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WD 2007/ 058703PCT/ US2006/ 037059 1 PROCESS FOR REDUCI NG
BROM NE | NDEX OF HYDROCARBON FEEDSTOCKS FI ELD

[ 0001] The present invention relates to a process for
W@aWaRgox he Broni ne I ndex (hereafter Bl) of PCT s 2006/037059
hydr ocar bon feedstocks suchias aromati c hydrocarbon
feedstocks. In particular, the present invention

relates to a process for reducing the Brom ne I ndex of
an extracted feedst ock haV| ng Ies , ole
oxygenat e EROLESHFORREDUCID f LINDEX O acting

t he feedstock w ?DRO@?II@MN‘F]?EDS’P@ERBS' on condi tions,
“wherein the cat g'm_rm‘mﬁ ecular sieve having
a zeolite structure type of MWW BACKGROUND OF

I I ON 100021Hydr ocar bon feedstocks such as

a i ¢ hydrocarbon feedstocks are derived from
PieOEpESES Wpr@a‘éntﬂﬂ@ﬂhﬁﬁrdﬂéﬂb AipPaeqrfor fethesimgthe Bromine
cracki ng nyro ysis). Such feedstocks can be used i

vindex 1(erentiep 1) 6 tethoeasbory fesdaiacks Such g2 wrog%ahﬁabygr%ﬁeﬂ e
PERAUELS O 1n T iSUEE o ﬁ@&'ﬁf ﬁwgﬁ/t%%ﬁfeg Q4 afp?&gg 36 feducing
contar ni ng benzené, tol uene and xyl ene , toluené
diteBromaret Indexaifian nxtrac;cld é‘e@shoslomngzlai’b‘ﬂbﬁm 5 upmy oXygenates-

and transal kyl at,j car
£ BRyeePo SRarETE I aiee S Eeteyng AL ThechioB AL BRllysc
b &6ri¥icrson &mditions veierano thedsitalyee instlideg a uinsl edular aie@d having a
hydrocarbons such _as nono-ol efins, nulti-ol efins and
sF??§ﬁ8§mn¢%§§éoggﬁﬁyause undesi rabl e side reactions in
downstream processes. Therefore, these contam nants
should be rennved fron1the aromati ¢ hydrocar bon

' N be used in other processes.

136’@% ”‘é’LSﬁﬁgfep%ﬁ’ﬁﬂﬁé?ﬁ?’m&iE@L%F%Pﬁ%e@‘fﬂqé"&% HedsBUS"
Pragc dedivedgfrodvtBocassesi suth ablenaphfbs kefbfSig qud. thémSs Ar2King
D Bk "Bl errAchncan bereddh A of AErEhTR e TR FReen

hisgély Pk epRHxS1eRe prodRUBNERGh ¥E EBMafidBlydrdcarbon feedstock
| ow- pressure"noving bed refornmers results in a

s ¥brtaiming benzenactolarseand xylgpe (BT X tolyeae dispopartiopationnyylene
Tffso%?e PAA A e i 38 aléawmﬁocﬁw% f g6t ﬁycﬂoéa%on

downst reant pr cesses. Ihis‘results in d greater need
f deedsorles often contain contaminants comprising bromine-reactive compounds

including unsaturated hydrocarbons, such as mono-olefins, multi-clefins and
styrenes. These 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 shifi from high-pressure semi-regenerative
reformers to low-pressure moving bed reformers results in a substantial increase
in BI in the reformate streams. These streams are aromatic hydrocarbon

feedstocks for downstream processes. This results in a greater need for more
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WD 2007/ 058703PCT/ US2006/ 037059 2 efficient and |ess
expensi ve nethods for renoval of hydrocarbon

contami nants from aromati c hydrocarbon feedstocks,

e.g., reformate streans. 000410 efins (nono- '
%&”?’Q%V@fi ns) in aromatic hydrocarbon feeds?%@&é%iﬁj@qgg
comercially renoved by hydrotreating processes.

Commercial hydrotreating catal ysts have proved active
and stable to substantially convert nulti-olefins

copt.ained .therein to o|igomers an artially canvert
CoRRCIEN: P e e3Py T i I €om g bpb A g arminans
" 100 QroRaGE hitfrocaAfonUs&iobRy 8o rdiBANE Me@hi.ni ¢ conpounds
cont al ni ng one carbon-carbon doubl e bond per nol ecul e.

FHR8)| es oOlefimdmohedlefiss apdmulthgiplansg in prooyiit dyidrocarbon

RRARER g Ol R 1 TRaRERARErar e, e

agdicemtintd cAslydte dgte brved ach@naninkhabie tdomwbbtentialpddnpsee
nol ecul e. Exanples of multi-olefins are butadienes
Jpelticlefins somtaiied thersinto; digamen#ad tq prspallyeoaver thy olefins to
tdieAkBRRicsof hydrocarbons is widely practiced in the
petTol eum and petrochemi cal industries. Clay catal ysts
a0803)sed t dhe tampy enoinpyelafing’| ssised herein yapanselefin compounds

feedstocks in,a wde vaphe f_pr e e _of. the
B 3, BB, KR hone hes REREGIE - Trp il B ol
f slefilgtade tthylend, Propylehebuttts hyshess yistens) dnd detenése Mhéderm
updesi rable ol efins, including both pgulti-olefins and
ngwﬁfr&@ﬂﬁ ﬁgﬁedi herop Jayant &V%a CRPARINBLS Cotiaining yat least two
ShesdnfdafiRhi @ible Hondis ek ARIQLR, t Nkah®led o nflfiBiefins are

conmpound” or "olefinic material” is intended to refer
tltasdnnes, epelopantadiensss aedhigoprenesi - ol efins. A efinic

; s 2nghi ol ef i ns. |
SOOBGn s o TBY, 26y Behfiche OF VA Geadtnd|iS TRUPE TR 36 R0
\»pa't:g_le:;mp amd $elpc:1mgxlﬁiclal iixmust(-igg 8 ;@ila*j' a:atalystsEaxﬂmests le&msu@ h
nr.ur |1 O enzene. ) re, recen , ec ar
Simpyinties Tiam hydroeatian Tesdsipeloni videY et Ongetihé

ot RN AEH RAAbShs | OF t{é_ht%% tHefe hirofLBERY fed @bcikal With Nl Qay
conpounds from aromati c gﬁrocar bon feedstocks. U S

Featadyst sygtem & 1@ 6Bnasadginbls odafing, ngluding bpthgnuitiplefins wed
f . . AN ‘ .
fAbnd-S8RYS E]?mlaérot'cp et 9@3&% :q}i@%t{;%%&fcgﬁmn AOREAULEANS

from aronati c streans ing an aromatlic
f tepul Selefdordapound” ar ‘odgfiniqhiteral dlisantended te referh doth mono-

f eedst ream.j.s ntacted with an aci tive catalyst .
SRR A 1B DGR rbodh ARy, Pe AR G arbic
nipyicocaibehd Msever\NerdOARbhM@NIPAtIAAOT WEYthe a [Béve iveipht patstper
remove, di enes by contacting the stre%mvvith clay, WO

2BBITEPPER EUEFPIDS PIRTETSEHOE 85 mitration of benzene.

[0007] More recently, molecular sieves, and particularly zeolites, have

been proposed as replacements for clays in the removal of olefinic compounds
from aromatic hydrocarbon feedstocks. U.S. Patent No. 6,368,496 (Brown et al.)
discloses a method for removing bromine reactive hydrocarbon contaminants
from aromatic streams by first providing an aromatic feedstream having a
negligible diene level. The feedstream is contacted with an acid active catalyst
composition under conditions sufficient to remove mono-olefins. An aromatic

stream may be pretreated to remove dienes by contacting the stream with clay,
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3 hydrogenation or hydrotreating catal yst under
conditions sufficient to substantially renove di enes

LoitRlsg7gpno- ol ef ins. [0008] U. S. Patent No. GARA%&R037050

(Brown et al.) discloses amgthod for-the- -- renpval of
hydr ocar bon contam nants, such as dienes and ol efins,

froman aromatics reformate by contacting an aronmatics
reformate streamwi th a hydrotreating catal yst and/or a

Ml &ouldfios Bﬂ%roﬁ%&&éﬁé@ﬂlﬁt R Editiond SlfNSEnt to substantially
substantially ‘converts all dienes to oligonmers and

paemoye dignes beiviet mengPplefinhis to al kyl aromatics. The

| ar sj et [ t% El gy I GS.
q’ﬁéﬁ%rocessbggr{%w es 'aﬁhﬁg}ggﬁi(%lo%elﬁpglf)e pr oaéu%t Fdé%%*
C aémbwal pEShwridodatbonu@intatindnty dncleak edieies mudbslefing, | fadrh yan
convert the remaining olefins to al kyl aromatics. Th
hfﬁ?’ﬁ%“@éa‘tef‘ﬁ'@_a@apﬁl %‘fa"_ﬂﬁg . HamAcy JRTRRIAL ST YERE 2
C_qgﬁll&reatﬁ%r CAFLIVED aXPRdi HidlechR XRIENTR HydRARLEHE catalyst

ni ckel - mol"'ybdenum cobal t - ni ckel nol ybdenum
nischetdntinlin generts atlodbienes -taotlighaensumdapartially converts olefins to

ni ¢kel -t ungs -t tani ' [ I .
ot R Gl R 4P ek Eu e o alfotappppaics. The
Wcﬂrf&sd %lbviﬁﬁedsﬁn ?ﬁplhlﬂﬂ @rotmct wiiieh par v paszel memig_htagqlay
pref erably : e clJay treatnment can be carrije
oUTeatF A %lhvmaﬁy ‘é’ﬂ?’%kﬁi“‘e Tergging @?éﬁg“’hﬁﬁk”&%‘?%ﬁsne
[ ARARkEN A chest2hATRE intiaf @ERBERAK Df Mavked,0BERN cRidatium,
| evel of oOxygenates and nitrogen conponents. The i
ox¥ipgeditines meldbdspumi t r YHESENs o npiskrdmalyhdaninge o cobalbmighel-

b i - whi .
oSl ARG oA BRI o B e i,
t reith 2 nskelsedyfdenuniabinming edtatgsttbem paefemel The modecolza siovn
f eedst qck eral | t i_na- its.
Wi gl e Sk Aot RReTERNS MR A B b et can
f aRdairealott witartl dBcduaablt Pordres@ipdivdrde@d6ihdr cont ai ni ng

fresh clay, while the first reactor is enptied_and

r dPBRffled. ~ ABBRced)| apmaticeedsiacke ny s coiEn adiaintlagd of
LH%F&%&'S(E @%{rg%en{)?bgbbﬂﬁtst. O trig H?}?eﬂgtes‘:l ﬂMio:THﬁ? en

I sadvant ag nol ecul ar sieve systemis
hi @mppnénte noy ddvetivad dothl alaysindy motentilar isteive . cafadysts] | Whiech

cost _of ¢la and/ pr ecul ar sieves has created a
ne%areﬁ%ﬁﬁﬁr?%%w{]c icghlfm id cost-effective nethod for
r epoMi}Ng Cco %@gﬁm&a@ Zusfeﬂ ?fdsr gyd rtmﬁmdno roff ematio dydrosatbin
as_ aronmtic rocar bon feedstocks, T. resent,
i rigesstackmare @F%@@Iytqnegte&ra@w&ﬁ- "Bt iR ey 85pehdbh
bYar@HMR N AEREWSH YecHStbdld afe MiYieAGah BRI PRGRE B5taillRY iFth
| ess than 5 pm oxygenat es-oxy%en. WO

€

2 oy, el dlepirst teoD & ogrgdgnd 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.

[0011] The cost of clays and/or molecular sieves has created a need for an
efficient and cost-effective method for removing contaminants from hydrocarbon
feedstocks such as aromatic hydrocarbon feedstocks. The present invention
solves this problem by extending cycle-length by advantageously using a

hydrocarbon feedstock having less than 5 wppm oxygenates-oxygen.
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SUMVARY OF THE | NVENTI ON [0012] 1 n one enbodi nent, the
present invention relates to a process for reducing the
Brom ne I ndex of a hydrocarbon feedstock having | ess

W dd7assMRPM oxygenat es- oxygen, conprising t hpcsuSRogdsreso
contacting the feedstock wigh a catal yst at conversion

conditions to forma first effluent, wherein the
catal yst includes a nol ecul ar sieve having a zeolite
structure type of MAW [0013]In anot her enbodi nent of
the present invention, a process for reducing the
Brom ne I ndex of a hydrocarbon feedstock, conprising

twmg the feedstock vvith a

Jial s f|C|ettordu L.d
FBREER ook b P cBprittnt He iRt SRR Ty YO bt dte
Preatéif@ iR Bromark Th@xkof Willydrodarbaid fdedssdckthaving rlasss ahafm 5 wppm
e uent, wherein the catal yst .includes a %%b
sPesgenates,oxygeth oEpIrising e iem of é%?ﬁ@%fhew%@s? Pity A
V&hal 0% Shvdr G0 hiHins b Tofin |NHANEiRieny Giieh® tidodalyst

for ng the Brom ne |ndex of a hydr ocar bon
f exeliﬁbm:inplecuiatpme\mhwgng heeoshteeqmwmfe typeyf MPWe¥r eati ng t he

f ock fid Ci c

oﬁfpai at es- x% ¥ i %gé{ ?ﬁg Bl(aeegéntt 18Yeé§§ﬁ't§£ﬁoc§s s for

WRRIEng e Bzﬁmtr@qhmg)fh h?drbdieelbdlﬁﬁéchd)ck e:emnsmg thai stdps af:

catalyst to forma first, effl uent ‘es‘Ll he cat a{j‘éSt
[

i ncl udéd a prewesking dhe deedsiock ith g 3"‘"‘?@8 Pt (Rt

type of ,?@E}Q.te@%kygeﬁqmm Pé&dﬁ&ck't&i’e%& thiin B i Rndf
the first uent to step (b). [0015] In another

pref er fd mmtmseﬂle pratreated i ferpistock dnthraratalyst to Jomn a first
process T of ediSdii L figeih i é&gy@t 138 St oot e BFRE Q"

f eedst ock h&AvI ng’ pm oxygenat es- oxygen,
conpri si ng #dotitetragsreafpe ofMWW

[0014) In yet another embodiment, this invention relates to a process for
reducing the Bromine Index of a hydrocarbon feedstock, comprising the steps of:

(3)  pretreating the feedstock with a material sufficient to reduce
oxygenates-oxygen in said feedstock to less than 5 wppm;

(b)  contacting the pretreated feedstock with a catalyst to form a first
effluent, wherein the catalyst includes a molecular sieve having a
zeolite structure type of MWW, and

(c) recycling at least a portion of the first effluent to step (b).

[0015] In another preferred embodiment, this invention relates to a process
for reducing the Bromine Index of a hydrocarbon feedstock having less than 5
wppm oxygenates-oxygen, comprising the steps of:

(a) retrofitting an existing clay treater with a catalyst; and

(b)  contacting the feedstock with the catalyst at conversion conditions,

wherein the catalyst includes a molecular sieve having a zeolite structure type of
MWW, wherein the conversion conditions comprise a temperature range from
about 150°C to about 270°C, a pressure range from about 136 kPa-a to about 6996
kPa-a, and a WHSV from about 0.2 hr' to about 100 hr', and the feedstock has a

flowrate of at least 10 kg per day.



(a) retrofitting an existing clay treater with a

catal yst; and (b) contacting the feedstock with
ng‘tio gﬁgfayst at conversion conditions, VmereiPETthﬁ)osmsmw
cacdl ySt i ncludes a nolecular sieve having a Zeolite
structure type of MW wherein the conversion
conditions conprise a tenperature range from about 150C
to about 270C, a pressure range from about 136 lea-a to
a 6996 5 = | r b -

aggﬁl}@ 100 hﬁege gdﬁgl adtlﬂeéa?ag%%so?ggé Fﬁ%ﬁa%rg\%ﬂg? lgaruo# ectggw

| epsrerit Golghefollowing. detaid@ @30T BHITOBRCIIASPaGRIOBHESI 5
100161These and other facets of the present invention
shal | béconme apparent fromthe follow ng detail ed

d aRFBESCRIFTION OF TREYIGRRERied clai ms. BRI EF
DESCRIPITON OF THE FT GURES  10017]FIG 1 plots BI

cd®idi si on TG shiplots Bhcaswersionvarsin§ Bme op stipina Joriexamagles 1
[QQ38] FIG 2 plots Bl reduction versus EOR Bl liter/kg
for exanples 3 and 4. DETAI LED DESCRI PTI ON OF THE

| NBEET1 ON  FIID Dopléds| Blpatertivs vepzets EOR Bbhier/katorosxamples St
praggg‘dures, priority

DETAILED DESCRIPTION OF THE INVENTION
[0019] 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 not inconsistent
with the present invention and for all jurisdictions in which such incorporation is
permitted,

[0020] When numerical lower limits and numerical upper limits are listed
herein, ranges from any lower limit to any upper limit are contemplated.

[0021] 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
invention, including all features which would be treated as equivalents thereof by
those skilled in the art to which the invention pertains.

[0022] 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 time when the catalyst in a reactor is in contact with the

feedstock(s) under conversion conditions.



docunents, articles, publications, manuals, and other
docunents cited herein are filly incorporated by
reference to the extent such disclosure is not
inconsistent with the present invention and for al

'grzb@ggggj ons in which such incorporation is pRefuthdksshose
\{v 0201When nunerical lower fimts and nunerical upper

limts are listed herein, ranges fromany |lower limt
to any upper limt are contenplated. [00211Wile the
illustrative enbodi nents of the invention have been

dgqp@s) bed wirhdieRartycaleaght Ys udell hefeld mbfis WRORES AR time
that various other nodifrcations will be apparent to

ared theaglaybizeatas ot mojechlatigie vaycaglyss before qlavdmolepulmhgevg oatalyst

W t hout departi f -SPi Ky
" U ORI B Tt o ETBATE i of
sagircaborlifedabdi campmpiondead deecthtiorheatd bfritecclag/moldosiar

exanpl es_and_descriptions set forth herei.n but rather
t HegverR@lst alhaensel Jugls m&e@ﬁe&@weﬂ@éﬂmﬁgr%ﬁﬁm porppRunds

F el Waag/@nomaﬁmié\relb%d egpe%h} WilkdHve B sh&iBb e jegthhe
present 1hvention, including all features which woul d
be0824at ed Tbe etqom vifkasistosk’t ar &foed hyas t wsd eherkinl Imedng rthe
the.art.to i ch Iy i t.al ns. 2 term
» Rafiebb pils" g B S0 Rl B B o 2t S0
t hef M wan ahdeg kgrs/kersidntconditions aihy $éeditocleorrfestirhay besubjected to

nmol ecul ar sieve(s), cl.ay(s) or., any combi nati on thereof
urflEmICah FRPEsssFSo %m{hoﬁd #{sﬁﬁﬁi@, FRghaqnation, -2dsprpfiqn, dryas, nert
usgd MeEgg NorMpRACatnBR piddBss¥ @l RRtAAIA! YBdctibrihtion, water

reactor iS in contact with the feedstock(s). under
c o¥ashing; asisopHPrH dryiRg éert GADPPEOTE OEBIBRCTAAUSRD(6 FamPME3Y

6 3 - " d.: j

¢ NP ED0TRE o ShiBen & SR B0 o Bt BETWNGREH LonflRAAR, o

sisaifer coadpaliyds). bef ore cl ay/ nol ecul ar si eve catal yst

c -out, . rejuvenatio rr eration. T

CWIPES) Cnt SRS, b ion EAERRSa LG pEH Py drsTh

COfaRRfock, @13, abdradRacirbiatic HydfrrluBoRf febddfock! ayrHED kfigdetian

sieve catalyst. In general, hi %apm)no- ol efinic and/ or

mAreseswhefuchi & bahgegribrd ihthe Bandbogl /afofediolquay Pegegssing,

b i, WeW York"R ShALE oL Yl Rad £Bchss b Foaderth

tgggné&%gdét gck* or P?’e}g’d"" as 'us’)ebd her ePn means. the h
purity aromatics from hydrocarbon mixtures, such as reformate.
[0026] The hydrocarbon feedstock after extraction may contain some
amount of oxygenates (e.g.. sulfolane, n-methyl-pyrrolidone, pwrolidine,
dimethyl-sulfoxide, n-formyl-morpholine, morpholine, alcohol, and oxygen)
and/or nitrogen components/nitrogen-containing-compounds {e.g., pyridine, n-
methyl-pyrrolidone, pyrrolidine, n-formyl-morpholine, and morpholine). The
amount of the oxygenates and/or nitrogen components varies from about 0.001
wppm to 10 wt.% depending on the source of the feed, the process of extraction,
and separation/purification processes, e.g., distillation. Because there are many
varieties of oxygenates and/or nitrogen components, this invention quantifies the
amount of oxygenates and/or nitrogen-components with the amount of oxygen
contained in the oxygenate and/or the amount of nitrogen contained in the
nitrogen-component. The term “oxygenates-oxygen” used herein means the

oxygen element contained in the feedstocks, i.e., free oxygen plus oxygen from
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hydr ocar bon before contacting the nol ecul ar sieve
having a zeolite structure type of MAVNunder conversion
&ﬁ%idﬁo ?5133 The feedstock or feed may be SUbJP%?h%%Ok/BM(}sg
chem cal processes, such asy distillation
fractionation, adsor ption, drying, inert gas pur gi ng,
or pretreatnent processes (e.g., distillation,
fractionation, water washi ng, adsorption, drying, inert
9%% B&dfg%hﬁrgs Ofh& %R?ée&ﬁbﬂe@oi}%%ﬁtmﬁbﬂ%)s fneashldDYe e Wegist
a portion of undesired inpurities Wg x%%enat es.
niperconsage (w0 ﬂ@dm psweight pary Pﬁrrrrllllé%h&a‘@a ol oxyepipelgeyian the
L r“ i@ 3 means the
N L S e dq*é%%n%%e«?ﬁ
hmr@eﬂeteﬁrena‘mrﬁmedememestem; izec,t fresmitprgon ebis @strogen §m

as that described |1ﬂ]the Handbook ,of ., Pet r ol

Prile B £ HCOTOBR Gy, HhE IV TORRESSPRARTDIT BigR e gay BE Insasyred by
pr N Q& ot i fldn dbv bf fitlog&a@m
ér/gg%hﬁ%néérhn‘t‘%téa(\rv}eg) Ogg‘%h égllit rrgr?oljrwrratle n?oggfgg Thel £
h)edhrmnacd:rmmnédeedmfe@ﬂstoak& er extraction may contain sone

of o 8s X
w ﬁllg 'p&%g of Qﬁe y@'eser‘rts gllv&moﬁgfﬁ roves the 5%011? éf;(nlgtdheby
n %ggwﬁycrmraﬂiml tbemtoc]ﬂha\pﬁg)lesmthan alvadh,qirefeaihw laxsy@em;oo
and/ or nitrog

coWéﬂ?@/RfFf{%F’@&e]ﬁssc@ﬁ? AP AYRRGL SR BPR RrefaaR]y less than 10
o;% r@ilféi'erbl%yl'&thdrﬁDﬁ lra)(f/geﬁhtb:_i}%m;en Optionally, the
nny O I he an oll ne e
oxlyrgmatbes fenderp@lr ofrrhw@ge@ﬁorb@%ﬂeﬁ étrﬂrsl Whafo BE erﬁrﬁaﬁo%m
0. %Jw%g 3r9 Tberibl %sg%ﬁ%@'vgk%np révérhﬁoé%éﬁﬁbﬁf ledshtBan 1

6Ces8 0f extracti
sewpprm,t mﬂnr‘npsxrpréfemdat}r less plamd)els;wesm mtrggen—wnwpnrrrt%mtreaen

ause therg are mapy vari y t
n| ?%Q@?e%oﬂfsgl'\%ﬁ’f‘?n{%hln?yl ﬁlvé?rrt |co 'gs)éa%t% &? i ‘gé p?eﬁrgétﬂlrg a
caftfon F224810 08 s8¢h prevebathig steg is @ffedtive dmyedneths oxygeimntes-
the anmount of oxy gen cont ai ned |n t he oxy enat e gijmem
1)

t hexygam ihthe diydrochiper &edeionk: 19 'eie dh ppEm’ 1n one em

”' Iheopg&%aﬁ gﬁ%ﬁ erﬂ%y be f&smtaﬁe&nwﬁxme QR AHaBtS goew;g eg 'mit§ifOthe
ereli’n nean Xygen el enent cont ai ne Int

f epxé&banmgs:atalysew;th tirecatatysy e BLpypdnstion y Yaiemob atending|ia be

The aq
R S R G g&r&;&grmgrrﬁgegﬁ&um
m bitve0 Bar( WO RFatl9limproyed by dbweniny thernoxypenatee anierothk snitrdgen
term "nitrogen, ccunpounds-ni trogen" usegélherer o Means th
t hEOTApaNeRlg HECAIE RRYACNAIET {1/ JHITTESN CRBPPIAdS Ty fieactiyate, the

fr @ﬁaigéttoF RQAMate kﬁé%eﬁuﬁvmﬂﬁff ke Qanlyshe
ni trogen- conpounds. The nitrogen-conpounds-nitrogen nmay
beﬁsured by the vver ght percentage (w.% or the
part fUrHQQ&E‘an?J SiB3tobtained
@hlﬁed mﬁﬁrmggfr dﬁ%{gﬁgg) chQEa he process of cihaene
: pr eeﬁntemmmegmnda mrackipg gvaEsssehe leydlydrqcerrbgn Hegdgtogks mglude,

hydr ocar feed tock avi. t
pr éﬁerpéfﬂ SI’ é"so? %3 %Fna&m?rceo gu'igdes'\r@é\lBl-l/qu plefins. For
t h3parRfle VRRIatRY Q@dﬂ@i@rfrsorp rfeédstogkd yinktlads mbmnuﬂ:léawvmnmmatlc
and nost preferably |less than 5 m oxygenat e n‘ﬁéﬁ‘g
qOmv@rnaarbqns angl g ble lefion peduting BoRo-gletiph; BUirRlel; it
ha% gr ﬁl@ﬁg?v]e a}%m%l fﬂ%ﬁﬂrﬁk& Y00 189BonitR860.500 wppm
era ess t 0O wppm even nore preferably
| es[&owhan 1 mpqm;e the) dxaabmatturp péthe nngstyrated bydro¢atbong may vary

DRILTLLT Q9o COPRIGN! 5 LA S9EDs 11, BLSES RSl

hydr ocar bon feedstock such pretreating step is
effective to reduce the oxygenat es- oxygen in the

hydr ocar bon feedstock to |l ess than 5 wpopm 1|In one
enbodi nent, the pretreating step may be conbined with
the contacting step by mxing the pretreating catal yst
with the catalyst for Bl reduction. Wile not intending
to be limted by any theory, we believe the
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[ 0029] Because the exact nature of the unsaturated
hydr ocarbons may vary and may even be unknown, i ndirect
nmet hods of neasuring the unsaturated WO

403PCT/ US2006/ 037059 8 hydrocar bons g¢fris2006/037059
“5£%$i&$ﬁb used. One well-kgown method of neasuring
trace anmounts of unsaturated hydrocarbons is the BI.
The nmeasurenment of Bl is described in detail in ASTM
D2710-92, the entire contents of which are incorporated
h%ry&‘o@axgé{nsr £E QYROAG- ustn® Gle WOLARAT RS UESBUHRL trace
ol éfin content” of aromatic containing hydrocarbon

sanwluets Qfsumsgtumﬂdehxdrmcms ds tthet Bat i n@pwemmmﬂ Bl is

el LIPSO EATTOET o LUBAN o e e

u riﬂcsaipcgatwenbraﬁ betiréfeience. THe B3 Gldhieethamedsaics tise dlefid etdent of
for exanpl e, . benzene, tol uene, xylene, ethylbenzene

C BRRITRSICA FANIGtoME  hydiReaTbOR s SHBPIRY ebsinge . pptentfomsfric titration.
f.@s‘ %lm . thREIQL ?Bfn%d IS %ﬁ{b@:t @ﬁnxzﬂ%r%§5fbéo%h@ &Léa
li ht st |

rrmt e Yy enzene an uene eavy
r wdDM@ls(qf hydrachtoon aammcsmé@r giveniconditionst a- and

- | enes, and o her. cs_such, as C9+t).
IOt L, £ a0vf SroriS it P PABHR, baty BB it
C Giiyitengeng) edinefie tAadn ofher vﬂrmﬂ{atﬁ:s Of@tvied s .djedtm reformate.
rti{q%ermte f eedst ocks tl¥p| cal]ly contain | ess than 0.5

Bt FePaRRiEd Py Listillation mhamprﬁf%ﬁfe(ﬁpsﬂssaﬁ@ene and

arQIiBie), Cand e SANR fotal ﬁﬁmlaﬁ@vmusﬁef BFABA et ahd PSkal C&%
sem r(;?en and “cont i nuous caft al yst regener ation

r@ﬂér ﬁgh@w@ce@;@@gtw@omcau s frartk i -Aftest emm@,tmeyaromanc
{06l A cRIBRE BRRAEman 400 A WorRIR Ly sefommare

8RO aedste
I d‘ssistoblartyﬂlealm cdiffaimp les§ éraa 0l 5/ wit. %stsluehanndlleat tifan 250 vippm

preferabl | ess t han 500 mﬂéﬁend on, t.he source
PP (BT RO AmE PHLE HEATY ToRRTIRE deted, BRpcsay-

anegen QMY YoritBin t CeRn

vvpggm mul %élo -tgll gﬂfiﬁs&ﬁgﬁﬁgﬁ}%ﬁdg (hydr g%‘géﬁ)ﬂgﬁﬁgs e%gﬁ%scl:%g&tmo

b@‘ﬂ?@é@%éﬁh@t@m@? gmtthe praeessingent i on cont ai n

OO " 0Tk Mo Rt O PERL R AR arch ERAREL g A

1 fomtesothamtl wt. ¥ mremwy jesd a1 sy mode MiBEeratdy kesothtn 3065

% Or from about out, 20000, ef er
¢ i defding & s 056 of gS-dnBrCEg SRamaBlRE Eaisthied
1Gehfened and hé’a@QQeﬁhnaesst aBY @ontRinylead tHaBaRI00S0pPr® multi-
abo t 3000. (0033) The hydrocarbon feedstock after

B8ésing according to the
[0032] 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 BI 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 50 to about 3000.

[0033] The hydrocarbon feedstock after processing according to the
invention will have lower BI than the BI of the hydrocarbon feedstock. In one
embodiment the hydrocarbon feedstock processed according to the invention has a

BI no greater than 50%, preferably no greater than 20%, more preferably no
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invention will have |ower Bl than the D of the
hydr ocar bon feedstock. In one enbodi nent the

n feedstock processed according to
‘ibéréggdgﬁ)?%ﬁyhas a Bl no greatgr than 50% pref 5&2 52006/037059
greater than 20% nore preferably no WO
2007/ 058703PCT/ US2006/ 037059 9 greater than 10% of the
Bl of the hydrocarbon feedstock. In a preferred
enmbqdi nent t te
h%rag%rc 0 Oo/?eeggl ocC abr'f gtngC ﬁm)c? 0{1 Eec%:sgo? gl ﬂ} B pRrgferred
agmbditmert O Ve isd pntiohaf et trcmnﬁ tqdrobarbanfcbdln&rckcred:}aley &t the

ﬁ%%g%lcbgflaﬂz‘ |T€R/Cé0a1'|’(t Ev%ﬁal Aecod A E%Peggﬁ?etg}éér ‘a‘fas?éﬁsﬁg'c‘i such as a
2Dl ?:AP)&;HS&Q af lead &k%lean& A 0 DAl GifChbghe

at | east % nore preferably at |eas
vxﬁo%abymt?}mmr@ b,raecﬂaar, aml gnyaqombem@pn pgreaf.. P/sefega)éh atlgask S

pgiger e %F?t}bb?%?%gt%[%r%‘ta%,g tﬁ&dﬂr}g’gar%’y eea’st (o]} DE even

r ﬁ@YS?bl%ﬁerﬂﬂy fah feagt B0 Y ol ab@@hoat pﬁef@ab(t}n lavtba5t|4ﬁ1M % of the
condi i ons. Rec:}éecl [ gfg(st he prod ct b Xes
oRBRI YRR DT Sertk OB 1) o e ahimtRadi et Fersion

t E&ﬁﬁmshm r%{eﬁeg e Erd‘dﬁ&%%&l@ﬁﬁxés@hé Sdwcalvith Yisd febRebek ! B

di ene conte in the conbi ned feedstock is | owered
bessseling agfortioreot tepated ihsdrecarben @n@stqqk te Hhe oatalyst bed, the diene

OV AR oRbIEE Reall: SIGAIEY bl BREOLE didllel Bniehl i
oser € reactor approaches oper

C ciret ireute Bydrdéarbonagueamie aTho rgre(a@STﬁe) recWie | raticy ouhe ichasen thed
to be b d.b t t '
| FrabiE SPRBHEEY Rl Mhercarfiyeus st s aomsr SCS TRl MR
t RaNntch@edab Bt ibbsnd YRS AbbiYOwk Belidve att fie didnkeinah&RtMtock
reduces the concentration of dienes in the feedstock.

ReteUeid thandQdiness masnteagtivieshan theipleBas. (Prerasing tharepgten iksra
reaGR o5 égg{hl ;: pceﬂ;:or S M&h@éﬁﬂ& Peg{agt&vced Refudid Vet

hi'gher "se As a resu using recycle
cameextraivn eduwb ytbe pm})e‘blht}{ efi gtaationsokyweenc dteatwswhlch are

l th t, of ,th )
YRS E Fvs Batan Secils (6 Bl b8 Aereflt JsitBrer b qan
Cf%/ﬂ@ faitbégﬁ d‘g]@dﬁ{gﬂﬁ Fdegai cquiledt eyafbilmghmbl ayt’i:]ovteeﬁiﬂ coﬁf)of
.%o aronmati cs refera a S a
| Gies oatslysine The Jprosarbon ofeetick c ocoriRg, Buthe BIVeRtioma iy 2
ggrobﬁﬁ?ﬂeeh&@&tm&%r%a lgﬁﬁas(ﬁ@ieQZt S It 6f0@<i @NSorfiRk,

rab has at | east % of benzene plu
t @hare rmefetaleard@t thes 2t ribastliGPemt.? 0heChld ﬁtﬁ&%ﬂ*@&n even more

| SFABAE i) a5 PR 1S3 o ol prt s o

mldsaet % at.or @fcﬂeyizdina:phattolhaas tIn%Dother. &mlafdirhentzthe dydracatbon

SROBE BT BN oL 18k SO o8 BeRfhe Fane DRy has & 18681

pr%fv@tr%be)beﬁt%ﬁe aatveﬁ ffd ?réflra&ly RasOdt 168t @vaaﬁbex@me and
nore preferab Iy has at 1east 90 wt. % of

amesh prefasably basat feseledBovieoeri dsnapnp o ln ot all%egteﬂé’ed\menb/o%ff
Vcﬁlyg}?)g@%%g% Egéck ﬁ@féraggrsﬁas% ®a8 AP ohGSCaE, hdanticsdBore

aronat erein the C8 aromatics are
etplngtbﬂab]yzlmn Gat lgastrad-wiyto exf dis-(ﬁaeiramyﬂmnevcnanm'e preferably has at

or,t ho- t e C9 aronmtic

o dtttes Ve oG AT P oh et vt e o Mot S
I yefohticd) Qﬁle?enm(ﬁg 0¢ akdiRdtict egdl sitgenidnoV\pah&ykhe, aineta-
Ieast 10 kg per day, (greferabl nore than at | east 100

k Xylsae, aad;wﬂhﬁwlénqa ﬂ'@f [BEQIMaHics ricjusls spmonsy and pssudo-grpene.
Process Conditions [0035] The reaction for catalytically
renmovi ng brom ne-reactive




conpounds can be any reaction effectively reducing BI
Exanpl es of these reactions are: polynerization of
ol ef i ni ¢ compounds, al kyl ation of paraffins and/or
aromatics with ol efinic conmpounds, and satur

W e Wy dr oxyl ati on of the carbon-carbon doﬁ%#gg%%wggﬁg
of the ol efunc conpounds in the hydrocarbon feedstocks.
[0036] I n accordance with the present invention, the
above descri bed hydrocarbon feedstocks may be contacted

with the nol ecul ar sieve(s) and/or clay( system under
43¢kl e dBnors smBAdiEHYthe (ﬂ’i%‘e’i‘tomfvgrr‘fb(%‘eﬁ%m 2t ﬁxcg?c Lﬁoﬁs

s wAhRld a8, pheTEraRly GRUPY Bfafi o0 Teast 100 kg
g%eﬁg%%@aﬁndg{iﬁl g@@{@rﬁgr %E’l?r e of yf rom about 38C to
eodsy, o Grefanbliat kbit 008 peralagbout 371C, nore
pref%rabl¥,1500 to about 270C, to a pressure of from
Alsecgss Gonditios,

-a to about 6996 |IcPa-a, preferably from
qbﬁﬁqj 205 4RA- geabforabedtt &EltickiRA- acmoving brafiae-adakve
from about 205 1(Pa-a to_about 3549 kg?& %}#\ei gﬂh]
rompbuynds Fae eevastyorsaeton( ¢iEsstyely TePHCHIO L 0CXPIHYSS ese
about 200 hi- . o UilicyRatnldE pardTEhs aUbH
f&?ﬁHﬂ‘fslzafe' @%bﬂéws?%‘f“%?iﬁf*i‘xw‘s%‘%?ﬁ’t htl and about 50
hiromatith evitiHSefinie compahdsnardheaturationl andéirghydraspylagian #f yhs |

i.e., the tot wei ght. of i.ye
semaircebrm e B o8 Y rer BB in the Syfiarton
hygiseeles bon feedstock is pretreated with a pretreating
catal yst, such as, silica, alumna ilica-alum .
HOB61 S ur | b aeqasdanes, PR teeprssent doyeplien, (P aboys dgfirped
t rfggﬂg r a hé b1 A ar Nd2dve(s) emeio
nlgragmé#g? era m%?%gtﬁk‘%ﬁ%ﬁﬁ4gg§ ntQ/ g), nol ecu‘lg(sg '
sélen(®), systenl intler, sugtable [cagversion eanditions toTemeyg amtiwielins and
t he ni.txrog como ks oy €
BARTFEY TfRERar Aeg el BERICEIEICL it of
t Foth GBI BRCHolabEet S381C, pteftratly 93iChioabbutt 3G {Es meare preferably
ressure from about 136 to. about kPa- \/
D130 6 AvaBtEIG 12 SEESaiss o Sgmpout 100 §BE R & Bponf BEve e
p 8PS ki 4817 k@R, Mofe PrefeiabBdrém about
a%rg%?a%tﬂ% W%F%%é’gzgﬁig lrt1cu£v\t/ﬁ’|mch t he hydr gcﬂa{r borz\?ff;‘;se\ggﬁ_%uck
i 305ckie-ate ewbuhi3649 ¥Pa-aps veighhhourjypspace velocity om
2Q07 703P, / u alSOLR | 00
cRhl 07 3oy fasty PR Pty g BERH 0ZHECLRY S0
shChmoe/geferabhrfranh abouy 2 i andoghont SO ai FhierkfHEV g based on

o B 1B B Rk

cliayisuBdger i al s previously described herein or an

al um na conpound (Al 203 uch Sel exsor. (r t hat
T3 obt dh Retl e oAt he P SReaoq Petesr ks PIASFeR MR =
a ;9 | oh QS sitiff | AndBiRa, Asilie R ehaifal highofurfac®
aﬁ%ﬁé%%ht%%gg&?rg‘?bs%%f er abjl ’y lfif‘{orf]n arrbiyz%t tug ’ 00 e,a
otarbmste. garseffasecdéaygreatenthamtflOnt 2, trsefprably; greater thans3i0m /e,
sufficient to. aintain. | iful Lo :

e Eom g e Bl Add e P RGP Bl B0 & clay fo
hiemovaOthe diklj/%lfrﬂfe];ﬂkﬂnﬁ/of rtbmnao h. togen c@n@omﬂés to ﬂaaﬁodgmredde‘ml-,
npst preferably from 1. to 4..0 VI dependi.n .

P Seleer 11 SRR o WA Jiiagen, RORRAMANTs bkl
t Qfm&{ Stltlt:]a? gkér%tﬂabg@i fmpefanirs, o feRtRdrd about e t@ktRut 1480

vesse ron the vessel packed with the BI

r &Baratand WHIY aff from abbwt Ghistakewt Sdifbodi nent, t he

pr ating,catal yst | ] | t - tah :
CAfpie:  ors Rkttt B el oy WGl b iprion
C%I'c?él:éé&i il Whidheths diyerocaboe feeddt063 9 kontanted writboati Absatbent
this invention relates to a process retrofitting



exi sting clay catalyst reactor ("clay treater") with a
catal yst conprising at |east one nol ecul ar sieve
catalyst. In a preferred enbodi nent, this inventiaon
PORTES* Py a process replacjng at |east a porptqT(Slﬂ‘ls(%gq"l"'m7']59
exi sting clay catalyst in an existing clay catal yst
reactor with a catal yst conprising at |east one

nol ecul ar sieve catalyst. The preferred enbodi nent

_ ah%‘ﬂ?ﬁ%?&ﬂgﬁ&'{e&mﬂﬁ%n; é'frfécla% toCreiBbd §ﬁfa§t f‘gﬁ’gog Ef &%ﬂloqggeﬁ-
catalys onprising at |east one nolecular sieve

c adoataytitg, hirdgke-centaising rog estrayulfur-eattsning limparitiese fRrefemtly,

enbod;j nt, this invention relates. to roces .
© B Sh{ornt sopREREY PO, o3 TEA ekt Py s e ey sl
PrRtasR Jes@bbedthePbin H0M! alRh b @bRAPdUAd qmgllzﬁ)%&ch%@lsetex%r ®

exi sting clay cat st in an existing clay catalyst

al
" @Bt et ey fpecohizinedl from Abmalis ACndnca Rfelyathesibsoption

c [,y ' Lt . N I
nilohe HEYABH Bn AR b Mo el e whesbbiy sy
a zpnbianSZT(B@J ca'ahdsgpﬁci‘eegtﬂﬂErbmemﬂiielhyt&mwl;yﬁgre$snrddn&icient
existing. clay treater. wth a catal yst conpri si a .
" cadnaiiais HOlERa For o & A Ehy Rty AP EIo-H O fae”
of tot dbofit 16V BFY, iridte GREBEbELR0R bb@P0.9ThrdddiaBeutdl ¢ & Bl sk
having at |east qne nol eCul ar sieve catalyst to the
expreferably Gomyl.G hrede 40 hr| gleprnding opdke bydsecathondpasistoickbeing
t I ' ang ﬁl L

bgﬁ ep?ac g‘gmﬂ%‘g‘%@p‘@r‘ Q}t’gﬁé E}g}:&tg ‘Ionrng? e‘ﬁyﬁ‘%@%ﬁ%ﬁ%@@ Far e8P
si iav &ont\af 21 7ESEB pedeCTWItS206 6BI0 B:d0&Bn] 2atalybtal Viat aratichr

cla atal yst are j.n separate.reactors,. each reactar

o asteaciny B afesetig, SRR, Ruximey ol ey iy or
Si ga¢RedCaH the Wpiof HRBI rédudlios adtalyt i the barf@vdsfy. zones may
be of any tﬁ%pe and configuration that is effective in

aclPi ng t He oBe smbetimgely thieinyention relates & B Brocess retrafjtting

Ut L . c ik | )

fl%ﬂ\}ét@gicﬁd %Fag)fsggér/%{gg (fl'blr%a gr es u‘?gﬁ ia%\g%awg Er%f‘écu:%r Rlas

si encanelpzilarisiye catalusty dn a pysferesth enthodisnenh dhik dhvigstion relates to

sufficient ,to i\ntain Ligui.d phase conditi.ons. This

ot b PR mentichel s 19650 Betioe Gk e S B g iy

138R4lysk Percor wiYhed edtalbst\eohipdising @6 kst onk Sndlédulatdve cadbyst.
her t t he, vapor ,pressure of the hydrocarhons

1cPa hi ar

at li!erizseli%mfm{]%ﬂlﬁ@}t&?w&ee?mﬁ SRR FAPPRSCAAIII L ading
Z 0P @atal it &rﬁp%@agra@tzwsﬁ oh nidIRhBE §BbeY cbIlfii 18 thd exis@RPElay
of from about 132C to about 246C. The nbl ecul ar si eve
anleatdrayn & prefined iembedimeat, ghis mverntipnyelatee tof opropess espdacing at
br Q ' Qur iof | .

o 088 153908, SLeHBLORY POk ARG S0 Sl 5 SHERNR o
| i feast 30 witié, exibtngudlay cahlesteinandexidtiay chaydcarahyst redege Wittom

| ess .than 0.5 hfl to.about 10 rl. preferably fr

SRR Caniyistie: mpls AT RuFve calalyoh e vige e i Pypeties i MW
hrEh e afothbr Yrefeledaeanstioainai, thid enRyEORRIIA afpResdss &Eiﬁcing
bei ng treated. Catalyst [00411llt is contenplated that

antpe pBtig Ry eIy i Sieeiting (ay BeakavTif? satplyplecosprising at
APIAL PlrderBlck Rlat” e yJa{ag%U Y ABGHE kliGodihe! BF i€ Afibdn¥iEn
conmpounds can be enpl oy in this process. e

posomgirisss a gep of aidme acadalpo havisg ztlesht she irblecuiansieve taalygs

por so-, and macropores) are often of nmjor
sitﬁﬁﬁef%%n%ﬁggl,ayggﬂﬁrci all'y when mass transport affects
Prpesss per iohePdpther MBo&itich @R RoRARI &S @falshand clay
porous particul ate material can also be very inportant

f ofatalyfé oy dlen harpeekedf int $Fpangiet astans. i When ghe anplecular sieve
appl i cation. The norphol ogy of the porous particul ate
material (e.g., nolecular sieves) can al so be anot her

i nportant factor for the performance of the material in
this invention. For exanple, a norphol ogy of small
particle size or a norphology of thin layering/plate
mat eri al can have a | arge accessible interface.
Optionally, the nolecular sieve(s) used in this



than 0.05, nore preferably less than 0.01, nore
preferably |l ess than 0.005, nore preferably | ess than
0.001. 1011421M croporous particulate materials include
“&Lé’o%;/@slydsne nol ecul ar sieves. Ml ecul ar si evesrRkfiosio370so
characterized by the fact {hat they are m croporous
particulate materials with pores of a well-defined size
rangi ng discretely fromabout 2 A to about 20 A Mbst
organi ¢ nol ecul es, whether in the gas, liquid, or solid
PRATSst A3 LhyHaRRE LR RS sérn!ataa e fedlth s,"\éaEF rfhctol ofn hARARerdknt
roomtenperature. Selecting a ol ecul ar Si eve

c opgratsig canditions. h Te sudlecaldr esiern dathlytic rantieclpor®alytia dreating

therefore, al lLows separ,ati on of specifi | ecul.es .fram
L DS rRhC b of AN AR i on By Btor FRC o pfecle 7f Sefiggnd T
t lAEsed me%eé B£ B YR1uaEhmO TP hia® MutiiRS iR LP®ardFRIowWiWaRr SR
sieve". Apart fromthe selective adsorption and
s ditcdawnavark Pav deingroreferred c The geagsure ik dig mplegylay, gieve and
. def i . ¢ ' ;
Dol bRo b ISP it 5! RaBREE AL S
C khendibehsp Jthis willesormnlly beh posswe of sltoat §36 EPa-b o ttomt 13891

| atter .t ase i gnifican r.t.ieg other than the
RBBp BHLSTRIY Htirsaur et ghent 345 Histeh B 1R Yopor s
Capag hydrodapRmb fat EheSiilel aGiBperdt@R iMlle aRdletulay - sich@R kg1 Ane.
summary of existing technology, in terns of g:;oductl on,

QIS RReRRFF Hnereterrkbaitein aiangs off from| abewt 412°Gi tewabeut
| o . ' S

o 80 e ARcalhe 126 ey AP oR bR b pETRRIRNE®
Aedniendi reng Hrwdiglg dionnhnbpace geldaitics (WHSY). SFbisrdhrikele tis oftgn,
In_ additi,on to | ecul.ar. si eves, . anprphous, nat eri al s
cAfea e SRftel S e M B FRcidos® TRAE 4R RN e e rdoee
lham IEsanmmeﬁfb@ abaitaby af'ﬁgtammy $romabounte ﬂ)r'bfc>| albput 10

ng- known techni ques, sych as spray drying, prilling,

D I:éP?TEiRFE{Le?ﬁE’ fomy LQitgn ol & bé‘éPP"gH’& ot dhey Bydigeasany
t GecREtOk g Biafe@St ructures in the formof, for exanple,
spherical particles, extrudates, pellets and tablets of

b&eatalyst cr opores and ot her types of porous materials for
At 3t A HE oINS Bk 3y Dot RAEURNRIR RS povi o
Mponefsiaet appmptiatd. to Batal$ticdllyemneing brodninkeabtivdVbsmgdunds can
T
R B e o g aoaBaTrcY, cspecialy

Stbere Masegansport @ffegtproresh perierpianet e hsurfase pmperties @f ghe
S FefiEh o] DlSlidaAd { bof R RIAkR s A
BRSPS gl el SR BRlrufBabLE PR a8 Re B0
ofmaBiiali im tae gi vEtRRpplivatienr.  PHiet morpholagy ofethiei perots phfticMate
J. Tre and,J. B. H ggins, 1 Edition bli sh n
o e o1k, R T a0 C it Bikor R taefoRitor
Zpérforinandsedothe ahaterinl fiw thia ikkehidér. e Foe xpdnaplat 4 amorghivlogy of
[ nte[ rq hol ecul ar si evte Ph]ases. .
small particle size or a morphology of thin layenng/plate material can have a large
accessible interface. Optionally, the molecular sieve(s) used in this invention has
a morphology of small particle size such as an average particle size less than 1
um, preferably less than (.1 pm, more preferably less than 0.05 pm or a thin
layering/plate morphology having a ratio of the thickness over the average of the

other two dimensions less than 0.5, preferably less than 0.1, more preferably less



[ 0045] Regul ar crystalline solids are periodically

ordered in three dinensions. Structurally disordered

structures show periodic ordering in dinmensions |ess

E%Dmgg,f e., in tw, one or zero di ”E”S'P%'fﬁjszélf)?u%oss»

enomenon |s cal | ed stackijgg di sorder of structurall

| nvariant Periodic Building Units. Crystal structures

built fromPeriodic Building Units are called

end- nenber structures if periodic ordering is achieved

I nitah . dshae: ﬁfleeféﬁibw I%E@thalpO@‘Prl‘il@feeﬁeﬁﬁabﬁpltaéértﬁél 9@85 more

those where t st acki ng sequence of the Period
BuPTethrabdy 1ops than @80 .at es from perl odi ¢ orderi ng up to

st tic st 6 St U

i nﬂ%ﬂ%?]s i nv ehﬁﬁ%g% Foug g&ga%es gs L\NEU% F@%ﬁ‘? ‘?‘%%‘f

ph asm Meaugaratevbsmtchﬂaaaﬁzteﬂ lejl thé fRAihdt hey afedinfitéborous
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over a wde tenperature range of from about 93C to

about 371C. The conditions utilized in the clay
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cligoszey bepLgiddv@RalRsydd"siethis invention has longer cycle-length
because of lower oxygenates, and/or lower nitrogen components, and optionally,
lower dienes in the feed, the catalyst of this invention may operate at more severe
conversion conditions, e.g., higher temperature and higher space velocity, than
conventional clay catalyst. The catalyst of this invention therefore has even longer
cycle-length, wider operating window, and higher throughput potential. As shown
in the examples, it is possible to secure at least 2 fold or greater cycle-length
improvements through use of the present invention. It is known to those skilled in
the art that the advantage of increased cycle-length at constant conditions can
often be traded for higher throughput at similar cycle-lengths. Thus the process of
the invention provides for debottleneck potentials for existing plants using clay as

catalyst for clay treaters. Alternatively, the process of the invention can be used to



rejuvenation conditions. In another enbodi nent of the
present invention, the nol ecular sieve and/or clay is
rejuvenated under rejuvenating conditions conprising a
wEtRehabyr € range of about 30C to about 900Cpcpusaees/037059
pressure range of about 10740 20000 kPa-a, and a WHSV
fromabout 0.1 hi' to about 1000 hi', wherein the
rejuvenating conditions conprise a feed having a
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Taftt dxides. Other porous matrix materials include silica-magnesia, silica-

zirconia, silica-thoria, silica-beryllia, silica-titania, as well as ternary compositions
such as silica-alumina-thoria, silica-alumina-zirconia, silica-alumina-magnesia, .
and silica-alumina-zirconia. The catalyst can be used in the form of an extrudate,
lobed form (e.g. trilobe), or powder.

[0056] The clay catalyst useful for this application is usually an acidic
naturally-occurring clay or a synthetic clay material. Naturally-occurning clays
include those of the montmorillonite and kaolin families. Clay catalyst system is
used herein to refer to the passage of a hydrocarbon stream through a fixed bed of

contact material, which possesses the capability of reacting olefinic compounds
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present in the hydrocarbon stream. Preferably the contact material is an acidic
alurninbsilicate. It may be either a naturally occwiring material, such as bauxite or
mordenite clay, or a synthetic material and may comprise alumina, silica,
magnesia or zirconia or some other compound, which exhibits similar properties.
A preferred clay is F-24 clay produced by Engelhard 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 Filtrol 62 produced by
the Filtrol Corporation, Atftapulgus clay and Tonsil clay. In a preferred
embodiment, the clays are pretreated with concentrated HCI or H2SO4 acid.

[0057] As previously discussed, clay catalyst system is now conducted
over a wide temperature range of from about 93°C to about 371°C. The conditions
utilized in the clay catalyst system are dependent on the hydrocarbon feedstocks
and the kind of the clay catalyst used.

[0058] Depending on the hydrocarbon feedstock and the operating
conditions, two or more separate clay treater vessels can be used on an alternating
(i.e., swing) basis to provide continuous operation. A clay reactor can also be
used as the swing reactor for the molecular sieve bed when the molecular sieve is
being replaced or regenerated.

[0059] Surprisingly, the catalyst of the present invention has proved to
have high stability and activity. While not wishing to be bound by theory, we
believe that lowering the oxygenates and nitrogen components in the feedstock
improves dramatically the catalyst lifetime. Optionally, recycling at least a
portion of the processed feedstock co-mixing with the fresh feedstock may
decrease the amount of dienes in the feedstock which may further extend the
catalyst lifetime. The improved BI reduction process can be advantageously
operated to a higher end of cycle temperature than conventional processes. The
conventional processes typically operate no higher than 210°C. The improved
process may be able to operate at temperatures up to 270°C.

[0060] The clay has a similar lifetime regardless of the level of trace
oxygenates in the feedstock. It is therefore advantageous to lower the oxygenates
and nitrogen compounds, optionally the dienes, in the feedstock to be processed

by a catalyst having a molecular sieve catalyst,
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[0061] The molecular sieve andfor 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
comprising a temperature range of about 30 to 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 regenerating conditions comprise a feed having an oxidative reagent such as
air, oxygen, and nitrogen oxides.

[0062] 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 rejuvemating conditions
comprising a temperature range of about 30°C to about 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 rejuvenating conditions comprise a feed having a reductive reagent,

such as hydrogen, He/H,, or No/H.

[0063] The following examples illustrate exemplary preferred
embodiments.
[0064] The EOR BI liter/kg for a catalyst with a feed is the amount of BI

converted in liters per kg of catalyst. The EOR BI liter/kg can be calculated by
multiplying the space hour velocity, the hours on stream, the average BI
conversion, and the average BI in the feedstock divided by the density of the
feedstock (kg/liter) as following:

EOR BI liter/kg =  WHSV x average BI conversion x average Bl in feed x TOS
Density (kg/liter)
[0065] 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 (BI). The multi-olefins (mainly dienes) in this invention, were analyzed as
follows: 0.50 grams of maleic anhydride (Sigma-Aldrich Corporation, Milwaukee,
WI, USA) was added to in a round botiom flask containing 300 grams of the
hydrocarbon feedstock. The flask was equipped with a condenser, placed in a

heating mantle, and brought to reflux. After 20 hrs the flask was cooled to room
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corresponding multi-olefins weight in the white crystalline product over the total
weight of the hydrocarbon feedstock under analysis, i.e., 300 grams. The

compositions of these feedstocks are listed in Table 1.
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OxpeaRsResFKkgen levels in feed B. Exanple 5 [0072] A
clay catalyst (F-24) was |oaded into a fixed-bed
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MCM-22 catalyst. The purpose of the silica gel was to remove trace oxygenates

from the feedstock. The results are plotted in Figure 1.

[0068]) Analysis of feed A identified the presence of oxygenates including
tetracthylene glycol solvent and plasticizers. The tetraethylene glycol was present
in a range from about 21 to about 200 wppm. The silica gel is known to be an
effective means of selectively removing oxygenates from the feedstock to as low
as less than 5 wppm oxygenates-oxygen. As shown in Figure 1, the examples
prove that the stability of the MCM-22 catalyst for the BI reduction is dependent
upon the amount of oxygenates in the feedstock. Removing the oxygenates leads

to a great improvement in catalyst stability.



[0073] A clay catalyst (F-24) was | oaded into a
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the reactor at 2170 kPa-a, 210C, and VWHSV 2 hi'. The
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liter/kg was 0.38 x 106 Blliter/kg. WO
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Conversion was monitored as a function of time. The results are plotted in Figure
2. The EOR BI liter/kg for MCM-22 catalyst with feed B is 2.95 x 10° BI liter/kg.
Example 4

[0070] A MCM-22 catalyst (Si/Al; = 25, particle size about 1 mm) was
loaded into a fixed-bed reactor. Feed A (Table 1) was pumped through the reactor
at 2170 kPa-a, 210°C, and WHSV 100 hr'. The product was sampled and
analyzed for the conversion of the bromine reactive molecules in the feedstock.
Conversion was monitored as a function of time. The results are plotted in Figure
2. The EOR BI liter/kg for MCM-22 catalyst with feed A js 1.93 x 10° BI liter/kg.
[0071) Feed A has oxygenates-oxygen in a range from about 21 to about
200 wppm. The feed B has oxygenates-oxygen in a range from about 0.1 to 10
wppm. As shown in Figure 2, the catalyst showed at least 10 fold improvement in
stability for feed B versus feed A. The inventors believe that the step-change
improvement in performance for the feed B is partly a result of low oxygenates-
oxygen levels in feed B.

Example 5

[0072] A clay catalyst (F-24) was loaded into a fixed-bed reactor. Feed A
(Table 1) was pumped through the reactor at 2170 kPa-a, 210°C, and WHSV 2 hr’
!. The product was sampled and analyzed for the conversion of the bromine
reactive molecules in the feedstock. Conversion was monitored as a function of
time. The EOR BI liter/kg was 1.05 x 10° BI liter/kg.

Example 6

[0073] A clay catalyst (F-24) was loaded into a fixed-bed reactor. Feed B
(Table 1) was pumped through the reactor at 2170 kPa-a, 210°C, and
WHSV 2 hr'. The product was sampled and analyzed for the conversion of the
bromine reactive molecules in the feedstock. Conversion was monitored as a

function of time. The EOR BI liter/kg was 0.38 x 10° BI liter/kg.



(b) contacting said pretreated feedstock wth a
catalyst to forma first effluent, wherein said
catalyst in step (b) includes a nol ecul ar sieve having
a zeolite structure type of MW then &;&g&assin
WOi2007/054783 ef fl uent fromstep (b) to a para- @006/037055
production process. 2. The process according to claim 1,
wherein said material of step (a) conprises at |east
one of silica, alumna, silica-alumna, high surface
area carbon, nolecular sieve, zeolite, and clay. 3.The
pr6®dss accOewparietesamplas frand 4 with csdmplen? and & dtis clsanthat
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| east 98 wt. % of benzene. 5. The process according to
claim1l, wherein said nolecular sieve having a zeolite
structure type of MAWconprises at |east one of MCOM 22,
MCM 49, MCM 56, and | TQL. 6. The process according to
claim1, wherein said nol ecular sieve conprises a spent
nol ecul ar si eve.
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7. The process according to claim1, wherein said
catal yst further conprises a clay. 25 8. The process
according to claim1, wherein said feedstock has a
Bromi ne I ndex of at least 5. 9. The process according
to claiml, further conprising a step of recycling at
| east a portion of said firsd effluent to step (b).
10. The process according to claim1, further
conprising a step of recycling at |east a portion of
CERiMsf i rst effluent to step (a). 11. The process
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witreit 258 spalie’ SobB 10100k F méRe ek B RRIh ity e
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process accordi ng t o cl ai m 1, wherein said feedstock

has flomwate 00, kg. per d 1 The .
2.pr oddeProRERAER glgtts b clara Rereipsaidansierta] Pistey f pomprises o
le&d Bﬁé"&fﬁllclﬂ,aﬁullnﬁﬁ,ssm&haﬁluﬁlﬁﬁpﬂﬁh S rf#dk 88 Tarbon, molecular sieve,

zeolite, and clay.

3. The process according to claim 1, wherein said feedstock has at least 95 wt.% of

C4-C7 aromatics.

4, The process according to claim 1, wherein said feedstock has at least 98 wt.% of
benzene.
5. The process according to claim 1, wherein said molecular sieve having a zeolite

structure type of MWW comprises at least one of MCM-22, MCM-49, MCM-56, and ITQ-
1.

6. The process according to claim 1, wherein said molecular sieve comprises a spent

molecular sieve.

7. The process according to claim 1, wherein said catalyst further comprises a clay.
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8. The process according to claim 1, wherein said feedstock has a Bromine Index of at
least 5.
9. The process according to claim 1, further comprising a step of recycling at least a

portion of said first effluent to step (b).

10.  The process according to claim 1, further comprising a step of recycling at least a

portion of said first effluent to step (a).

11.  The process according to claim 1, wherein said first effluent has less than 5 wppm

of dienes.

12.  The process according to claim 1, wherein said conversion conditions comprise a
temperature range from about 150°C to about 270°C, a pressure range from about 136 kPa-
a to about 6996 kPa-a, and 2 WHSV from about 0.2 hr'! to about 100 hr'.

13.  The process according to claim 1, further comprising a step of regenerating said
catalyst with an oxidative agent under regeneration 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 ',

14.  The process according to claim 1, further comprising a step of rejuvenating said
catalyst 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’.

15.  The process according to claim 1, wherein said feedstock has a flowrate of at least

100 kg per day.

16.  The process according to claim 1, wherein said first effluent has less than 5 wppm

of dienes.



