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SUPERINTENDENCIA DE INDUSTRIA Y C fap i ! €014

DIVISION DE NUEVAS CREACIONES Tranite e
E. S. D. bepmivnciar 2009

REF.: Expediente No. 02 014.503 solicitud de Pate
INTEVEP, S.A

Titulada: METODO PARA RETIRAR H,S Y CO, DE CORRIENTES DE
CRUDOY GAS

RAMIRO CASTRO DUQUE, vecino de Bogotd, portador de la tarjeta
profesional No. 1003 del Consejo Superior de la Judicatura, obrando como
apoderado de la Sociedad INTEVEP, S.A., segun lo acredita el documento
de poder presentado en la Secretaria General, de acuerdo con el Articulo 44
de la Decisiobn 486 de la Comisién de la Comunidad Andina, me permito
solicitar que se examine si la invencién contenida en la solicitud en referencia
es patentable.

De acuerdo con lo anterior, me permito anexar los recibos oficiales de caja
Nos. 03-79,322 y 04-353 por valor de $353.000.

Seior Superintendente,

< <
RAMIRO CASTRO DUQUE

C.C. No. 170.322 de Bogot4
Cédigo 340

T.P. No.1003 del C.S.J.

Cra 7 No. 16-56 Piso 9

Febrero 17, 2004
CHPMEV/hsr.
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PRS- Foliost
Fecha (i) ©
REBISTR/ 538 PETICTON
Taite 1 6 GEICINED
Sependencias - :
NIT 1 B00174089-2
RECIBO OFICIML DECAJA : I - 79,312
FECHA + OCTUBRE 2% DE 2003
Siss CONSIONACION Nt
BEPOSITANTE TIPO PABO BANCO CUENTA No. PABD FECHA P80 Vr. PAGD
ERIGARD & CAGTRO LTDA  COMBIGMACION  BAMCO POPULAR  030-00110-6 16391115 29/10/2003 30,070,000.00
M CONCECEPTOD tists
CAHT. RENTISTICD COMCEPTD TOTAL CONCEPTO
1 30005-01-01 SODLICITUBES 83 EXANEN DE PATENTABILIDAD DE INVEN 335,000.00
TOTAL & (] 315,000.00

60N:  TRESCIENTOS TREINTA Y CINCO MIL PESOS

RECIBD DE CAJA APLI AL AGUNTO Mo.



NIT : BO0L74089-2

CERTIFICACION DE EXCEDENTE : 04 - m
FECHA + ENERT 3 DE 2004
sy CONSIGNACION #as88
DEPOSITANTE TIPO PRED BANED CUENTA Ko. PAGD FECHA P8O ¥r. PABD
BRIGARD & CASTRD LTDA  CONSIGMACION  BANCO POPULAR  030-00110-6 12688054  05/01/2004 29,049,000.00
gy C O N CEPTO M
CANT. REMTISTICD CONCEPTO TOTAL CONCEPTO
1 30003-01-0% OTROS SERVICIOS DE PROPIEDAD I 99 OTROS SERVCIOS ACNINISTRATIVOS 18,000.00
TOTAL 1 18,000,

SON:  DIEI Y OCHO NMIL

RECIBO DE CAJA APLICADG AL EXPEDIENTE Mo.

ESTA CERTIFICACION DE EXCEDENTE DE PAGO 80LO FODRA BER UTILIZADA
COMO PARTE DE LA CANCELACION DE UNA TARIFA VIGENTE Y NO PODRA BER

BUSTITUIDA FOR NINGUN RECIBO.
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Industria y Comercic

SUPERINTENDENCIZ

Xo

DIVISION DE NUEVAS CREACIONES

RADICACION EXPEDIENTE No. 02-14503

EL EXTRACTO DE LA PRESENTE SOLICITUD DE PATENTE DE INVENCION FUE PUBLICADO

EN LA GACETA DE PROPIEDAD INDUSTRIAL No 538, DE FECHA 30 DE ENERO DE 2004, EL

TERMINO HABIL SENALADO POR LA LEY EXPIRA EL 28 DE ABRIL DE 2004.

NOTA: Dentro del plazo de los seis (6) meses siguientes a partir de la fecha de publicacidn en la gaceta de
Propiedad Industrial, debera solicitar y cancelar el examen de patentabilidad so pena de que la soliciud caiga
en abandono, de acuerdo con lo establecido en el Articulo 44 de la Decisitn 486/2000.

SE PRESENTARON OPOSICIONES POR PARTE DE TERCEROS.

s NO X

Camera 13N0. 27-C0Pis0 5¥10
e Y
Santa Fe de Bogoti D.C. - Colontsia



SUPERINTENDENCIA DE INDUSTRIAY C MERCIO
DIVISION DE NUEVAS CREACIONES

2020
Bogota, D. C., 11 de Noviembre de 2005

Doctor
RAMIRO CASTRO DUQUE
Representante INTEVEP S. A.

ASUNTO Radicacion No. 02-14503
Tramite 002
Evento 001
Actuacion ' »~
Oficlo - "-}?0 1(" 920
Folios 032

Como resultado del examen de I;ondo. realizado con fundamento en el articulo 45
de la Decislén 488 de la Comision de la Comunidad Andina, se le comunica

1) Documentos estudlados:

a) Para el presente estudio se tendran en cuenta el capitulo descriptivo,
comprendido en los folios 7 a 17 de la solicitud en estudio.

b) Para el presente estudio se tendrdn en cuenta los dibujos comprendidos
en el follo 20 de la solicitud en estudio.

¢) Para el presente estudio se tendra en cuenta el capitulo reivindicatorio que
comprende 4 reivindicaciones en el folio 74 de la solicitud en estudio.

d) Conforme lo establece los articulos 9, 10 y 11 de la decisién 486 de la
Comisién de la Comunidad Andina, la presente solicitud en estudio fue
presentada el 20 de febrero de 2002 y en el momento de la radicacion Sl
se reclamo prioridad de la primera solicitud presentada en Estados Unidos
US 791178.

2) Objeto de la Invencién

a) Las reivindicaciones 1 a 4 de la solicitud en estudio se refieren a un
método para retirar por lo menos un contaminante seleccionado a partir del
grupo que consiste de H2S y CO2 de corrientes de hidrocarburos, que
comprende los pasos de: proporcionar una corriente de hidrocarburos que
contiene dicho por lo menos un contaminante; y colocar nanoparticulas que
contienen metal en dicha comiente, dichas nanoparticulas que contienen
metal que se seleccionan a partir del grupo que consiste de 6xidos de
metal, hidréxidos de metal y sus combinaciones, por io cual dichas
nanoparticulas adsorben dicho por lo menos un contaminante de dicha
comiente.
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b) El anterior procedimiento busca minimizar la presencia de contaminantes
en ciertas corrientes fluidas.

c¢) Segun la Clasificacién Internacional de Patentes, la codificacién para esta
solicitud commesponde a C 10 G 25/06

3) Claridad de la Solicitud

a) El articulo 28 de la Decisién 486 de la Comisién de la Comunidad Andina
de Naciones establece

"La descripciébn deberd divuigar la invencibn de manera
suficienterente clara y completa para su comprensién y para que
una persona capacitada en la materia técnica comespondiente
pueda ejecutaria”

La descripcion no esta correctamentse redactada, toda vez que se emplean
unidades que no corresponden al Sistema Intemacional de Unidades.
Ademas, los dibujos no estan hechos segun las normas del dibujo técnico.
Estos dos puntos deben corregirse en un nuevo capitulo completo y una
nueva tanda de figuras.

4) Determinacién del Estado de la Técnica
El articulo 16 de la Decisién 486 de la Comision establece:

‘El estado de la técnica comprenderd todo lo que haya sido
accesible al publico por una descripcién escrita u oral, utilizacién,
comercializacién o cualquier oiro medio antes de la fecha de
presentacion de la solicitud de patente o, en su caso, de la prioridad
reconocida.”

*Solo para el efecto de la determinacién de la novedad, también se
consideraré dentro del estado de la técnica, el contenido de una
solicitud de patente en tramite ante la oficina nacional compelente
cuya fecha de presentacion o de prioridad fuese anterior a la fecha
de presentacion o de prioridad de la solicitud de patente que se
estuviese examinando, slempre que dicho contenido este inciuido
en la solicitud de fecha anterior cuando ella se publique o hubiese
transcurrido el plazo previsto en el articuio 40."

Consultadas las bases de datos y los archivos con que cuenta la entidad,
espaciaimente bajo las clasificaciones C 10 G 25/08 y las mas cercanas a ellas,
se encontrd que antes del 23 de febrero de 2001(fecha para determinar el estado
de la técnica) hablan sido publicados los documentos que se enumeran en la
siguiente tabla los cuales se relacionan con cormas de retirar contaminantes del
corrientes de hidrocarburos.

De acuerdo con o establecido en el articulo 16 se determiné el estado de la
técnica y se encontrd el siguiente antecedente:
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Fecha de

N° | Documento Thtuio Publicacién
Process for desulfurizing petroleum products in the
D1 | US 2618586 liquid phase. 1952.11.18
D2 | EP 0332324 Desulphurization 1989.09.13
Method of removing sulfur from a hydrocarbon

D3 | EP 0 254 781 feed stream 1988.02.03
5) Evaluaclén de los requisitos de patentabilidad

El articulo 14 de la Decisi6n 488 de la Comisién de la Comunidad Andina
establece:

‘Los Palses Miembros otorgarén patentes para las invenciones,
sean de producto o procedimienio, en fodos los campos de la
tecnologla, siempre que sean nuevas ftengan nivel inventivo y sean
susceptibles de aplicacién industrial’.

En cumplimiento con este articulo, se procedié a evaluar los requisitos
novedad, nivel Inventivo y aplicacién industrial con el fin de establecer
patentabilidad de la invencidn reivindicada en la solicitud en estudio.

a) Evaluacién del Nivel Inventivo

de
la

El art. 18 de la Decision 486 de la Comisién de la Comunidad Andina

establece:

*Se considerara que una invencién tiene nivel inventivo, si para
una persona del oficio normalmente versada en el arte en la materia
técnica correspondiente, esa invencién no hubiese resultado obvia
ni se hubiese derivado de manera evidente del estado de la
técnica”.

Desde hace ya varias décadas, es muy conocido el empleo de ciertos
compuestos que adsorben otros compuestos contaminantes tales como
los que contienen azufre. El documento D1 (US 2618586) asl io revela.
De la misma forma, dichas técnicas se convirtieron en ailgo normal en la
industria, tal como lo muestran D2 (EP 0 332 324) y D3 (EP 0 254 781).
Los tres documentos coinciden con la solicitud colombiana en la técnica
a emplear y en los compuestos a emplear. La diferencia radica en el
tamafio de la particula, toda vez que las anterioridades no hablan
explicttamente de nanoparticulas. Sin embargo, un técnico medio sabe
que Ila velocidad del proceso radica en el area superficlal de la
particula. La ventaja en emplear particulas pequefias radica en que
para la misma cantidad de compuestos adsorbentes la velocidad del
proceso es mayor en compuestos que tenga mayor area superficial,
logrdndose esto con particulas lo mas pequefias posibles. Si se
compara el documento D2 con la presente solicitud se encontrard que
las 4reas superficiales coinciden completamente.

Por todo lo anterior, y a la luz de los documentos citados como
anterloridades, la presente solicitud carecerla de la altura inventiva
necesaria para que se le conceda el privilegio solicitado.
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b) Resumen

En conclusidén los requisitos de patentabilidad de la presente solicitud se
podrian ver afectados asi:

Requisito
[]
N° | Documento Reilvindicaclones afectadas que afecta
Nivel
D2 | US 2618586 1-4 inventivo
Nivel
D2 { EP 0332 324 1-4 inventivo
Nivel
D2 | EP 0 254 781 1- 4 inventivo
8) Notificacién

En cumplimiento del articulo 45 de la Decisién 486 de la Comisién de la
Comunidad Andina, se le indica que dentro del término de sesenta dlas contados
a partir de la fecha de la notificacioén de la presente comunicacidén debe responder
a la notificacion. En caso de no dar respuesta al presente requerimiento, o si a
pesar de la respuesta subsistieran los impedimentos para la concesién, se
denegara la patente.

Notifiquese el presente oficio conforme a lo dispuesto por el numeral 5.2, iiteral e)
del capltulo quinto del titulo primero de la Circular Unica N° 10 de 2001

ALIX CARMENZA CESPEDES DE VERGEL
Jefe Division de Nuevas Creaciones

El anterior requerimiento fue notificado por fijacién en la lista, de fecha

Concepto Técnico N° EXAMINADOR TECNICO EXAMINADOR JURIDICO
Cddigo No. Cddigo No.

1803 202003




Nov. 18, 1852

F., J. HENDEL
FOR DESULFURIZING PETROLEUM
PRODUCTS IN THE LIQUID PHASE
Filed Nov. 3, 1853

2,618,586




Patented Nov. 18, 1852

2,618,586

UNITED STATES PATENT OFFICE

2,018,588
PROCESS FOB D!SIJLI'IJIIZING mnomuu
FRODUOTS IN THE LIQUID FIIAS

Frank J. Hendal, Newark, N. J.l.lnorh\'ll-
Corporation, Piainfield, K.

tan-Abbett-

poration.of New Jersey
Applisation November 3, 1050, Sarial No. 103,818
3-Claims. (CL-150—30)

|
This invention” relatey o desulfurizing of pe-
troleuny producis and,. purticularly, to nnwu.nd
improved procedurss for- desulfurising petroleum
products by treating such produsis’in the Mquid
phasa and ai'low temperatures with agenis which

E

is objectionable.

practioal way.in either eontinuous or ssmi-con-
tinuous or batchwise operstion of the process as
more filly hereinaftsar described.

ning
hrought info Intimate and extended gontact with
mus-mwmmmm-:dm
..
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primary

hﬁntmdhhomtntldubrymthomﬂu
of nickel, tungsten, molybdenumi, manguness and
lead, and mixtures thereof. It .shoild be noted;

polmdltobemnved

will produge satiafactory resulth,

In treating small amiounts of petrolenm )onid,
& mixture of the peiroleum lquid and. metal -ox-
ide can be placed in w sultable vessal, thoroughly
agitated for the required contact pariad, and then
mtuodmupmhthemhloxldnmm

petroleum liguid on & oommmhl soale;-
sulfurization is more efMiclantly carFiedl ot .oon.
tinuously by passing both the petioleum lLiguid
and the adsorbant through e suitable mizer; singh
a5 the orifice mixer hereinafter’' descxibed; o
semi-continuoualy by passing the petroleum; llmlid
through a stationary body or column of' ad-
sorbemt.

Although the continuous- and semi-continuous
a.dsorptill:n procadures.can he uled.:nhruhmn-
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suited for the trestment of viscous and/or high mercaptan and 2.67% of thiofens,
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sulfur content by wailght was:
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7
oxide and adsorbed sulfur compounds from the
desulfurized pstroleum ligquld The

empmmdl from a peiroleum lquid, that com-
prises intimately contacting a sulfur bearing pe-
troleum liquid with an adsorbent material, com-
prising & substancs aslected from the class con-
sisting of oxides of nickel, tongsten, molybdenum,

Hq
generating the adsorbent by washing with water
at a tamperanture below 100° C. to remove residusl
petrolsum liguid, and then treaiing with steam
to remove the adsorbed sulfur compounds.

3. The process as defined in olaim 3, whersin
the intimate contacting of petrolsum liguid and
adsorbent in the column in facilitatad by continu-
oualy fesding to the column a stream of refinery

ges.
FRANK J. HENDREL.

)

607,017
1,789,130
1,098,118
2,084,909
2,088.467
2,080,190
2,188,142
2,348,623
3,380,658
2487,780
2,500,488
2,647,029
2,674,448

Name Dute
Prasch mee e Feb. 21, 1888
Gordon oo Mgy b5, 1801
ColiN e July 13, 1808
Black ot al. oo———..— May 20, 1930
=1, 11, — WY W)

Deo. 22, 1038

- July 7, 1837

Dolbear . Aug. 17, 1937
Bchutte e Aug. 1, 1039
Hewleit ot al. ... May B, 1944
allbert emee e - Feb. 13, 1648
EVAnS .oooeeee— - Nov. 1B, 1540

1
£
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Danforth
Engel et ol . Apr. 3, 1861
Porter ot gl. aaaan.... Nov, 6, 1981
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Europiilsches Patentamt

® Q, European Putent Office ® Publication number: 0 332 324
Offios suropden dae brevets A2

@® - EUROPEAN PATENT APPLICATION

&) Appication number: 8830118432 ® int. C14 C10G 25/00 , CO7C 7/12

& Daie of filing: 24.02.89
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PLC
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& Desulphurisstion.

® Low temperature desuiphurisation process using a bed of zinc cxide-containing absorbent In which the water
corient within the bed Is temporarily incresssd, thereby increasing the sulphwr sbsomption capacity of the
sbsorbent.

mmnnn_

® &



Desulphurisstion

This bwention relstes to dasulphurisation and In particuler to the removal of suiphur compounds such as
hydrogen sulphide from a gassous or Gquid feadetock stream, particularty hydrocarbon feadstock streams
such as nahwal gus. Such hydrocarbon feedsiock streams often contaln substantial amounts of sulphur
compounds, for mample, whare the hydrocarbon 1s gasscus, In an sxcess of 50 ppm by voume expressed
a8 aquivalent hydrogen suiphide.

Desuiphixteation of & gaseous or liquid feadstock stream can be affectad by passing the feedatock
stream through a sultsble absorbent such as zinc oxide In the form of a bed or beds of granules or pellets,
whareln the absorbant combines with thet sulphtr present so as to form a suiphided absorbent, for eample
zinc suiphids In the case of a zinc cdde absarbent.

While such beda of absorbent eneble a product stream of low suiphur content, typically beiow 10 ppm,
0 be cbisined, breskthrough of the sulphur compounds into the product stream generally occurs long
before all of the absarbent Is fully sulphided.

Pramsiure braakthrough is paricularly noficeable where the sbsorption temperature Is low.

Although sbeorbents having s high surfece area, typically above 20, and perticularty in the renge 50 to
200. mig™ are of perticular use for low temperahre desuiphurisstion of gaseous or fiquid feedstock
streams, o.g. ot temperstures between -10 and 200°C, they ere siil suscsptible ip the problem of
pramature breakthrough.

By the tarm breakthrough we mean that the sulphur corment of the product siream is at & leve] that Is
unacospinbie 10 the usar. This level will of course dspend on the use t© which the product stream e to be
put.

By the twm absorption capacily, whan used with reference !o a sulphur absorbent, ws mean the
amount of suiphur retainsd by the absorbent before breakthrough occurs,

By the term regensration, when used with reference to & sulphur absorbent, wo meen the Increesing of
the absorption capacity of a sulphur abeorbent without removal of sulphur from the absorbant.

it has been proposed in GB-A~1508703 10 adjust the water vapour contant of a synthesis gas siream,
i8. & gas stream containing hydrogen and carbon ouddes, to 0.5 1o §% by volume prior to desuiphwrisation
with & zinc oxide bed. In this reference the desulphurisation s prefersbly effected at temperatures above
200° C. The objact of incorporation of water vapour In the gas siream usad In the process of that refarence
was to suppress the formation of sulphur compounds such as carbonyl euiphids and carbon dimuphide
which are less madlly removed than hydvogen sulphids from gas atreams. Such compounds presumably
result from the reactions:

1.  Ha§ + GOy —— M0 + CO8

2 Hi8 + CO8 ——H:0 + C8,

These reactions are reversible and eo the formatfon of carbonyl sulphide and carbon disulphide Is
suppressad by the incorporation of waisr In the gas stream. The squilibriurn constants for reaction (1) above
are given for various tempemstures ai pages 203 and 308 of Catalyst Handbook, 2nd Edition, edited by M V
Twigg, published by Wolfe Publiehing Lid. At equlllbrium, the extent of reaction {1) reduces with tempers-
e, and ot low temperatures the extent of reaction is negligible. Furthermore, the metes of reaction for
reactions (1) and (2) are belleved to be also very small at low temperatures and so carbonyl sulphide and
carbon disuiphide formation is unBely to be a problem whan effecting desulphurisation of carbon dioxide-
corntaining feedstock streems at low temperatures.

it has besn further proposed in EP-A-279118 that the conlinued presance of a conirotied amount of
walor In the feedsinck stream, parliculirly a gesaous leedstock stream, such that the relative humidity of
the weinr In the feedstock streem Is shave 30%, has the effect of increasing the ebsorption capacity of dnc
oxide containing absorbent bada when cperating at iow temperaturas.

However, in a number of applications, the continued presence of waler I8 not desirsble and con-
sequantly the option of continuously adding waier to improve the sulphur sbsorption cepachty of the
absorbant is not scceptable. For Instance, when (n contact with substential quentities of waier ot reistively
iow tsmperatures, methane may give rise 10 the formetion of methans hydrates, which are prone to cause
blockasges and operaiing difficuities; therefore It is not desiuble & genersie a low tempersiure mathane-
containing stream which aiso conteing a high level of water on a continuous basis.

We have found that the absorption capacity of certaln zinc mdde comtaining absorbents cen be ussfully
increased If the proportion of water in the feedstock or other fluld siream passing or ctharwiss making
contact with the absorbent is temporarily increassd. Thus & bed of zinc mdde-containing absorbent may be
regeneraied by such treatment and the usefu! [ife of the absorbent sxtanded.

X o
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Accordingly the present invention providss a process for the removal of hydrogen sulphide from a
substantially water-free hydrogen sulphide-containing feedstock stream comprising pessing the feadstock
stream, &t & fsmperatre between -10 and 350" C through & bed of zinc cwdde-containing sbsorbent
particies thereby forming a hydrogen sulphide-depleted product stream charactsrised in thet, in order to
Increase the absomption capacity of the particies for hydrogen suiphide, after a period of use for absorption
of hydrogen sulphide irom the feedstock siream, the particies are contacted with a water-contalning fluii so
as to temporarily increase the waler content within the fiuld space of the bed for a period of ime untll the
pearticias absorb such an amount of water that the perticies increase in weight by an amount in the range
0.5 io 20%. )

Althcugh a efight increase in the absomplion capacity of the absorbent particie may be sesn after the
sbsorbent particies have absorbed smalisr amaunts of watsr, significant incrassas ars only obirined if the
periicles abeorb of least 0.5% by weight of weter. However, the amount of water employed Is preferably
such &8 0 Increase the weight of the particulate sulphided absorbent by beiween 135 to 10%, and
particularly betwean 2 t0 8%. The amount of water raquired depends to some sxtent on the surface arsa of
the sbeorbent: thus more water ls requined for high surface ares sheorbants then with low surface srea
absorbents. It ls preferrad that the amount of water employed Is such that the absorbent absorba at least
0.2 mg, and preferably at least 0.5 mg, of water per m? of abscrbert surface arsa

The treatment of the periicies by tempoararily Increasing the weter contertt within the fuld space of the
bed constituiss regeneration of the absorbent.

The bad of zinc oxide-containing ebsorbent particies may be subjected to the regeneration whiist
abearbing sulphur compounds from the feedstock strsem if the reeultant increase In water content of the
product siream is accaptable. Altematively, and In some cases preferably, the bed is regenaraiad whilst the
bed s not absorbing sulphur compounds from the feedstock stream. Thus In a continuous procass for the
generxtion of a product stream, two or more beds of absorbent may be provided and, while ons or more
beds are remcving sulphur compounds from the feedsinck stream, one or more gther bads ere subjected tn
regeneration.

The regeneration may be effectad by the continuous flow of & watar-contalning fiudd, l.e. sither & gas or
Bquid, through the absorbent bed, or the holding of such & water-contsining fluld within the bed for the
recuired period.

The watar-containing fluld used to effect the regensration may be any water-conteining fluld stream
which does not adversely affect the desulphurisation properties of the absorbent. In some cases It may be
possible 1o empioy a feadstock stream 10 which water has been added as the waier-containing fhud: In this
cese, of course, sbeorption of the sulphur compounds will continue during contact of the waisr-cortaining
stream with the bad of absorbent, a0 the absorbent should be regeneratsd sufficiently before breakthrough
of sulphwr compounds Into the product stream occurs.

Altsrnatively the watsr-corrialning flild used to effect reganeration may be part of the product stream o
which waier has baen added. Alter uss for regensrelion, the pert siream may be retumed fo the remainder
of the product stream. Where the pressnce of water In the product strsam Is not acceptable, the part stream
may be dried, for sample by tha use of & molacular slave, before ratum to the remainder of the product
stream, or the whols of the product stream may be dried after retumn of the part stream. indeed, since the
absorption of hydrogen sulphide by zinc cxdde produces water, it may In some casss be necessery to dry
the product stresm before further use. In this casa it Is conventant that s part of the product stream Iy taken
before the drier, waler is added, and the waisrdaden part product siream ls used es the water-containing
fluld for regensration. After use for regeneration, this water-<aden part product stream is relumed to the
remainder of the product stream and then the whole of the product stream s passed through the drer, a.g.°
a molecular sieve.

Where the regeneration Is effectad by means of a water-contsining gas, it Is preferred that the water-
contsining gas I passed through the bed of abeorbent continuously during the regeneration staga.

Whaere such a water-containing gas I3 to be usad o sffect the regeneration, provision may be made for
heating the gas prior to addition of the water, so thet the quantity of water held as vapour per quantity of
ges Ie increased, thereby accalerating the rats at which the Incregse In absorpion capecity of the absorbent
(s achieved. The waiss-containing gaa prefersbly has a reletive humidity, at the regenerstion temperature, of
at lsast 23%., proferably at lsast 50%, and most particularly &t least 75%. Whers the absorbent comprisas
substantially only zinc oxide, the waler-conisining gas preferably ls aubetantially free from carbon dicwdde In
order to avoid the formation of 2inc carbonate which has an absorption capability for sulphur compouncds
Inferior to thet of zinc oxdde.

Where the presance of fiquid watsr In the absarbant bed andior in the water-containing gas from the
sbsorbent bed, is not desirable, then provision may be mada for hesting the waler-containing gas, and/or
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the vessal in which the absorbent ts heid, 30 that the water-containing gas as It both entars and leaves the
bed is frea of Uquid water.

in one spplication of the Invention the desuiphurisetion stage Is operated In combination with a drying
stage employing a moleculer sleve drier which I8 regeneratsd by passage of a heaied fluld stream
therethrough to effect desorplion of the water removed during the drying stage. in such a process, In soms
cases it may be possibla tp empioy the waler-containing fluid isaving the molecular sieve duwing the
regenaration therecf s the weter-containing fluld used to effect regenarstion of the zinc adde contalning
sheorbent.

Whare the regeneraiion of the zinc mdde containing particies is effected with a waber-containing Rquid, t
Is preferred that an sppropriate emount of waber-contalning Tiquid ls charged to the bed, {(and an excess of
such liquid may be smployed), the bed held In that stata untll the absorbent has ahsorbed the requisite
amount of water, and then the bed s freed of liquid water by passage of & dry gas or liquid stream
thersthrough. The smount of such a watsr-containing fquid, which s prefarably water substantially free from
any other meterials, s preferably sufficlent to fill the pares of the absorbent.

Whera a waisr-containing quid ls used to effect the regeneration provision maybe made for heating the
water-containing liquid, and/or the vesssl [n which the absorbent Is heid, thereby accelersting the rate at
which the increass in absorption capecity of the absorbent Is achleved.

Contacting the walar-comialning fuld with the absorbent for the required length of time ensbles the

shearbent to abearb the required amount of water for regeneration. Once regenerzted the abeorbent mey -

again be used to remove sulphur compounds from the feedsiock stream. However the Initial contact of the
feedsiock siream with the absorbent after regenearation of the absorbent will tend to strip-off that waier
which has been absorbad by the ebsorbent. The weder which has bean stripped-off will be carried through
the bed of sheorbent to emerge in the product siream. The waler contant In the product stream will
therefore Initially Increase, and then drop back as the amount of waler which le stipped-off diminishes.
Where the Initial increase In the water content of the product streem cen be tolereted, for instance where
the product stresm would In any event be dried, this mey not present & problem. Howsver In some cases
an initial ncrease In the water content of the product siream, after regeaeration of the absorbent may be a
problem. In such cases the absorbent may be dried belore the feadstock siream ls reintroduced to the bed.
The drying of the absorbent may be achleved In a number of ways, for mample by passage of a dry Inert
stroam through the bed, or by passage of a fluld siream thet is subesquently fo be used as the water-
containing fluid for regenerating another bad of absarbent.

The time Interval required befors the reg =nerstion wiil depend on the rete at which the absorbent
becomes suliphided. e.g. upon the natwre and proportions of the abacrbable sulphur compounds In the
feadstock etraam, the space velocily at which the feedsiock stream Is fed through the bed. on the nature of
the feadsfock stream, the temperiure st which the absorpiion tekes piace, and the accepiable level of
suiphwr compounds in the sfffuent product siream.

The particuleis sbsorbent maberial preferably comprises at least 60%. especially at least 80%, by
weight of zinc axide, csiculated on the constituants of the absorbent material non-volatile et §00° C. As used
in the process the zinc oxide may be, at least Inltislly, whoily or partly hydrated or in the form of a salt of &
woak acid, 6.g. a carbonate.

The absorbent Is praferably particulate n form, particularly in the form of porous agglomeratss, as may
be made, for exampis, by miding a finsly divided 2inc cudde compoasition with a cemant binder and a Httle
water, insufficient to give a siumry, and then granulaiad or extruded. In order to aid access of the feedstock
steam inio the pariiculate absorbent, the latter may be provided In the form of extruded petiets having a
pluraity of through passages.

R Is belleved that the absomtion afficlency and hence the ife of s particulate zinc oxide-containing
absorbent depands on the rate of diffusion of that sulphur which has been ebsorbed by the zinc axide
presant on the surface of the absorbent, away from the surface of the absorbent. As the rms of adsorption
ot sulphur compounds et low absorption temperehres |s controlled by the exposad zinG oxidle surface area,
it is preferable when opersting &t absorption temperstures below 120° G, prefsrably befow 80°C, and
particularly below 50° C, to employ a particulats zinc oxide-containing abeorbent having & high pore volume,
above 02 em®.g™, and high surface area, above 50 ma.g™"', praferably In the range 70 to 200 m2.g™". With
a particdlste zinc mdde-contalning absorbent having a lower pore voluma and a surface area of the order of
25 to 30 mig™ the incress in abaorption capacity by the temporarily rise in the water content of the fluld
space is not newrly wo significant and s0 the usaful e of such & low suriace area absorbent at fow
absorption temperatures |3 relatively low. Thue targe volumes of low suriace area abearbent would be
needsd in order to avoid premsire brealdhrough of the sulphur compounds into the product stream.
Howevar, by using a zinc cxide-contalning absorbent of pore volume above, for example, 025 cm?.g™' and
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surface arsa abowe, for sxample, 70 m*.g™, the volume of absorbent raquired can be markedly reduced,
a0 to about one third of that eequired with a low swiace area abeorbent. The pariiculate 2inc oxde-
containing absorbents employed thue prefersbly have a surface ares ebove 70 mi.g™ and a pore volume
above 0.25 cmi.g™'.

Preforrod particulete absorbents for the process ot low absomption temperatures heve a hydrogen
suiphide abeorplion capacily of at least 20%, sspecially at least 25%, of the theorstical maximum, ot a
tempersture of 28° C, as detsrmined In a standand tast in which a dry mixture of hydrogen suiphide (2000
ppm by volume), carbon dimdde (4% by voiume), and methane (balance) is passed through a bed of the
particulate absorbent at atmospheric pressure and & space velocity of 700 h™* using a bed of circular croes
saction having & length o diameter ratio of 8.

A particularly gultable particulais zine oxide containing sbsorbant Is that sold by imperial Chemical
industries pic as "Catalyst 76-1". This absorbert Is (n the form of granuies typically having a surface area of
the order of 80 mt.g™ and a pore volume of sbout 0.3 cm?.g™, and an adsorption capacity of about 27% of
theorotical whan measured by the sbove procedure.

Altsmatively the particulste absorbent may comprise aggiomerates of particies of an (ntimata mixture of
oxices, hydreaddes, carbonates andior basic carbonatas of copper, and zinc and/or &t lsast one element
such ss sluminium a8 described in EP-A-243052,

Water-ireo gassous feedstocks that may be trexted are those thet ere less then 10%, and especially
lsss then 1%, setursted with weter.

Allsmatively. the process of the presant invention mey be used to trext Equid substantially water-free
feadsiock streams whereln the smount of water (f any) In the fesdatock stwam is Insufficient to fill the
pores of the shsorbent.

The feedstock stream typically containe hydrocarbons up to thoss conteining six carbon stoms. Usually
it will contain, in addition to methane, and one or mare of sthane, propana, propene, butanes, and butenaa.
The Invention I sleo of utiity with other feadstocks, for example alr, naphths, carbon dioxide, or the product
of fraconafing a ges mbdure produced by cracking or hydrocracking 2 noymelly fiquid hydrocarbon
feadstock, or the gaseous by-product of a zecitte-catalysaed conversion of a feedstock such as methanol to
gasoline.

The composition of the raw gas, where the latier i9 a natural or oflfield associated gas, expressed by
voiume, {s typlcally:

othane 220 %

propane plug propena | 110 10%
butanes plus butenss | 05t 5%
higher hydrocarbona 022%

carbon dicdde Ob20%
nitrogen 0b20%
wrter up o ssturstion
mathane balance.

When such natural or oiffieid associsted ges siresms contein eubstantial smounts of water, le. the
siraam Is above 10% saturated, & drying stage ls narmally ampioyed to reduce the amount of waler presant
prior to sulphur removal. The dried etream Is then desulphurised. The use of the presant Invention In the
dasuiphurisstion of such simama enables the absamtion capachty of the absorbent i be Increased without
reintroducing significant amounts of water Into the stream.

in addifon to hydrogen eulphide, other sulphur containing compounds that are initlally present In the
feedatock siraam may ba removed by the process of the present invention. Examples of such compounds
include carbonyl sulphide, carbon disulphide, methyl, ethyl or other mercagtans, disthyl sulphide and other
akyl suiphides up to Gy, andior tetrahydrmothiophene. The total Inltial conceniration of suiphur compounds,
exprecssd &s sulphur equivalent hydrogen suiphide, s typicaily in tha range 1 o 1000 ppm by volume of
the feadstock when the latiar e In the gasecus phase. The absorption stage can be conducted so that a
substantiel proportion, e.g. over 75% by volume of the sulphur content of the feedstock gsiream can be
removed. Typically the sulphur compounda content of the product stream is under 10, for example undar S,
pom by volume, expressed as above, but this Is a maitsr of design, depending on the user's requiremaentis.

Whthout wishing 1o be Hrmitad It Is thought that a possibie explanstion of the increess in absorption
capacity of & bad of particulate Zinc oxide-containing absorbent, resulting from the temparary Increass In
the amount of waisr In the fluid space of the bed, Ia that the reacion mechanism for the sbsorption of

g
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hydrogen sulphide by zinc mdds, perficularly at low temperatures, may involve the hydration of the zinc
oxide surface, Indicated In a simplisic form by the fallowing squations

Zn0 + HaO — Zn({OHp

ZniOH)z + Hy8 —— Zn8 + 2H,0

Zn{OH)y + 248 — In(8Hp + 2H0

in preferance to the reaction

Zn0 + Hg8 wm—e Zns + HgO

which is the prevalent mechaniem at high tempersiures and which proceeds only stowly st low tempere-
twres. The surface hydreied zinc oxide provides moblis hydrosy or 8H (bisulphids) groups that aliow the
movement of suiphur away from the sulphur saturated exterior thareby generating new sulphur deficient
abeorbent on the surface.

The invention Is [liusirated by the following examples. in these exampies ebout 60 mi of the absorbent
in the form of gramules were charged to a tube of internel dlameter 2.54 cm to form a vertical bad of length
12 cm.

WWMMMNDOWMMWW.MMMNNM;WM
a ieet gas substantially at simospheric pressure, down through the bed maintained at about 20 C ut & rae
of 700 mimin, (l.e. spece velocity 700 hr™').

The ioet ges was "cry” methane (which contalned about 120 ppm by volume of water) in admixure
with about 1% by volume of hydrogen sulphide.

The hydrogen suiphide content of tho lest gas leaving the bed of absorbent was monitored and
breakthrough was deemed o have occurred whan the hydrogen suiphide content of the test gas exit the
bed of absorbent reached about 2 ppm by volume.

The sbeorbent was then regeneraied as describaed In the individual examples.

After regeneration, the flow of iest gas was resumed and the time taken for breakthrough o recccur was
measured.

At the conclusion of each experiment the abearbent was discharged In six equal pats AR F, (A = top;
F = botiom) which were analysed sa that the distribution of sulphur down the depth of the bed could be
determinad.

Example 1

This examnple shows the effact on the abscrption capacity of an absorbant with repeated regeneration
using a2 water-containing gas.

The absorbent employed waa granules of slze approximately 3 to § mm of IC} *Cetalyst 75-1°.

The water<corisining ges used to regenerata the absorbent, In & regenerstion siage, wes "wet”
hydrogen suiphide-free methane, obtained by saturating the "dye” methane with water at 20" C. The “wet”
mwmw-pmadmmmwammmao'cmummwnmc
pressure at & space velocity of 700 lr™"'.

As s comparstive sxperiment, a similar bed of absorbent was regenerated by pessing "dry® hydrogen
mmwmwmmnmmmmm.mmmbudewm
ot about 20 C at & space velocity of 700 hr'.

The sheorbent regencruind according to the present Invention was then subjecied to a succession of
ebsorption and regeneration siages.

The results are shown In the foliowing tabls in which an absomtion stage and the regenerstion stege
immediatefy following are termed a “cycle™; Tam Is the time i breakthwough from the start of the
absorption stage; and Tasq fa the duration of the regenemation stage.

a\



Cycls { “Dry" regenaration | "Wet” regeneration
gas gae
Tom Thea Tem Taea

(hours) | fhours) | (howrs) | (hours)

First 59 225 8.4 215
Second | 02 - 19 24
Third - - 190 23
Fourth - . 1.0 >0.5
Fifth - . 05 %
8bdh - . 04 -
Total 6.1 225 12 | >80

* Procise time not known, but less than 18 hours.

The difference between the breakthrough time for the first cycle of the comparstive experiment (5.9 hr)
compared with thet of the present imvention (6.4 hr) probably reflacta diffarences In the preciss amount of
absorbert employed snd/or minor variations In the hydrogen suiphide comtent of the test gas.

The foliowing table shows the sulphur content down the beds of absorbent on termination of the
experiment after the second cycle {“dry” ges) and abrth cycla ("wet” gas). The sulphur content down a bed
of ebsorbent after ihe first cycle, |.e. without further sulphur ebsomtion occurring, I8 included for additional
comparison. :

Bed Suiphur content (% ww)

Portion

Ragenerated Non -

Regenerated

Ory" | “Wet"

Qaa Qas
A 103 16.1 T8
B 10.5 172 a1
c e 158 78
D 78 122 59
E 4.1 70 20
F 14 22 0.3
Average | 73 | 121 5.4

it is ssen that the succsssive "regenerstion™ stages enzbied the uselul lfe of the absorbent to be
increased by about 84%, and thereby retaining an additional 8% more euiphur.

Example 2

n this examnple the spplication of the invertion to a zinc cxdde abeorbent used for desulphurising damp
carbon dicxdde-containing gas (wherein the absorbent becomes carbonated during uee), Is simulated, by
repeating the procedure of Example 1 using a "carboneted” absorbent.

Tha “carbonated™ absorbent was obtained by enclasing & sample of the frash absorbent s ampicyed
in Example 1, with solid carbon dioxids, and water, which wers In proportione of 10:1 on a weight basis In
an autociave, aliowing the tempersture fo rise to amblent, and maintalning at ambiant tempensture for 48
hours. This "carbonated® absorbenit was then dried for 18 hours at 110° C before uss. As in Example 1, the
regeneration of the absorbent was effected using the "wet" hydrogen sulphide-free methens, and In a

7

k!



10

EP 0 332 324 A2

comparaiive experiment with the "¢ry"™ hydrogen sulphide~free methane. The results ere shown In the

fofiowing table:
Cycle | "Dry" regenaration "Wet" regansration gas
Tem Treq Tam Toea
(minutes) { (hours) | (minutes) | (hours)
First Fy 2 .-} 24
Second 7 - >8.5
Thind - - 8o 216
Fourth - - 57 186
Fifth - - 50 a
Sbdh . - 58 216
Seventh - - 55 -
Towml 28 2 365 >118

* Precise ime not known, but lags than, 19 hours.

As in Example 1, the diflerencs between the time to breakthrough for the first cycle for the comparative
eperimant {21 minutes) compared with that of the present Invention (25 minutas) probably reflects
differences in the pracise amount of absorbent empinyed and/or minor varlations in the hydrogen sulphide
content of the test gas.

Aher the second cycle ("dry” gas) and sixth cycle (“wet” gas), the sulphur conteat of the sbsorbent
doen the bed was as follows:

Bed Sulphur contert (% w-w)
Portion
lm. Wl
regenerstion { regenaration

gas gas
A 08 128
B 1.1 115
c 1.0 0.4
D (1) 7.1
E 08 43
F 04 1.3
Aversge 08 78

1 is seen, that by comparing the results of this exampie wih those of Exampie 1. that the "carbonated"
zinc oxide absorbent has & much inferdar sulphur absorption capability to that of the uncarbonated zinc
wade abscrbent used In Example 1, but the succaasive regeneration stages with "wei” gas enabled tha
uselul iffe of the “"carbonated™ zine axide absorbent 10 be increased dramatically.

Bampls 3

in this example the effect is shown of incarporeting & drying stage efter the regenerstion stege of the
cycie.

The procadure of Bxample 1 was repeated, but using only a single regeneration stage using the “wet"
hydrogen sulphide-free methane.

After the regenemtion stage. the absorbent was dried by passing “dry®" hydrogen sulphide-fres
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methsne down through the bed of absorbent.

During the regeneraiion end drying stages, the welght of the absorbent was monitored in order o
detormine the degree of “water pickup®. The "waier pickup” ls & msasure of that water retained by the bed
of absorbent and Is the weight of water in the bed of absorbent after cantact with the weter-contalning fluld,
and immediately before & subsaquent drying stage, divided by the tota) weight of absorbent and sulphur In
the bed at the start of the regeneration stege.

The resulis ere shown In the folkowing table and Indicate that the effects of the regeneration are
apparent after the absorbent has been dried.

Cycle Stage | Total ime (hours) from | Watsr Pickup (%
start of Cycle Stage ww)
Regenaration 0 0
185 8.5
196 88
25 és8
22 -
25 LX)
Drying 0 89
1 5.8
3 -
4 -
17.5 1.5
19 13
21 -
2 1.2
Time to
Breakthrough
{minutes)
First Cycle 8
Second Cytle 102
Bad Sulphur
Portion | Content (%
wiw)
A 125
B 127
c 118
D 8.0
E 55
F 2.1
Average a8
Sxmmpie 4

in this exampie the effect is shown of regenarsting the sbaorbent with & water-containing liquid.

The absorbent was a sample of the fresh absorbant granules as used in Example 1.

The sbsompiion stages were as conductad in the previous sxamples. The first abeorption stage was
termingted on breskthrough, after 4.4 hours.

The regeneretion stage was then effected by adding sufficlent liquid watsr to the bad of ebsorbent 80 |
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as to fili the parea of the absorbent with water. The bed of shaorbant was then left at ambient tempereture,
without flow of gas or lquid therethrough, for 18 hours. The bad of absorbent wes then dried out for 22
hotnblmhm'dghtbypuing'dry'hydmganmlphldﬂrumaﬂnmdummqhlhnbodata
temperature of ahout 20 C and at etmospharic pressure.

A sscond cycle was then started, and when breakthrough réocturred efter 1.4 hours, the bad was agsin
regancmiad and cried in the seme mannar as deacribed above.

Fow of the test gas (.e. "dry" methane In admixiure with hydrogen sulphide) was agein rscommenced
and the experiment wes tarmnineted on subsequent breakthrough.

The tolsl time during which the bad of absorbent was asbsorbing sulphur from the test gas, without
breakthrough occurring, was 7.3 hours and the suiphur content of the absorbent down the bad, on
termination of the expariment, was as follows:

Bed Suiphur
Portion Content (%

whw)
A 16.1
8 16.1
¢ 144
D 14
E 6.4
F 18
Average 11.0

Exarnple 6

This exampie shows the effect of different regeneration timas.

The absorbent amployed was a sampis of the frash granules as empioyed in Example 1.

Nitrogen satursted with waier st ambient temperature was usad as the water-contalning gas used In the
reganeration stage. The regeneriion stages were conducied st amblent tsmperature, In & mannsr similer to
that of Example 1.

in some cases a drying siage wes conducted after the ragenaration stege. The drying stage comprised
passing dry nitrogen down through the bed of absorbent at about amblent temperature, and stmospheric
pressure, for 16 hours prior 1o recommencing passage of the tast gas through the bed of absorbant.

The resuits ane shown In the following tables.

in some cases the sbsorbent was subjecied to more then one cycle, comprising an absorption stage
and a regenaration stage. At lsast one drying stage was included in the multiple cycle cases.

Thue In sxperiment 5 the absorbent was subjecied to in twm an Inftlal absorption stage; an Inltie!
reganaration stage of 2 hours duration; a sscond absorption stage: a second regeneration siage of 4 hours
durstion: & third sbeorption stage; & third regeneration stage of 8 hours duration; a drying stage; a fourth
absorption stags: a fourth regeneration stage of 68 hours duration; a second drying stage: and a fifth, and
final, absorption stage.
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Regeneration Bad portion suiphur content (% w/w)

Numbaer Time (h) A B c D E F
Sa 1 050 | 10.7 | 111 | 104 92 |1 45 | 13
] 1 117 | 114 1120 | 112 80 | 41 10
5S¢ 1 z 119 | 122 | 118 | 104 | 70 | 36
&d 1 T 120 | 122 | 11.2 88 | 408 | 12
Se 1 g 124 | 128 | 120 68 ) 60 | 19
5f 4 248'¢ 177 | 172 | 168 | 122 |1 74 | 28
Bg 3 o 141 | 138 | 13.0 | 107 | 68 | 25
* Oried after regenention

Totel Time To | Water Pickup
Breakthrough (h) | (% w/w)

Sa 085 . 0.63
5b 8.15 080
Sc 5.00 1.52
5d 5.18 2/
Be 5.30 423
5f 7.32 -

5S¢ 8.85 -

The "Waisr Piciup” is as previously defined.

The "Total Time To Breakthrough {h)" Is the total ime that the bed of absorbent was removing sulphur
from tho tast gas, without breakthrough occurring. Varietions In the concentration of hydrogen sulphide In
the test gas during the experiments are reflacted in the breakthrough times in some instancas being lesa
than that of the "dry" ges regenerated absorbent of Example 1. However the absorption capacity of the
sbeorbont has In all instances been increased lo above that of the "dry" gas regensrsiad absorbent of
Smmpie 1.

The concantration profile of abscrbed sulphur down the bed shows a relstively eharp tralfing edge, phm
a small tall [n the botiom third of th bad. & s the tall that determines when breakihrough occurs. However
improvemant in the sabsorption capacity can be seen by comparing the top half io two thirds of each
absorbent bed.

Exampie 8

in this example the effect is ahown of regeneration by a weter-containing gas &t a temperature higher
than 20°C,

The sbsorbent employed was a sampie of fresh granuies es emplayed in Exampie 1.

The absorption stege was as conducted In Example 1.

Rageneration was performad by passing air, heated to 70° C and thereafter saturated with water, down
through the bed of absorbent for 2.3 hours. ]

After reganeretion, the bed of absorbent was dried to constant welght and allowed © cool 1o the
absorption tamperature before flow of the test gas was recommenced.

Tha total Ume during which the bed of absorbent wes absorbing sulphur from the test ges, without
brosidhrough occwrring, was 5.7 hours and the sulphur content of the abeorbent down the bed, on
termination of the experiment, was as follows:

11
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Bad Sulphur
Portian Content (%
wiw)
A 13.4
a 134
C 124
D 84
E 53
F 1.0
Average a8

ﬂmubﬁdmdﬂ-&nﬂﬂmwmrmwudngapmmu
70" C can retain about 22% more sulphur than the "dry” gas regenerated absorbent of Example 1.

Example 7

In this exemple the effect of regeneration by a watsr-containing liquid at higher temperaturss Is shown

The absorbent employed was & sample of fresh granules as employed In Example 1.

The absorption stage was as conductsd in Example 1.

The rageneration was conduciad i & similar manner o that of Example 4. Sufficlent liquid waber, at
70°C, was addsd to the bed of absorbent so as o fil the pores of the absorbent with waier. The bed of
abeorbent was then left at 70 C, without flow of gas or fiquid therethrough, for 4 hours. The bed of
absorbant was then dried out for 132 hours to a constant welght by passing "dry® nitragen through the bad.
Most of the waler was In fect lost n the first 24 hours of the drying stage. The bed of absorbant was
allowed to cool to the inlial absorption temperature, whereupon flow of the test gas was again recommen-
cad and the axperimant wes twminated on subsequent breakthrough.

The total ime duing which the bed of absorbent was absorbing sulphur from the tast gas, without
treakthrough occuring, was 7.1 hours and the sulphwr contant of the ebsarbent down the bed, on
terminafion of the expedment, was aa foliows:

Bed Sulphur
Portion Cantant {%

wrv)

A 13.9

B 14.1
JC 13.0
13 10.1

E 5.9

F 1.0
Avarage 8.7

Thus a bed of zinc oxide-containing abecrbent after one regeneration using & watar-contalning fquid
can ratain about 33% more sulphur than the "dry” ges regeneraled absorbent of Exampile 1.

Bxarmple 8

in this axample the effect ia shown of regenerating the absorbent using a water-Containing ges stream,
having a relative humidity of 50%.

The absorbent employed was a sample of fresh granuies as employed In Example 1.

The sbsorption stage was a3 conductad In Exempls §.

12
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Regeneration was performed by using hydrogen sulphide-fres methene, in admixture with sufficlent
water s0 a8 io be 50% ssiursted with water at 20° C. The "semi-wet™ methane was passed down the bed of
absorbent et about 20° C and atmaspheric pressure at a space velocity twice that previously used, Le. 1400
hr=, for 104 houws. Thus the same amount of water was contacted each hour as when fully saturated
methane Is employed at a space velocity of 700 hr™'.

A drying stage was then performed after the regensration stage, wherein “dry” hydrogen Sulphide-free
methane was passed down the bad for 100 hours at the a space velocity of 700 hr~.

Bed Sulphur
Portion Content (%

whw)
A 112
B 1.7
c 111
D a9
E 5.5
F 1.8
Average 83

Thus a bed of zinc oxdde-contalning ahsorbant after one degeneration using a gas haif saturated with
weter can retein about 14% more suiphur than the “dry™ ges regenerated absorbent of Exampie 1.

Claims

1. A process for the removal of hydrogen sulphide fram a substantially water-frse hydrogen suiphide-
containing feedstock siream comprising passing the feedstock stream, at a ismpereture between -10 and
350" C through a bed of zinc adde-containing absarbent particies theraby forming & hydrogen sulphide-
depleted product siream characterised In that, [n order to Increase the absorption capacity of the particlss
for hydrogen sulphide, after a parod of use for absorption of hydrogen sulphide from the feedstock stream,
the particias are contactad with a watsr-contalning fluid 8o as to temporarily Increase the water content
within the fiuid epace of the bed for a period of tme until the particies absarb such an amount of water that
the partcies increase In weight by an amount In the range 0.5 to 20%.

2 A process according to clsim 1 wherein the absorbent absorbs water, and thersby increases in
welght by at lasst 0.2 mg per m? of absorbent surface arsa

3. A process according to claim 1 or claim 2 whersin the water content within the fluid space la
temporarily increasad whilst the sbeorbent s not absorbing hydrogen sulphide from the fesdstock stream.

4. A process according to claim 3 wherein two or more beds of absorbent are provided and while a bed
of absorbent removes hydrogen suiphide from the feedstock stream, the water content within the fiuld
space of anothar bed I8 temporartly Incressed.

5. A process according fo any one of claims 1 to 4 wharein the watsr-containing fluld ls continually
passed through the bed during the period of ime in which the water corent in the fluld space of the bad l»
temparardly incressed.

6. A procass according o any one of claims 1 1o 4 wherein the watsr-containing fiuld Is held within the
bed chring the period of time In which the weiar content In the fuid space of the bed Is temporarily
incressed.

7. A process according to clalm § wherein the water-conteining fiuld Is a feedstock stream to which
waler Is added during the period of time In which the waler contant In the fluld apace of the bed Is
temporarly increassd, .

& A process sccording fo any one of claims 1 to 8 wherein the water-containing fluld comprises part of
the product stream to which water has been acded.

9. A process according to elther claim 7 or clalm 8 wherein alter contacting the water-comtaining fluld
with the bed 80 as to emporarily Increese the water content within the fluid space of the bed, tha water
containing fuld is combined with the product stream.

13
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10. A process according o claim 8 wherein after contacting the water-containing fluld with the bed so
as o temporarly Increase the weter content within the fluid space of the bed, the water-contalning fluld
sream s drisd before combining with the product stream.

11. A pmcess according %o clgim 8 whereln the product siream ia dried after combining the waler-
conteining fiuld with the product stream.

14
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This inveniion relsiss to a method of removing suffur compounds from the hydrocarbon feedsireams 1o
& catalytic reformer.

Catalytic reforming processes play an integral role in upgrading nephtha feedstocks to high oclane
MmMMThmpmhmbmnmmknpmhmlnmﬂwmmdm
Increasa in demand far low-laad and unleaded gasolines.

in typical modemn refoming processes, Hnnlﬂm\aludlspmndwambdmhbnm
catalyst at & tempereture In the range of 355°C 10 585°C, a pressure in the range of from | atmosphare to
70 simospheres, e bquid howrly space veloclty (LHEV) In the range of | to 10, and & hydrogen o
hydrocarbon mole raio in the renge of 1 to 10. Variations in thess conditions wili depend In lege maasure
upon the type of fead processed and the deslred product octene level

Ik is generally recognized that the sulfur content of the feedsinck must be minimized o prevent
polsoning of the reforming cofalyst. Preferably, the fead will contein lees than 2 to § parte per milion by
waight (ppm) of sulhur, since the presence of sulfwr in the feed decresses both the seciivity end the
eslectivity of the caislyst. Ceriain reforming caialysis are sxdremely suliur sensliive, and sulfir levels In the
feod of oven ises than | ppm can sevevely deactivato thees catalysis.

Sulfur sorbenis can remove nearly ali of the sudfur prasent In the feed at the high temporaturas used In
reforming. One sulfur sorbart that Iz used at low temperatures is @ metal or metal compound, such as
copper, which Is supporind on a porous refractory Inorganic cdds support or on 8 carbon supporl. An
exampis of such a sorbent Is disciosed in U.S. Palent No. 4,204,847. That sorbent Is copper supported on
ghminz. Other simliar sorbenis are disciosed In U.5. Patent Nos. 2,683,404 and 4,22418]. Copper an
shmina works well as 2 sorbentt for HsS or mercapian type eulfur, but copper sorbents tend to bo less
offaciive at higher ternperatures, removing less sulfur as the tsmparature goes ahove: 300°C. Furthermora,
copper sorbants do not work on some types of aulfur which can be present In the reforming feed, such as
thiophenic sulfur. Also, copper Is costly.

Verious promoter metals heve been used in conjunction with copper. For example, U.S. Paisnt No.
4008174 diacicses copper and chromium on a carbon support. The chromium alds in reganeration of the
sorbent. . .

‘The present Invention s a novel method of removing mulfur from hydrocarbon feedsireams by using a
metal component containing 4 metal selected from Group A or Group IFA of the Periodic Teble supporied
on a porous refractory inorganic oxide support. Preferred metal components include sodium, potessium,
caiclum and barium. Preferred refraciory inorganic axide supports include alumina, eiica, borla, titania,
Zirconia, sluminosificates, aluminophosphates, and mbdures of two or more thereof.

Ons prelered method of making these sulfur sorbents 18 by impregnating a prefamed porous
refraciory Inorginic wdde support with a1 aquecus solution of & metal salt, where the metal |s sslecisd from
Qroups A or IIFA of the Periodic Table, and drying and calcining the resulting materlal

An altsraiive method is by pepilzing a refraciory Inorganic edde support, thereby forming a piasic
mass, muling the mass with 8 compound containing & Group A or Group IHA meial, then exinxiing the
masa, end drying and calcining K. )

For a betier undarstanding of the Invention, reference witl now be made, by way of exampis. o the
accompenying drawing which is a piot of the average catalyst tempersture of an exsmplary material
required 10 maintsin the terget refractive ndex of the Ce+ Bquid product of 1.4300, wlidlmnupmdnh
about 47 wi% aromptics In the feed.

Ammmﬁﬂmmmwmawﬂurmhhmdm
sulfides, such as thiophenss and mercapians. Sometimes the sulfur lsvel I8 higher than 100 ppm In the
untreated naphtha fraction. Thess feads with very high sulfur levels can be contactad with hydroprocessing
catalysts fo convert the sulfur compounds to HgS. If the remaining sulfur level le too high: then the high
sl ievel can cause the reforming cainlyst to rapidly kose both aclivity and seleciivity when used for
reforming- Prudent operafion demands that heavlly sulfur contaminated faads be further treatsd before
contacting sulfur sonsitive catalyats.

Preferred supports for the suliur sorbent include alumina, siiica, titania, 2irconia, boria, and the Eke, and
mbcures thersol. Clays can aiso be ussed as supporis. Perticuler clays of inisrest include the fibrous
magnesium siiicats ciays, for example, stispuigite, halloysits, palygoreidis and saplofits. The support can be
premade by any method inmown In the art.
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The muiace sea of the finished sutfur sorbant is in large pant due to the support chossn. It is believed
that the active sulfur sorbents of this Invention can have nitrogen surlace areas in the range of between 20
and 300 mayg.

Since the sulfur sarbents of this invention can be ueed for removing sulfur from feedetreams for
reforming units, one typical feedstock will be low molecular weight hydrocarbons which sre In the vapor
phase at eforming condiions. in perticular, the feedstock will normally comprise slkenes snd nephthenic
compounds having batween sbout fve and twelve carbon atoms. Hydrogen may also be present, such as
the recycle hydrmogen sbeam of a reforming uni. Because vapors diffuse rapidly into the pores of the
support material, the procise slze and pore distributions are not thought 1o be critical in @ sulfur sorbent for
use in this spplication. )

The matal components of the suther sorbents in this invention can be Group +A or Group IFA metal
conteining eompounds. The prefermad mets! components are sodium, potassium, calcium, and barium. The
matal componenis are not in general present as the reduced metsi. instead, they are usually present In the
form of a sait. oxide, hydraxide, niirate. or other compound. i ie the metal in the compound, In sny form,
thet is the matal componant of the sorbent of this invention. The sulfur sorbents of this Invention can be
madle by impregnation of a preformed rafraciory Inorganic oxide eupport with a metal component, or by
comuling the matal component with the inorpanic madde support.

Prefored meial compounds include sodium chioride, sodium nitrate, sodium hydrodde, sodium
carbonats, sodium oxainte, potessium chiorids, potassium nitrate. potassium carbonate, potsssium Ccalate,
potassiurn hydrowdde, barfum chioride, barivm nitrate, barium carbonate, barium oxgigte, berim hydrosdde,
calcium chioride, caicium nitrate, calcium carbonsie, calclum cxalets, calclum hydroxide, and the fike.

A preformed norgenic eupport can be impregnated with Group A or Group ll-A metele by standerd
techniques. It may be nacessary to impregnate the support several imes to echieve the desired amount of
metsl componant on the Inorganic support. Various metal compounds can be dissolved 10 form aqueous
solutions useful for this impregnation. The preferred compounds for impragnation sre the more soluble
compounds. To be usetul for impregnation, & compound should have a solubility of &t lsast 0.1 mols per Mer
of water.

Another method of making the sulfur sotbents of thie invention Is by muliing the powdered morganic
aupport material, which may be prepepiized or mixed In the pressnce of a peplizing agent. together with a
compound containing 8 Group A or Group IFA metal. Preferred peptizing agents are mineral acids, such
&2 Titric acid. For eampie, peptized alumine powder could be mbed with a metal componant, such a8
potasstun carbonate. The resulting mass Is than exbuded, dried and calcined to form the final sulfur
sorbent

The cholce of the appropriste compound fo use duwring fubwication of the sutfur sorbent Is primarlly
dictated by the schibility of the salt. For sxample, In inpregnation, very soluble salis s desined such as
ritrates, but In mulling, relatively nsoluble salts such as carbonates are preferred.

It sulfur lo present that is not In the form of HeS, It is prefemred that the eulfur sorbant of thia invention
inciude baing commingied with or prejerably preceded by emall smounts of platinum or paliadium, alther on
the sorbent or on a suliabie support. Between (.01 weight percent and 0.5 weight percent piatinum or
pafiadium mey be addsd. in the presence of added hydrogen, the added metsis catalyze the conversion
thiophenic and other orgenic type sulfr compounds thet may edst in the feadstresm nto aaslly sorbed
sulfur compounds. if the platinum or palladium Is on the sorbent particies themsesives, it may also reduce
coking of the feed on the sarbent particies. When thiophenic end ather arganic sulfur compounds contact
platinum and paladiun, hydrogen suliide i formad, which is remdlly removed by the sulhur sorbent.

The sorbent of this Invention I» used o remove sulfur from feadsiocies containing sulfur levels as high
as soveral percent i levels es low a3 | ppm (part per millon) and lower. Typically, the sorbent and
reforming catalyst are conisined In sepacede vesssls. The vesssl containing the sulfur sorbent is typically
placed upstream of the vessel comtaining the raforming catalyst Tha feadstock may be heated {0 as high
as the reforming reaction temperature or 10 2 lower ternpershee before it contacts the sulfur sorbent; from
amblent temperature 1o es high as 1000°F {540°C) and higher.

The earbent can be piaced in the sama reaction vesssl as the reforming catalyst. If the sorbent is given
the propar porostty and shape it can be intsr-mbad with the reforming catalyst, in the same bad. Aa any
rosidunl organic sulfur is convertsd by the reforming calalyst to M8, the sorbent removes i, preventing
harm to subsequent beds, end prolonping operational life of the systern bacause the sorbent functions well
ot reforming temperatures.
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The sorbent can safely contact the amounts of water normally found in reforming feedstreems. The
feadstreams do not have i be as extreordinaiily dry as they would if they were contacting the reduced,
metaliic form of alkel metsls or alkaline earth metals and i this reduced, metallc form were required. Group
A and Group 1A metals can form hydroxides or oxides In a water-containing stream. However, the water
hvalhllnhydmganmcyclem*auldhahaptlow prefarably to less than 100 ppm, and more
prefersbly to lass than 50 ppm.

This sorbent can be used In combination with other sorbants. For instance, in one embodiment, the
hydrocarbon feedstock is contacied with a hydrotreating cafalyst 10 convert onganic sullur compounds in the
feadstock, then the fsedsiock 1s contacted whih a eorbent, such as zinc exdde or copper oxdde, supported on
a clay bage, then the feedstock Is contactad with the sorbent of the present inveniion.

in the toliowing non-iimitetive examples, the preformed gamma shuning base used was a commercially
avaiiable 1116th inch (1.0 mm) exirudale, with 8 H¥O pore volume of approximately .7 ccigm and a Na
suriace arez of appraximately 200 m@gm. it was calcined at [250°F (677°C). It waz made by pepitzing a
pseudoboshmite ahsnina of cryatel eize in the range of approsdmately 33 to 40 Angsiroms as determined
by X-ray ciffracion (XAD) with an aqueous salution of a mineral acid, mbdng K unill it resched en extrudable
sinto, then exdruding, drying end cakining the resulting material.

This ssmmple shows a sulfur sorbent of this invention. The sorbent was prepered by teking 100 gm of
pre-exiruded alumina and impregnating i with 25.8 gm KNOs in 78 mi Hz0, by pore fill impregnation. The
sorbant was dried for 18 hours at 250°F (121*C) and then calcined for 2 hours at I00°F (583°C). .12 miol a
solution of .083 gm Ptml, whare the form of Pt was HaPtCl, in distlied water was than impregnated onio
the support. t was dried for 48 hours at 250°F (121°C) and calcined for 2 hours at 500°F (2860°C). This
composition of matier will be identified ac A

Exemple |

This example shows enother sulfur sorbent of this mvantion. 200 grams-of pre-axtruded alumina were
impregnated with 22 ml of .083 gm Pi/ml, whero the form of Pt was HyPtCle, In 184 mi HeO, under 30 inches
(78.2 cm) of vacuumn. The exirudete was then Impregnatad with 57.43 grams of potassium nitrate In 184 m|
of waler, The exinxiaie was dried &t 250°F (121*C) ovemight and then calcined for 2 hours at ID0°F
(583°C). This composition of matter will be identified as B.

Example Il

This exampis shows the manufacture of & monometallic reforming cetalyst. 50 grams of pre-exiruded
alumina was impregnatad under 30 inches (782 cm) of vacuum with 1.8 mi of &n aqueous solution of
HePICl of concaniraiion .083 gm Ptml in 30 ml of H:0. The impregnated alumina was allowsd 10 stand for
2 hours and then crled at 250°F (121°C) ovemnight and than calcined for 2 hours at 850*F (610°C) In air.
The catalyst produced can be used for reforming. This composition of matiar will be identified as C.

Exanpie V

1000 gm of an L zecfie of crysial elze between 000 and 2000 Angsiroms was mbwmd with 10 lters of .3
molar Ba{NOa)s solufion. The zsolite and solution were placad Into 2 botties. Liis were placed on the botties
and they were shakan. They were then placed into a proheated oven at 80*C for 3 hours. Then the conteris
were filsred and washad with 2 Hers distilled waisr. Tl'nluickmdlndiorlnhnunltam'Fum'c)
and caicinad for 16 hours at 1100°F (S83°C) In air.

mmdmmummmm;mnmmmmdm:uﬁmdm
(NOa)2 1o B8 wt % Pt, In 752.4 ml of aquacus solution. This was then dried for 18 hours st 260°F (121°C),
rescreenad to < 14 mesh, mdaidnediu-:hnuultmn'ﬂm'c)lndr This composition of mutier will
be identified as D.



Example V

This example was a standard reforming run using a eulfur-sensiiive reforming catalyst except that ()
there was no sulfur sorber; and (2) | ppm sulfur wes added to the feed after 480 hours. The catalyst in this
example was D. The results before and after sullur addition are shown in the following teble. After 600
hours, control of tempershure to maintasin the required aromsiics content was nc longer possible due to
repld catelyst deactivation. After 870 hours, the addition of suttur 1o the feed was discontinued, snd clesn
feed was used. No recovery of activity was obeerved during 50 hours of clean feed cperation. In addition,
the fead was withdrawn at 720 hours, and the cstslyst wes stripped with sulfur4ree hydrogen gas for 72
hours ot 830°F {489°C). Only a small gain in activity was obeerved.

For 50 wtd Aromatics

In Ligquid, Cg+ Yield
Run time, HArs. Temperature °P(°C) LV§
200 862 (461) 84.5
400 B66 (461) 85.4
480 868 (464) 84.8
550 BB2 (472) 86.1
600 808 (487) 86.2
Exarnple VI

This example wes run as shown in Exampie V. excapt that .6 ppm marcaptan-type suifur wes added to
the fead from Z70 hours o 360 haurs on stremm, end again from 455 hours to 505 hours on streem. After

450 hours, control of tempersture to malntein the required sromatics content was no longer possible dus to

repid catalyst deectivation. The results are shown below:
For 50 wt% Aromatics
In Liquid, Cg+ Yield
Run time, Hrs. Temperature *F(*C) LVt
200 862 (461) 84.2
300 B64 (462) 85.0
350 876 (469) 85.6
400 887 (475) 85.6
450 896 (480) 85.5
500 904 (484) 85.8
Example VII
Delonlzed water was added to 023 mi of a solution contsining 0.083 gm Ptmi, the Pi as HPtCu. The
witer was added untll the iotal volurne of the solution was [70 mi. This mixiure was used o vecuum
impregnate 200 gm of a preformed slumina extrudsie. The impregnated extrudzie was then silowed to
stand for 2 hours st room fempersdure, and was then dried for 10 hours at 250°*F (121°C).
Next, 284.6 gm of Ca(NOx2:4H20 was mixad inio IDD m) hot delonized water, and stimed untll clesr. The
solution was then evaporaisd, cooled, and the volume adiusted 1 70 ml. This solution was then used to
impregnate the extrudate tnder vacuum. The extrudate than sat far 2 hours st room temperature, and was

then dried &t 260°F (121°C) ovemight.
Finally, the material was caicined at 1100°F (593°C} In flowing air.
This materia will be designated E.
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Example VIl

To 3.2 mi of a solution of 0.083 gm Piml, the Pt as HPtCw, was added delonizad water uniil the
sciution volume reached 80 ml. This solution was then used to impregnate 100 gms of a preformed alumina
extrudate under vaciam. The axirudate wes allowed io sit for 2 hours at room temperature and was then
driad for 18 hours at 250*F (121°C). Finally, it was caicined for 2 hours In fiowing alr at 860°F (510°C).

Thie material will be designatad F.

Example X

To 1100 gm of an L zsoille was arded 11 fitres of an aqueous solution of 0.3 molar Ba as Ba{NOxs
This mixhwe was pizced in polypropylene boities, the lids wers closed, and the botiles were placed In &
preheaisd 176°F@0°C).

Afwr 4 hours, the contents of the boitlss were poured off into fillere and the solids collected. The filter
solids were resiurmied In fresh defonized weter and refiltered to & total of 10 times.

The solids wore then dred at 250°F (121°C) over a weekend, and caicined for 18 hours &t 1100°F
&63°C) In flowing air.

883.1 gm of the material was then screenad to below 14 mesh. 0.8% Pt was added to the solids In a
pore fill impregnation, using PH{NHau{NOx)z es the Pt source, and 880.5 mi of toial solufion, The material was
aBowed to sit at room temperature for 2 hours and was then dried at 250°F (121 °C) for 18 hours.

Finally, the material was reeted at 500°F (260°C) hours In flowing alr.

This material will be designated G.

" Example X

This example shows the process of this invention. In a fixed bad tubular reactor, 25 ¢¢ of material F at
24 o ) mesh was layered over 25 cc of meterial E at 24 to B0 mash. This rateral was leyered over 100
cc of material G, also at 24 to B0 mesh.

A naphiha feadsiock of AP| grevity §7.0, baolling range as determined by D-80 distililafion of siarl, 180°F
{M1°C ;: 5% PL 167 (75); 10% PL. 180 (78); 20% Pt. 171 (77); 30% PL 173 (78); 40% Pt 176 (76); 50% Pt
177 (B1); 80% Pt. 180 (82); 70% PL 183 (B4); B0% PL 180 (88); 90% Pt 208 (88); §5% PL 208 (88); and
ond Pt 264°F {123°C), and molocular type as determined by GC of 56.8 LV% parafiing, 388 LV%
naphthenes, and 3.8 LV sromatics, was fed over the caislyst.ai a L5 LHSV relstive to the reforming
caialyst, N, ai a pressurs of I50 psip {0 bar) and en H/HC matic of 2. Organic sulfur &s thiopheno was
doped Inip the feed and fed at a | o 2.6 ppm § Ievel, basad on feed.

Figurs | is a piot of the calelyst average tempereture of the maierial G required to maintain the tanget

- rofractive index of the Cs+ liquid product of 1.4300, which comesponds to about 47 wi% aromatics in the

Bquid.

Tha Pt containing material F In front of the sorbent materisl E ssrves to convert the thiophenic suffur to
HsS, a form readily sorbed by the material. : )

Note thet the reforming cstalyat G was not dsactivated by the sulfur to any measurable exient. Suihr
analyses on various layers of the catalyste sfter the complelion of the run showed 440 and 370 ppm of
sulfur on the Pt conteining thiophens conversion catalyst F, 1.27% S end 1250 ppm 8 on the sorbent E, and
40, 24, and I8 ppm S on the reforming catslyst G.

1. A method of removing sulfr from & hydrocsbon foodstrasn, which comprisea contacting sald
hydrocarbon feadstream with a sutfur sorbent comprising & metal component cantsining a meial selacied
from Group FA or Group ll-A of the Periodic Table supporisd on a porous refraciory norgenic cdde
support.

2 A method according to Claim 1, whereln sald metal component containe sodium, potassium, barum
or caicium.

3. A method according to Claim 1 or 2, wharein sald porous refractory inorganic oxide support Is
gluming, alica, rirconts, titania, borla, or 2 mixhure of two or more thereof.
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4. A method according to‘Claim 1 or 2, wharein esid parous refractory inorgenic oxide support is @ clay
selectad from atiapulpite, halloysite, palvgorskite, and sepiolite.

5. A method according to Clalm 1, 2, 3 or 4, wherein the hydrocarbon feedsiream is coniacied with a
pletimum or paliadivm conversion catalyst in addition 1o the sulfur sorbent.the location of the conversion
catalyst being separate from or the same a3 the sutfur sorbent.

6. A method according to Cleim 5, wherein the contacling of the hydrotarbon fsedstream by the
conversion catalyst precades the contacting with the suliur sorbent.

7. A mathod accorting 1o Claim 5. wherein the conversion catalyst and sulfur sarbent are used In the
same reaction zone.

8. A method accorting to Claim 7, wherein the conversion catalyst and suliur sorbent are Inter-mbmd.

9. A mathod according 10 any preceding claim, wharein the sullur sorbent Is prepared by:

(a) impragnating a preformed porowa redmciacy inorganic adde support with a solutlon comprising #
soivent and a metal companent containing a Group A or Group II-A metal of the Perlodic Table; and
(b} drying and calcining the resulting impregnaied meterial.

10. A method sccording 1o Claim 8, wherein said solution is an sguacus solution.

11. A method according to Claim & or 10, wherein ssld metal component has a solublity in water of at
least 0.1 mole per liter of weter.

12. A method according to any one of Clalms 1 to 8, wherein the sulfur sorbent la prepared by:

(a) contacling the porous refractory morganic axdde support and metal componsnl to form an
eirudable mass,

{b) mulling the extrudable mass; ’

{c) exiruding the extrudable mass to form extrudates; and

(d)&yl(gmdmhmmmmmqulndwlwnm.
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