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HYDROCARBON | SOVERI ZATI ON FI ELD OF THE | NVENTI ON

WO 0@A0)42The present invention is directed at aPCT/US2003/041757
i mproved hydrocarbon isonerization process. Mre
particularly, the present invention is directed at an
i nproved isonerization process for O o+hydrocarbon
feedstreans through the use of a steamed catal yst.
BACKGROUND OF THE | NVENTI ON [ 00021 The use of steaned
catalysts in isomerization processes is described in

LDV ROAPED MIPLRION FORIVDROL SRBON RIOMBRTZA TION

Patent—Nomber—5, 160, r£2-crarns —ang uescrToes
steaned catal yst containing zeolite Beta and a C?oup
VIII netal, and United States Patent Nunber 5,082, 988
clains the use of a simlar catalyst in isonerizing a

FYEEDOFCEHE-INVENTION?r edoni nantly C5 to C7
hydrocarbons. [00031 United States Patent Nunber

1 5 di th I-' t ' e
10ftfe ns 78R P& BVERAEA 55 AR AERR bR g forBBh
10-nenbered rings, with a silica to alumna ratio of
isemetization pcessd Moropetticaialy, itheipsesont inventiaris dirested at an
zeolites undergo a treatnment with steam or water prior

in%ﬁo\i'&fls%%r?zraﬁoﬁ $R6cdss f8NC, A8 droeaitin/fedsttrNeitrbagh the use

roces

of a steamed catalyst.

BACKGROUND OF THIE INVENTION

[0002]  The use of steamed catalysts in isomerization processes is described in
the art and literamré. For example, United States Patent Number 5,166,112 claims
and describes a steamed catalyst containing zeolite Beta and a Group VIII metal,
and United States Patent Number 5,082,988 claims the use of a similar catalyst in

isomerizing a feedstream containing predominantly Cs to C; hydrocarbons.

[0003]  United States Patent Number 4,418,235 discloses the use of zeolites with
a pore dimension greater than 5 Angstroms, preferably 10-membered rings, with a
silica to alumina ratio of at least 12 and a constraint index of 1 to 12. These
zeolites undergo a treatment with steam or water prior to use and are used in an

acid catalyzed conversion process.



WD 2004/ 074221 PCT/ US2003/ 041757 -2 [0004] United
St ates Patent Nunber 4,374,296 discl oses the use of
waeokiote3t Wi th a pore di mension greater than BCT/US2003/041757
Angstrons, preferably 10-nmenbered rings, with a
silicato alumna ratio of greater than 12 and a
constraint index of 1 to 12. The catalysts undergo a
controlled treatnent to enhance the acidity, expressed
as al pha, to about 300. These catal ysts are used in
the hydroi sonerization of a C4 to C8 paraffin. [0005]
Al of the above referenced patents are hereby
i ncorporated by reference. [0006] However, there
still exists a need in the art for an inproved process
for isonerizing a C10+ hydrocarbon f eedstream

R e SRt VRSB0 4T B ER5Q i Ve BBiices with

hydr ocar bon feedstreams conprising: a) contacting a
a @ooe-dhgensoom gieaterftban StArgsitons, prefeabln ﬁ@dn@mbarqulnngs with a
conprising a unidinensional 10-ring medi um pore

sARA bRk Gatio Y $r&itSOMBA 123Hndoc ARG iAASK of 1to 12. The
Including: i) tenperatures of 400 to 800F; and
catalysts undergo a controlled treatment to enhance the acidity, expressed as alpha,

to about 300. These catalysts are used in the hydroisomerization of a q4 to Cg

paraffin.
[0005]  All of the above referenced patents are hereby incorporated by reference.

[0006] However, there still exists a need in the art for an improved process for

isomerizing a Cio. hydrocarbon feedstream.

SUMMARY OF THE INVENTION
[0007]  The present invention is directed at a process to isomerize Cio.
hydrocarbon feedstreams comprising:

a) contacting a Cyo+ hydrocarbon feedstream with a steamed catalyst
comprising a unidimensional 10-ring medium pore zeolite under
hydroisomerization conditions including:

i) temperatures of 400 to 800°F; and

ii) pressures of 400 to 2000 psig;



ii) pressures of 400 to 2000 psig; WO 2004/ 074221

PCT/ US2003/ 041757 -3- wherein said steaned catalyst is
wa@t@ane2under conditions such that the al phaP@RUS®O®641757

sai d steaned catal yst does not exceed the al pha val ue

of an unsteaned catal yst conprising the sane

uni di mensi onal 10-ring nmedium pore zeolite by nore

than 1 to 10. [00081 In one enbodi ment the 10-ri ng

medi um pore zeolite is selected from ZSM 22, ZSM 23,

ZSM 35, ZSM 57, ZSM 48, and ferrierite [00091 In

anot her enbodi nent the nol ectd-ar sieve is ZSM 48.

BRI EF DESCRI PTION OF THE FI GURES [0010) Figure 1 is a

graph conparing the decane hydroi sonmeri zati on

performance of a base Pt-containing ZSM 48 catal yst in

relatjon, to.tw steaned Pt.- contaj ni ZSM: A8
cat avjaein S SraTL R 1 SEagieiey C@ﬁ%&(\}‘é sugh fhat the
steaned after Pt-inpregnation and Catal yst C was been

st ealiplh beluerof skid steamed vatalysh doed HEKlekteed the alpha ivalus of an
graph conparing the decane hydroi sonerization

Pl JRTERRE CpDet AR e SHL M GG g1 O ot mefium

catal ysts steamed at 1000F for 10 hours. Catalyst E
was pore zeolite by more than 1 to 10.

[0008] In one embodiment the 10-ring medium pore zeolite is selected from

ZSM-22, ZSM-23, ZSM-35, ZSM-57, ZSM-48, and ferrierite
[0009] In another embodiment the molecular sieve is ZSM-48.

BRIEF DESCRIPTION OF THE FIGURES

[0010]  Figure 1 is a graph comparing the decane hydroisomerization
performance of a base Pt-containing ZSM-48 catalyst in relation to two steamed Pt-
containing ZSM-48 catalysts steamed at 900°F for 3 hours. Catalyst B was steamed

after Pt-impregnation and Catalyst C was been steamed before Pt-impregnation.

[0011]  Figure 2 is a graph comparing the decane hydroisomerization
performance of a base Pt-containing ZSM-48 catalyst in relation to two steamed Pt-

coﬁtaining ZSM-48 catalysts steamed at 1000°F for 10 hours. Catalyst E was



WD 2004/ 074221 PCT/ US2003/ 041757 -4- steaned after
Pt-inpregnati on and Catal yst F was been steaned before
weReodiorpeeegnat i on. [ 0012] Figure 3 is a graph PONps200sQ1757

t he decane hydroi sonerization performance of base

Pt -contai ning ZSM 22 and ZSM 23 catal ysts in relation
to steaned Pt-containing ZSM 22 and ZSM 23 cat al ysts.
DETAI LED DESCRI PTI ON OF THE PRESENT | NVENTI ON [ 0013]
The present invention utilizes steaned catal ysts
conprising a nolecular sieve in the

hydr oi soneri zati on of a C10+derocarbon f eedstream
The Cl10+ hydrocarbon feedstreamis contacted with the
treated catal yst under hydroisonerization conditions
that include tenperatures from 400 to 800F, and

ressures_ from 400.to 2 Si St eaned, as .ysed
stffhed A Rr-iisenpior afo L vy T was BRGE btepie Hilireen

subjected to steam ng prior to use, and unsteaned is
immregnation. refer to a catal yst that has not been

subjected to steam ng. [.0014] Feedstreans suitable for

use in the present process are Cl0+ hydrocarbon
feedstreans boiling in the range of 650 to 1050F,

f ly 7 1 F f ly 7
[oﬁgﬁ F?r %?gl}}e 30i% at goraplcl) %gm’pa%rﬂgr the deca erhey r(r)i%g er1zgt901t1 ©
performance of base Pt-containing ZSM-22 and ZSM-23 catalysts in relation to

steamed Pt-containing ZSM-22 and ZSM-23 catalysts.

DETAILED DESCRIPTION OF THE PRESENT INVENTION

[0013]  The present invention utilizes steamed catalysts comprising a molecular
sieve in the hydroisomerization of a Cyg, hydrocarbon feedstream. The Cjgy
hydrocarbon feedstream is contacted with the treated catalyst under
hydroisomerization conditions that include temperatures from 400 to 800°F, and
pressures from 400 to 2000 psig. Steamed, as used herein, is meant to refer to a
catalyst that has been subjected to steaming prior to use, and unsteamed is meant to

refer to a catalyst that has not been subjected to steaming.

[0014] Feedstreams suitable for use in the present process are Cy¢. hydrocarbon
feedstreams boiling in the range of 650 to 1050°F, preferably 700 to 1000°F, and

more preferably 750 to 950°F.



WD 2004/ 074221 PCT/ US2003/ 041757 -5 [00151 Catal ysts
used in the present process conprise nol ecul ar sieves.
wobdogom2ar si eves suitable for use in the presPOr/US2003/041757
invention are selected fromacidic netallosilicates,
such as silicoal um nophophates (SAPGCs), and
uni di mensi onal 10- ring zeolites, i.e. nedium pore
zeol i tes havi ng uni di nensi onal channel s conpri sing
10-nmenber rings. It is preferred that the nol ecul ar
sieve be a zeolite. [00161 The silicoal um nophophat es
(SAPCs) useful as the noleculd sieve in the present
i nvention can be any of the SAPGCs known. Preferred
SAPCs include SAPO-11, SAPO 34, and SAPO-41. [00171
The uni di mensional 10-ring zeolites, i.e. medium pore
zeolites, used ger in can be any of those:§n0¥n..
[0948) i + {<talyatsgised dl the PEset NrAeesTeOame Mmalequlagsifvemm
pore zeolites are generally defined as those having a
Muleaulat sdeved suitable for vda gis theopeeserttunvertival arelseleresal from acidic
freely sorbs nol ecul es such as n-hexane, 3-

a : Xy h )
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the Constraint Index test, which is described in .
ripgizelites: iz8. BediymepRrengabitss havoupunidgnengioed chanpels seiuprising

i ncorporated by reference. Medium pore zeolites
lﬁ)ﬁﬂérﬁﬁéﬂ Nn$RVR ifpletergéd diatthd mdocubdr slevietbe 2 zebiaged on
e

[0016]  The silicoaluminophophates (SAPOs) useful as the molecular sieve in
the present invention can be any of the SAPOs known. Preferred SAPOs include

SAPO-11, SAPO-34, and SAPO-41.

[0017]  The unidimensional 10-ring zeolites, i.e. medium pore zeolites, used
herein can be any of those known. Zeolites are porous crystalline materials and
medium pore zeolites are generally defined as those having a pore size of 5 to 7
Angstroms, such that the zeolite freely sorbs molecules such as n-hexane, 3-
methylpentane, benzene and p-kylene. Another common classification used for
medium pore zeolites involves the Constraint Index test which is described in
United States Patent Number 4,016,218, which is hereby incorporated by reference.
Medium pore zeolites typically have a Constraint Index of 1 to 12, based on the
zeolite alone without modifiers and prior to treatment to adjust the diffusivity of the

catalyst. Preferred unidimensional 10-ring zeolites are ZSM-22, ZSM-23, ZSM-35,



zeolite alone without nodifiers and prior to treatnent
to adjust the diffusivity of the catalyst. Preferred
waipdodioreasi onal 10-ring zeolites are ZSM 22, ZBWF/PRS2003/041757
ZSM 35, WD 2004/ 074221 PCT/ US2003/ 041757 -6- ZSM 57,
ZSM 48, and ferrierite. More preferred are ZSM 22,
ZSM 23, ZSMt 35, ZSM 48, and ZSM 57. The nost
preferred is ZSM48. [00181 It is also preferred that
the catal ysts used herein contain at |east one G oup
VIII netal, preferably a, Goup VIII noble netal, nore
preferably Pt and Pd, and nme6t preferably Pt. The
metal s are present in an amount from 0.05 to 2.0
Ww.% preferably from0.1 to 1.0 w.% based on the
wei ght of the cat alyst. The netals may be

e UL e S R DR VR

[ 00191 As previ ousl y nentioned, the catalysts used
ZlM-éBnamd ZSM-fS@CtTh&EiIIjDS‘[pIIGMISSZM&H or to use in

the present process, and thus are referred to herein

as steamtreated or steaned catal ysts. The steam ng

can be acconplished in an at m)sphere of 100% st eam or

an atnmpsphere caonprising steam and gas that .is
[0948k t art isalsq prefered fhatithecata arwp @a@m&@m@@@ééﬁ%@le
tenperatures range from 700F to 1000F, preferably
G3OQF- VI 1H6QE, préfegalsiataGysips VEl eobleometd] entot@psdfeablynBt and Pd,

and most preferably Pt. The metals are present in an amount from 0.05 to 2.0
wt.%, preferably from 0.1 to 1.0 wt.%, based on the weight of the catalyst. The

}
metals may be incorporated through the use of any means or technique known, such

as, for example, incipient wetness.

[0019]  As previously mentioned, the catalysts used herein are effectively
steamed steam prior to use in the present process, and thus are referred to herein as
steam—treéted or steamed catalysts. The steaming can be accomplished in an
atmosphere of 100% steam or an atmosphere comprising steam and a gas that is
substantially inert to the catalyst. Suitable steaming temperatures range from 700°F
to 1000°F, preferably 800°F to 900°F. The catalysts are subjected to steaming
conditions for an effective amount of time, which will typically be less than 10
hours, preferably less than 8 hours, and more preferably 2 to 8 hours. Other

steaming techniques are disclosed in United States Patent Number 4,418,235 and



conditions for an effective anount of tinme, which wll

typically be less than 10 hours, preferably |ess than
wW@20vere21 and nore preferably 2 to 8 hours. O PET/US2003/041757

steam ng techniques are disclosed in United States

Pat ent Nunber 4,418,235 and WD 2004/ 074221

PCT/ US2003/ 041757 -7- United States Patent Nunber

4,374,296, which have al ready been incorporated

herein by reference. [0020) By "effectively steanmed"

we nean that that the steam ng does not significantly

i ncrease the al pha value of t unst eaned cat al yst.

Al pha val ue, or al pha nunber, is a neasure of zeolite

acidic functionality and is nore fully described

together with details of its nmeasurenent in United

Patent er 218, .J. Catalysjis, 6,
URhEd StubEbalght NGREr 4,813 Slifich eve 2higads hien Hogmprated
396 (1980), which are all incorporated herein by
hereindperaferenceneral |y the al pha value reflects the
relative activity with respect to a high activity

silica-alumna cracking catalyst. To determ ne the
al pha val ue as used herein, n-hexane conversion is

ermpegd at 800F. Conyersion is varied by variation
l“ﬂzéls p% “ngcgé’F’Biﬂf%%}Eﬁ‘Y Fwamepn Bl dies thenstreming deesmpt
to 60 percent of n-hexane is obtained and converted
sigmifmandy encreasst thatlpimrvaiue of thel unsecapfiedzexthiyse Alfgha value, or
conpared with that
alpha number, is a measure of zeolite acidic functionality and is more fully
described together with details of its measurement in United States Patent Number
4,016,218, J. Catalysis, 6, pages 278-287 (1966) and J. Catalysis, 61, pages 390-
396 (1980), which are all incorporated herein by reference. Generally the alpha
value reflects the relative activity with respect to a high activity silica-alumina
cracking catalyst. To determine the alpha value as used herein, n-hexane
conversion is determined at 800°F. Conversion is varied by variation in space
velocity such that a conversion level of 10 to 60 percent of n-hexane is obtained
and converted to a rate constant per unit volume of zeolite and compared with that
of the silica-alumina catalyst, which is normalized to a reference activity of 1000°F.
~ Catalytic activity is expressed as a multiple of this standard, i.e. the silica-alumina
standard. The silica-alumina reference catalyst contains 10 wt.% Al,Q; and the

remainder is SiO,. Therefore, as the alpha value of a catalyst decreases, the

tendency towards non-selective cracking also decreases.



of the silica-alumna catalyst, which is nornmalized to
a reference activity of 1000F. Catalytic activity is
wezmpseed as a nmultiple of this standard, i.ePCT/82003/041757
silica-alumna standard. The silica-alum na reference
catal yst contains 10 wt. % A1203 and the remainder is
Si 02. Therefore, as the al pha value of a catal yst
decreases, the tendency towards non-sel ective
cracki ng al so decreases. WD 2004/074221
PCT/ US2003/ 041757 -8 [0021] By significantly
increase, it is meant that t+e al pha val ue of the
steaned catalysts does not exceed the al pha val ue of
t he sane unsteaned catalyst by nore than 1 to 10.
Typically, the steaming of a zeolite results in the

traction of. the .alumnymsites.froamthe frane Kk

10311 he By ificantin i fise tip Biians Lt t alpe AR ye steamed

the acid activity (acidity) of the zeolite, resulting
catalysts datshysexosiet thaalphewatueadfithe sanehmsicamesl cdialysinlyy more

| ess tendency to non-sel ectively crack. Thus,

i i . . o t i Wi .

8 3100 TIpiGybe M Saniify 6PA oEBMte 1ORWACH e Xtfition of the

used in. a fluidized catal ytic cracking. it., [0022] .
alymenyn Sifes #@n@ﬁwt framewosk 9% the g as §h% B&é‘?}]&fed

in such a way that the al pha value of the steaned

deeadazingsthe adabactivdty (aeidiggsef thy zealite, tebalting iha dfalyst with a
al pha nunbers above that of the unsteaned catal ysts,

Ioezre?%?ﬂh%bﬂlﬁnl}ert, ge.%a@igg fess tendency to non-selectively crack. Thus,

steaming is often used to control the activity of cracking catalysts, such as, for

example, catalysts used in a fluidized catalytic cracking unit.

[0022]  The steaming of the catalysts used herein is conducted in such a way that
the alpha value of the steamed catalysts does not increase by more than 1 to 10
alpha numbers above that of the unsteamed catalysts, preferably 1 to 5 alpha

numbers, and more preferably 1 to 3 alpha numbers.

[0023] It is also possible, however, to see a decrease in the alpha value of the
steamed catalysts in relation to the unsteamed catalysts. The decrease in the alpha
value indicates that the treated catalysts have decreased cracking tendencies, i.e. the
catalyst is less likely to crack the C;o. hydrocarbon feedstream. While lower alpha
values indicate a lower tendency towards non-selective cracking, they also

represent a decrease in catalyst activity. Therefore, the steaming of the catalysts



nunbers, and nore preferably 1 to 3 al pha nunbers.
[0023] It is also possible, however, to see a decrease
w0 pootloes2al pha val ue of the steaned catal ysts P@T/US2003/041757
relation to the unsteaned catal ysts. The decrease in
the al pha value indicates that the treated catal ysts
have decreased cracking tendencies, i.e. the catalyst
is less likely to crack the ClO+hydrocarbon
feedstream Wiile |ower al pha values indicate a | ower
tendency towards non-sel ective cracking, they al so
represent a decrease in catat¥st activity. Therefore,
the steam ng of the catal ysts WD 2004/ 074221
PCT/ US2003/ 041757 -9- used herein should not decrease
the al pha val ue of the unsteaned catal yst by nore

50% '
o3 ol B SRR 916 BRSBTSy more
t he decrease in al pha val ue shoul d be maintai ned
than 68V Thusilipize easepuheredhe sigamed catedys dias analpha valpe lower
is preferred that the steaned catalyst have an al pha

thiA kLUt RER catd € Mthe devRhsd MPdlphd hluefshbliRl be maintained
unstearned catal'yst, nore preferably 3 al pha nunbers.

0241 1t is preferred that the talysts ed. herei n

withit 1 folge el BEBRCymstmad FatRE A 50 BretfEf ) Thd'steamed
Goup VIIl noble nmetal, and nost preferably Pt, as

capalysti avelan alpbz uskied alphe nuntbers/owardham thag vé decansteamed
prior to or subsequent to adding

catalyst, more preferably 3 alpha numbers.

[0024]  Itis preferred that the catalysts used herein contain at least one Group
VIII metal, preferably a Group VIII noble metal, and most preferably Pt, as
previouély discussed. The catalyst may be steamed prior to or subsequent to adding
the at least one Group VIII metal. It is preferred, however, that the catalyst be

steamed subsequent to the incorporation of the at least one Group VIII metal.

[0025]  As previously mentioned, it is preferred that the molecular sieves used
herein be a zeolite. The zeolite can be combined with a suitable binder or matrix
material. Such materials include active and inactive materials such as clays, silica,
and/or metal oxides such as alumina. Naturally occurring clays that can be
composited include clays from the montmorillonite and kaolin families including
the subbentonites, and the kaolins commonly known as Dixie, McNamee, Georgia,

and Florida clays. Others in which the main mineral constituent is halloysite,



the at least one Goup VIII netal. It is preferred,

however, that the catal yst be steanmed subsequent to
wo b@4ioneer por ati on of the at | east one G oup WET/US2003/041757

nmetal. [0025] As previously nmentioned, it is preferred

that the nol ecul ar sieves used herein be a zeolite.

The zeolite can be conbined with a suitable binder or

matrix material. Such materials include active and

i nactive materials such as clays, silica, and/or

metal oxi des such as alum na, Naturally occurring

clays that can be conpositééOTnclude clays fromthe

nmontnorillonite and kaolin famlies including the

subbentonites, and the kaolins comonly known as

D xi e, McNanee, Ceorgia, and Florida clays. Ohers in

. . | r t N i i .
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nacrite, or anauxite may al so be used. The cl ays can
the sawy stade ps origmallymixadAresuhiectid c‘r?&mpgtl%xa@ﬁ ﬁrsatrnent, or
subjected to calcination, acid treatnent, or chem ca
chieadtdli raedifileatiph ipgior i@ bbigh®nstsindd Reth thietAeolitee zeolite.
[ 00261 Additionally, the zeolite can al so conprise a
porous matrix or binder material such as
silica-alumna, silica-nmagnesia, silica-zirconia,
silica-thoria, silica- beryllia, or silica-titania.
[002(d zediddittordly, thaszealiderpan slsoLonygniseraperonp vaatrix @ binder
such as silica-alumna-thoria,

mifekiafSucH 44HiNSa-AluraRAl SilicSinhdgiRsRl SiNcAYifPRARES Silfa-ABHa, silica-

beryllia, or silica-titania. The zeolite can also comprise a ternary composition such
as silica-alumina-thoria, silica-alumina-zirconia, silica-alumina-magnesia, and

silica-magnesia-zirconia.

[0027]  Itis preferred that the porous matrix or binder material comprises silica,
alumina, or a kaolin clay. It is more preferred that the binder material comprise

alumina. In this embodiment the alumina is present in a ratio of less than 15 parts
zeolite to one part binder, preferably less than 10, more preferably less than 5, and

most preferably 2.

[0028] In general, the present invention is practiced by contacting a Cyo+
hydrocarbon feedstream with a steamed catalyst under hydroisomerization

conditions. The hydroisomerization conditions include temperatures between 400



silica-magnesia-zirconia. [00271 It is preferred that

the porous nmatrix or binder material conprises silica,
wa@bkemion21 or a kaolin clay. It is nore preferredi/UREN3/041757

the binder material conprise alumna. In this

enbodi nent the alumna is present in a ratio of |ess

than 15 parts zeolite to one part binder, preferably

| ess than 10, nore preferably less than 5, and nost

preferably 2. [00281 In general, the present invention

I's practiced by contacting a (G o+ hydrocarbon

feedstreamw th a steaned caﬂ-ryst under

hydr oi someri zati on conditions. The hydroi sonerization

condi tions include tenperatures between 400 WO

2004/ 074221 PCT/ US2003/ 041757 -11- and 800F, pressures

. . ¢
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between 0.25 and 2.0. [0029] The use _of the treat ed

betstegnyld08 andpyMbesciohb andspaee veloriiesibgiwgen.25amd 2.0.
hydr oi sonmeri zati on process by nore than 2 percent,

preferably nore than 3 percent, nore preferably 5
percent, and nost preferably nore than 5 percent.

(CoRRDot AAuRot s PR AT s nfolst S ReAR L Riepnity ot the

the art will recognize that other enbodi ments that are
hydroisomerization process by more than 2 percent, preferably more than 3 percent,

more preferably 5 percent, and most preferably more than 5 percent.

[0030]  The above description is directed to one embodiment of the present
invention. Those skilled in the art will recognize that other embodiments that are

equally effective could be devised for carrying out the spirit of this invention.

[0031] The following examples will illustrate the effectiveness of the present

process, but are not meant to limit the present invention.



equal ly effective could be devised for carrying out
the spirit of this invention, [0031] The follow ng
wezaapresiwi | illustrate the effectiveness of P€T®S2003/041757
present process, but are not neant to limt the
present invention. WO 2004/074221 PCT/ US2003/ 041757
-12- EXAMPLES EXAMPLE | [0032] A base, untreated
catal yst, here ZSM 48, was crystallized according to
the procedure of United States Patent Number
5,961,951. Following crystallization, decanting, and
washi ng, the ZSM 48 crystal @ds filtered and dri ed.
ZSM 48 powder was dry-m xed with Versal 300 alumina in
proportion to give 2 parts zeolite to 1 part binder.

VWater was added to forman extrudable mull, the null
ga ﬁﬁtgégded to yield a 1/20" quadral obe extrudate,
E xtrudate was dried at 250F. The extrudate

was then precalcined in nitrogen to deconpose the
EXIAMMIBICEdi recting agent in a rotary calciner. The
extrudate was then humdifi ed, exchanged twice with

RIS R ANPRE o MR irans

then calcined . in air
the procedure of United States Patent Number 5,961,951. Following

crystallization, decanting, and washing, the ZSM-48 crystal was filtered and dried.
ZSM-48 powder was dry-mixed with Versal 300 alumina in proportion to give 2
parts zeolite to 1 part binder. Water was added to form an extrudable mull, the
mull was extruded to yield a 1/20" quadralobe extrudate, and the extrudate was
dried at 250°F. The extrudate was then precalcined in nitrogen to decompose the
organic directing agent in a rotary calciner. The extrudate was then humidified,
exchanged twice with IN NH4NO; at room temperature, rinsed with deionized
water, and dried at 250°F. The untreated catalyst was then calcined in air at
1000°F.

EXAMPLE 2

[0033]  The catalyst produced in Example 1 was impregnated with Pt to obtain a
final Pt loading of 0.6 wt.%, based on the weight of the catalyst and measured on a
dry basis. The catalyst was impregnated with platinum through the incipient
wetness technique. The platinum salt used for the impregnation was platinum

tetraamine nitrate (Pt(NH;)4(NOs),). After platinum impregnation, the catalyst was



EXAMPLE 2 [0033] The catal yst produced in Exanple 1

was i npregnated with Pt to obtain a final Pt |oading
w@R009/06422t . % based on the wei ght of the catal peT/USIVd3/041757

nmeasured on a dry basis. The catal yst was i npregnated

with platinumthrough the incipient wetness

techni que. The platinumsalt used for the inpregnation

was platinum tetraamne nitrate (Pt (NH3)4(NX)2).

After platinuminpregnation, the catal yst was WO

2004/ 074221 PCT/ US2003/ 041757 -13- dried at 250F and

calcined in air at 680F for d3hours. The fini shed

catalyst is referred to herein as Catalyst A The

al pha value of this catalyst was determ ned by taking

a sanple of the catal yst, approximately 1 g, and

laci hg it i.n a.glass re t ,.atnospherdic .
€SIl apoaLiflef it o S BB 2dRATe n TS frighegg catalyst i
10000F, and the conversion of the hexane was neasured
refi¢rrad troligrent @ €atalyst Aal Phaalphaveluf of thiscatelystivps detesmined by
shown in Table | below. EXAMPLE 3 [0034] In this

| .
R pipotelh GRS EuAR Ut B B afd plaGfp A EAsPheactor at
steam ng, Pt was_added to the catalyst to a | f
ataspherioPeasserss ckherwmple veasomtacted with hexane af %55@15; and the
referred to herein as
conversion of the hexane was measured at steady state. The alpha value of this

/

catalyst is shown in Table 1 below.

EXAMPLE 3

[0034] In this Example, the base catalyst of Example 1 was steamed at 900°F for
3 hours in a fized bed steamer. After steaming, Pt was added to the catalyst to a
level of 0.6 wt.% as described in Example 2. This catalyst is referred to herein as
Catalyst B.

[0035] The platinum-containing catalyst of Example 2 was also steamed at
900°F for 3 hours in a fixed bed steamer. This catalyst is referred to herein as

Catalyst C.

[0036]  The alpha value of both of these catalysts was determined according to
the process described in Example 2, and these alpha values are shown in Table 1

below.



Catal yst B. [0035] The plati num containing catal yst of

Exanple 2 was al so steaned at 900F for 3 hours in a
wo pooani742etd st eamer. This catal yst is referred POI/OB2003/041757

as Catalyst C. [0036] The al pha val ue of both of

these catal ysts was determ ned according to the

process described in Exanple 2, and these al pha val ues

are shown in Table 1 below. WO 2004/074221

PCT/ US2003/ 041757 -14- Table | Catal yst Catal yst

Description Al pha Value A Unsteaned netal -containing

ZSM 48 base catal yst 23 B ZSNM48 Catal yst treated,

i.e. steaned, after Pt 22 inpregnation C ZSM 48

Catal yst treated, i.e. steaned, before Pt 19

I mpregnation [0037] The al pha val ues of the steaned

catal ysts of the present iiésgiton do not exhibit a

signi ficant change in al ph e fromthat of the

hase catalyst as can bhe
Catalyst éatalyst Description Alpha Value
A Unsteamed metal-containing ZSM-48 base catalyst 23
B ZSM-48 Catalyst treated, i.e. steamed, after Pt 22
impregnation
C ZSM-48 Catalyst treated, i.e. steamed, before Pt 19
impregnation

[0037]  The alpha values of the steamed catalysts of the present invention do not
exhibit a significant change in alpha value from that of the base catalyst as can be

seen in Table 1.

EXAMPLE 4

[0038] Catalysts A, B, and C were evaluated in an atmospheric n-decane
isomerization unit. Approximately 1 gram of 14/24 mesh-sized catalyst was used
for the test. The sample was first heated under nitrogen to 5000F, and then the flow
was switched to hydrogen and n-decane while the system cooled to the first
setpoint of 325°F. After lining out at this temperature, an on-line gas
chromatograph analyzed the product exiting the isomerization unit, and the next
set-point temperature was attained. The catalyst was evaluated at a total of 9
different temperatures within the range of 325°F to 495°F. The data was retrieved

and analyzed. All products were analyzed as completely as possible, and the



seen in Table 1. EXAWPLE 4 [0033] Catalysts A B, and
C were evaluated in an atnospheric n-decane

WO sea®r42zati on unit. Approximately 1 gram of 1B¢R¥S2003/041757
nmesh-si zed catal yst was used for the test. The sanple
was first heated under nitrogen to 5000F, and then the
flow was switched to hydrogen and n-decane while the
systemcooled to the first setpoint of 325F. After
lining out at this tenperature, an on-1line gas
chr omat ogr aph anal yzed the product exiting the
i sonerization unit, and the nEkt set - poi nt
tenperature was attained. The catal yst was eval uated
at atotal of 9 different tenperatures within the
range of 325F to 495F. The data was retrieved and

R brodier BN el 3005 Yo B AR ont ol

-15 isomerized products discussed bel ow i ncl ude all
(msﬂnémM@@s,@tmfﬁmtqma,eetc.é. ( met hyl nonanes,

et hyl octanes, etc.). [00391 Figure 1 below illustrates
the catalytic performance of ZSM 48 in decane

hydroi somerization. The selectivity towards isonerized

[(}Cpl3 blo hovvn gl_ptvg Zlags&%ielsfthglc é?)tgéﬁ\./ﬁq oqaﬁé&%\éegfsiﬁ{)[-% in decane
hydroisomerization. The selectivity towards isomerized C is shown on the Y-axis
relative to conversion of n- Cy,. Figure 1 depicts that steaming the
base(unsteamed) catalyst produces significant improvements in iso-decane yields.
Figure 1 also illustrates that steaming the catalyst after incorporation of the at least
one Group VIII metal produces greater iso-decane yields than the base catalyst. It
should be noted that the alpha value of the steamed catalysts do not differ
significantly from those of the unsteamed catalysts. Therefore, approximately the
same total hydrocarbon conversion is maintained at a given temperature. Thus, a
controlled steaming of the catalyst is able to improve product selectivity while not

adversely affecting catalyst activity.

EXAMPLE 5

[0040] A secoﬁd catalyst was prepared in the same manner as the catalyst of
Example 1. This catalyst was steamed, separately, at 1000°F for 10 hours and at
1200°F for 12 hours. The base catalyst and the catalysts subjected to steaming

under the above steaming conditions are referred to as catalysts D, E, and F,



base(unst eaned) catal yst produces significant
i nprovenents in iso-decane yields. Figure 1 also

WO bdoudt42at es t hat steam ng the catal yst after PCT/US2003/041757
i ncorporation of the at |east one Goup VIII netal
produces greater iso-decane yields than the base
catalyst. It should be noted that the al pha val ue of
the steaned catal ysts do not differ significantly from
those of the unsteaned catal ysts. Therefore,
approximately the sane total_ hydrocarbon conversion
is mai ntained at a given teanFature. Thus, a
controlled steam ng of the catalyst is able to inprove
product selectivity while not adversely affecting
catal yst activity. EXAMPLE 5 [0040] A second cat al yst

L3R03 eGP O R BByl P

1000F for_ 10 hours and at 1200F for 12 hours. The
desesibeddn dixpsmpla Aol and éestert wiing nsdevans es destribedsndiwanmple 4. The

under the above steam ng conditions are referred to as

ha)atid 6f dhchfof (B Eatal / ; )
AL LS 2L sh o shodt GaralYlts SR il aocording to the procedure

tal.ys D, .E, and F were inpregnated with Pt as

o4 g’@ﬁilﬂgﬁ‘@ﬂ)lﬁzanpl e 2, and tested using n-decane as

described in Exanple 4. The al pha val ue of each of

t hese catal ysts was. determ ned according to the

procedure .
[0041]  The alpha values for catalysts D, E, and F are shown in Table 2. The
steaming conditions resulted in a decrease in alpha value. While this implies that
these catalysts have less of a tendency towards non-selective cracking, it also
resulted in activity loss, as seen in Figure 2. Comparing the results of Example 4 to

the results of this Example demonstrates that steaming catalysts to very low alpha

values is undesirable.

Table 2
Catalyst Catalyst Description Alpha Value
Steamed

D Unsteamed Pt-containing ZSM-48 base catalyst 16
E Pt-containing ZSM-48 base catalyst steamed at 1000°F 10

for 10 hours
F Pt-containing ZSM-48 base catalyst steamed at 1000°F 3

for 10 hours




outlined in Exanple 2. [00411 The al pha val ues for

catalysts D, E, and F are shown in Table 2. The
wa@t@anv42gl conditions resulted in a decrease i nrel/phmo3/041757

value. While this inplies that these catalysts have

| ess of a tendency towards non-selective cracking, it

also resulted in activity loss, as seen in Figure 2.

Conparing the results of Exanple 4 to the results of

this Exanpl e denonstrates that steam ng catal ysts to

very | ow al pha values is undesirable. Table 2

Cat al yst Catal yst Descriptionl7Al pha Value Steamed D

Unst eaned Pt-containing ZSM 48 base catal yst 16 E

Pt - cont ai ni ng ZSM 48 base catal yst steaned at 1000F 10

for 10 hours F Pt-containing ZSM 48 base cat al yst

sSUEBRERR, A250E 1 R, O 200w 0723

[0042]  Other medium pore zeolites were also evaluated. ZSM-22 and ZSM-23
were evaluated. These two catalysts are referred to herein as Catalyst G and H,
respectively. Catalysts G and H were formed according to the procedure outlined
in Example 1. The catalysts were then steamed following the method outlined in

Example 3. Catalyst G was steamed at 900°F for 3 hours. Catalyst H was steamed

at 800°F for 3 hours.

[0043]  After steaming, Pt was incorporated onto the catalysts using the same
procedure discussed in Example 2. The alpha values of Catalysts G and H were
determined according to the procedure of Example 2. The alpha values of Catalysts
G and H were measured. It should be noted that although Catalysts G and H are
referred to as Pi-containing in the "Catalyst Description" column of Table 3, the

alpha value of the unsteamed catalysts was measured prior to Pt loading.

Table 3
Catalyst Catalyst Description Alpha Value Alpha Value
Unsteamed Steamed
G Pt-containing ZSM-22 30 39
H Pt-containing ZSM-23 33 34




[0042] O her medium pore zeolites were al so eval uat ed.
ZSM 22 and ZSM 23 were eval uated. These two catal ysts
wae@4nef2erred to herein as Catal yst G and H, PCT/US2003/041757
respectively. Catalysts G and H were forned accordi ng
to the procedure outlined in Exanple 1. The catal ysts
were then steaned follow ng the nethod outlined in
Exanpl e 3. Catal yst G was steaned at 900F for 3 hours.
Catal yst H was steaned at 800P for 3 hours. [0043]
After steam ng, Pt was incor pggat ed onto the catal ysts
using the sane procedure disebtssed in Exanple 2. The
al pha val ues of Catalysts G and H were determ ned
according to the procedure of Exanple 2. The al pha
val ues of Catalysts G and H were neasured. It should
ote t re. r
P PR e a Rl G Xty PO n L Ffi i GRUG chifle afir
ol um Table 3, the al pha value of the unsteaned )
ng‘éﬁ%wst o eadalirets Svpre @valupknd insteamedhad wasteampd domn according
Cat al yst Catal yst Description Al pha Val ue Al pha Val ue

toitls¢ provedust @atined ifERam IHﬂ.a'Flz‘g"\ﬁ@ 342w 4hdR s3fe nprovement of
Pt - cont ai ni ng ZSM 23 33 34 WD 2004/ 074221

tﬁ’gg—{eyﬁ%ﬁ%%a%s’ltg B relation to the unsteamed catalysts.



-18- [0044] Again, the al pha value of the catalyst

does not significantly change after steam ng. The
wa@atoaloyees were eval uated in steanmed and unst ep€pUSI008/M1757

according to the procedure outlined in Exanple 4.

Fi gure 3 bel ow shows the inprovenent of the steaned

catalysts in relation to the unsteaned catal ysts. WD

2004/ 074221 PCT/ US2003/ 041757 -19- CLAIMS: 1. A

process to isonerize Cl10+ hydrocarbon feedstreans

conprising: a) contacting a + hydrocar bon

feedstreamw th a steanmed cafal’yst conprising a

uni di mensi onal 10-ring nmedi um pore zeolite under

hydr oi sonmeri zati on conditions including: i)

tenperatures of 400 to 800F;, and i) pressures of 400

gﬁm psi g; wherein said steaned catal yst is steaned

ondi tions such that the al pha value of said
Tant nFCERIRgTETEs fori By TGCANen e BUGATS ORISR
10-ring medium pore zeolite by nore than 1 to 10.

a) contacting a Cyo+ hydrocarbon feedstream with a steamed catalyst
comprising a unidimensional 10-ring medium pore zeolite under
hydroisomerization conditions including:

i) temperatures of 400 to 800°F; and
ii) pressures of 400 to 2000 psig;

wherein said steamed catalyst is steamed under conditions such that the

alpha value of said steamed catalyst does not exceed the alpha value of an

unsteamed catalyst comprising the same unidimensional 10-ring medium

pore zeolite by more than 1 to 10.

2. The process according to Claim 1wherein said steamed catalysts are steamed

for less than 10 hours at a temperature ranging from 700°F to 1000°F.

3. The process according to any of the preceding claims wherein said
unidimensional 10-ring medium pore zeolites is ZSM-22, ZSM-23, ZSM-35, ZSM-

57, ZSM-48, and ferrierite.



2. The process according to Caimlwherein said
steaned catal ysts are steaned for |ess than 10 hours
wa@tooa/oteeper at ure rangi ng from 700F to 1000F. BCT/Ukm®03/041757
process according to any of the preceding clains
wherein said wunidinmensional 10-ring nedi um pore
zeolites is ZSM 22, ZSM 23, ZSM 35, ZSM 57, ZSM 48,
and ferrierite. WD 2004/ 074221 PCT/ US2003/ 041757 - 20-
4. The process according to any of the preceding
cl ai rs wherein said steaned F@e\talyst i s steaned under
condi tions such that the al pff@ value of said steaned
cat al yst does not exceed the al pha val ue of an
unst eanmed catal yst conprising the same unidinmensiona
10-ring medi um pore zeolite by nore than 1 to 5. 5.

Th | fo b | ai
4.!he nhe %ﬁ&s@%ﬁ@éﬂiﬂggtsoé @13/2({3‘1?/‘(\}/1? tp);é{)k?utﬁ’%gl%ﬁﬁb Keherbid! BRI steamed

wher ei n“t he product

hydr ol soneri zation process i oves nore than 2%
il Hegped ynd iR piolithaidhe @ﬁﬁﬂapvaé%e pRyd steamed
clains wherein said unidinmensional 10-ring nmedi um

cpalyat deed ndtesxcbed theealpho vpluesd aaturseasitedocetalsoegmprising the
VII'l metal. 7. The process according to any of the

s%x% Elglﬂ% r Pﬁg@%ﬁO#&%ﬁ%@iﬁere%e%ﬂ@e by hhdreTARN thS. 2
5. The process éccording to any of the preceding claims wherein the product

selectivity of the hydroisomerization process improves by more than 2%.

6. The process according to any of the preceding claims wherein said
unidimensional 10-ring medium pore zeolites further comprise at least one Group

VIII metal.

7. The process according to any of the preceding claims wherein said Group

t

VIII metal is a Group VIII noble metal.

8. The process according to any of the preceding claims wherein said catalyst

is steamed after the addition of the metals.



8. The process according to any of the preceding
clains wherein said catalyst is steaned after the
wa@dauoroel of the netals. WO 2004/ 074221 PCT/US2003/041757
PCT/ US2003/ 041757 -21 9. The process according to any
of the preceding clains wherein said unidinensional
10-ring nmedi um pore zeolites conprise at |east one
bi nder or nmatrix material selected fromclays,
silica, and alum na. 10. The process according to any
of the preceding clains where{,n said binder or matrix
material is alumna present it"a ratio of |ess than 15
parts zeolite to one part binder. 11. The process
according to any of the preceding clains wherein said
alumna 1is present in a, ratio of 2 parts zeolite to

90ne PRelpréédidGkeording to any of the preceding claims wherein said

unidimensional 10-ring medium pore zeolites comprise at least one binder or

matrix material selected from clays, silica, and alumina.

10.  The process according to any of the preceding claims wherein said binder or
matrix material is alumina present in a ratio of less than 15 parts zeolite to one part

binder.

11.  The process according to any of the preceding claims wherein said alumina

is present in a ratio of 2 parts zeolite to one part binder.



