CO and liquid ethylene at
the bottoms.

In a specific example according to fig 2 the pressure of the splitter/deethanizer
is around 15 to 25 barg, the temperature on top of said splitter/deethanizer around -
25°C to -35°C, the temperature on bottoms of said splitter/deethanizer around 70 to
90°C, the pressure of the demethanizer/CO stripper around 35 to 45 barg, the top of
the demethanizer/CO stripper is condensed at a temperature around -35 to -45°C and
the temperature on bottoms of the demethanizer/CO stripper is around -10 to 10°C.

Advantageously the pressure of the splitter/deethanizer is around 18 to 20 barg,
the temperature on top of said splitter/deethanizer around -28°C to -32°C, the
temperature on bottoms of said splitter/deethanizer around 78 to 82°C, the pressure of
the demethanizer/CO stripper around 38 to 42 barg, the top of the demethanizer/CO
stripper is condensed at a temperature around -38 to -42°C and the temperature on
bottoms of the demethanizer/CO stripper is around -2 to 2°C.

As regards the other embodiment wherein the CO; removal step is made
on the recovered ethylene, it works in a similar way as explained above in which the
CO; removal step is before the demethanizer/CO stripper.

In an embodiment the C, splitter /deethanizer and the demethanizer are
operating at the same pressure except the pressure drop between the C, splitter
Ideethanizer and the demethanizer for transfer of fluids. Advantageously the pressure
is ranging from 15 to 45 barg. In this embodiment the contaminated ethylene stream
coming from the quench column is advantageously compressed in four compression
stages in series, sent to the driers and finally to the C, splitter deethanizer.

Said embodiment is described on fig 3 wherein (1) is the C; splitter deethanizer,
(2) and (3) the CO, adsorbers and (4) the demethanizer/CO stripper. The contaminated
ethylene stream from the quench column has been dried and sent to the C; splitter
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deethanizer (1) to produce a bottom stream comprising essentially ethane, oxygenates
and Cs+ hydrocarbons and an overhead comprising ethylene, CO, CO,, H; and CH,.
Said overhead is sent the demethanizer/CO stripper (4) to recover an overhead
comprising Hz, CH4 and CO and liquid ethylene comprising CO, at the bottoms. Said
ethylene comprising CO; is sent to a fixed bed CO, adsorption zone, the CO;
adsorbers (2) and (3) to recover an ethylene stream essentially free of CO.,.

In an embodiment the pressure of the C; splitter /deethanizer is lower than the
pressure of the demethanizer/CO stripper. Advantageously the pressure of the C,
splitter /deethanizer is ranging from 15 to 25 barg and simultaneously the pressure
difference between the demethanizer/CO stripper and the C, splitter /deethanizer is
ranging from 15 to 25 barg. In this embodiment the contaminated ethylene stream
coming from the quench column is advantageously compressed in three compression
stages in series, sent to the driers and finally to the C, splitter deethanizer. Then the
overhead of the C; splitter deethanizer is compressed and sent to the
demethanizer/CO stripper.

Said embodiment is described on fig 4. In addition to fig 3 there are additional
equipment : a compressor (6). The contaminated ethylene stream from the quench
column has been dried and sent at a pressure around 15 to 25 barg to the C, splitter
deethanizer (1) to produce a bottom stream comprising essentially ethane, oxygenates
and Cy+ hydrocarbons and an overhead comprising ethylene, CO, CO,, H; and CH,.
Said overhead is sent to the compressor (6) to increase the pressure of 15 to 25 barg
over the C; splitter /deethanizer pressure, and then to the demethanizer/CO stripper
(4). Said demethanizer/CO stripper (4) produces an cverhead comprising H,, CH; and
CO and liquid ethylene comprising CO; at the bottoms. Said ethylene comprising CO,
is sent to a fixed bed CO, adsorption zone, the CO, adsorbers (2) and (3) to recover an
ethylene stream essentially free of CO,.

In a specific example according to fig 4 the pressure of the splitter/deethanizer
is around 15 to 25 barg, the temperature on top of said splitter/deethanizer around -
25°C to -35°C, the temperature on bottoms of said splitter/deethanizer around 70 to
90°C, the pressure of the demethanizer/CO stripper around 35 to 45 barg, the top of
the demethanizer/CO stripper is condensed at a temperature around -35 to -45°C and
the temperature on bottoms of the demethanizer/CO stripper is around -10 to 10°C.

Advantageously the pressure of the splitter/deethanizer is around 18 to 20 barg,
the temperature on top of said splitter/deethanizer around -28°C to -32°C, the
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temperature on bottoms of said splitter/deethanizer around 78 to 82°C, the pressure of
the demethanizer/CO stripper around 38 to 42 barg, the top of the demethanizer/CO
stripper is condensed at a temperature around -38 to -42°C and the temperature on

v

bottoms of the demethanizer/CO stripper is around -2 to 2°C.

[Example]

The process according to fig 5 is operated. Fig 5 is derived from fig 4 by
changing the position of the CO, adsorbers, they are located a the inlet of the
demethanizer instead of the bottom of said demethanizer. The results are on the
following table.

stream No on 1 2 3
 fig 5
C2 splitter | C2 splitter | C2 splitter
feed bottoms vapor
distillat

Temperature | °C 15 80 -30
Pressure barg 20 19 19
CcO kg/h 1 1
CO, ka/h 1 1
ethane kg/h 23 11 12
ethylene kg/h 25108 30 25078
acetaldehydes | kg/h 150 150
Ca+ kg/h 715 745
Total ka/h 26006 906 25100
stream No on 4 6 5
fig 5

Demethanizer | Demethanizer | Ethylene

feed purge product

Temperature | °C -2 -40 20
Pressure barg 40 40 20
H, kg/h 8 8
CcO _kg/h 1 1
CO, kg/h
ethane kg/h 12 12
ethylene kg/h 25078 90 24988
acetaldehydes | kg/h
Cyt+ kg)'h
Total kg/h 25099 99 25000
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CLAIMS
1 Process for removing oxygenated contaminants from an ethylene
stream comprising :
a) providing a dried ethylene stream (A) comprising essentially ethylene, up to 1

w% oxygenates, ethane, CO, CO,, H,, CH4 and C+ hydrocarbons,

b) sending said stream (A) to a C; splitter/deethanizer to produce

a bottom stream comprising essentially ethane, oxygenates and C,+ hydrocarbons,

an overhead comprising the remaining components,

c) sending said overhead to a fixed bed CO, adsorption zone to recover a stream
essentially free of CO,,

d) sending said stream essentially free of CO, to a demethanizer/CO stripper to
recover an overhead comprising Hz, CH, and CO,

liquid ethylene at the bottoms.

2 Process according to claim 1 wherein the C, splitter /deethanizer and
the demethanizer are operating at the same pressure except the pressure drop
between the C, splitter /deethanizer and the demethanizer for transfer of fluids and
said pressure is ranging from 15 to 45 barg.

3 Process according to claim 1 wherein the pressure of the C, splitter
/deethanizer is lower than the pressure of the demethanizer/CO stripper, the pressure
of the C, splitter /deethanizer is ranging from 15 to 25 barg and simultaneously the
pressure difference between the demethanizer/CO stripper and the C, splitter
/deethanizer is ranging from 15 to 25 barg.

4 Process according to any one of the preceding claims wherein the
overhead of the C, splitter deethanizer is compressed and sent through the CO,
adsorbers to the demethanizer/CO stripper.

5 Process according to claim 4 wherein the essentially CO, free stream
leaving the fixed bed CO, adsorption zone is cooled, sent to a decanter to produce a
liquid phase sent as a reflux to the C, splitter deethanizer and a gaseous phase sent to
the demethanizer/CO stripper.

b
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6 Process for removing oxygenated contaminants from an ethylene
stream comprising :
al) providing a dried ethylene stream (A) comprising essentially ethylene, up to 1
w% oxygenates, ethane, CO, CO,, H;, CH, and Cs+ hydrocarbons,
b1)  sending said stream (A) to a C, splitter/deethanizer to produce
a bottom stream comprising essentially ethane, oxygenates and Cs+ hydrocarbons,
an overhead comprising the remaining components,
c1) sending said overhead stream to a demethanizer/CO stripper to recover an
overhead comprising H,, CH4 and CO,
liquid ethylene comprising CO; at the bottoms.
d1) sending said ethylene comprising CO; to a fixed bed CO, adsorption zone to
recover an ethylene stream essentially free of CO.,.

7 Process according to claim 6 wherein the C, splitter /deethanizer and
the demethanizer are operating at the same pressure except the pressure drop
between the C, splitter /deethanizer and the demethanizer for transfer of fluids and
said pressure is ranging from 15 to 45 barg.

8 Process according to claim 6 wherein the pressure of the C, splitter
/deethanizer is lower than the pressure of the demethanizer/CO stripper, the pressure
of the C, splitter /deethanizer is ranging from 15 to 25 barg and simultaneously the
pressure difference between the demethanizer/CO stripper and the C, splitter
/deethanizer is ranging from 15 to 25 barg.

9 Process according to any one of claims 6 to 8 wherein the overhead of
the C, splitter deethanizer is compressed and sent to the demethanizer/CO stripper.

10 Process according to any one of the preceding claims wherein the
weight ratio of ethane+CO+CO,+H,+CH4+C;+ hydrocarbons to ethylene in (A) is less
than 10/90.

11 Process according to claim 10 wherein the weight ratio of
ethane+CO+CO,+H,+CH4+Cs+ hydrocarbons to ethylene in (A) is less than 10/90 and
above 0.1/99.9.
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12 Process according to any one of claims 1 to 9 or claim 11 wherein the
weight ratio of ethane+CO+CO,+H,+CH,+C;+ hydrocarbons to ethylene in (A) is less
than 5/95.

13 Process according to any one of the preceding claims wherein the
proportion of oxygenates in (A) is from 50 wppm to 7000 wppm.

14 Process according to any one of the preceding claims wherein wherein
the proportion of oxygenates in (A) is up to 3000 wppm.

15 Process according to claim 14 wherein the proportion of oxygenates in
(A) is up to 2000 wppm.

16 Process according to any one of the preceding claims wherein the
proportion of H, in (A) is from 5 to 1000 wppm.

17 Process according to any one of the preceding claims wherein the
proportion of Hy in (A) is up to 800 wppm.

18 Process according to claim 17 wherein the proportion of H, in (A) is up
to 500 wppm.
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PATENT

IFP Energies nouvelles et TOTAL Petrochemicals Research Feluy

A PROCESS FOR REMOVING OXYGENATED CONTAMINANTS FROM AN
ETHYLENE STREAM

Inventors : Babua DAS, Manuela ARRATIA, Catherine BOUTROT

ABSTRACT

The present invention is a process for removing oxygenated contaminants from an
ethylene stream comprising :

a) providing a dried ethylene stream (A) comprising essentially ethylene, up to 1
w% oxygenates, ethane, CO, CO,, H,, CH4 and Ca+ hydrocarbons,

b) sending said stream (A) to a C; splitter/deethanizer to produce

a bottom stream comprising essentially ethane, oxygenates and Cs+ hydrocarbons,

an overhead comprising the remaining components,

c) sending said overhead to a fixed bed CO, adsorption zone to recover a stream
essentially free of CO,,

d) sending said stream essentially free of CO, to a demethanizer/CO stripper to
recover an overhead comprising H,, CH4 and CO,

liquid ethylene at the bottoms.

In another embodiment the CO, removal step can be made on the recovered ethylene.
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