WO 20061130248 PCTI US20061014461 PROCESS FOR REDUCI NG BROM NE | NDEX OF
HYDROCARBON. FEEDSTOCKS  FI ELD [0001] The present invention relates to a
“process for reducing the Bromne |ndex (hereafter Bl) of hydrocarbon
feedst ocks such as aromati c hydrocarbon feedstocks. In particular, the
present iNYeM1dM4¥ el ates to a process for sel ectivel y PEHESROPGY 4461

.brom ne-reactive conponents such as nmulti-olefins and olefins in the

aromati ¢ hydrocarbon feedstocks to provide a substantially purified aronmatic
hydr ocar bon N O 4 NYENRL ¢ ) > f eedst ocks
such as arowﬁ t _!\_u!jh.!.; ﬂw% N es such as
napht ha reform ng and thermal craEREDSTOQENSO! ysis), which can be used as
feedstocks in a variety of petrochem cal processes, such as para-xyl ene
production froman aromati c hydrocarbon feedstock containing benzene,

t ol uene andFliBne (BTX), toluene disproportionation, xylene isonerization,
al kyl ati on and transal kyl ati on. However, aromatic hydrocarbon feedstocks

‘' o et o rone e o o
Cnsat ur ot e RO ocar ooRepeser Peac b PR feess R SEIP ARG <17 oo
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Therefore, these contam nants should be renoved fromthe aronmatic
hydr ocar bonfecdserkiso dk pathishilar.dhe hregent anvebtionuzadates 1o a progess fpr sdestizely. 10003)

| nproved processes. for aromatics producti.on, such t hat escribed in the
Handbook of SEBCTE MEVIASHSHA0E SRPOREE Vst PlRusleg e oledE TS 4. 3.4, o6,
provi de i nCheambe RfaasmitdmS foslfbksbist ?ﬁa‘vfﬁé h NQbSBSeal kN Budfdd Blomafib ,
contam nants. For éxample, the shift Tfrom hi gh-pressure sem -regenerative

ref ormers t bydroearporegredndd. movi ng bed reformers results in a substanti al
increase in Bl in the refonnate streans, which are aromatic hydrocarbon

feédstocks Mmeaﬁmﬁ?ﬁ This results in a greater need for

nmore effici

[0002] Hydrocarbon feedstocks such as aromatic hydrocarbon feedstocks

are derived from processes such as naphtha reforming and thermal cracking
(pyrolysis), which can be used as feedstocks in a variety of petrochemical

processes, such as para-xylene production from an aromatic hydrocarbon

feedstock containing benzene, toluene and xylene (BTX), toluene
disproportionation, xylene isomerization, alkylation and transalkylation.

However, aromatic hydrocarbon feedstocks often contain contaminants
comprising bromine-reactive compounds including wmsaturated hydrocarbons,

such as mono-olefins, multi-olefins and styrenes, which can cause undesirable

( ' side reactions in downstream processes. Therefore, these contaminants should be
removed from the aromatic hydrocarbon feedstocks before they can be used in

other processes.

[0003] Improved processes for aromatics production, such as that
described in the Handbook of Petroleum Processing, McGraw-Hill, New York
1996, pp. 4.3-4.26, provide increased aromatics yield but also increase the amount
of contaminants. For example, the shift from high-pressure semi-regenerative
reformers to low-pressure moving bed reformers results in a substantial increase
in BI in the reformate streams, which are aromatic hydrocarbon feedstocks for

downstream processes. This results in a greater need for more efficient and less



| WD 20061130248 PCT1LS2006/ 014461 expensive methods for renoval of
hydr ocar bon contam nants from aronmati c hydrocarbon feedstocks, e.g.,
"refornmate streans. [0004] A efins (nmono-olefins and nmulti-olefins) in
aromatic on feedstocks are commercially reno reating
processe@%@‘ﬁ#@%@i al hydrotreating catal ysts have prg\e;gg}gg%ot@%é\%gand stabl e
to substantially convert nulti-olefins contained therein to oligoners and
to partially convert the olefins to alkylaromatics. [0005] The clay

treat ment %xPEﬂm@%msf&SreMﬁa wf tydedchfRd édhtidi@antelénl avmatnd
petrochem cal industries. Clay catalysts are used to renove inpurities from
hydr ocar bonitydse@shondredsiorks, %-d@f%ﬁ%éifymm- processes. One of the nost

comon reasons for treating these hydrocarbon feedstocks with a clay

qual 11y SpROB (3, i CReBIR oo Slentls and iRl B RohiicaSulBBbale ' o
"olefinic fRiREdkslare bomiiRtABe thricVel ByCliydrOrdaibh pionssed] efommenig

multi-olefins, Aefinic conpounds may be objectionable in aromatic
hydr ocar bonkydsetresting catalysty dave porved ractise jand sstadfle |te smbsthatinlly ¢anwerbart s per

mllion (ppm.Jor.some processes, such as njtrati of benzene ndesi r abl e
ol efins, i n@“ﬂﬂ&ﬁﬁn%ﬁﬁ&ﬁﬁ 1ot &@@“&Fﬁdm%rpa!%ﬁq@fﬁ°ﬁ¥?fﬁwﬂe@%%ca| |y been
concurrentl BrYRdsfromaromati c  hydrocarbon feedstocks by contacting the
aromati ¢ hydrocarbon feedstocks with k6 acid-treated clay. ( [0006] More
recently, nolecular sieves, and particularly zeolites, have been proposed

as repl acenti¥0§] f or cThy slayntrestment ob \ytroshrbonefis nwidelyoprpetinedsin theom

tic hyd bon feedstocks .U S . Patent No.. 6, 368,496 (B t al.
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hydr ocar bon eedstream which has a negligible milti-olefin I'evel and

cont acti ng woest tereoionrrsasons wiot Hreating dhae dondrocartmat fedstocksowpbsi ©layn under
condi tions su[f fi ciyg@. renove ,nmono-ol ef i ni c _brom ne-reactive

cont ami nant S&aLyLs nd}sgt@t remove glef nig fnatetials m order to meet various quality

specifications. As used herein the term “olefinic compound” or “olefinic

material” is intended to refer to both mono-olefins and multi-olefins. Olefinic
compounds may be objectionable in aromatic hydrocarbons at even very low
concentrations of less than a few parts per million (ppm) for some processes such
as nitration of benzene. Undesirable olefins, including both multi-olefing and
mono-olefins, have typically been concurrently removed from aromatic
hydrocarbon feedstocks by contacting the aromatic hydrocarbon feedstocks with
acid-treated clay. \

{ [0006] More recently, molecular sieves, and particularly zeolites, have
been proposed as replacements for clays in the removal of olefinic compounds
from aromatic hydrocarbon feedstocks. 1.S. Patent No. 6,368,496 (Brown et al.)
discloses a method for removing bromine-reactive contaminants from an aromatic
hydrocarbon stream which comprises providing an aromatic hydrocarbon
feedstream which has a negligible multi-olefin level and contacting the feedstream
with an acid active catalyst composition under conditions sufficient to remove
mono-olefinic bromine-reactive contaminants.  The acid active catalyst
composition comprises a crystalline molecular sieve material with a pore/channel

system.



conposi tion conprises a crystalline nolecular sieve material with a
por e/ channel system 2 WO 2006/ 130248 PCTI US2006/ 014461 [0007] U.S. Patent
- No. 6,500,996 (Brown et al.) discloses a nethod for the treatnent of an
aromatics reformate to renove olefins therefrom the I si ng
cont act i W 20pE130Mormat e with a hydrotreating cat al ysrg{:@%g%%?gﬁ@i ally
_convert nulti-olefins contained therein to oligoners and to partially
convert the olefins to alkylaromatics, separating at |east sone of the
oli goners froggyjt he My PhieRANE®, 308 996 BESwn @ﬂﬂgh&@m@@ﬁ@%&%&ﬁ@e
hydrotreated reformate wth a nolecular sieve to convert at |east part of
t he remai ni meptobmf dfhsn tavoradtios | refonmatei osremdvieolaiitise therefrons,i the emétbod el ect ed
fromthe group consisting of ZoM 4, ZSM 12, nordenite, ZSM 18, ZSM 20,
zeol i te bet SPHIFEHE qogtalquggmqe? e a%ﬁ@@ﬁeawaééyﬂw gy 49,

L5055, WLy, BB 3 ENBE O B ! 3

tammnants from an
aromat i ¢ hydefinatdalkykdromatios, sdpaeatigt ftoldastosupie o€she piigmnets Bomnthar omat i ¢
hydr ocar bon, f eedstream that has_a negligihle nult iaé%]efi n | evel and
contacti ng Ryisoreateds refemmate 3 then camaeie He hydipireaied, refommate vy ve

catal yst copResitl Qe RMRELN BOICaF bha RO MM 2201 HAE ARl blions

suffici ent renove nono- o om ne- ve con nants.” 100091

U. S. Pat ent THe pidleatdr Gieveublstiesttd @nlNehe Sronf boBdaidgBoDRMEL, B8M)12, di scl oses
a nethod for the treatnent of aromatics reformate to renpve ol efins

t heref rom eedenitehEEMcbhpESM-HY zeoliteabetingealiie X .ctcoliftaiYe WBYhREYsv! ecul ar

sieve to c r | ' nol ecul ar sieve is an

i nt er medi at W%Fm@ﬁ%@%’%%@%%@%my%}bup consi sting of

ZSM 4, ZSM 12, nordenite, ZSM 18, ZSM 20, zeolite beta, Faujasite X

Il\:/fén{ asite Y[0008)y, REYU.S\Rhtek DN, 6781 [023QBrowanrd ak), didchdse?a mdthddBfor MCM 49,
.56, M4A1S and MCM41. [Q0101 U.S. Patent Application No. 10/897, 528

(Brown et aFemovipg biomysezeagtive contaminants from an aromatic hydrocarbon stream.

The method comprises: providing an aromatic hydrocarbon feedstream that has a
negligible multi-olefin level and contacting the feedstreamn with an unbound or
self-bound acid active catalyst composition comp’rising self-bound MCM-22
under conditions sufficient to remove mono-olefinic bromine-reactive

contaminants,

[0009] U.S. Patent Application Publication No. 6,781,023 (Brown et al.),
discloses a method for the treatment of aromatics reformate to remove olefing
therefrom, the method comprising contacting the reformate with a molecular sieve
v to convert the olefins to alkylaromatics. The molecular sieve is an intermediate
( pore size zeolite selected from the group consisting of ZSM-4, ZSM-12,
mordenite, ZSM-18, ZSM-20, zeolite beta, Faujasite X, Faujasite Y, USY, REY
and other forms of X and Y, MCM-22, MCM-36, MCM-49, MCM-56, M41S and
MCM-41. |

[0010] U.S. Patent Application No. 10/897,528 (Brown et al.), discloses a
method for reducing the BI of a feed having a BI of less than about 50 and
containing a linear alkylbenzene and bromine-reactive olefinic hydrocarbon
contaminants. The method includes the step of contacting the feed with a catalyst

comprising zeolite Y catalyst having an alpha value of about 2 to about 30 under



met hod for reducing the Bl of a feed having a Bl of |ess than about 50 and
containing a |linear al kylbenzene and brom ne-reactive ol efrnic hydrocarbon
cont am nanboosfibessret hod i ncl udes the step of contacti REYERPEHA6L t h a

catal yst conprising zeolite Y catal yst having an al pha val ue of about 2 to
-about 30 under 3 WD 20061130248 PCT/ US2006/ 014461 conditions effective to

reduce the anmoupt of .the brom ne-reactive olefinic hydrocarbo .

cont ani nant scpnckiggqsl]eﬁlg%q\ﬁ & F§Lcs el QF é?eb}'@gm#é’{? ctplfenp{égalq i fetinmes
in hydrocar}@gﬁcgﬁgg{;%ﬁ&lﬁjﬁ%ﬁ,at ment services. The |ength of service
correlates wit the ambunt and the kind of ol efinic conmpounds in the

hydr ocar bon feedstocks. |I|ndeed, although clay is the | ess expensive of the
two alternat[fd§, it iBotlstélhys andsingiedularasicve fmws elimitdd | Hifetimenoin uncommon

for large petrochem cal plants processing 1Q00 kil o-ton per. year, (KTA)
reformate feRdracar §B§Fﬂisg’ﬁﬁémf‘%t S%?'O%@“‘%%ﬁé%?&?‘.re{a P2 The cost

of clays an I | AR ‘ﬁﬂ%}‘ﬁ] j.ci ent and
cost - ef f ect %@%ﬁ@@ gl% 1gﬁé{ﬁ}él\‘?lﬁlrlg coﬁ‘% ng%'?% r@fgﬁr%%%cgergggé&sf eedst ocks
such as arorindéed, biflibughaoldois thedest expeasivd bé thy ese nalternaiwn] itae stilad ves this

probl em by advantageously usjng,a conbination_of_ nolecular sieve nmaterials
and clay to s@yacast faxpensat 188 floffoPel dBRYEMORaRY slargeo petechrcat Pla®Ir ocar bon
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i nvention red2d0@90hgear dislgess for reducing the Bronmine |ndex of a
hydr ocar bon feedstock, the process conprising the step of contacting the
hydr ocarbon feedstock with a catal yst at conversion condjtions, wherein the

catal yst i ncl00Ms at |Hhestosipieclansiandior molequiay sieypyhascreatedsa neegrer an ay .
0014] | ' . . ] tkon. '
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feedst ock, feedstocks such as aromatic hydrocarbon feedstocks. The present invention

jund

solves this problem by advantageously using a combination of molecular sieve
materials and clay to more efficiently remove contaminants from aromatic
hydrocarbon feedstocks while extending the life of the molecular sieve materials

and clay.

SUMMARY OF THE INVENTION

[0013] In one embodiment, the present invention relates to a process for
reducing the Bromine Index of a hydrocarbon feedstock, the process comprising
the step of contacting the hydrocarbon feedstock with a catalyst at conversion
- conditions, wherein the catalyst includes at least one molecular sieve and at least

one clay.

[0014] In another embodiment of the present invention, a process is
provided for reducing the Bromine Index of an aromatic hydrocarbon feedstock,
the process comprising the step of contacting the aromatic hydrocarbon feedstock
under conversion conditions with a catalyst, wherein the catalyst includes at least

one molecular sieve and at least one clay.



t he process conpri-si-Rg--hRewst.epef=eontacting the aronmatic hydrocarbon
feedstock wunder conversion conditions with a catalyst, wherein the catal yst
i ncl.udes at |east one nolecular sieve and at | east one clay. 4 WO
2006113024%, f6el{3024006/ 014461 [0015] In yet another pretewsadsenbmadi nent,
this invention relates to a process for reducing the Brom ne I ndex of a
hydr ocarbon feedstock, conprising the steps of: (a) retrofitting an
existing clay treater with a catal yst includes at | east one nol ecul ar sieve
and at | east{08h8 cl ay;Inayet gnother prtferced rubodimeny; dhisciavedionf elatissttock with t he
catal yst under caqnver.si.,on _cogdi t.i ons erein a first. product has a Brom ne
Index no grE8P®F PhHEAUEBs G {W%W\r’]\%q QCEEPOry f?gdsﬁ SERPHBRE

f eedst ock, Wpgkgbof:he conversion conditions conprise a tenperature range
from about 38C to about 538C, a pressure range from about 136 kPa-a to
about 13891 kPa-a, and a WHSV from about 0.1 hr4 to about 200 hr", wherein
t he catal yst has @)vol metrefittingtancexadting letaynidateruwith a siatalyst imehades dtdeast ay from
about 1:99 to about 99:1, d . wherei tge hydr ocar bon feedstock has a
flowate of at |east 1@1‘4563%@1‘1%?{“[18(% gstioge §RYT M preferred enbodi ment,
this invention relates to a process for reducing olefinic conpounds in a
hydr ocar bon feedsggck, L S#1,.00 1 ( cqpat L.ag

hydr ocar bon feeds{bgck %@%ga?ﬁl }é%dgf&ag}?lcgp%ﬁ(%{com{ar ms@%vgﬁﬁkﬁeyﬁ#rst
conversi on condi tions tanveion cnfitions, wieesdn atfirst pabducehas 4 Beoniing &idepr oduct

has 50% | ess ol efinic conpounds than the hydrocarbon feedstqck; and (b)
contacting at |east a PO Han o0 of the Bypwinsc indgx of the hydemeardbghe i ay
under second conver si %eﬁé}gggtions to forma second product, wherein the
second product has 50% 1 ess ol efinic conpounds the first product,

(_ | wherein the conversion conditions comprise a temperature range from about 38°C
to about 538°C, a pressure range from about 136 kPa-a to about 13891 kPa-a, and
a WHSV from about 0.1 hr' to about 200 hr”', wherein the catalyst has a volume
ratio of the molecular sieve over the clay from about 1:99 to about 99:1, and

wherein the hydrocarbon feedstock has a flowrate of at least 10 kg per day.

[0016] In another preferred embodiment, this invention relates to a process

for reducing olefinic compounds in a hydrocarbon feedstock, comprising the steps
oft

(8  contacting the hydrocarbon feedstock with a at least one molecular

7 sieve under first conversion conditions to form a first product,

(\ _ wherein the first product has 50% less olefinic compounds than the
hydrocarbon feedstock; and

(b)  contacting at least a portion of the first product with at least one
clay under second couversion conditions to form a second product,
wherein the second product has 50% less olefinic compounds the

first product,

wherein the first and second conversion conditions comprise a temperature range
from about 38°C to about 538°C, a pressure range from about 136 kPa-a to about
13891 kPa-a, and 2 WHSV from zbout 0.1 hr' to about 200 hr”', wherein the



wherein the first Ssecond.conyver.si-on conditions conprise a tenperature
range from about 38C to about 538C a pressure range from about 136 kPa-a
" to about 13891 kPa-a, and a WHSV from about 0.1 hr'' to about 200 hr",

wher ei n e 20061130248 PCTI US2006/ 014461 cat al ume ratio
of the n%{be@?ﬁ?gwgl eve over the clay from about 1:99 tgétrgigg{ﬁlfmg%wl and
. Wherein the hydrocarbon feedstock has a flowate of at |east 10 kg per day.
BRI EF DESCRI PTION OF THE FI GURES [00171 FIG | is a graph show ng Brom ne

| ndex reducéa‘taiysthas)@ﬂoMe r(rﬁtb bf the madécuBlr slevé oréddhs claf fidaMebivdit W9Phoeut bi nder
at different WHSV ( and . days on stream {(day DETAI %Etg DESCRI PTI ON OF
THE | NVENTI ﬂt%land@f@yelﬂﬁw@%cm&e%m was & fowr#epf aidrashi®kat i c

hydr ocar bon fdgffdstocks are general ly operated as sw ng-bed units. \Wen the
clay is spe%? aromati ¢ hydrocarbon feedstocks are directed to a second
reactor containing fresh clay, while the first reactor is enptied and
rel oaded. ABRIERPOQESTCRFEIGN OB THE FIGERHEY advantage of |ong cycl e-Iength,
relative to the use of clay. The ngjor disadvantage of a molecul ar sieve
systemis the high price of the nolecular sieve materials. [0019] The term

"on-oil" or 00 st r eafG.ab igsedrandy shawinge3iemine ndex F?ﬂjlctlfﬂlh@@@&xlst ock(s)

comi nat + on Ry 3 BB oM AR BSH b S et Ede RRY B3 e

used herei BaystRaRsarh{@ayhot al on-oil tinme, i.e., the total time when the
catalyst in a reactor is in contact with the hydrocarbon feedstock(s) under
conver si on condltlons before the unit shutdown for regeneration or

rej uvenat i oRkdk vz 10 CHLE NIIOMN anpl e, after contacting a
fresh catal yst W|th a hydrocarbon feedstock for a period of tinme under
catalytic c si on S t | . at al yst
reﬁgneratloW?BOZO] %@d'lthlg?t%& ‘é?/ec ?&I g{r%g%rﬁmggﬂ?tgg "éi}lgl rregfnbs‘)ﬁt he on-oil
ti of feedstocks are generally operated as swing-bed units. When the clay is spent, the

aromatic hydrocarbon feedstocks are directed to a second reactor containing fresh
clay, while the first reactor is emptied and reloaded. A molecular sieve system
has the advantage of long cycle-length, relative to the use of clay. The major

disadvantage of a molecular sieve system is the high price of the molecular sieve

materials,

[0019] The term “on-oil” or “on-stream” as used herein, means contacting
the feedstock(s) with a catalyst in a reactor e.g., molecular sieve(s), clay(s) or any
combination thereof, under conversion conditions. The term “on-oil time™ used
herein, means the total on-oil time, i.e., the total time when the catalyst in a
( reactor is in contact with the hydrocarbon feedstock(s) under conversion
conditions before the unit shutdown for regeneration or rejuvenation of the
catalyst in the unit. For example, after contacting a fresh catalyst with a
hydrocarbon feedstock for a period of time under catalytic conversion conditions,

the unit needs to shutdown for catalyst regeneration.

[0020}] The term “cycle-length™ as used herein means the on-oil time of
the clay treater or molecular sieve bed before clay/molecular sieve change-out or
- regeneration. The cycle-length is a function of the hydrocarbon feedstock

composition and deactivation rate of the clay/molecular sieve catalyst. In general,



the clay treater or _nolecul ar sieve bed before clay/nol ecul ar sieve
change-out or regeneration. The cycle-length is a function of the

- hydrocarbon feedstock conposition and deactivation rate of the

cl ay/ nmol gcu | eve catalyst. In general, 6 WD 20061

PCTI US20 %@QE@%& hi gh nono- ol ef ni ¢ and/ or nulti-olef%ﬁ?éﬁg%ﬁ%gﬁﬁhs and | ow
_ clay/nol ecul ar sieve bed capacity will have a short cycle-length. [0021]
The net hod of the present invention inproves the cycle-length by wusing a

conbi nat i onhigh nigoasefias asd/envatBilolafisic ebayoeidstead led vlag/nidlecudraints of
nol ecul ar sieves and clays that are used and to extend the life of the

nol ecul ar - Bedsappely willhaye ayhest cyalgriengtbaot i ntending to be linited by any

theory, we believe that the clay non-selectively renoves ol efinic conpounds

and t he nol r si lyeGtd v I Vi shal | | efi ni ounds.
The conbi neﬁﬁ#%fecul aﬁgg}ega\?g(og&h%ﬁ%g%}t%%ﬁg%él'f',L ”Jg{mﬁé’?“{eﬁlﬁ%ﬁgﬁt age of
usi ng nol ecydiag adogibiiatibn tof mélesmMesiGR(H Hnkd (RN s)BSedile theanfotlislofol ef i nic
conmpounds and using clay(s) to c renove non-selectively the residual

ol efi ni ¢ complagnlae sicvesd and/clrys thet awsiustd and to exiepd tdbife. oftthe madedwlarat i on of
nmol ecul ar sieve(s) .and cl cat al yst ovi d a | er cycle-length than
The ol ocul SEVEPea i@ Whil arCpfodih B b okl by DSy % Beierecon

f eedst ocks | : | 4309 and

Cr acki NG P o 8 TS omMioRi e BhEaRD, O,

aromatics, aedesmelotivaly reveves ematlenglefiid sompotndss Theebinbsedfoolecudacanyl e,
aromati ¢ hydrocarbo eedst ocks .i nc) ud nonugcl ear aronmatic dr ocar bons
and undesi ré‘ﬁVi(g)pF"_écpicI?é'&g %Y%?r"@s Bgﬁgg?gengf“‘ﬂw tlﬁlqlﬁ‘?ri‘z?ri ‘ﬂg‘,’e?én‘? styrene,
whi ch have gfmdwl ddidtivél &xéﬁrame%g.aiio&eﬁﬂic uR8O8nd IilQ%é%ﬂ cguse the

exact nature of the unsaturated hydrocarbons y vary an ven be
unghown, i ndémenst noreseiertiselyf thewesdal mipfiie compainds nwihly Hgeo olkfibens ar e
ty

i cal | d. ol | - known. neth i ng t ts of
et ur ol od SRPEPBEEH b RS oH ROR e AR RSB AR Fo ) P PGS | bed | n
detail in Az|dddeRddds Ragiltith £ nhJ1EutRRIVEES oPihe Wyl aRRE.

Feed

[0022] Hydrocarbon feedstocks such as aromatic streams can be obtained
from reforming and cracking processes. The hydrocarbon feedstocks include,
e.g., paraffins, aromatics, and bromine-reactive compounds such as olefins. For
example, aromatic hydrécarbon | feedstocks include mononuclear aromatic
hydrocarbons and undesirable olefins including mono-olefins, multi-olefins, and
styrene, which have an initial BI from about 100 to about 3000,

C*" [0623] Because the exact nature of the unsaturated hydrocarbons may vary
and may even be unknown, indirect methods of measuring the unsaturated
hydrocarbons are typically used. One well-known method of measuring trace
amounts of unsaturated hydrocarbons is the BI. The measurement of BI is
described in detail in ASTM D2710-92, the entire conients of which are
incorporated herein by reference. The BI indirectly measures the olefin content of
aromatic containing hydrocarbon samples using potentiometric titration.
Specifically, the BI is defined as the number of milligrams of bromine consumed

by 100 grams of hydrocarbon sample under given conditions.



i ncorporated herein by reference. The Bl indirectly nmeasures the olefin
content of aromarTe¢“cont ai ni ng hydrocarbon sanpl es using potentionetric
titration. Specifically, the Bl is defined as the nunber of mlligrans of
brom ne consunmed by 100 grans of hydrocarbon sanpl e under given conditions.
7 WD 208 200§/180248PCT( US2006/ 014461 [ 0024) The ar omat i"&f?qﬁ%g‘l%’a‘é“,‘lfor
exanpl e, benzene, toluene, xylene, ethylbenzene, cunene and other aronatics
derived, e.g., fromreformate. Reformate is separated by distillation into
ant refopggeke (mosthy ReparsCnende i UERR, BRGCASMche! QyERL e
(including toluene, ortho-, nmeta- and para- enes and ot her” hedvi er
aromati cs sthglhemen€d thmend t @l ethoraatonaitics t daivedpreg.j cromh esxfemuaam t ypi cal |y
contains >98 wt % benzene + _tol.uene. Heavy reformate feeqstocks typically
cont ai n <ORsfopgaietls | sgaFated by &%@“ﬁﬁrﬁ“@eﬁ@ﬁé@r@éﬁ?&m%ﬁﬁ pereddeans such

as heavy r | . CCR ot &6 gk cesses
contain rrufoftll{ngﬁégg%gﬁ%&?%%%cﬁgemé?‘%ﬁ%ﬁ%gﬂ%r dceeééﬁ%g.ﬂ%{gg% The term
" mono- ol ef wid ot heRibrh@bsiaticsTeadts a0l e;-l—grxli CAR@TERREEn, dRnbfinititg one

car bon-carbon doubl e bond per nol ecul e. anpl es of mpno- olefins are

et hyl ene, [Hedgyaesnh &pieallycsraiaing eR8 el benzensct dalwgne. THEcavE rsformatet | -
| ef i ns" her ein. £i @i Co d i nj t least t
carbon calBaRoHs RIS a0 Roe RSN 2R Tl Ritelhe. o Bfens ar e

but adi enes grontitie| SRRk 18 Sheady FefobBte edieived R Gimi-ferea RIANCCRS
mul ti-olefins in a hydrocarbon feedstock may vary fromless than 10 wt. %

pr ef er abl y r¢femging provedsescontgin mod-otefink es disly\emengssfromie Bocessipgm dependi ng on
t he source of feedstock and any pre-treatnent. Extracted benzenes and heavy

ref or mat es bcal ly.contai.n <1090 mnultj-alefins.,[.00271 The, hydrocarbon -
f eedst ocks [{’Qﬁhe pr 05@5 priei %%F@Fﬁ‘gsg t%8 “F‘Ffiﬁef?ﬂ\%?ﬁ‘? Blsfints fopgids

brom ne-r eaghtaitind ¥l eSBbROADER WRAVRASNG! P BbRMile 0 BRI} oftkRHs- 10 W . %
preferably from about 0.001 to about 1.5 Ww.% nore preferabl f rom about

0. 005 to alelafins Breethylens, propylaie, butenssabexmnes and ogisves. Pooom “nmpilief er abl y
from about o¥ef{ncs)” %Qeod'] ﬁer‘g’l%()r%bansmorleeﬁl% %]:‘)g’xii)%ltl)lll s I;orn?%n%goa%tlea]ép t\{rc? ot 81‘11—t

carbon double bonds per molecule. Examples of multi-olefins are butadienes,

cyclopentadienes, and isoprenes.

[0026] The amount of multi-olefins in a hydrocarbon feedstock may vary
from less than 10 wt.%, preferably less than 1 wt.%, more preferably less than 500
ppm depending on the source of feedstock and any pre-treatment. Extracted
benzenes and heavy reformates typically contain <1000 ppm multi-olefins.

[0027] The hydrocarbon feedstocks to be processed according to the

(‘_ _ invention contain bromine-reactive hydrocarbon compounds from about 0.001 to
about 10 wt.%, preferably from about 0.001 to about 1.5 wt.%, more preferably
from about 0.005 to about 1.5 wt.% or a Bl from about 2 to about 20000,
preferably from about 2 to about 3000, more preferably from about 10 to about
3000 or most preferably at least 5.

[0028] The hydrocarbon feedstock that are processed according to the
invention will have a lower BI than the initial BI of the hydrocarbon feedstock.
That is, the BI of the hydrocarbon feedstock is reduced when contacted with at
least one molecular sieve and at least one clay in accordance with an embodiment

of the invention. In one embodiment the hydrocarbon feedstock processed



3000 or nost preferalhl).at.l east..5..[ 0028] The hydrocarbon feedstock that
are processed according to the invention will have a |lower Bl than the
“initial Bl of the hydrocarbon feedstock. That is, the Bl of the hydrocarbon
feedstochb%oréﬁgdigbed when contacted with at | east one p@ieoubdisadheve and
at | east one clay 1n accordance with an enbodi nent of the invention. In one
. enbodi nent the hydrocarbon feedstock processed 8 WD 20061130248

PCTI US2006/ 014461 according to the invention has a Bl no greater than 50%

preferably nccogdingtierthe idvanti@0bss adienpgeehier dieny50%6, prefeatbdy nohmeatéi0% of t he
Bl of the hydrogarbon feedstock. [002 Because t C i i on of the

nol ecul ar. S¥We:g@'f= mote erelsrally q@ag%ater ﬁ@ef&gﬂ%ﬁe@eiﬁkafﬁ%a%rﬁq capacity
than the cl Efé’edgt;&:ﬂ or the nol ecular sieve only system this invention has

t he advant age of processing hydrocarbon feedstocks (reducing BlI) for |onger
ti mes between reactor changes, or without a hydrotreating reactor or with a

smal | er hydrf602%at i ng Beeaust dite d¢dnebindtive ofitiaymolebylansieve($)endelay(shhave si eve

only system_, [0030], The hydrotreatin ocess i s process,to substantially
convert al | longgsr cyclerlenetinang kyghsr r@aw?gwpsffmrﬂ@ Hepy 08 &5 WEleeWeRFiFYs has a
metal conpo , | cla: C .Ngl e .nel fr ’ E!eﬁ‘ﬂ!cw”AOf
t he Peri odi (r:b ab (Sat%’ s@é%%gfsegﬁ?@k%a %eoggﬁ@%hpgﬁr%ﬁ% n?ﬁé‘ﬁﬁm ol ybdenum

tungsten, o rfeﬁlstdmyg‘eﬂ@dhhg)mpfor N@igat Sintos Hetvasenieak@! chiambash € ithout a
cobal t - ni ckel - nol ybdenum  cobal t - nol ybdenum _ni ckel -t ungsten or

ni ckel - t ungdtyéreixeptingraaetor ar pitbfacmeallgr bydraireatingaeqciny than teyiay ondy ar
commerci al N.M/ A1203 l,yst .. [0031] In one enbodi nent, the present

i nvention h%%"%ﬁ%ﬁ%ﬁ%@ﬂysﬁéﬁmock flowate of at |east 10 kg per day,
preferably nore than at |east 100 kg per day, nore preferably at |east 200

kg per day. jbostjocess Thigidrdiesating Qestds Isna proeess danabstatitially tebavepr sibent
I nyention, the above described hydrocarbon feedstocks nmay be contacted with
t he--nol ecul drukiredolgssto aligpmgray (e hydrotreating catalyst has a metal component,

which can be a single metal from Groups VIA and VIIA of the Periodic Table,

such as nickel, cobalt, chromium, vanadium, molybdenum, tungsten, or a

combination of metals such as nickel-molybdenum, cobalt-nickel-molybdenum,
cobalt-molybdenum, nickel-tungsten or nickel-tungsten-titaninm. A preferred

hydrotreating catalyst is a commercial NiMo/AL O3 catalyst.

[0031]) In one embodiment, the present invention has a hydrocarbon
feedstock flowrate of at least 10 kg per day, preferably more than at least 100 kg
per day, more preferably at least 200 kg per day.

Process Conditions

[0032] In accordance with the present invention, the above described
hydrocarbon feedstocks may be contacted with the molecular sieve(s) and clay(s)
system under suitable conversion conditions to remove multi-olefing and mono-
olefins. Examples of these conversion conditions include a temperature of from
about 38°C (100°F) to about 538°C (1000°F), preferably 93°C (200°F) to about
371°C (700°F), more preferably 93°C (200°F) to about 316°C (600°F), to a
pressure of from about 136 kPa-a (5 psig) to about 13891 kPa-a (2,000 psig),
preferably from about 205 kPa-a (15 psig) to about 6996 kPa-a (1000 psig), more
preferably from about 205 kPa-a (15 psig) to about 3549 kPa-a (500 psig), a
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system under suitab g-t-ions- to renove nmulti-olefins and
nmono- ol efins. Exanples of these conversion conditions include a tenperature
of from about 38C (100F) to about 538C (1000F), preferably 93C (200F) to
about 371Wq(200613p24snore preferably 93C (200F) to about BCHBTSIWBOORHGL to a
pressure of from about 136 kPa-a (5 psig) to about 13891 kPa-a (2,000 psig),
preferably from about 205 kPa-a (15 psig) to about 6996 kPa-a (1000 psig),

nore preferably, fromabout 205, kPa- 15 psi.g) taq ahout., 3549 - g (500
psig), a 9 ViBeih b meﬁel%ﬁl%z’gﬁ%?‘ghgﬁ@ﬁb%ﬂ&hﬁ husk | 0%5;&@%@ ocity
(WHSV) from ; horl A1 hf'
and about »108%&?&%%02{ %broglpqeirhgg%ﬁ ?%%%lg%gruf U@rﬁﬁ%?&gﬂg%%%%&gg f'. The
WHSV i s basedamhatidne 50dtal Thei WHSOis matdby she totaleweighthef cataiysh) i.enethght  of
active catalyst pluys any binder that is _uaed. [[0033] The nol ecul ar sieve
catal yst and talyveighi of geitvepaiplystpius any bigderihatis usegl e reactor vessel. In
one enbodi nent, the hydrocarbon feedstock contacts the nolecul ar sieve

oo L0 LD N |1 oapL i ROl OERnel B N EARGRORN, pLRRIBAOES

contacts the ay’ prior nol ecular~si eve.

the clay cat akipgle réattortveeselioliesnd afib&iase, thiahatysirban feedstotik totitactothear €
m xed in a reactor_and the hydrocarbon feedstock contacts both the clay and

the Imo| ecul gfﬂoéﬁcélﬂélséﬁ"e]t preotstaniber Pleg. lmawh_eraﬁmbw@me@ﬁﬁbgm@mc,afhonle cl ay
or mul i pl o bZerod Pl R FS, 6AYE 1 the SHUREMRAREEN: Tt Mo WG Y o0

relates to a phb6@aRnt, td iy EdtalDg an@MeshblRehiS seweCatal)sy Bile 2 1BBE G 0r Wet N a
catal yst conprising at |east one nolecular sieve catalyst and at | east one

clay catal yst mixed @nbresetor end e mlnecarhon fsedstaekrmontagts hoth thecejay andithsr ocess

replacing at |egs ortian of existimn | ay. catal st _i.n,an. existing clay
cat aﬂwyst reacf%?ecmﬂ%ﬁ%ge@gﬁ}ﬁ %&e @gtﬁp#gﬁeﬁancéyerleggg{%@g?{g, ﬂ%“é@ﬁ?‘?@ tsi eve

catal'yst and ahd iRanblebilgr Skay caaya kst in pAR38 Imulifle TReE bt Bultiil€kedscat al yst
and clay catalyst may have a volume Cratio of the nol ecul ar sieve catalyst

over the cl ay cewfigustion. r ange from about 1:99

[0034] In one embodiment, this invention relates to a process retrofitting
existing clay catalyst reactor with a catalyst comprising at least one molecular
sieve catalyst and af least one clay catalyst. In another embodiment, this invention
relates to a process replacing at least a portion of existing clay catalyst in an
existing clay catalyst reactor with a catalyst comprising at least one molecular

sieve catalyst and at least one clay catalyst.

[0035] The molecular sieve catalyst and clay catalyst may have a volume
C ratio of the molecular sieve catalyst over the clay catalyst range from about 1:99
to about 99:1, preferably from 10:90 to about 90:10, more preferably from about
25:75 to about 75:25. In another embodiment, the molecular sieve catalyst and
clay catalyst may have a volume ratio of the molecular sieve catalyst over the clay

catalyst range from about 45:55 to about 55:45.

[0036] In yet another embodiment, the molecular sieve catalyst and clay
catalyst may also be packed in separate reactors. When the molecular sieve
catalyst and clay catalyst are in separate reactors, each reactor can have different
operating conditions. The molecular sieve catalytic and clay catalytic treating

zones may be of any type and configuration that is effective in achieving the
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to about 99:1, pr SETYrTom=10790"t 0 about 90:10, nore preferably from
about 25:75 to about 75:25. In another enbodi nent, the nol ecul ar sieve
catal yst and cl aX catal yst may have a volune ratio of the nol ecul ar sieve
cat al yst oV&20HE¥Bay catal yst range from about 45:55 ROUHBHAISE145
[0036] In yet another enbodi ment, the nol ecul ar sieve catal yst and cl ay
catal yst may al so be packed in separate reactors. \When the nol ecul ar sieve

talyst and g t al ' : h
itreront  opieaid fGREERT et BRRE Aok Wi B3 oS ARBRE R e oy
catal ytic tregith dgwnwardeSowtéingepefer®lly ThePpreadttt GOTHe WuleatilapBictdatid | S

effective in achieving the 10 2006/ 130248 PCTI US2006/ 014461 desired
degree of Bl Hatieetalysh. systemmapnes ishould be t wwdficiewde dmaintaiewWigwd dolaseow, Wi t h

T T

conditions. T{4gs1 Wphl . i 8 ipsig) to
chout 13501 Ko arts BEETHd)) MlupLPAR e B st ke RATARIT s

kPa (50 psi) higheyitian thh ampdripressaparf the bydrocabafs at e injed tanperbinresofahe t he
inlet tenperatuye ,of th nol ecul g, sieve/clay zone, Thi.s.tenperature is
preferably w PAICRUEhSCTSlsIaY 29R0. (i CRRsARTE IS SrpoTbR) s, BRL T80 66 (475F)
The nol ecul ar gsi o6 t b A0, [ over a
broad range o]?-&\i/}:dl‘sg‘ﬁt?n%og ﬁwmﬁc%bﬂﬁ%ﬁgmﬁgﬁ(%@?hﬁrﬁf Eﬁ %lr&lsa e is
often set by tddylitesinvedionmat beperfdrivied ovér 4 biewad navige of meeighs hewdy spade cl ay and
may range from/|l ess 0.5 hit tq about 10 f 1,.-,- preferably from
Sbout 08 ' rHeleieRSYY Ruid pariside & phkorser sy deisird anBieeam i 60 500" ht 1
dependi ng on ?‘;@.{H&) ' heve

Cat zi yst Syst%lrgnﬁf%!élgg?l It .@%%ﬁ?@%@%&%ﬁ*‘?ﬂé‘%ﬁ %ﬁ%%?%“??ﬁ afe

mat eri al s havpreferably fromeabsinz®5 apbtoogboiral Ghf ‘pmoat pleferabip oy 1.6 dwY tong0

br om ne-reactj ye, conpound a be enpl.oyed i.n this process. However, a
number of addf i RS %%E‘F%H&?Féfioﬂgeéﬁt@ﬁiw%ngH’@até%ecific area of
application are inposed on these materials. For exanple, the | arge phase

interface avajjoalhfir Sve (Gt PRE 89st@h the porous particul ate

{0037} It is contemplated that any porous particulate materials having a
pore size appropriate to catalytically removing bromine-reactive compounds can
be employed in this process. However, a number of additional requirements
related to the specific area of application are imposed on these materials. For
example, the large phase interface available in the pores of the porous particulate
material must be accessible and useable. Therefore, the porosity, pore size and

pore size distribution in large pores (meso- and macropores) are often of major

e

e significance, especially when mass transport affects process performance. The
surface properties of the porons particulate material can also be very important for
the performance of the material in a given application. The morphology of the
porous particulate material (e.g., molecular sieves) can also be another important
factor for the performance of the mateﬁal in this invention. For example, a
morphology of small particle size or a morphology of thin layering/plate material
can have a large accessible interface. Optionally, the molecular sieve(s) used in
this invention has a morphology of small particlé size such as an average particle

size less than 1 pum, preferably less than 0.1 pm, more preferably less than 0.05
pm or a thin layering/plate morphology having a ratio of the thickness over the
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mat eri al nust accEsshre-and-us€abl e. Therefore, the porosity, pore size
and pore size di Stl’l bution in | arge pores (nmeso- and macropores) are often
of major L significance, especially when nass transport affects process
per f or mand¥0 200683024811 f ace properties of the porous partiRNEN2R06fE4S | al can
al so be very inportant for the performance of the material in a given
application. The norphol ogy of the porous particul ate material (e.qg.

nol ecul ar si C t t or nmance

of the mat er?g?r %eo |§!ﬂ}e ventl %%{@Sg&ngg ﬁg prg} ewlfﬁ%%%a&y&g’fﬁg{m

particle siz@greféraiy 185 Bl 0008 nffre pﬁfﬁaﬂam@ds itHeG 000 B tnfore ptefierbblly lesd @mnhave a

| ar ge accessi bl e i nterface Opt i onal lﬁ t he nol ecul ar sieve(s) used in this
rt

i nvention ha8.05mersimseistppliiessthen 9.08hr ticl e size such as an average
particle size less than 1 m preferably less than 0.1 m nore preferably

| ess than O. or aqthi i ag/ pl r phol ogs h vin a o of the
t hi ckness ovg‘?)%sﬂ]e T%\E) 8 Og’g %ﬁlﬁ@%oéﬁ’é‘f gﬂp&dbeg%\*e t he
other two di RBRABLGNR éaﬁS§e taﬁ?r}e&uﬁn éffe%ﬁ%l?bﬂeﬂu&ﬁ%%ﬁ hmaﬂ fes dFOh8se
preferably | ess than 0.05, nbre preferably less t 0. 01, rmre preferably

| ess than Or¢efonsare: qaqbymdrmaam of ¢leﬁmc&bmpomdsoalky1a{mm@marmﬁas am¥art i on for

catal ytically renpvin m ne-re i ve ounds ca reaction

ef fectively RgY ° “Bftiisﬂ%is ??‘y%ﬂﬁ‘?@xﬁﬁ%‘?"yﬁg % ation of
ol efinic CO”R%‘EBH%arb%hkd&fﬁﬁé g,en&H o aihef i eﬂﬁlca und€@ ik firdédibaC! ef i nic

conpounds, aturation an hydroxy ation of the carbon-carbon double
bonds of t he feddsfockd.c conpounds in the hydrocarbon feedstocks. [0039]
Mesoporous particulate materials include am)rphous nmet al oxi de

(non-crystallj mat er.i,al s, which have neso u and i ongl |

partially ol 0801 ous NPt BEeHEBRET S B te AROITHEGS @@Xﬂe
particul ate t r & 1 about
500 A [0040]r(ﬁ6M cﬂlﬁ%girnguslﬁ%g?étl% cu %leﬂzﬁrrlaetgira Iog ulsnglﬁind l‘rd%/éfo?l I n

mol ecul ar  simsvEpordvb|stuciier Theyes size of Her mesoporous padtjculdte nfaterial ihat t hey

o O OB b LB o 1 WbuPGEFR, O 2 el - defined si ze

[0040] Microporous particulate materials include crystalline molecular
sieves. Molecular sieves are characterized by the fact that they are microporous
particulate materials with pores of a well-defined size ranging discretely from
about 2 A to about 20 A. Most organic molecules, whether in the gas, liquid, or
solid phase, have dimensions that fall within this range at room temperature.
Selecting a molecular sieve composition with a suitable and discrete pore size
therefore allows separation of specific molecules from a mixture with other
( molecules of a different size through selective adsorption, hence the name
“molecular sieve”. Apart from the selective adsorption and selective separation of
uncharged molecular sieve particles, the well-defined and discrete pore system of
a molecular sieve enables selective ion exchange of charged particles and
selective catalysis. In the latter two cases, significant properties other than the
micropore structure include, for instance, ion exchange capacity, specific surface

area and acidity.

[0041] Molecular sieves can be classified into various categories such as
by their chemical composition and their structural properties. A group of

molecular sieves of commercial interest is the group comprising the zeolites,
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about 2 A to abeotut—28-E==fpst-orgarni ¢ nol ecul es, whether in the gas, |iquid,
.or solid phase, have d| mensi ons that fall vmthr n this range at room
tenperature. Selecting a nolecular sieve conposition with a suitable and

di screte paymogios t herefore all ows separation of specPCHaIsa@e@tdbes from a
m xture with other nolecules of a different size through selective

-adsor pti on, hence the nane "nolecul ar sieve" Apart fromthe sel ective

adsorption an eI ective, separ on . of charg | ecul ar siev art i cl es,
the wel | -def eﬁP %P@S‘ght"@ 6‘1"‘33 a ¢ FUP &Sr@ bI es

sel ecti ve Ioaear%hpca&@ grucﬁﬂarﬁa%g@ug'tslzeé i20hut 96} B ke ARy aks. 0 the
latter two cases, Signi ant “prop I es ot er than t m cropore structure

i ncl ude, for subamnaaidaefree of alexitian@e costpmainly very pariifanmuststhereef). Stita and
acidity. [0041] Mol ecul ar sieves can be classifi ?d | nto vargﬂous cat egori es

such as by &ndther gemreicaeleculansinyes asAlRRdbaspdmolesulay sieyeshigh 6oaR| es. A

Phe peol tg‘é APl P T s B R G Blont BRI T AR 2.0

crystalline eptigniall9skilice I8E%). AboidAés of Quch nolécndir siévetshﬁcludeww l'i cates,
structural Iy anal ogous to zeolites, but for the fact that they are

subst anti al | pAFQMeAPOMaARROELAPQomd BLARSO.y very smal | anounts thereof).
Still another group of nol ecul ar sieves are ALPO based nol ecul ar sieves

whi ch cont ai amavvor dehd he nj t f ung.n Al hosphor ous
oxi de (PQR) Q) opt i AV &gﬁls@ 6%1% E’gghpﬁbe n&‘fg g Z*m'gfﬁﬁg%’ul gr
si eves incl uﬂmdﬁﬂaﬁbn aﬁﬂl%@arab{eﬁmonl\&%sﬁcuﬁﬁ@&s W defcHHEDD tHeObbR] A

sumary of exi st |®? technol ogy, in terms of productlon nodi fication and
ar

char act er i zaf Mslecolar fSipeasut Zringipleseef Synthenis end Hdentifivationd”; BokSzosteks) ecul ar

acation ¢ & PRHARCRgRleY B TR oRlchor G Lok BB By, MRS o7 ©

nol ecul ar  si M@ul@”ﬂémoﬁﬁmfﬁﬂoﬁﬁ irAdterialhElablty stlidal GlumidbihisitidifeSidd cat e and
al umi num oxi de, have been used as cat al yst supports. A number of |ong-known

techni ques, elvsHnwe osidea o Yaengisedbas r:atalgst yPpos: i Ainvanhen of dongrlovan, have
been and techniques, such as spray drying, prilling, pelletizing and extrusion, have been and

are being used to produce macrostructures in the form of, for example, spherical
particles, extrudates, pellets and tablets of both micropores and other types of
porous materials for use in catalysis, adsorption and ion exchange. A summary of
these techniques is described in “Catalyst Manufacture,” A. B. Stiles and T. A.
Koch, Marcel Dekker, New York, 1995.

[0043] The term “fresh molecular sieve” as used herein means a molecular
sieve that has not been exposed to hydrocarbon feedstocks under conversion
(,, : conditions for a substantial amouut of time such as 24 hours. Examples of fresh
molecular sieve are newly synthesized MCM-22 before or after calcination. The
term “spent molecular sieve” as used herein, means a molecular sieve been
exposed to hydrocarbon feedstocks under conversion conditions. Examples of
spent molecular sieves are regenerated or rejuvenated MCM-22 or Faujasite after
being exposed to a transalkylation feedstock under transalkylation conditions or
an alkylation feedstock under alkylation conditions, Typically, a spent molecular

sieve has lower catalytic activity than the corresponding fresh molecular sieve.
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are bei ng used-to-protgtteE=tacrostructires in the formof, for exanple,
spherical particles, extrudates, pellets and tablets of both m cropores and
ot her types of porous nmaterials for use in catalysis, adsorption and ion
exchange. VROQ066ge28 of these techniques is described i NPCIZHSZADG/&iH461

Manuf acture,"” A. B. Stiles and T. A Koch, Mrcel Dekker, New York, 1995.
[0043] The term "fresh nol ecul ar sieve" as used herein neans a nol ecul ar

si eve t hat hi& not been exp?sed t o, hydrocarbon feedstocks under conversion
condi tions f 9044 subst Melpailarsieyrsizedites prafulsine e Rresent pysngon @Sé‘#%l es of

fresh ol ec b br HUrlF ottt SINER! A5V AR AteL S

. . &s
cal ci nati on. erm ar sl ever as used herein, neans a

ol ecul ar si efehdieesolitex ehddd luge Potk oeditdsptérardBtople simpdasolitonael si on
conditions. Exanples of, spent nol ecul ar sieves are regenerated or

rej uvenat ed NOWHZDErereakies abhase zapltey andybeigsayprsswe desstihed imnatasof ati on
f eedst ock . > | | kyl gt k und
o kytart on caugite SARAARE D BECRF gy RaDD, HToRoI ] CRTBiARERYC unde!

catal yti c actBlwvier, Fiath Elgiof 019955 peebinfchtd b€ $MhidhDls debdbaT insbrpyted sy VO
2006/ 130248 PCT/ US2006/ 014461 OLi0644] Mol ecul ar sieves/zeolites useful in

the present irefeeance.of lpgelpotozecdite/ gevbrallyidan a paresize/ofos deast byt 3rA eyt het i ¢
crystalline npl.ecul ' . I [ ' e large pore
crystall I ne oREl B R S SRRy, Bt 1P ASEA) NEFY SRR el 90 20
zeol ites and NjoR em&ﬁfey@g% z%&ﬁte%e(WPAQer%hﬁﬁé'sféﬂ 38 Rblite’ Rlmicheiafrd)uct ur e

Types", Eds. W H Mier, D. H Oson and Ch. Baerlocher, Elsevier, Fourth
Edi tion, 199&xantplesadiargepereakolifies tleluds ntaaritd, pfireiite zoolitatle VIS, zedditer ence. A

e dne 1t P oK Siben. BOR ZAphe) ZeA zBla e, £ S0 AR 7, el
SUrlcture tyPaCHESD] WaintdHEARCGRIT LB b forailyi a8 SN BEb Bokl Sout

Exanpl es of large pore zeolites include mazzite, ‘offretite, zeolite L,
VPI -5, zeol i teAtys o 31 A ted Mchdrs dar exBeipte, MESMMEL, REEW4 EUGNMTE, MES)M 20,

AP0 37, 20 KoL MR T SRR o ek TUAC b abb e %2,
MW EUG,  MIzeolBENomenclature). Examples of intermediate pore size zeolites include ZSM-
5, ZSM-11, ZSM-12, ZSM-22, ZSM-23, ZSM-34, ZSM-35, ZSM-385, ZSM-48,
ZSM-50, ZSM-57, silicalite 1, and silicalite 2. A small pore size zeolite has a
pore size from about 3 A to about 5.0 A and includes, for example, CHA, BRI,
K¥I, LEV, SOD, and LTA structure type zeolites (IUPAC Commission of Zeolite
Nomenclature). Examples of smail pore zeolites include ZK-4, ZSM-2, SAPO-
34, SAPO-35, ZK-14, SAPO-42, ZK-21, ZK-22, ZK-5, ZK-20, zeolite A,
hydroxysodalite, erionite, chabazite, zeolite T, gmelinite, ALPQO-17, and

( clinoptilolite.

[0045] The molecular sieve useful for this invention is usually a large pore
size zeolite having a silica-to-alumina molar ratio of at least about 2, specificaily
from about 2 to 100. The silica to alumina ratio is determined by conventional
analysis. This ratio is meant to represent, as closely as possible, the molar ratio in
the framework of the molecular sieve and to exclude silicon and aluminum in the

binder or in cationic or other form within the channels.

[0046] The molecular sieves for selectively removing mono-olefinic and

mulii-olefinic compounds include, e.g., large pore zeolites, particularly MCM-22
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AEL, AFO, HEU, PER and TON structure type zeolites (I UPAC Conmi ssion of
Zeol ite Nonencl ature). Exanples of internediate pore size zeolites include

/SM 5, Z 12, ZSM 22, ZSM 23, ZSM 34, ZSM 35, 85, ZSM 48,
ZSM 50, Zgﬁoéeﬁlé%cal ite 1, and silicalite 2. A snal | %g%/}é’ LI5/a14960 | t e

has a pore size from about 3 A to about 5.0 A and includes, for exanple,
CHA, ERI, KFI, LEV, SOD, and LTA structure type zeolites (I UPAC Conm ssion

ot s e VR N NS g P TGRS Bl &, |

A, hydr oxys agaididgthosy tetnéd B4 18 8WPQ1s] gillad @hillog laheredmedtenidis.e, ALPO- 17, and
clinoptilolite. [0045] The nol ecul ar sieve useful for this invention is
usually a Iaru?O ore size zeollte having a sili ca to-alumina nolar ratio of
at |east abo ‘Hj) specFrafesgd yeatalysien 6 napgal ooy, spEhelr | icegtallaea) uni na
ratio i s det o] n a r [or L O

gr[ A cﬂﬁg ﬁé@eg QX {‘%g %%lufztﬁ?a@ bﬁ" ?éln to Weﬁze ﬁlte%uﬁefs o%rﬂ

represent, a osel'y™ as’ possi ratto in or'k of the

nol ecul ar si tallifk mdlcR¥Rk WideesSisefit QP callystsitiThdd 48 hdh-liMdinglixaaplesor in
cationic or er formw thin the channels. 100461 The nol ecul ar si eves for

sel ectively ﬂ@g@wmgedﬁﬁsazsmﬁ (omega) (d.S. Ratt No-. 3983.689), mwigsmitad&SMrid ude,

Pt Us2008) 06 Fot Ayl R AR P R0, 38720800 R R g i 1

MeSOPOr OUS MWL Ned. S3,309)969 dhd Rd nE341Y, %ﬂﬁ@n&%{l@ssmm BBl 2ad and/ or
| ayered materials. (50 7] Preferred caf al ysts include natural or synthetic

crystalline Frmastlear(U .eRags Nowi 3, tawovg, SIS 8. eBatoNase 3,293, ¥Retmde  menber s

non1 i mi t1 ng “SHSATPLREY i et SRR 25 M4 Tusebdh KBRS ° 5
3,933, 839)  TCHEY (6.8, ﬁMN@sﬂdﬁl?ﬁﬁt 20U, 3. 465 23654 201l S Pat .
3, 972,983), zeolite Beta (U. . 308, 069 and Ré 28, 341),

Fau jasite X (5l6 (E.S.at.. Nowod 3@,@2 aﬁdn)esopm maﬂenels\tuaua@d@a& . RioPat.

L Ty

molecnlar sieves include 12 membered oxygen-ring structures ZSM-12,

mordenite, Zeolite Beta, USY, and the mixed 10-12 membered oxygen ring
structures from the MCM-22 family, layered materials and mesoporous materials.
Most preferred are the MCM-22 family of molecular sieves, which includes,
MCM-22, MCM-36, MCM-49 and MCM-56. The MCM-22 type materials may
be considered to contain a similar common layered structure unit. The structure
unit is described in U.S. Pat. Nos. 5,371,310, 5,453,554, 5,493,065 and 5,557,024,
Each of the patents in this paragraph .describing molecular sieve materials is

L herein incorporated by reference.

[0048] One measure of the acid activity of a zeolite is the Alpha Value.
The Alpha Value is an approximate indication of the catalyst acid activity and it
gives the relative rate constant (rate of normal hexane conversion per volume of
catalyst per unit time). It is based on the activity of the highly active silica-
alumina cracking catalyst taken as an Alpha of 1 (Rate Constant = 0.16 sec™).
The alpha test is described in U.S. Pat. No. 3,354,078, in the Journal of Catalysis,
Vol. 4, p. 527 (1965); Vol. 6, p. 278, and Vol.; 61, p. 395 (1980), each of which is

herein incorporated by reference as to that description. The experimental
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MCM 36 (U.S. Pat. No. 5,220, 341y, MM 49 (U S. Pat. No. 5,236,575), MOM 56
(U.S. Pat. No. 5,362,697) and nesoporous materials such as M1 S (U. S. Pat.
No. 5,102, %/CM41 (U.S. Pat. No. 5,098,684). Mor e

nmol ecul ar @@%‘Zﬁﬁ% | ude 12 menbered oxygen-ring struct uf‘é@h%‘@]f,gﬁl
nordenite, Zeolite Beta, USY, and the m xed 10-12 nmenbered oxygen ring
structures fromthe MCM 22 famly, |ayered materials and nmesoporous
materials.  NaabiiBhebEht Gt #4e8 hdieidMMnddnl BFpkMnRE oFFIPCULRI 2 ShipipfS, Whi ch
i ncl udes, NCM 22, MCM 36, MCM 49" and I\I/lé\/lSGmpT%gﬁl\/&v} 22 fypearrat erials may
be consi der edldvoratoa deseriteddn thel Janmebofiatalysiy,Fado s pr 325 (1080ni t . The
structure wunit is described in U S Pat. Nos. 5,371, 310, 5, 453, 554,

5,493, 065 an 57,024. Each qof the patents in thj ar agr.aph .descri bi ng
mol ecul ar si gl\‘)@uﬁat eri §‘Y‘s°nF§m g\‘%ﬁ”ﬁtha%ﬁ %@@He&/ﬁ'fli%%gﬂpée.ﬂ[‘%%B] One
measure of t 1qi ARGy | 19t Al pha
Val ue i s an gg%s?gi At ewr((n%%i?:%ﬁ ilg’nﬁ%&l it)’f?ger%}gyc’fl@g?tg{ g@%cﬁ{ g%(:et‘;.]ﬁ'\elzfl‘e%' Eyl]gﬁtg\l it
gives the rellaast8@0.rate constant (rate of normal hexane conversion per

vol une of catalyst per unit tinme). It is based on the activity of the
highly active_silica- alum na _crackjng catal yst taken as an Al pha of 1 (Rate
Const ant = O. lﬂﬁs%lec 1) . Theggystal] O{t‘ég!@r $lve B3y be Besd 1 poupdsiormy that gy

3,354,078, in I VS : ; 6, p.
278, and Vol g petiet i RhsfOhR inchuoll stinle i ot bocuithe, T £
reference as dubstuliab, stiels ad ¢lpy,i siliva, dlamirex pecinia; nitalia, sillva\Mdaine ahd 3ty 8

PCTI US2006/ 014461 c¢ondi tions of the test used include a constant

t enper at ur e obcisbgxides, Pther\porpas meatrix | Hajerials eingludg e@é‘?ﬁﬂﬁ_@ﬂlﬁs’f@s tSHE33 our nal

of Catalysis,, Vol B 395 (1 . 49] - A
mol ecul ar si e%%é?ga’ ﬁlécsa %Hn%lgsgl#g]i%gﬁﬁ% Sgl?cgﬁlé%é’[h s%,%i‘lp@rﬁef“e5 rgb: 3& PO¢ &i&gsast 10,
mor e-pr ef er abdughads kities-alukfha-thoEne siicebRinghh-virednia,| SiH6d-a300na-1aG8R]a, The

crystalline nol ecul ar sjeve maybe used in bound form that is, conposited
with a matri xadestikgaraymingrzinconipnfhescatalydcar bgpgediin the fomy oba gxtrudats, :

subst ances, Sféﬁ@d?o?m%.@)’uﬂﬁﬁé)i &apovﬂiei".m na, zirconia, titania, silica-alumna

and ot her

Clay Catalyst System

[0051] The term “clay” as used herein means an aggregate of hydrous
silicate particles, preferably less than 4 micrometers in diameter. Jt consists of
small crystals of the miunerals silica (8i0;) and alumina (Al;Os;), which is
substantially free of the type of the porosity of a molecular sieve. The clay
catalyst useful for this application is usually an acidic naturally-occurring clay or a
(—. synthetic clay material.  Naturally-occurring clays include those of the
montmorillonite, kaolin families, bauxite or mordenite clay. Clay catalyst system
is used herein to refer to the passage of a hydrocarbon stream through a fixed bed
of clay material, which possesses the capability of reacting olefinic compounds
present in the hydrocarbon stream. Preferably the contact material is an acidic
aluminosilicate. A preferred clay is F-24 clay produced by Engethard Corporation.
However, several other types of clay are available commercially and are suitable
for use in the present invention, including Filtrol 24, Filtrol 25 and Filirol 62
produced by the Filtrol Corporation, Attapulgus clay and Tonsil clay. In a
preferred embodiment, the clays are pretreated with concentrated HCI or H,SO,

acid. The clay used in this invention may formulated bjr a number of well-known
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'metal oxides. O her por ous mat Fix materials include silica- magnesi a, silica-
zirconia, silica-thoria, silica-beryllia, silica-titania, as well as ternary
conposi ti onswousghsesmgSi | i ca-al um na-thoria, silica-al um ngszi i
silica-alum na-magnesia, and silica-al um na-zirconia. Thgpcclgpg“lﬁ)gﬁﬁg’én be
used in the formof an extrudate, |obed form(e.qg., trilobe), or powder.
Cay Catalyst System [0051] The term "clay" as used herein neans an
aggregate of hydmites, sibh b§ §iry BAitd, rititng, PERESARDAN émlsiohhﬁnﬁ,ﬁdmeox ometers
in dianeter. It consists of snall crystal$ of the minerals silica (S Q2)
and al uni na (Alzo&talysthinche ferm efifer axamiple) sphiriead pofticlese exiyydatest peltats
porosity of asarjggl %leil ar sieve. The clay catalyst useful for this
application i d $fy an acidic naturally-occurring clay or a synthetic
clay material. Naturally-occurring clays include those of the

mont mori || oni {iaos}aol i n A pidvidisly B By BREYANsEnC IS How dohlindad al yst
system is used herein to refer fo the passage of a“hydrocarbon stream

t hrough a fi xesbvebedwidd terhpeyatmmet ®ngalof inbincibomb U886 s@60TN etocapabid7ity of
reacting olefipic copgpounds. present.in the hydrocarbon strea Preferably

t he contact rra@gﬁithl [Eﬁgc GRS & ei%@ﬁ@i?%ﬂﬁtéYStﬂnﬁ%éw Hopdeis F- 24
clay produced SRR rat1Qn. ﬂi—é()&%% al other types of
clay are available co%@?ogﬁ@ﬁ%k%rﬁgfswt ‘F%alyﬁgl}é%se in the present
invention, including Filtrol 24, Filtrol 25 and Filtrol 62 produced by the
Filtrol Corpor@053n, Attl¢gpehding oh atheahgdrboabon fhedstockl rnd ther ebemtingl

enbodi nent, the ¢l ays are pretreated with concentrated HCl or H2SO4 aci d.
The clay used FHRIHINNS VA& MAre sePaERJe $laY HGRISE Bepsely can Brpssd ongm aliematiigown 16

WO 20Q6113024?@.€?§§J#§5 gc%g{sgéﬁfﬁlg\&de L&Y Egeraﬁbiﬁ h 2 lag RE&YoréHl A1 be

prillcfng, pel letiz xtrusion, to protduce a clay catalyst 1n the form
of , for exanplwsedaplierswing rqaatot forltRsmoteculan diztebed phkh eanolacudart siddledt s .
[ 0052] As previqusly. d cl ay catal yst systemis now conducted over

i scussed,
a wide tenpe-ral?ﬁﬁ%repg’ﬁgiordﬁg%tﬁdabout 93C (200F) to about 371C (700F). The
conditions utilized in the clay catalyst system are dependent on the

[0054] The molecular sieve and/or clay may be regenerated under

regeneration conditions. In one embodiment of the present invention, the
.molecular sieve and/or clay is regenerated under regenerating conditions
coniprising a temperature range of about 30 to 900°C, a pressure range of about
10 to 20000 kPa-a, and a WHSV from about 0.1 hr” to about 1000 hr”, wherein
the regenerating conditions comprise a feed having an oxidative reagent such as

air, oxygen, and nitrogen oxides.

[0055] The molecular sieve and/or clay may be rejuvenated under

™

rejuvenation conditions. In another embodiment of the present invention, the
molecular sieve and/or clay is rejuvenated under rejuvenating conditions
comprising a temperature range of about 30°C to about 900°C, a pressure range of
about 10 to 20000 kPa-a, and 2 WHSV from about 0.1 hr to about 1000 hr',
wherein the rejuvenating conditions comprise a feed having a reductive reagent,
such as hydrogen, He/Hy, or No/H.
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hydr ocar bon feedstocks and the kind of the clay catal yst used. [0053]
Dependi ng on the hydrocarbon feedstock and the operating conditions, two or
nore separ eater vessels can be used on an alt lha.  (i.e.,

SW ng) bas?&s&%@k@%{iﬁ de continuous operation. A clay reag{cg?égggfﬁmé%@b be
used as the swing reactor for the nol ecul ar sieve bed when the nol ecul ar
sieve is being replaced or regenerated. [0054] The nol ecul ar sieve and/or
clay may be negepgighgtapnder regeneration conditions. In one enbodi nent of
the present i'nvention, the nolecular sieve and/or clay is regenerated under
regenerating conditions conprising a tenperature range of about 30 to 900C,
a pressure rdag@felof abdie hytifodadbonofodsiddia; mclating aronidBy feedstockiiothtat 0. 1 hi
to about 1000 hr!', vvhereiq1 t he re%e erating, conditions conprise a feed
havi ng an oxil&}t b dreaed Juhhespreress o tg?rp,res@% ge/Rubiom may; $onige MREHes .

[0055] The ecul:ar sj  andiar. ; - '

rejuvenati ogtgggnC|]?$ ‘(%lrslés‘ﬁ n-anot %’?A@#%‘g%% ﬁgﬁﬁaggkai\éﬁg?ébﬁggﬁg%no\f&ﬁ lon, the
mol ecul ar si auéleatlal feves leaglyssusedjin vadciapredessn ddiesd Epiivitiea inaydecarietist i ons
conprising a tenperature _ range of about 30C to about 900C, a pressure range
of about 10 RegBYOBmOYPd- by OBH@T AeaSRreiTPRFeRb &lGPs @rier He- coplictng dke 1000

T e "o SR 00 LR SO LS5 S ol 0t v
PCT/ US2006/ 0kifdéitionFdr dnEesibbéiaien the h@b6dbdh Cecivdslonafibppreiregss bt ks,

I ncluding aromatic feedstocks, that nay be treated by the process of the

present i nverthémeoniagjedwith dhenmaleculaysiave easalystisystan ad, epticnglly cortactedi ng
[ iti t d t | e | t h. th 0| | [
capal yst -used i G B bten HCicBordR ek e mighon BYGHIRE LT Charti a1y

remgVed by one or nore pretreatment steps prior to contacting the
hydrocarbon f{@est ock VRich préteeatiidng @téps inchhdey But @b aloy Hinify 36,SPs@ptibin e
present invention. In one enbodiment, the hydrocarbon feedstock is first
pretreated arfjocesses in which the hydrocarbon feedstock is contacted with an absorbent

under absorption conditions effective to remove at least a portion of such
nitrogen-containing or sulfur-containing impurities. Preferably, the absorbent
comprises one or more clay materials, inciuding the clay materials previously
described herein or an alumina compound (Al;O3), such as Selexsor ® CD that
may be obtained from Almatis AC, Inc.. Preferably, the absorption conditions
includes a temperature of from ambient to 500 C, more preferably from ambient to
200 C, or most preferably from ambient to 100 C; a pressure sufficient to maintain
liquid phase conditions; a weight hourly space velocity from 0.5 hr-1 to about 100
hr-1, more preferably from about 0.5 hr-1 to about 10 hr-1, most preferably from
1.0 hir-1 to 4.0 hr-1 depending on the hydrocarbon feedstock being treated.

[0058] The following examples illustrate exemplary preferred
embodiments:
[0059] Three hydrocarbon feedstocks having different level of olefinic

compounds were used in the following examples. These feedstocks were
analyzed using standard gas chromatograph (“GC”) analysis and the ASTM Bi
test. The multi-olefins (mainly dienes) in this invention, were analyzed as
follows: 0.50 gm of maleic anhydride (Sigma-Aldrich Corporation, Milwaukee,
W1, USA) was added to in a round bottom flask containing 300 gm of the
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then contacted with the nol ecul ar sieve catal yst system and, optionally
contacted wth the clay catalyst systemin accordance with the present

i nvention. wi®addsoech pretreatnent steps include, but a (Bj éed to,
absorption processes in which the hydrocarbon feedstockEﬂ%gR@ ?{’P&g“ b owith
an absorbent under absorption conditions effective to renove at |east a
portion of such nitrogen-containing or sulfur-containing inpurities.

Preferably, hﬁ&o@@ﬁ&{ BRAktoclE ONPE | FBRR v%ee {Pg@r\ﬁﬂﬁh%nd%%&* fic8a it Bcl udi ng
the clay materials previously describ g ein or an alum na conpound

(A1203), sucheedmg%arebesmrd Inopgl@io réfhtx. Aﬁgr 2Wehrs heaflaskawis enoled toabors AC,
I nc. . Prefer the sor t| on. co i ncl udes er at re of from
anbi ent to 5 eﬁ?ﬁ Fﬁpvﬂﬁr%ﬁa%ﬁ%mﬂ? Bomfﬁsg‘@& “gﬁgr?o’s“t a1 ef er abl y
f nbi ent

rom anpi en g%\%gl gﬁr f£75%C Eﬁ&igﬂés@m%‘bfe dvr?b%'??d’ta% R t%'di‘ystt% h%;téutﬁ&ase

condi tions; hourly space vel ocit romO0.5 hr-1 100 hr-1
mor e pref er alway obtaimed atveighed). ditdtnnalyzecbbpmm m%mnmﬂnermmbpd bfydr aly f rom
1.0 hr-1 to 0 hr-1 ding o t e hy rocar hgn_f Kk reat ed.
100581 The férltIBWYnamnggr% B@WI}: ﬁpﬂg?@ §§é$ gedlf i nent s:

[ 00591 Three ncC
conpounds vverg%iésdggﬁ @B%&qﬁqﬁt B?Vé%iy g@é&g%@éﬂ(@{%@g E%‘ﬁ\‘{lgtlgt oc sln\%j/et?]e

anal yzed usi ntpfist apshisd 0fsa Qiyﬂmmfb@grﬁebstécmés 2akblstdds based bhet®STM Bl
test. The nmulti-olefins (mainly di enes) in this invention, were analyzed as

fol |l ows: 0. 56G0GesRoRAngEYutiw© etimyfena an (s white vatalig noedush pxeri the totall | waukee,

w6 2006) 130278 BEwsdo0 By Bebatat BPHER R PEORETOR, m i Bl " T

equi ped Wit Rom Gﬁﬁ&fsrtﬁ'@iaseﬁéeﬂﬁt@dtddi*eﬁstedlﬁﬂl‘abwlﬁant|e and brought to
reflfu After 2 hrs the flask was cooled to room tenperature. The entire

contents of the flask were concentrated using a rotary evaporator at 75C
and a pressure below 0.67 kPa-a. A whi tabledrystal | i ne product was obt ai ned,
wei ghed, and anal yzed by NVR in the manner described by L. B. Al emany and

S. H Br OV‘“’W" S) %%?@A 9237+ ee Feed C
Feedstock
BI . 150-300 600-1600 550
Total olefinic 600-1200 3000-8000 2700
compounds (ppm
1 Mono-olefinic 300-800 3000-8000 2700
compounds ppm
Maulti- olefinic 200-600 <200 <150
(_ compounds ppm
B Total paraffins 1-2 0.2-0.6 i
(wt.%)
Total aromatics 98-99 98-99 98
(Wt.%)
Others (wt.%) <02 10.75-15 1
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" showed the product to be largely naleic anhydride/di ene adducts. The nulti -
ol efins content of a hydrocarbon feedstock was cal cul ated based on the

cor r espondvw@2aoeh 3024901 ef i ns weight in the white crystalli ver the
total weight of the hydrocarbon feedstock under anal ysi é’@f‘&%@fg’%@)gr ans.
The conpositions of these feedstocks are listed in Table 1. Table |

Hydr ocarbon Feed A Feed B Feed C Feedstock BI 150-300 600-1600 550 Tot al

ol efini c 600E14HMNe3000- 8000 2700 conpounds (ppm Mono-ol efinic 300-800

3000- 8000 2700 conpounds ppm Multi- ol efinic 200-600 <200 <150 conpounds
ppm Total paraffins 1-2 0.2-0.6 1 (w.% Total aromatics 98-99 98-99 98
(W.% Other {0060k . oy <& feed Aymvas trpaed with eawdys /hesogsd) vaih MEMBR/ 014461

caralyst and B8O oRERAY SR b deir BEPOTO VRG] B ARG "G

pressure 148@rekdie 48X R02-RFRE psig)) eTIRPEF ROt chPBERATTE ik QaikeBto Z)53€d to 205C
during the test for the purpose of maintaining unit Bl renoval activity. The

cycl e- | engt Bumwgsthe 165t fayke pwposs ofmeintaiaing iUl reBlovelpetivity.c g eysleof | ess

J\[,g?_n%lg; ngg | v%as[ I%Gd%s @) rLaeli% ainAa 1‘9;%3115{ asi)grgﬁ\é\ét%o?l of 1658 aat!cl)i%t having 100
Example 2
[0061] A feed A was treated with a catalyst having 100 vol.% F-24 clay

catalyst at conditions identical to Example 1. The operating temperature was

N

raised to 205°C during the test for the purpose of maintaining unit BI removal
activity. The cycle-length was 35 days to maintain a product BI specification of
less than 10.

[0062] Examples 1 and 2 show that 50 vol.% MCM-22/50 vol.% F-24 clay
is 5 times more stable than 100 vol.% clay

Example 3

[0063] A feed B was treated with a catalyst having 50 vol.% MCM-22
catalyst and 50 vol.% F-24 clay at temperature of 190°C, WHSV 1 hr', and
pressute of 1480 kPa-a (200 psig). The temperature was raised to 195°C after two
months on-oil and further raised to 200°C after six months on oil. After 13

months on oil the product BI remained between 80 and 150 at 200°C. The

prdjected cycle-length was more than 800 days.
Example 4

[0064] A feed B was treated with a catalyst having 100 vol.% F-24 clay at
temperature of 165°C, WHSV 1 hr”, and pressure of 1480 kPa-a (200 psig). The
clay aged stéadily requiring increasing reactor temperature to keep the product BI
below the specification of 300. The cycle-length was 70 days at a maximum

reactor temperature was 210°C.
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catal yst at conditions identi Cal 7t-o Exérrplqgn"l_i | 'The operating tenperature was
Craised to 205C during the test for the purpose of maintaining unit BI

renmoval ag{ig béYz02480€ cycle-l1ength was 35 days to nmaint g Bl
specification of [|ess than 10. [0062] Exanples 1 and 2%’521‘{)@52%@?%% vol . %

MCM 22/ 50 vol . % F-24 clay is 5 tinmes nore stable than 100 vol . % cl ay
Exanple 3 [0063] A feed B was treated with a catal yst having 50 vol . % MCM 22

catal yst andodésjvol . %}Ecaagalésl Ryndl shewnBktathl ic§clefledd® of SORBYYLMEM, . and
pressure of 1480 kPa-a (200 psig). The tenperature was raised to 195C after

two C nont hs228H) veli% dndt elay dheerd tias tey tiseioogerdhere thesiyrlerenath of 460 oi | .
After 13 rmvnogt;/s on oil the product Bl remai ned between 80 and 150 at 200C.
The projected 'E:?}E)"e-l ength was nore than 800 days. Exanple 4 [0064] A feed
B was treated with a catal yst having 100 voL% F-24 clay at tenperature of
165C, WHSV IFmples pnd pressure of 1480 kPa-a (200 psig). The clay aged
steadily requiring increasing reactor tenperature to keep the product BI

bel ow t he specification of 300. The cycle-length was 70 days at a maxi num

reactor tenplfe8lure wad foadC wadrerwd witios MCYR23 cralystus20kererins of [ 00651
Exanpl es 3 and.4 show t hat le.length of % 22150, vol . %

Eoa o ay i et dnerrant ol M B aiahs ek 2 VYY) 20 e 20 vl o6
clay. Exanpl &@;aﬁg%S%QﬁgﬁiOﬁﬂ Ieg)wg%ettéﬁﬁﬁfgedﬂi:ﬁ&h Gaplety gfztth@lW st at a

t enper ature of pressur 170 kPa-a (300 psSig), and WHSV 20
(Exanpl e 5), 25 Xatalyst awpd ecaliujateth dby2 edilifiiyimgpiee BL diffaerencst hetwBen rtbduct i on

capacity of th 2 .cat.al yst. was | cul at ed | tipl.yi t he BI
di f f erence b%‘fc&% o[nhgeedﬁgﬁl; Gﬁ‘zrﬂ%ﬁr@&j&l c{l‘eatﬁgext‘fr‘?g“%‘? ] Mﬂnt he total
vol une of hyfe@4aidiRBeessed divided by the total volume of the catalyst used. The results

\ shown unexpectedly high BI reduction capacity at low WHSV (Figure 1).

[0067] The results of examples 5-7 indicate that there is an incentive to
operate MCM-22 catalyst for reducing BI of a hydrocarbon feedstock at low
WHSV.

[0068] All patents, patent applications, test procedures, priority
documents, articles, publications, manuals, and other documents cited herein are
fully incorporated by reference to the extent such disclosure is nof imconsistent
with the present invention and for all jurisdictions in which such incorporation is

permitted.

(‘,_, [0069] ‘When numerical lower limits and numerical upper limits are listed

herein, ranges from any lower limit to any upper limit are contemplated.

[6070] ‘While the illustrative embodiments of the invention have been
described with particularity, it will be understood that various other modifications
will be apparent to and can be readily made by those skilled in the art without
departing from the spirit and scope of the invention. Accordingly, it is not
intended that the scope of the claims appended hereto be limited to the examples
and descriptions set forth herein but rather that the claims be construed as

encompassing all the features of patentable novelty which reside in the present
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f eedst ock processed divided by the total volune of the catal yst used. The
results __shown unexpectedly high Bl reduction capacity at | ow WHSV (Fi gure
1). 1006792489830248 4| t s of exanples 5-7 indicate that tREHESHes/MAMsINCENti Ve
to operate MCM 22 catalyst for reducing Bl of a hydrocarbon feedstock at
|l ow WHSV. [00681 Al patents, patent applications, test procedures,
priority ,docynents, . artjcles, blLi cati ons, nual s, .and oth docunent s
cited her dFFRHPR mcﬁgﬁlpg 4&%"3’#&%@3‘!@@‘1 BEP@F@&@% e‘tl‘l'}v?lﬁgtséh@f ®Ysuch
di scl osur gd hﬂﬁ S Whith j ent invention and for al
jurisdictﬁgﬁgsgﬁkd |cﬁg§3§h |né%%%%§gkﬁ“ga?gﬁ'pernitted. [ 0069] When
nunmerical lower limts and nunerical upper limts are |isted herein, ranges
fromany lower limt to any upper limt are contenplated. [0070] Wile the
illustrative enbodi ments of the invention have been described with
particularity, it will be understood that various other nodifications wll
be apparent to and can be readily nade by those skilled in the art w thout
departing fromthe spirit and scope of the invention. Accordingly, it is not
i ntended that the scope of the clains appended hereto be limted to the
exanpl es and descriptions set forth herein but rather that the clains be
construed as enconpassing all the features of patentable novelty which
reside in the present 21 WO 2006/ 130248 PCT/ US20061014461 i nventi on,
including all features which would be treated as equival ents thereof by
those skilled in the art to which the invention pertains. 22 VWO 2006/ 130248
PCT/ US2006/ 014461 CLAIMS What we claimis: 1 A process for reducing the
Brom ne I ndex of a hydrocarbon feedstock, conprising the step of contacting
aﬁid hydr ocarbon feedstock with a catalyst at conversion conditions,

erein said catal yst includes at | east
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one nol ecul ar sieve and at |east one clay, wherein said catalyst has a
volume ratio of said nolecular sieve over said clay fromabout 1:99 to

about 99: ein said catalyst is sufficient to r om ne

| ndex of g(l)%ﬁﬁ%}g?%(rzar bon feedstock by at |east 50% 2 ?Wg‘}cé@ié‘éi)f claim
1, wherein said contacting step is contacting said hydrocarbon feedstock
with a at | east one nol ecul ar sieve under first conversion conditions to
forma firstcpagspsct; and further conprising a step of contacting at |east
a portion ofTsard first product with at | east one clay under second
conversion conditions to forma second product, wherein said second product
has a Broni n&hetwleglaimnisgr eat er than 20% of the Bromine Index of said first
product. 3 The process of any preceding claim further conprising the steps

of contactipg a hydrocarbon feed w an or bent der, absorption
condition ant ef feditPSRSS foF FOHERE tﬁ%ﬁ%@%ﬁa@ﬁ?ﬁ Q?r"ﬁ o FEednt ai ni ng
inpurities, whered g&.][ﬁ% esi t%%ﬁ;@, n hard F-24
clay, Filtrol 24, dlg?rfr{%rﬁl(%aggggﬁgﬁﬁ ro 62,é %locﬁth ri ﬁ%gﬁi%ggt%%g&%&Tonsi I
clay, an al um necataiygh i rdnversidn aoyditiond) iwteerdin maidhentadpdt . indudéseatpleast es s

according to any preceding claim further conprising a step of . contacting
sai d hydrocar bon g@eﬁ’@f‘fﬁ %I\ﬁ}ecvﬁ andpar deest mg sl wharen,sa &&alyﬁglﬁ?%f‘reati ng
conditions. 5 Th ' c&sH ' iin said
hydr ocar bon feeg‘édtiglgﬁ%gtg%?’g%&sﬁqggiggh%oﬁgﬁeuﬁgeﬁ Sl e%y%%%?igpgg?c}gcl ay. 23
WO 2006/ 130248 PGHouE2906akd d/herkin Said katalysioransidatao dedigettbe Brymipeecedi ng
claim wherein said hydrocarbon  feedstock cont act s said clay prior to said
nol ecul ar si eve. ndepal sidbydrecasbarpiesdsioekity #h iipstt®%edi ng claim wherein
said nol ecular sieve is |located in a separate reactor bed fromsaid clay. 8
The process @ccor eqding.:cl.al [ [ -ar  sieve
con%ari ses atél easﬁ%ﬁ%&%ﬁﬁﬁ]ﬁg&%g@@% uﬁzﬁ@lhnm'é) n%ze%lsﬁpzﬁs%%ﬂégﬁg&? ype
hydrocarbon feedstock with a at least one molecular sieve under first

conversion conditions to form a first product; and further comprising a
step of contacting at least a portion of said first product with at least one
clay under second conversion conditions fo form a second product,
wherein said second product has a Bromine Index no greater than 20% of

the Bromine Index of said first product.

3 The process of any preceding claim, further comprising the steps of
contacting a hydrocarbon feed with an absorbent under absorption
condition and effective to remove nitrogen-containing or sulfur-containing

<—' impurities, wherein the absorbent comprises at least one of Engelhard F-24
clay, Filtrol 24, Filtrol 25, Filtrol 62, montmorillonite, clay, Tonsil clay, an

alumina compound, and any combination thereof.

4 The process according to any preceding claim, further comprising a step of
contacting said hydrocarbon feedstock with a hydrotreating catalyst at
hydrotreating conditions.

5 The process according to any preceding claim, wherein said hydrocarbon

feedstock contacts said molecular sieve prior to said clay.

23



—_— e S .

of MTW MOR MEl, EMI, *BEA, FAU, MM M, mesoporous nmaterials, and any
conbi nation thereof. 9 The process according to any preceding claim wherein

sai d nol ecumbol)?/ilﬁﬁfa conprises at |east one of ZSM 4, Zsyg%%ﬁm 'tg,z

ZSM 18, ZS zeOl'ite Beta, Faujasite X, Faujasite Y,
MCM 36, MCM 49, MCM 56, MA1lS, MCM 41, and any conbination thereof. 10 The
process according to any preceding claim wherein said nolecular sieve
conprises a spent rrm‘h@Ptdcags Feeiding thlanThRequdanedsing odwieh Raidt 1eydestarionecedi ng
claim wherein said nolecular sieve has an al pha value at least 1. 12 The
process accordi ng t &edstgckorontasts sail Jrwuprgr insseidanoleadatgieveay  conpri ses at
| east .one of Engelhard F-24 clay, Filtrol 24, Filtrol 25, Filtrol 62,

e

nont monl I onite, clay, Tonsil cl ay ny..c igﬁf'go r :

process accor di7ng tgh%r%glcﬁﬁseé%c&’?%ﬂg?&%Pﬁ]ﬁé\?\%egﬂ% n's i@h%lgglr gagé%céﬁcﬂﬁ

f eedst ock has not bgeie fsM6@&In W sbharate Ry iR be@ HohDghidelagess. 14 The process
according to any preceding claim wherein said hydrocarbon feedstock has a

multi-olefin level of less than 500 ppm 15 The process according to any
precedi ng cl ai & whdheipnoasss dcdeyding dardpyrpre¢asings ook, whensin said roeloerdad ¢

conpounds. 24 16 The, process according to a recedi ng cl.ai erein said
conversion conditi 87&% CFPRILEs Eﬁﬁesg#’&?m??%%ﬁ eivgﬁgwfm gzg(gﬁ?)g%m%ﬁ\%’resi on
conditions, conprige MTWENPEIRRI ME?, EMES+*BEAMBOGUMWEE MFIAhRNIpe@C, 2
pressure range from about’ 136 kPa-a to about 13891 kPa-'a, and a V from

about 0.1 le' to abmaeriai)aind arly cobibifidtenghereass accordi ng to any preceding
claim further conprising a step of regenerating said nolecular sieve or

oLy i an o del e SRS 0HERs RS SERST LRSS B8 APRedr o

20000(kPa-a, and a WeRY cbhPRs@PaUlealt dne of ZSM-4, ZSM-12, mordenite, ZSM-18,
ZSM-20, zeolite Beta, Faujasite X, Faujasite Y, USY, REY, MCM-22,
MCM-36, MCM-49, MCM-56, M41S, MCM-41, and any combination
thereof.

10  The process according to any preceding claim, wherein said molecular

sieve comprises a spent molecular sieve.

11 The process according to any preceding claim, wherein said molecular

sieve has an alpha value at least 1.

12 The process according to any preceding claim, wherein said clay
comprises at least one of Engelhard F-24 clay, Filtrol 24, Filtrol 25, Filtrol

0

62, montmorillonite, clay, Tonsil clay, and any combination thereof.

13 The process according to any preceding claim, wherein said hydrocarbon

feedstock has not been treated with a hydrotreating process.

14 The process according to any preceding claim, wherein said hydrocarbon

feedstock has a multi-olefin level of less than 500 ppm.

15 The process according to any preceding claim, wherein said hydrocarbon

feedstock comprises aromatic compounds.
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hr-''to about 1000 hr i. 18 The process according to any preceding claim
further conprising a step of rejuvenating said nolecular sieve or clay with
a reductive agent under rejuvenation conditions having a tenperature range
of about 30 to 900C, a pressure range of about 10 to 20000 kPa-a, and a
VWHSV from about 0.1 hfl to about 1000 he 19 The process according to-any
preceding claim wherein said hydrocarbon feedstock has a flowate of nore
than at |east 1400 ¥he pRicestayccorbhg o roe peseding clady eihegid beid Boawémien! ndex of
a hydrocarbon feedstock, conprising the step of retrofitting an existing
clay treating proceBsignsniigt cpreeees condifons: OF SehoRg comysrrirn 2onditisrscess for -

reduci ng the Brom ndex, of an_ar | . 0 onpri sing
the step of cont ac{;]cf%réflnsgaﬁ t&m@@ﬁg@gﬂ?’tﬁ%##{é@%@{c gg??ﬁ%ﬁ)ﬂ{ gf‘%gl; gﬁ’g%sg"r&
conversion conditi ﬁﬂge tRnP BBk CB 6k -9 46 GboltalI89Y PR, - 4 YEESV »Eko | ess
than the Bl of said Teedstock, said cat al yst conprising a nolecular sieve
structure type of #huat@ddrato feat200mE.clay in a single reactor, said

catal yst having a | onger cycle length than the nol ecul ar sieve or the clay
al one. 22 The 2roc,§ﬁs of Claim.,21, wherei .thci .volacﬁ ratiq ,of said

mol ecul ar si evé  t OREPIRGESS 20¢qrdiRg gy By Proeccing ¢lamy, Sprther pampHsing a step of

regenerating said molecular sieve or clay with an oxidaiive agent under

'regeneration conditions having a temperature range of about 30 to 900°C,
a pressire range of about 10 to 20000 kPa-a, and a WHSV from about 0.1
k™ to about 1000 hr’,

18 Thé process according fo any preceding claim, ﬁjrther'coinprising a step of
rejuvenating said molecular sieve or clay with a reductive agent under
rejuvenation conditions having a temperature range of about 30 to 900°C,
a pressure range of about 10 to 20000 kPa-a, and a WHSV from about 0.1
hr! to about 1000 hr.

19  The process according to any ?r'ecedjng claim, wherein said hydrocarbon

feedstock has a flowrate of more than at least 100 kg per day.

20 A process for reducing the Bromine Index of a hydrocarbon feedstock,
comprising the step of retrofitiing an existing clay treating process with a

process of any preceding claim.

21 A process for reducing the Bromine Index of an aromatic hydrocarbon
feedstock comprising the step of contacting said hydrocarbon feedstock with
a catalyst at conversion conditions to produce a product having a BI at least
50% less than the BI of said feedstock, said catalyst comprising a molecular
sieve structure type of MWW and at least one clay in a single reactor, said
catalyst having a longer cycle length than the molecular sieve or the clay

alone.

22 The process of Claim 21, wherein the volume ratio of said molecular sieve
to clay is from about 25:75 to about 75:25
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