CATALYST REGENERATI ON PROCESS FI ELD [ 0001] The di sclosure relates to a
cat al yst regeneration process by contacting a coked hydrocarbon conversion
process catalﬁ, in two steps in the presence of controlled anmunt of
oxygen and cofPPBP"¥d anount of water. BACKGROUND [ 0002 IPELHIPAF? si eves,
especially, zeolites, have been used in a nunber of commrercial processes.
For exanples, the production of xylenes via transalkylation of C9+
aromatics with C6-C7 aromat Fg%Ai%ﬁﬁﬁaﬁﬁEﬁyflﬁB%ﬁgﬁ § zeol ite based
catal yst conprising at |eas » 22 famly
material, and any conbi nation thereof. Typically nol ecul ar sieves |ose
perfornance ]ﬁﬁiﬁ as activity, selectivity, and capacity, through various
deacti vation nisms. As the nol ecul ar sieve catal yst or adsorbent ages
wi th increasilfgplfi meTiondistlose@nelatrp teea savleﬁe%gmﬂdmctm ooSss sucintasng hicgiver
tenperature t hr.ough- pu requir t Bl ntain
conpar abl e a(a:ntylgl\?:8 YB‘L“aCr?HY“S“’“ lgff’ceog %a\t/all [l% tt)\ﬁ 1ﬁ¥hcr£%?%%gﬁ%ngr8p%fr Mhfor
t enperature usygmam&edumU¢WaHWDMQﬁuhar si eve catal yst or adsorbent needs to
be replaced or regenerated. The spent catalyst, at the end of its useful
life, may Corﬁﬂ'}ﬁGﬁcﬁﬂzﬁ“ ficant anount of coke, often exceeding 35 w.%
and soneti ne gh as 50 wt. % The coke deposit nmay be graphitic in
nat ure, char d6903ti zedobyuliraievergespedidly, Holes, dbvediccmmydd irsa mfnttenoitiofnmesuidlt t o
renove durin

k0
oo ¢ eqendr SO AR AE LA S SRR LNARNELL 9B T8,
in an OX|datKvé%emmnMthemvmwsmﬁhmagﬁawﬁmome@%yg@ﬁﬂyﬁbmeme$m;mﬂewbmwdétlve
cal ci nati on REQGESS AT MCASAGmHE DSerEOMhE Ah Kbt T ThRcay EVeNt
st eam damage to i&he’_ Q\F[ecul ar s?evré1 rarfcév\/én‘§1<1 H{)r rgxarrtpne 'St ean%&c_z19
deal uni nat i ormadculzegitvcs bse vmfocrharcaus@slbgetwety,e»etstetrmgeanti@anah@ thod usb (yhigus
sieve. Anot h%%ac'u@%n%%@?igﬁﬂm%e%@k?eﬂﬁ&%&'i‘arki%%‘&h%?oﬂ RisdrBent & V\% m{ﬂ%?ea@hgpent
catalyst in a reductive environnment, such rogen. ver
catal yst is mor megemsmaresvpropeliions, sagi ﬁghlgbﬂré@nqurﬁgnwcwémgé@@m@ peycl e
can be very megnomgylﬁe Ngai g aalﬁ%oeglm%y BhE abBRYL IR SREKTi S WSStk han
10% of the first cyc engt h. ﬁgeneratlon techni ques i ncl ude
the use of st rethWetmemtulteu@)ngieﬁ thomblepia stave witelbist los adsorhgnigieeds to
cal ci ning. FgE r&?fz@gcpln ve{géﬂe§tedpalthe HPQ& cgtalQ&Bdt%Qegerﬁ' 45%%1 E#@%%S gongim gteam

for renoving coke and her contam nants from Zeolite

4,139, 433 di siehifses ampigt O@Ohy@fte@@@eq@%@&yaf/alap@@or@@ﬁ@wwn Aghigh @rw %41 |
metal is reg%@ea&%@pm rﬁary%@ghpgm& MM@Qhar%raLy%r hawn{ghl 89 HOTRY Y is
hydr oxi de sol uti on fol cal cination at It is stated
that the pr o@&@bdlfféfaltﬁ FSORLYE éigrlww@g@ﬁwpn vrder stadagd éeg%mépﬂp@ﬁmﬂésonm@@eand
di val ent net abmGat %c%%mﬂb@@:@ﬁll&ﬁc% toFtRkn thDRokcron! {hc %%%cﬁll'alsﬁlngﬁﬁ% @m@é’é@c step
heat i Nng process to renove car bonaceous depOSI ts roma rotreati ng

catal yst. U. Swipgmentngich 2s g or gpgeni dlopssasthe @éé@ﬁlﬁgcakwr@é@h?meeaﬁ ar5retly wi t h
a source of aldgal Rr cRkbAd Ran &Ryt f@b@kzerﬁasttéa&n%rﬁ%fgeqm@‘@ol@eﬂﬁrtstk’%@
extracting extractable nitrogen conpounds with a |iquid organic solvent.

[ 0005] W hav&¥@eiverki o7 sigmplegitesn debaynatinn et raebtecyhich mwdemﬁmd@ﬁ toofhe wat er

during the regeeaLAtibRN, AGONRI REAcoMhdh RoslABBS (S&BRhAOL BfSERES ALsphe
burn, can successful |y regenerate a heavily coked catalyst with m ninal

st eam damage BV HR anisheditie SRvignegy. sighust *wﬂé)gew n Hoxerer tfhide fgielvgt Patoe of

t he regenerage%sheeaaéda;ers}fs&lyd ﬁgeaaseezs(iumlg |fhe| Q@dn@ac%/@l@ MALE Ve HXNES Wsltiflt i N
regeneration. The bene on was unexpected and contrary to

its effect dLﬁCP‘ngCYF]éé“élﬁ@rdaf’li%trf‘*éﬁP*@f‘%é "“QE%Pﬁf‘F%YCk?d?‘é?F}yst syst ens where

hydr ot her mal [gd@fct i \(Ridr QBgdnSrafidiCl-CRSRMs mcudaewa& afc addidnt op othleﬂ s@int N, we
have di scovered that the rate of coke renoval increases _wth increasing

wat er parti aferpiwdien pdh beprmgpgaleRpet &RT fgMPite Ure dal NodS PeyeRetisdasenbe i me.

usc of stcam for removing coke and other contaminants from Zcolite L. U.S. Pat. No.
4,139,433 discloses that a hydrocracking catalyst containing a Group VIII metal is

regenerated by treating the spent catalyst with an ammonium hydroxide solution followed by
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SUMMARY [ 0006] I n some enbodi nents, this disclosure relates to a process for
regenerating a catal yst conposition, wherein the catal yst conposition
conprises a sieve and at |least 10 w.% coke h I—_Irat|0|n
t he range of ngbg@g{o%g t he process conprising: a. cont 2&){'}%@&{/@% tat al yst
conposition with a first oxidative nmedi um havi ng oxygen and water at first
conditions sufficient to forma first regenerated catal yst conposition
having at | east.; R d Kk ; hen
b cont acti ne Sl bl HFRESHERTR L RRD b R B el SORRIR B VARl
conposi tion vantiher@pvsaemwmdandidLammlngizbinum havi ng oxygen, and optionally
water at secqfghgondit ﬁ%% 4'&5%?6 diol& rmt%oss?eﬁoﬂéé lﬁggp‘?&%&aﬁoeqe (?}al yst
Yo l'e a

conposi tion having at |east ss coke' than regener
cat al yst conpogioniceus dﬁh@sriteﬁmnt heydatredtipg tcagbyppobit iteh N 45&5@@0? ajscard t he

first r egenert?etagﬁkn Cs?h lc¥t§l st%m%itlut%% &‘5!;84'31[} oF Elﬁeﬁing Qs)rth \feﬁ.cgt%rrl%]glceﬁiﬁgon% J ta

amount of water e range of alternatively in the range o 5to
40, wei ght V\/eth@rexpeqtmg\/extgthtlablgﬁltm@@ waponds meégerierdomanicatlanyst conmposi ti on.

[0007] 1 n sormgy @o'I;S/EeCt e%fé bthﬁ;%‘sgl' RALQSWE& iR W}Eg ?&mé gf"ﬁatﬁecuf.%ﬁl%s at

| east one of a ul ar sieve,
sieve, ETS-1 OegeEqmt@nlO:OHE‘ﬁ@S with 30 staggild Cantmﬂli‘(éd@mmatwdmn ham ngccassivdlol i t e

f K t | T ,
ArS'aI"nE\,/A\\g{/ B@@goﬁ&%rd ﬁéa@gy %Bkcded’ﬁ%sp Q&h %mf?fﬁWbté‘%ﬁ danio‘gceof ﬁF molAﬁ?ﬁir CéBC

-CHI, CON, DAZuctppR]In Mthq}gﬂlg BoNS thA%bnEmCd CEPJIYS'[ CEWSCEWTFh HERI%Cd E@VX ETR

EUQ EZT, FARy &Y. du}:%eggn%norg Fhe b@héﬁt ofWVhter {Fton %)un tejd'é‘&t cdite
ISV, ITE, ITH TTW | JBW KFT, LAU, LEV, LIO -LIT, LGS, LO\/,

LTA, LTL, LTNS Nt dm'\zg rﬁﬁneraqmwf tpr zméRlc Wﬁlystwstemmerwm&dmmal VSE,

M5O, MIF,  MIMNeo MFakion MTWreMVmMQGr M-Eon Nﬁsdddlwgl\l’wew Q dlu‘%berecgﬁwmeq: Fe’of GsO,
OV, - PAR PAU, PHI, RHO,

SFE, SFF, SFG’keﬁ‘sFJPPVﬁSFIRFCa%F@Ith sgpa&@ wers:@yal B%ures@rebmwen% the I*:»‘;qulrred SZR
TER, THO, TOeoed@MionTSE TUN, UEL UFI, UQZ, USI, UTL, VET, VNI, VSV, -VEN,
and YUG [0006ﬁln ot her aspects, the coke has a CH ratio in the range of
0.5 to 1.5 and wherein the catal yst conposition in step (a) and the first
regener at ed SHMMWRY conposition in step (b) have contacted total anount of

water in the| m@ge ah s%m%cbngagdl‘ﬂ%highﬁns\’\@tc@(ysuf%elreld%%gm piBlest G 2 99:1
regenerated catal yst conposition. [0009]1n yet other aspects he co%<e has

a CHratio |Cﬁa1vﬁé0maﬁ>gt@nofvh<1l'615 tb%C@dlsat awap%mépwprﬁ%a@m@u%ﬁwﬁwﬁcﬁ@ tion

in step (a) anag ke tdkshaVifOLORT BLSR KAbRlIT. z@wm%lﬁréda@cb sdigp (b) have
contacted total amount of water in the range of 10 to Rt wat er per

wei ght of the secbnd BGEHEr B cdtebyat awlg%ltlewﬁ&s?tﬁrétnomdatwc cdium having

oxygen and water at first conditions sufficient to form a first regencrated
catalyst composition having at least 50 wt.% less coke than the catalyst
composition; and then
b. contacting at least a portion of the first regenerated catalyst composition with a

second oxidative medium having oxygen, and optionally water at second
conditions sufficient to form a second regenerated catalyst composition having
at least 50 wt% less coke than the first regenerated catalyst composition,
wherein the catalyst composition in step (a) and the first regenerated catalyst
composition in step (b) have contacted a total amount of water in the range of 1
to 50, alternatively in the range of 5 to 40, weight water per weight of the
second regencrated catalyst composition.

[0007] In some aspects of this disclosure, the molecular sieve comprises at least one of a

M41S family molecular sieve, a MCM-22 family molecular sieve, ETS-10, ETAS-10, ETGS-
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[00101I n a preferred enbodi nent, the catal yst conposition conprises 20-50
. % coke and the catalyst conposition conprises at |east 50 wt.% of a

m)l ecul ar si exs » {% a zeolite structure type of MIW ?g’?fﬁgzoﬁ%sggg t ot al
al ys iti i

wei ght of the ca conposition w thout coke. [0011] ef preferred
enbodi ment, the catal yst conposition conprises 0.01 to 10 wt.% of at | east
one of a rret al elenment of Groups 6-10, preferably at |east one of Pt, Pd,

Ir, and Re, bﬂ)s% aottﬂol% aélsf%(/@i]a \ﬂ%'aﬁi@gl]gtgffra&llé'\go&?ﬁldﬁérlﬁr%%Q&kttdng%fW'BWOUt

coke. [0012]In sone e ment s Irst condition
t enper at ure i MET.HEG, adgeAlof. ANSATTe APY58CTa* prAadHir, @TKrB@GeBPfér@éE 6fAN.00 to

2070 kPa- a, acw%jd QM A& i h@HfWIﬂ\fCQ) rT1BoNTH t ggfﬁ%

COI’TpOSItIOI'] an a vvater partla pressure I N e ran e o0
Preferably, tENfERsEREGSY: ET8nEUO lEtZHieFABoﬁzﬁsUl EERaF%g@ﬁeﬁéHJ GNIE; iGN,

sufficient t;oGAHEE, IFREHAAMM 1SV, lfé“i‘Tﬁ%W ?WRhvaCﬁWW Y, %PFER@' LEQN by

at |least 80 w.% [0013] I n ot hér énbadi nent e second condi tions
conpri se a té#ﬁefiéh#(és L9V, Rd As A el Y, MAB. MAZ5 808, MELpYIEBSMER, MFLIMES,r ange

of 100 to 2074QokPRmk, M‘b%?v‘ﬁsﬁ hpses, difr, it RET T ARE%, A ﬁAbON;xQ Nﬁglg@ﬁkg

cat al yst conposition, a wat er Eartl al’ |ﬁressure in the fangé o to 35
kPa- a. Pref erMd). WSItCPI%Ws@EBrQS%W 1-PORsPAUrREHePOY OB KON RREY 888k BT Eon

time sufficiqqythut, q@vﬁeRW sﬁf@%ﬁf sqd‘G tsbﬁ epkesian ddie sl Sbp! sagnanat ed
catal yst composi'tion by | éast §I§%OTU‘1LI n ot her enbodi nents, 't he
a

second regenerldi &H: eht: aﬂzﬁstTEEoHégeTQ# JiOM ¢ HRE ATFky Q. (61, WEEi WERy i n

the range of vAQ%/t0 12090.0f veey respondi ng fresh catal yst conposition,
wherein the transal Elyl ation activity is neasured by determining the

conver si on ofl0W8] andnecnrwatt ithe IR hscat/Bonge tnberangs s arklf atd yerein
condi tions Wikdaeseahpbditiéd AR (®) JEMq{qu@trr@&'ﬂ&ate%ﬁﬁl?%tc@ﬁ%és'ftﬁyﬂSrﬁlstgfy @ting

conditions include a tenperature in the range of pressure in
the range of hisoonieesd il gmewref RpEL B theyasss ofnl ©OHE yoggeast P teghpof tad a
H2: HC rati o isgohdReéRPEQ cBhlybdcdmpditidn0015] I n ot her enbodi nents, the second
regenerated catal yst conposition has a transal kyl ati on agi nc}; rate in the

range of 60%¢M%h109m0Ft 8’8?& wegondicngpke hash (CHatg &t the smss it o, 3-Mied ei n

the transal kyhafeindRe @mm@ chrfoBitib® iRepSHy £ By fidelfmtiaRb @aal@atcgmg&ufohaﬂge of
tenperature required t i ntain constant conversion of C9 and

aromatic hydfREY 86W§°thﬁ%¢¥tOEaP ApRuE Ry e EgRTPIt 00 Wright vk atavadght

aromati c hydbwgg@@mﬁg&{e@{egCatmgbt%@r alokyl ating conditions include a
tenperature in the range of 375 to 475C, pressure_in the range of 2000

kPa-a to 30080 a- o, Inpuasierred cpbadipgighe gatakysticgmnesition gompiisss £ESY at Varoks t he

range of 1 tandthe catalyst composition comprises at least 50 wt.% of a molecular sicve havi ing a zeolite
structure type of MTW based on the total weight of the catalyst composition without coke.
[0011] In another preferred embodiment, the catalyst composition comprises 0.01 to 10
wt.% of at least one of a metal clement of Groups 6-10, preferably at least one of Pt, Pd, Ir,
and Re, based on the total weight of the catalyst composition without coke.
[0012] In some embodiments, the first conditions comprise a temperature in the range of
250 to 425°C, a pressure in the range of 100 to 2070 kPa-a, a gas flowrate in the range of 0.1
to 10 Nm'/hr/kg catalyst composition, and a water partial pressure in the range of 7 to 207
kPa-a. Preferably, the first conditions further comprise a regeneration time sufficient to
reduce the amount of the coke on the catalyst composition by at [east 80 wt.%.
[0013] In other embodiments, the second conditions comprise a temperature in the range
of 350 to 500°C, a pressure in the range of 100 to 2070 kPa-a, a gas flowratc in the range of

0.1 to 10 Nm’/hr/kg catalyst composition, and a water partial pressure in the range of 3 to 35

E
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[0016] I n an enbodi nent, this disclosure relates to a catal yst conposition
made by the regeneration process of this disclosure. DETAI LED DESCRI PTI ON

CF THE EMBCDI 017] As used in this specification,
"framewor k tyggawﬁs‘%59d in the sense described in the Pg?%§g$% eollte

Framewor k Types,"” 2001. [0018] As used herein, the nunbering schene for the
Periodic Table Goups is used as in Chem cal and Engi neering News, 63(5),

27 (1985). [0@49] Tﬁ?@fef‘a@lgmhe‘éﬁﬁm cé]ﬁllt#6§§ﬁ1n|ﬂé&f&> ribcSa %@% deP@n ﬁ%e%@fﬁc%nﬂ%r

mllion by weight 0020] The term "aromati c" used"herein 1s to

under st ood |n€g@ @ﬁdﬁ%&@tWﬁ@hcﬂﬁgﬁeﬁtfkﬂF%@@ﬁﬁﬁk@ﬁﬂﬁtewmxmﬁp@hymhﬁhud@s

al kyl substityted and unsubstltuted nono- and pol ynucl ear conpounds. The
term "non-aromati c" or "non-aromatics" as used herein neans hydrocarbon or
hydr ocar bons @&t ai nimgother embadimings, rthngecond oaencTred AISs! epminositiore daper ous

nol ecul ar si efYa‘ﬁsa!ll?legﬁl'%chhxtl@duﬂ thedranUTBE 70‘%1%m1”05/9%f’coilr%%nd11#14’vcslg-gﬁg’§mw 48

Menbers of the fam |y mesoporous nol ecul ar sieve inclu
and MCM 50. Aomgptifen. whereihithe teangpdleyldtion pativity is mprowed py epermatipgothe cgnversion

described in J4 & araablo Jﬁl@ma‘cﬁ %@C@&éﬂb w%@mbaﬁ(y%ﬂﬁé %Séa@t{dng%qthbﬁs hayi 19 a

hexagonal structure wth a unidi nmensional arrangenent of pores having a
cel | di anet er¢jpasigthyrosibens.1 ghoag dher transalkylating qondions aipclader 4) enpeatusg i 41

is like a bunglg o@f37§ftcr 3BC WK n G ARG 380 RPa-b RE3S0NaMs, Giiney Gelik
di aneters of the gores ranges from 13 to 200 Angstroms. MCM 48 has a cubic

symet ry and '#2° Q6% r305ed 2 floH Cantims|the prgedf to Bat . No. 5, 198, 203. MOM 50
has a | ayereqoqs) | angl b@kr shbsiihitte BOAeéond @G kIaRA cdtdlys. compodidn: hdOa

5, 246, 689.

transalkylation aging rate in the range of 60% to 110% of corresponding fresh catalyst
composition, wherein the transalkylation aging rate is measured by determining rate of
change of temperature required to maintain constant conversion of Cy and C,y aromatic
hydrocarbons under transalkylating conditions with Cg and C7 aromatic hydrocarbons, where
the transalkylating conditions include a temperature in the range of 375 to 475°C, pressure in
the range of 2000 kPa-a to 3000 kPa-a, WHSYV in the range of 2 to 10 and a H,:HC ratio in
the range of 1 to &.

[0016] In an embodiment, this disclosure relates to a catalyst composition made by the

regencration process of this disclosure.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0017] As used in this specification, the term “framework type” is used in the sense

described in the “Atlas of Zeolite Framework Types,” 2001.

[0018] As used herein, the numbering scheme for the Periodic Table Groups is used as in
Chemical and Engineering News, 63(5), 27 (1985).

[0019] The term “wppm” as used herein is defined as parts per million by weight.

[0020] The term “aromatic” as used herein is to be understood in accordance with its art-

recognized scope which includes alkyl substituted and unsubstituted mono- and polynuclear
compounds. The term “non-aromatic” or “non-aromatics” as used herein means hydrocarbon
or hydrocarbons containing no aromatic ring.

[0021] The M41S family mesoporous molecular sicve is described in J. Amer. Chem.
Soc., 1992, 114, 10834. Members of the M41S family mesoporous molecular sieve include

MCM-41, MCM-48 and MCM-50. A member of this class is MCM-41 whose preparation is
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[0022] The term"MCM 22 famly material” (or "material of the MCM 22 famly"
or "nol ecul ar sieve of the MCM 22 famly"), as used herein, includes one or
nore of: (i) si eves made froma common first al line
bui | di ng bl oc@&ﬁﬁ%{dl‘@%‘u which unit cell has the M/\wvf?g%%ﬁ%’%%%o| 0gy.
(Aunit cell is a spatlal arrangenment of atoms which if tiled in

t hr ee-di nensi onal space describes the crystal structure. Such crystal
structures arg. gdisgis Pah AS Zgol r fth
edition, 2001 > |(|?) Wegulg$%sqg§%gs Wédl\gzﬁrl(ls)r#%a{%%%wgégo ge%:x%gr()ﬂl

bui | di ng bl ocﬂtmctb@mgl aunddimeisipaplsirongement dfipaggs bfvirguctell igietar greetgothkn 13

t opol ogy unity Sy f4,0 i I

preferably one[?gg SUni t celrlgf&lg;h[Bl tE[RglgéS%Y?ﬁcﬁ 41mc)llqlé(glr}l élurn(agl (Lefvgsllﬂgmgl%?e?n e
conmon secondpdeing ebthouirkwi ke billobkssterbel rhg Hoggperaggasfiroom é3 mZQﬁ)AegStrhlaﬂ one
unit cell tNGKIESSna AR Gyl AY X 4 REIIBS: HOARIRD UM, GE1d 1ok Bhgkness

is made from stacki ng, packi'ng, inding at | east two nonol ayefs o

unit cell th|MﬁMe@shaqTI*Pée@datlkmﬁ@rdfucmhldsed?@ﬂwe@@dﬁ SePBUNG.di246.680. ocks can
be in a regul gy ashwﬁnﬁnmm B9y HASIMIO Ly FhalARAATH BRANGB £y -2
conbi nati on ther eof Tecul’ar sieves y any regul ar or

r andom 2- di memsiaswal sivye o8 éiMﬁé\ﬁé’rﬁ(ﬁaﬂi@lb’”};W%b@riﬂ@nn@ﬁd@ﬁlmetor@@lld@f havi ng t he
MAW f r amewor kit op%ggmar J&Q&ﬁldg%nw&gonffﬁmdlcé/rcga'glﬁz{lh@cl Bhildh ngbféti?{iﬁtcécﬁr I zed

by having an X-ray diffraction pattern includinhg d-spacing X ma at
12.40. 25, 3.570. owhahdung a}l0 higs7 thanyd¥ Wo frgmevedrk Hewol‘zgan éAn@ut ¢l is a spatial
as- synt hesi zed) . Thg, @Mg?atf)ﬁm%hm@é 1@4h§eewen§1b§a@ spa%e 9&%@@@%@&@&& by
havi ng an X-ray dlffractlon pattern including d-spacing nmaxi ma at

6.90. 15, 3.570. 07SEKHrS. b coptahpiisturesmse disqusssdrin gl dthaedl Geolite Framework
as-synt hesi zed) . TheeXrifkdlbhfXapti on data used to characterize the

nol ecul ar sieve are obtai ned by standard techni ques usi ng the K-al pha
doubl et of céb)permaléfc‘tlﬁe“?Vﬁ%mé%ﬁoma’ﬂic%ﬁlm@‘hSeéﬁ’é\d degisef puildmg driecke beiegyai oped

wWith a scintillat algfamq&untt@lh add g8 S ORI At %qme@mz%@mog}s vhit€cdiQ! kffition
system WMaterials belong t %he MCM 22 fam I% i ncl ude "MCM 22 (descrl bed in

U S. Pat. No. 4,9mgnoiast %fr?ae wpif esll tUpginessppgpierablane prunbeelithicgesy 722) . PSH 3

(described i npiiiy. Smok@tlar shQes Iﬂad%gﬂ)nﬂ&%)morﬁ%m d@g@@ Bdild 1dRs, WeiR I(Ef@lts of NO.
4,826,667), ERB-1 (described in European Patent . 0293032 %

(described in U, onepsmorajgan gnegmit cell Ggoknesp, hetein @%é"d?ﬁ Wearprs thay ﬂfneetrnﬁacﬂlonm

Pat ent Publicati ofichiuss 40806 kr6d98ackink e B8g, (o Bm@lnk e dadt Bwd H{o%l%w dmﬁle
Pat ent Publicati on_No, W?2005118476 %6 (described in No

5, 250, 277), MOM 49y ssldbipknsesg The stacline P’%%“Ch Rﬁon%d%% bytding b@m%n (baévseri bed

in US Pat. No. @ol@baddR) an MMhaOmiHas Gl fashidd, S afyddomb@siordihd@es; 697)
EMW 10- P (described in U S. Pat. Application No. 11/ 823, 129), and EMV 10

(described in U S™pat. Application Nos. 11/824,742 and 11/827, 953).

[0024] It is ti9) banap@n@qieaéﬁﬁhaamy MMeoglaf QMJnHorHQL@ﬁBﬂsﬁfnalS@)IGY-ﬁﬁnegﬁ&Caﬂi bed
above arc distingui d from cq Q\{‘entl nal ge pore zleol ite al kylation
catal ysts, such ao"hERHHfuartcslly hpyngt ?%ngﬂﬁr HePRYPRI s have 12-ring

surface pockg@iogamwhi cihe daCMa f@MTUALEAL @redhbilctbiRd 1O-heVing ar K@y OFkradioR €

system of t hgattrerzpnl 1encc uld%rg (?Ispea\clmg maxima at 12.4+0.25, 3.57+0.07 and 3.42+0.07 Angstroms
(either calcined or as-synthesized). The MCM-22 family materials may also be characterized
by having an X-ray diffraction pattern including d-spacing maxima at 12.440.25, 6.9+0.15,
3.5740.07 and 3.42+0.07 Angstroms (either calcined or as-synthesized). The X-ray
diffraction data used to characterize the molecular sieve are obtained by standard techniques
using the K-alpha doublet of copper as the incident radiation and a diffractometer equipped

with a scintillation counter and associated computer as the collection system. Materials

belong to the MCM-22 family include MCM-22 (described in U.S. Pat. No. 4,954,325 and



[ 0025] The zeolitic materials designated by the | ZA-SC as being of the MW
topology are nmulti-layered materials which have two pore systens arising
fromthe pres&aggQBI Qoth 10 and 12 nenbered rings. The @%M@ﬁmﬁkz§?°|'te
Framewor k Types CPagdes five differently naned materi al & RS NAVIAG- t hi
sanme topol ogy: MCM 22, ERB-1, ITQ 1, PSH 3, and SSZ-25. [0026] The MCM 22
fam |y nol ecul ar sieves have been found to be useful in a variety of

hydr ocar bon VB[S S f I Si eve
T e 53" T M BLRLER S ERAR QM B A i) e
si eves are u§éfﬁk&mbwia1R&$afmoﬁboﬂ8%§@ﬁhtEBBdoﬁhﬁmh@bﬂlﬁampéwaﬁﬁhé‘NQlS
Pat. No. 6, 93{@9?@‘}) 984! (‘Ei&l% &ﬁ%%? 1\fo°% oR¥ Q@k')c'lﬂglﬁa(déwﬂ%' %Y{lté’ﬂlcﬁl@ndl

aromati ¢ compound, 'parti cunene, mpri sinh contacting a
pol yal kyl at e&amnbﬂdﬂmdloe@fvp&(@ﬁi’/ WR2M. HR- @a @y&cab@bhéntam@im@h Hﬁ@bﬁlﬁ@l@ﬁ@nunder

at |east par tN@'Wd)*’(ﬁ 1%4 ?i@l@‘l\fpg)@ &eh@éb%%ﬂ@ I’ap 1\%“?253 ?]%?ﬁ\@@l\dch9 (@cscrlbcd

transal kyl ati on cata yst to produce the nonoal kyl at’ed aromati ¢ conpound,
wherein the Undﬁ§aP%ym@tﬁ@ﬁ6éﬁﬁapiét8déﬁgﬂméeg[éSnP%t@be6656QﬂDléﬁ§ﬂ56wo

different cr yatahddng Ulraenlas ol eyssmviNL e eRED;of sophdAmlasH

sieves is selected fromzeolit zeolite Y, nordenite and a naterla
havi ng an X- rlid{B24il#Pr aedl%\ﬁMpl&t {dspaiibech dn udSnd’atl- Apdicitieg Nesi heb24t741 2040, 25,
6.90.15, 3.57Q@79and 3.420.07 Angstrom (A). [0027] The MOM 22 fanily

nol ecul ar si eves including MCM 22, MCM 49, and MCM 56 have vari ous

appl i cat i ons PR4hydr béstetherprresiaest ke S M8 deaibemologyi sicyerisscaibyd atioridlerst ri a

app"Cat'OnSc@iméﬁﬁ%&h@mQﬁ&%hMﬁﬁﬁhﬂé%@mQ%ﬁﬁeQkﬂgﬂﬁQQmQH§:%Qléﬁﬁﬁd&ﬁkQB
di sadvant ages associ at ed he current synthesis teéchniques that make

| arge scal e phabihsAEY2gnatertdshave Eating spsfees r@élfﬁﬁq Viiglh danod gemnpEeast witlethe

expensi ve. AﬁoQ&g%ﬁ&BmpG%X§&éﬁbfﬁ@m%@&hhk%v&ata'yStS are synthesized mainly
by conventional [iquid-phase hydrothermal treatnent, including in-situ

crystal i zat ilfR5hnd Biseaplify mastisbdiosianmgrdionahy ZgoP @ aphringeofitieaMBp¥ tepolgy hod.

[0028] The terym m&ﬁl la béqrngeeamqulcmg\v&we pBrel @q@ﬂ R08; FoMend ﬁ&@g&rofb&hgo, 1,
2, 3, 4, 5, 6, 10, 11, 12, as used herei n neans ?y rocar bon
1\

having n nuniag I%fm%r&%efférrmgﬁor?@g)f\tbépf nzﬁvlé%@r%m%?m&ém% ediffesgndiat i cs

means an ar om&hb&mwﬁa%&maﬁ@thh,as\ﬁnegopmog inex-of ERBIIDOI-ALINH-$)anPSEZ-25.
nol ecul ar. The term dr gcar bon erein n is_an positive |nteq
c

e.g., 1, 2, 30029] TF@ MGM %9/ fagyily qplecylyr siquss hays dganeguptbiodieisefplang vari
hydrocar bon f@@\lﬁydﬁﬁca%on'c%ﬂ&tméh p@@@@e& ofxafpleb@n MMm(zs&mnﬂndmhﬁww are The
term"C'-" hydrocarbaon an positive i 3, 4,

5 6, 7, 8 ¢CMg2 ¥£M1!% Mgéd i&éBQﬂeF%Hﬁ Mans 24d ﬁ;‘}%rloc%lwbérwlm(ﬂ #E Ao

more than n puheR & emaymi@ﬁ oataw&m cﬁﬁbodﬁﬁi eyl @famp[@@ﬁ@]ﬁhﬁ\lé %9@6 7
f eedst ock" ereln nis a itive in 6, 7, 8,

9, 10, 11, 13isclgses 6§8He%§é?réir ucwgaﬁgowﬂgﬁa%@%eﬂc @@8&%8@%%&%&6
greater thanc&gpﬁ/ytin @@fsteby)@lwfﬁmlb@raqooryahklym@dmrmuﬁbegbmpéunaavlbpah ak;am(am per

nmol ecul e. The term "Cn+ feedsto einnis ositjve inte

1, 2, 3, 4, 8romglic gomppung um%o Efibt pfﬁld‘ @idiahie flifo ORS aRfpilnEc PeX; 5% B

f eedst ock com%&gﬁn@r ea&lwt th ﬁamdﬁ@ thd nfénedikyiyeely @@ﬁfdb@mmﬁtamu n@h@:’éld ®ast n
nunber of carbon nol ecul e. The. t inn
is a positiv galilbﬁ][ké ‘%(?n c)éa @t corﬁ_pns?s aémxty;re at %astfwogixff@entf@/st lTe r\é_\gecu ¢ used
herei n, nmeansictRatvhéd@ &ch offe;eldslhole&mom/fes S€ sclgtRatren ztehlaa tefd, kolie af
hydrocarbons having no nore than n pu fﬁ'Of carbon ‘f ; F nDIecuIe
The term " Cn™QFISHT 3¢ & BUGE! SR8 ang&vet fraqtiqnspagergdaqyqinged-prar ag gximg af

2, 3, 4, 5 624i#0.286.99.140 57&(107&1334&&0 osadgdnemdgiln, neans t hat the Cn

aronatic fee at er han 50 . %0 i.C rbons
havi ng n nung®%9of gﬁg@@#ag%éﬁf mplggu %ﬁFé%ﬂ?%ﬁmﬁ%@Epgéﬁgﬁéﬁ' g&&f

f eedst ock" \ﬂ@ﬁxvelvﬁndmbla§pl&ams iirt hydieochibbe g@ivers@en Groceskes. Zjnf(ﬁiunékglySmdlﬁ,maY 8,
9, 10, 11, 12, as. + aromati c .f eedst ock

compr | ses or SVEROMNSh BONGeTobTT T AHE BOREH S rbOHE: HEUP G R TS
nunber of candedatat @it she @ekntgyhedd echnldues that makdlargeacdmptddactioredshaek”
wherein n is a positive integer, e.g., 1, 2, 3, 4, 5 6, 7, 8 9, 10, 11,
12, as used herein, neans that the Cn- aromatic feedstock conprises greater
than 50 wt. % of aronmtic hydrocarbons having no nore than n nunber of
carbon aton(s) per nolecule. [0030]1n sonme enbodi nents of this disclosure,
the regeneration process is useful for regenerating a catalyst conposition
havi ng a nol ecul ar sieve, wherein the nol ecul ar sieve conprises at |east
one of a MA IS famly nolecular sieve, a MCM 22 fam |y nol ecul ar sieve,



ETS- 10, ETAS-10, ETGS-10, and a nol ecul ar sieve having a zeolite franmework
type conprising at |east one of ABW AET, AFG AFT, AFX, ANA AST, ASV,
BCT, *BEA, B OG BPH, BRE, CAN, CAS, CDO CF

CON, DAG, DDE&; 06@%‘}% , DON, EAB, EDI, EMI, EON, EPI, E@ﬁsﬁwgzﬁrq EUO,
EZT, FAR, FAU, FER, FRA, 43S, 4Gy, GlVE GUN, GO0, HEU |FR, TRW | M, |98V,
ITE, I TH, ITW IWR, ITW, IWN JBW KFI, LAU, LEV, LIOQ -LIT, LOCS, LOV, LTA
k/}:; k/}m m%ata%é’comc\zlate%kd tﬂ@me@nmw |t %F%nt @tdllh@eol%wlgamwo
“PAR PAU, PHYIheERd nRixty by RONCnRRE, li ey haper feydretgsmal RmatmmRncleg InSfg,
SFF,  SFG SF"(@rys%'ﬁuamﬁEth sé@ﬁg m%{h\{d d%gj{-ﬂc %@é’phﬁg‘&ms@aﬂ: meé&l STT, SZR,TER
THO, TOL, TON, N, S| ET, VNI, VSV, -WEN, and
YUG In a pr elf’%%sﬂ ed Elr?d@én rFenbydr@qﬁIémwherémlnar anspasifiee (psEptu-2i b 2 hids S. 6. 7,

di scl osure coympricses iat asllfs‘@cﬁﬁcr@r'ﬂﬁlcﬁb al\ﬁgﬂt‘g%&n%avégwlh%l%bcr%rg& Jtérﬁaswcr
material, ZSM5, ZSM 11, ZSM 22, , zeolite beta, and zeolite Y. The
conposi tion groledylas HprsermBlare mﬂtfcﬂ PIchRsran emmsiir Sedracagiondeying prumbertdfer

embodi ment s QfirbRhSmAh $&! RIS, ’i"llfheteﬁrp":@(ps édr&@rb@ﬁ whbtes ndt $EpRRNE GudRY al so
conprise at least one netal selected from Goups 1-17, preferably Goups

3-12, nore prigher ablyh Glalp’s 961001, 13 asted Imegin @@rre aﬁaﬁtroearbﬁn Iavisgehleast n

[0031] The bi ngdebs yhiefdnafiénspd Mcd@ra@parhwgmr ke, ’€ﬁ§(ﬁ$6é$5on%{5%§htr's QRs
i nclude clays, silica, alumna, and m xtures thereof. Specific exanples of

clays i ncl ud@CHiYABEEYi &, |.Bentbri &6 SshiPolli 1% a5 N lheigsi meens & Avleadionni t e.

The zeolite ap@EnpPhdE6lk teaM @%b&%‘@érﬂ&ﬁat&rﬂ%)’ﬁe’ih@l&&d&xat' os but usually the
bi nder is present from10 to 90 % of .the catal yst comnposition. r{){i0032]

The catal yst [#B%hosi thedsmedn fesdstedsy rréhrrqnhwwrlrlmteérra%sl By3-feifs 7l |

known in theoand,.11Genes @kd Wertinomemb 8GtHhAT, Se@8YRkBMpINCD BiRktcidheh SR, ed
along with wat er and optionally one or nore additives selected from

ext rusi on ai d¥ITOGHRGE paiRg ARERST oheRrlng AMGpoST ok de: FBhKID Ry fesioek et c.

Exanpl es of tiwess BedigliMeSinRLE, @@r boxynethyliceld, ub,aser A extdlséon, Aty .
ic acld, (dispersion al yet hyl ene (paorosity

sodi um salt of poI c d

modi fier), niltef e &ei %Qﬂ@é‘pﬁ)@rrﬁas 8GR than ﬁévtr%%ﬁrdr%ﬁafbg%wm%t gt Bing
optional addintmve oarc@fb&omgmgauﬁélycum md: toyn 1Y lfdeBGockK rmaaqférnngu £hdkitivonce a
honbgeneous m xture s obt aj ne f or med Id?\ho shapes

as
ot rodares. PUHEBES. oA 1 4r Beadb > b1 T Wb hSeor PR fohiic G Ersiosk ¢
These shaped c@rﬁ@ﬁbé/@&?tmﬁﬂ . wdnygrobarp@@ g@ﬁﬁg hé Qloﬁhylglil ﬁ&hﬁ@%f@%ﬂ?} cal
properties nece or t i ntended use or.  ex crush strengt
attrition reéf ﬁiﬁﬁ‘yéml%‘ﬁ‘ 3@&”&%@ arggratis B gk c‘égggflws @ RSEIVC fiR83R I Fhese
cat al yst conpps,ii, |4QI3$66ITC8 vseg 1|1rlwaarbm@ushéa¢rd,r1ﬁ@aa§ lﬂﬁﬂtlﬁmvaﬁfbtﬁhtftnfe&fstwlesses
such as toluene dis ortlgnag , trans %l? h kyl ati o cat?Bytic
cracking, afdMgre hap Rt tgho ‘B]&aé1§§ Y ag‘fmtgﬁlenuﬁﬁg’ﬁtr(ﬁc(?ér iyom(s
gonver si on pb&@ﬂﬂ&nlet h&e&ﬁhad;y&trcflﬁmw@aubdwmmn he adﬁaﬁbdmag@pk:%ug 23 goke
eposition. [0034 t catal yst conmpositi are regenerated according
to the proce%sng]]&a (gﬁg JPoaUrse %ﬁ‘@r‘g? S Rkt 82}3?‘%‘?“‘%@%&6 K ECPYRISes

conprises a gnahtexcuhhraso 8. %vﬁ agorchtiathylireastond Bavihg 90leoke nivabdr PG cabdd dom@ji o in
the range of

r ocess contacting the catalyst
compool 1 on HHTaE R At EBR BaeTvR HEATTR 0TS TS BOH R ACEr o 111 ot
condi ti ons suff,i6ct.enn, I(D 1f1 orxyuauded rhs&mr &@iﬁﬂeﬂiaaﬂe(f caﬁomlamsfeedsm‘p@smpmsem
havi ng at | earset 15$ V\% Sf rOoktcla\C }}1 d? I he c%} al yst rcogg)om tion; g
b. contacting af® 1'&h3? "4 ‘b% FPBR oY A Ha P’i“rlédt NeYSHer dtdd” B‘éffl%qlfgtcar on "
conposi ti on wbinls) persetand. oxi dati ve nmedi um havi ng oxygen, and optionally
water, at Seﬁﬁ?(ﬂ In some embodiments of this disclosure, the regeneration process is useful for

regenerating a catalyst composition having a molecular sieve, wherein the molecular sieve

comprises at lcast onc of a M41S family molccular sieve, a MCM-22 family molccular sicve,

ETS-10, ETAS-10, ETGS-10, and a molecular sieve having a zeolite framework type



conditions sufficient to forma second regenerated catal yst conposition
having at |least 50 wt % | ess coke than the first regenerated catal yst

conposi tion, i he catal yst conposition in step ( t i rst
regenerated ca 24;03)3{]73}(:10rrp05| tion in step (b) have cont a?%gﬁ%%{%%g% anount

of water in the range of 1 to 50, weight water per weight of the
second regenerated catal yst conposition. [0035] In sone aspects of this

ol scutar si cunrPEhElahofl SRR ROTRT, AT, A SRR A0RA ST BRETE Mo,
and a nol ecul BEC.81RyBOGaRPIhBRE, zCe’cN iGAS, CPARE D OGS, ¢, eOlip £ON, IghGDDRsast
f A3 T, F , ) 3 )
5o, “BrE, - CRI A b BN e P R B I S R B
EAB, EDI, EMIEEREERNA, € CIERMERSWN, GOR, HEUOFRERW, INMARISVGALE, IFERTWRAR.G S,
I 1 I
JBW KR LAD LBV B A U o ROV, iR kR N L 2
MEP, NMER, MFIMEMMEL. MR, NUER MEOMFVSEONMEOR, MOZ, N, M8V TRV NVIMAT, NAB,

i NS R R S, ROy OSSO OB TR S .

Sly, SOD, SOSHISEW, REE,-RGN, RROTRSNSRRE. RHR RUTHEWRRW YTORE. SFECSFEUNH, UEI
F . Slsed kg, ST sivNon WoX, ssWEN:, 3 s Yz GRROHIRCr6 pORRET Al

catalyst corrp05|t|on I's useful’ as a catalyst conposition in a w de range of

processes, i AdNidiHg HépEP4t Peh %Tloc\égge‘éan‘éﬁ\h B amgonUeonne gichrired
processes. SF&%b&h@nt%@fﬁBle&ﬁa&Tm QMQF&? %Q%@cl%gﬂi‘é/ QLY P08 Gﬁes&%d/}@én?t@ arc

effectively catal he ciystalline nolecular sieve(s) of this

di scl osure bySM-% IMCBIrQIQi il ipstariat, iZ00 Wi £PMdeZOM-22ngPM-Bh ﬁ@q{lte beta, and

catal ytical | yeagd 'Yve]‘h%u&%{p@ﬂﬁﬁof ! M@l&&e%i}eﬁmﬁ&}’o’é ?Hc‘ J‘@mﬁ&l &6 U @fer
sieves, include the follow ng: (1)alkylation aroma hydr ocar bons,

e.g., benzensmbodimpnts efrifis dhalorrd thercopgositongpr thltf_iszplw@fmaﬁ alspicomprsALlcptHn

condi tions i Red MehNGlecicMdbMi G 1Y170 prebabBNro %@xﬁa{&@ﬂefeﬁbiy%m@gsastwe of
from 340C to 500C, a pressure of from 101 to 20200 kPa (absol ute), a

wei ght hour | )?f@ﬁgé"é’d\‘ﬁeTa@lﬁotfﬁ g% rom 2 hrl to 2000 hr-' and an aromatic

hydr ocar bon/ 4egj N "MRe®iddal ivhi®fard ﬁ@mnlﬁérapdm a{é/clwlyt&o&b@,\{meldcmﬁgcﬁﬁal n
al kyl aronatlcs whi ch can be subsequently su% f onat ed provi de synthetic

detergents; (1iFy BIRPPatidomidieatisiati cOMiylr Fearpehel wah asotisP8riEr i ns

to provide SIBQ{témt%hs’%bf&h@' KMloyﬁfeOEEﬁit kdéllﬁlwwg?%hte%ng bindbN@naeKdbhidide@Mn Of
benzene with propylene to Prow de cunene reacti on conditions

i ncl udi ng, i MO Bt Py uprelly e d chrdb%maﬁr%ﬁo to 0t et the eAEYHFORROSIHPA.0C t o

125C, a presgung of ifiemakBd cd 03&1810 ckiPBe Fornd Gin@Ny 20 Y TE| h& wq{c@&am@n
wei ght hourl¥space vel ocity ( of from5 hr-lto 50
al kyl ati on of"9v8¥ Brhratte Qﬁ}?faé}m%@olgﬂ%ts&m g lm?aﬁ%emné@%fl%}%weand

t ol uene W t hand optionally one or more additives selected from extrusion aids, dispersion aids, porosity
modifiers, peptizing agents, etc. Examples of these additives are carboxymethylcellulose
(extrusion aid), sodium salt of polyacrylic acid (dispersion aid), polyethylene (porosity
modifier), nitric acid (peptizing agent). The molecular sieve, water and optional additive are
homogeneously mixed by mulling, kneading, etc. Once a homogeneous mixture is obtained
it is formed into shapes such as extrudates, pellets, pills, beads, etc., by means well known in
the art. These shaped catalyst compositions will possess the physical and chemical propertics
necessary for the intended use. For example, crush strength, attrition resistance, surface area,
adsorption capacity, etc.
[0033] These catalyst compositions arc used in various hydrocarbon conversion

processes, such as toluene disproportionation, transalkylation, alkylation, catalytic cracking,



fuel gas containing C5 olefins to provide, inter alia, nono- and

di -al kylates with reaction conditions including, individually or in any
conbi nat i on, gture of from 315C to 455C, a pres Qm 3000 to
6000 kPa-a, a 9?@%80 efin of from0.4 hr-1to 0.8 hr-| §E%€¢§&W&i g}nate of
from1l hr-1 to 2 hr-1 and a gas recycle of fron11.5 to 2.5 vol hol fuel gas
feed; (iv) alkylation of aromatic hydrocarbons, e.g., benzene, tol uene,

xyl ene and naphi,halen o h 1R B litoRstbort FihD catht

provi de alkylatédaggoﬁg?ﬁ% F.%g&%aggﬁsg Q?gﬁ}thorgg%?wgﬁﬁggéglt?gﬁégﬁ

i ncl udi ng, i reeimppsdical rhay bgrdedetivaigddue tmdskpdeposiion.a t enperature of from 160C
to 260C and aopi@SSUig, frg 00, :0,3200, d LR

phenol s wit halo?); ?I ns orQ’EIguCPv i%t 9’3 10%30% e%%ggrﬁr oslécg)d“gotl%ﬁc 1Jgll&ﬂs gﬁftﬁb
phenol s wi t h disskewre.onhaondic paéai@t icpropagdion gomprriggh i raeledulay sisve jamd atnlgast 10
conbi nation, & dh efRGEARLE 1Pl 1AM A0AGH06EPNGhe RLEBRNEGE f from 1500 to
2300 kPa-a and a total SV of from2 hril to conversi on of
light paraffins té ol efmfagsng g @ﬁﬁ@mtcp@sowonhwlﬂeacﬁisbﬁxlé@m@l mpdiyrg having
ncluding, indivi dual by.0f ohd) \BRY o BRI BRLEAR: suficl GITREY f}hlus &irQf refdQMA25C
to 760C and a pressure of from1/70 to kPa-a; (vii) conversron o

light olefins to gaso%Wﬁ@*CQmBWmea@@H@nﬁ F%%éorﬂﬁéebﬁy@ﬂ@cﬁﬁméh%CM#W%
reaction conditions |aﬁ%#gh and i vidual |y or in any conbination, a
tenperature of from 175 75C and a pressure of from 800 to 15000 kPa- a;
(viii) two-stage hydrewtaile ahdeastorrotiogoatic gt iseanaseied eerysseameantionaith Ag
initial boiling poi nt§céﬂ?l0(\/ﬁda%69q:rléd9mp'11%é1@§@e§téd I\/Cﬁét%nﬂ wgt@lsoalt s8&nd
boiling range products in a first stage u5|&9 nmol ecul ar
sieve of this disclosipgitippp S@ﬁwmnhtatfp@haWCP rég@e@t?ﬁﬁtawitovome@samond@wag
catal yst conposition widaht sefefidueRtolhRmafd @50 BRLAGtd 82GTs BindoRitign,S€CONd
stage using zeolite Beta, also in conbination with a Goups 8-10 netal, as
a catal yst compositi ofbergilaierabist exnnogiten 1 Bos(@) Ard taifinyg, reﬂeﬁ?ﬁt@‘i‘ gidrty or
in any combination, adhRbRESAHYEF BOhafd @MaddPLiotd afi&REof Ratlif HRULEQF 1 f rom
3000 to 18000 kPa-a, a hydro%en circulation of from176 to 1760 liter/liter
and a |iquid hourly sPAGevI&N Batet Ber (eiatinf thsrsegang freonetatgdeatplysicpmposifiqne) - g

conbi nation hydspcr aﬁkbrﬁcgés?@dﬂt\@é@dﬂgd@&l%%iﬁxeln{blécfﬂ@r ﬂé\@%@ﬁlﬁﬁke@ﬁt 1§REonMletvh 22
fam |y nol ecul ar sieve of thjs disclaosure and a hydrogenati on conmponent

a catal yst coffpSdimi yOfﬁolewafalem 2 M M- fanailicrolecaspigss Edgnpdsi 4%-6h Ede-

zeol i te Beta,owntlh i@aslal 96veaR0E] biehse fré}ﬁév&lﬂk ¢ chhshsiigQu gthdt Yon®br ABwWANy
conbi nati on, a ter‘rgerature of from 350C t ressure of from 10000

to 11000 kPafET: 2RCLABYAGK. NG TaARY: %Ué é*ﬁd‘ §Eﬁy§%d¥?¥3 Gt iRde FOA- o

from 528 to 88Q, t:Dbecﬁi @ cHAx)CcHIe@oN PACODDRl pPhabSHWOR, PABSEMIS EA T,
provi de m xegO her s t he rgacti on of methanal wth 1 sobut ene and/ or

i sopent ene t oFé“nﬁg}éyFT% By F2 et hdh: IMrBE)S afdy 851 SBm/fMethYh

et Eglr ng tTIACI\)/Dn ‘@Ofd;l HEO VI, SHON mpndv; n@mcs:m grﬂ;fudvmng eiwj mmllimf?&%l Igﬁoxgn%/o
50000 KkPa.a. LEPVEERTES: bi¥ol b Tpar otk At LM MEE WEB Bl YR 4 ¢o
200 h{ . ; ugggmﬂ aM@nhI(rabizt DISEil MEDOMHE[ I&Iﬂ"_l:lf eEd, N?WMWWLN@BJJ@AIJNES,QJCN%{ on
Conti ¢ ons | NePoRPhE B (it PP AR P At PR o i cRONaRRnB A TS o
from 315C t oRFASRUTaRWRISWIE SBE, SFR)SFGOIFH, 0SFARL Ok RagTa ST SOD, SOS, SSY,

hydr ogen’ hydyacarfag, e Ll 10yt r QBN r6aCHAYISE, DT RBETA, Worr Qe

VHSV of fro
VNI, VSV, -WEN, and YUG.

[0036] The regenerated catalyst composition is useful as a catalyst composition in a wide
range of processes, including separation processes and hydrocarbon conversion processcs.
Specific examples of hydrocarbon conversion processes which are cffectively catalyzed by

the crystalline molecular sieve(s) of this disclosure by itself or in combination with one or



(xii) preparation of the pharnaceutically-active conpound

2- (4-1isobutyl phenyl) propionic acid, i.e. ibuprofen, by reacting isobutyl
benzene with oxi de to provide the internediu <

2-(4- |sobutylg’ gﬁ%ﬂ ?ﬂgr opanol followed by oxidation ofWEP JUELERE to the
correspondi ng carboxylic acid; (xiii) use as an acid-binding agent in the
reaction of amnes with heter ocycl ic fiber-reactive conponents in
preparation of,dyas.t n , I L L6 46

fyer cont ai ni g Sul i QPR Bl A KPR e BBk ooy

t he absor bentm¢l@¢et§fefi9ﬁ®‘amgng 2, 6-tol uene d| i socyanate (2,6-TDl) from

i somers if TOL as,jb.k.Sr Patant 8 eLeh feed.dA XL Yr e
conprising 2, _TDI" ﬁlgo N F)]IErll'D%% ?Jsél%g%rﬁ% act @gnz'?%wt hte on shéﬁlt&?\@\s/} ég ?5’m’ |y
mol ecul ar si eve whlcéh, Wik Ib@élﬁn ccandltm-semdh@m@emdwdvﬁlym ohgny combiwsiidy, tahe
2,6-TDI, 7ol | owed dpofoGEOYEHIN IO Do,  Plss B o EESRY B 28200 P AGRGLRGNT
mat eri al conprising tol uene; (xv-) as sor bent for separatl ng 2, 4-’TDI
fromits isomers aswkightUhulyPsitace Nelocity, 5 1fr806 hihep PO ahrf' o gl Al xarrnsic
conpri sing 2, 4- TDh, @84 @nRchPhnolSra GPORE I/Wtéﬂ)/f Bligsmn MM%@ foglidsy
nol ecul ar si eve whi ch 1nas eeen Ocatal on- exchanged WIII)Zr ' %a angloor W
ions to absorb thé’h@hzidfﬂ’@ISubqe@lepmléfowedrté@@v@ﬁlslmﬁletlhée@gﬂﬁq DI by
desorption Wit degoLBSNGr MBhLL ?hxoGa‘PlEHhE 'w‘%ﬂh%gbcfo% MR to GXoide shott Bnddl 912@53
for decreasing the durene conten OC+ bottonms fraction obtalned
fromthe catalyti ecesiyenypelsotg.nbe Hirlaiontod byuets! wikerrailewh [crsapds gusene,
contacting the dUEv%H?ea@ﬁHﬁtc%hcﬁhé}Q lg%mdlfvfdﬁﬂtyl B Wy cBmBM%&Q@&nfﬁ&%{meaof
cat al yst conposition of resent nol ecul ar sieve with

hydr ogenati on net §Pm éQCc@n P ¢ oAsPPYRE Uefi figm iQidmn3e?LPa|kP§ra»oﬁn4 ﬁnaaﬁ«ynaﬂc
conmbi nation, a teppesatueh feht Ho@MA30&Idy GBSV ARt PhESSYH &'of from 457
to 22000 kPa a; (xvii) in a processes for co-produci ng phenol and ketones
that proceed (hr otlgHelEraf gAY GoITIBG SUPENYh ABUILEG dictant gnd GHucppavith

al kyl benzene hydr ﬁi@%&xb&l@dnﬁﬁgd @'o@@(ﬁg@ pdvideh el kil Reeensd Ry dkares oxhde
i nto phenol and ket one, enzene and propyl ene to phenol and acetone,

benzene and C4 ol BR§tie8 C?@ltﬁﬁéwa\udla&dn%éwlv OB Y cHBRIEAE. AeEpPTEerhbe®

described for exappretd 455N LYFRANI &Tfﬁ)'m Appkd QBb ikPLa, MQNHE@I/I@@D%@%&QQB@7
whi ch can be fol |l owed by conversion of phenol, and acetone to bis-phenol -

as described in |0t Mat ¢ SHRVIbyrRERf figm Ny t@&ﬂe@f@o@fmgésa r%dzfetﬁe to
phenol and cycl ohggamefuepgabtg@@zene and et hyl ene to phenol and net hyI

et hyl ket one, escrl bed for exanple in International plication

PCT/ EP2005/ 0(§‘8?55 12lkylgtipp; qhyarqrpatis Bydigeasbans.of-2.p Bifzie MRS 1%y % AnG é%ﬁ?fhaiﬁﬂ%

where sel ecti Vit ywiipldhhehdi®oeahky kD enzeam, toSprbaeliilksled Sofatic 158 REE Ly@lksy
sec- butyl benzene from benzenge. and gﬁ‘&m efin feeds that are rich in |inear

butenes, as descr VBRI CHBHRSITHARE BHRCPANOr BrnKGom PEFICRP BB BO S5 7,
pref er abl y, this ﬁ:&ﬁl\l&}"slt@%of’(sa@dﬂrks@@e@ﬂfrorﬁﬁ&ﬂ)&oﬁmg benzene and the C4

olefin feed with t at st co tion of the present |nv nti
tenperature &9 6 )ﬁﬁloﬁgg@¥e @8@% SOTRIHBIGE atl‘g)h?léé?:pmé(‘dﬁ %‘l"@ aglﬂ’l?OOO

krE ia or |ess, anld?ea(%xi eat mcu@htcoh@udsdsym&paﬁg meivRIaaltyy o WHEMW) corbaﬁeemnm C4
al kyl ati ng agent o rom enze

ot ng agent Srpmiaig gy DaR0o i) f Pt toms L b B ARCRFRDS 4 one
such as, cont actlwglsafd‘f%mz:l&r*rwloshrhg C9+ aromati c hydrocarbons and tol uene
under transal kil ation. reaﬁ gg‘n E iti ons V\nthda first ca}b %st corr(gom tion
conprising a%kol SOPETHI O Balon ] raergiisy Y HQj cgnasiions oy
as ZSM 12, and a 1hgﬁﬁﬂ1ﬁ7g&ﬂitﬁ‘hd@lﬂy@)ﬁﬁﬁ)ﬁlfyed‘minb&ﬁdoﬁ, hacefdrituent fioes4dstd rg7dorom
the first contacti rég ste g@t ?gbtoﬁgéed Wi th a second catal yst

conposi tion whi cH¢SRPriY e% 1? THg a constraint index ranging
from3 to 12(vi$ uodon@cesuZSM thtamﬁn\;\m (gmotm@g doeilli ate aad Sﬂ&alraﬁgeeh)bmtatbbmﬁwnh
separate reactor gmth I rst é:ata s{i ﬁon;g g{g .

transal kyl ati on rr(%aa e Rl 51?%%‘8%? ! V'S ng° ‘Sﬁﬁye%c’én HREO% I %Wérd Lfrf)ﬁfsfﬂrﬁ’he
transal kyl ati on pir76¥ess7iiSead CpretShrearfdro@BO0ar b10ad kesa,as fresh feeds to the
unit to produce Cs aromatics. The C6-C7 feed for a transal kyl ati on process
may contain up to 95 wt. % of non-aromatics, which may vary in type from
strai ght chain paraffins to naphthenes:!The C6-C7 streamis generally
processed in an extraction unit to renove the non-aronatics prior to being
used in a transal kylation unit. In some cases, the extraction unit can be
bypassed such that an unextracted Co-C7 portion is sent directly to the
transal kylation unit. The unextracted C6-C7 feed may contain from 10 to 67
Wt . % C6 non-aromatics and/or from6 to 38 w.% C7 non-aromatics. Some of

t he non-aromatics may be renoved in the transal kylation unit via reactions
such as crackl ng to Ilght er ol efins, and subsequently saturated or

N 1 - v .:_._;_



ZSM 12, and 35 wt. % al umi na binder. The spent catal yst conposition was
| oaded into a fixed bed reactor located in an isothernal furnace. The

regeneration s used during the main burn were Aver age
Reactor Tenp ‘&gtg#égggc Reactor Pressure448 kPa-a WO RoAShbMEss:

2009/067331PCT/IJ82008/082352 Gas Fl ow0.6 NnB/ hr/kg cat Inlet 02
Cbncentrationo 84 %lInlet Gas H20 Partial Pressure0.0 kPa-a Durationl8 days

Total Vater ExposweQa WRahlo R0l WiELAN nGabakstueck ORI mnd hROXNHRT

concentrati Ol’l a t he e reac s’ nonlitored using an oxygen
anal yzer. Wen t h@om@rab@vres%@‘ﬁ ofpraniyy alistitzto ppeghstlok darling range ptodectcinaalirstup

burn was used to g BEDYheARY g@bgm VG &P TR £ a@clwge Oiﬁé{))x?\gi}{ﬁ%n with

conposi tion. The Condi ti-ons Paan: up burn were as _ ver ag
React or Tenperatuﬂéﬁ®®€8ﬂéam¥@ﬂbF&%@gvﬁ@ww®ﬂmPaﬁé€@hgﬁﬁmﬁW@HGWNnﬂﬁﬁkag cat

Inlet 02 Concentr @tb&%HcY sthco/ﬂsing zeolitc Beta, also in combination with a Groups 8-10 metal, as a
catalyst composition, the reaction conditions including, individually or in any
combination, a temperature of from 340°C to 455°C, a pressure of from 3000 to 18000
kPa-a, a hydrogen circulation of from 176 to 1760 liter/liter and a liquid hourly space
velocity (LHSV) of from 0.1 to 10 h™";

(ix)  a combination hydrocracking/dewaxing process in the presence of the MCM-22 family
molecular sieve of this disclosure and a hydrogenation component as a catalyst
composition, or a mixture of such catalyst composition and zeolite Beta, with reaction
conditions including, individually or in any combination, a temperature of from 350°C
to 400°C, a pressure of from 10000 to 11000 kPa-a, an LHSV of from 0.4 to 0.6 and a
hydrogen circulation of from 528 to 880 liter/liter;

(x)  reaction of alcohols with olefins to provide mixed ethers, e.g., the reaction of methanol
with isobutene and/or isopentene to provide methyl-t-butyl ether (MTBE) and/or t-amyl
methyl ether (TAM) with conversion conditions including, individually or in any
combination, a temperature of from 20°C to 200°C, a pressure of from 200 to 20000
kPa-a, a WHSV (gram-olcfin per hour gram-zeolite) of from 0.1 hr'' to 200 hr' and an
alcohol to olefin molar feed ratio of from 0.1/1 to 5/1;

(xi)  toluene disproportionation with Cot+ aromatics as co-feed with reaction conditions
including, individually or in any combination, a temperature of from 315°C to 595°C, a
pressure of from 101 to 7200 kPa-a, a hydrogen/hydrocarbon mole ratio of from 0 (no
added hydrogen) to 10 and a WHSV of from 0.1 hr™' to 30 hr™’;

(xii) preparation of the pharmaceutically-active compound 2-(4-isobutylphenyl) propionic
acid, i.e. ibuprofen, by reacting isobutyl benzene with propylene oxide to provide the
intermediumte 2-(4-isobutylphenyl) propanol followed by oxidation of the alcohol to
the corresponding carboxylic acid;

(xiii) use as an acid-binding agent in the reaction of amines with heterocyclic fiber-reactive
components in preparation of dyes to prepare practically salt-free reactive dye-

containing solution, as in German Patent No, DE 3,625,693;

-11-



Inlet Gas H20 Partial Pressure0.0 kPa-a Duration6 hours [MJ Foll ow ng
regeneration of the catal yst conposition, the catalytic activity for

transal kyl atign ,0fobggvy aromatics was tested in a fi xeq,sgx;%gmﬂ%@ggyni t. The

reactor pressure was 2529 kPa-a and the H2: HC rati o was eed to
the reactor contained 85 wt.% heavy aromatics and 15 w. % benzene +
toluene. A detailed analysis of the feed is shown in Table 1. The catal yst

conposi tion Wagi ra'% ]gﬂe%géé)ybeﬁ%gm&?gm&@ ig?/.%n&g@eus%aya_ %Z@,G-trbﬁ)rh&ylsmq%g%%ﬁ h 7

mol ar equi val ents of per 0 atinum prior to the introduction of
feed. The react or 2t Engér Batent Nowdd2 5&Y7, wherphyi iced mixie ovepréing 39F01end 2,4-

conversion of - 57"[@?15 céMtac%’d \%ﬂ?th‘é%&kntfﬁéﬁ-ﬂ OWi trﬁolec%l(ap'is%§§%ic $haf%
er h VHSV) was 3 hr- The pr

feed per gram catal yst conposition p our ( . Tl oduct
was anal yzed usi ngatem=ck¢hgagedovif 1D ionpHe absgitnge Rt BDL éllored e decaseringehor hbe of

i ncrease in tenperylyy BeshHHb 88O LBRINMRLINGPAShARILD+CLO conver sion,
for the catal yst conposition regenerated under dry conditions was

73C/ nonth. TdbVe s henpersnt foCenpeisie3.4AD] {ipmoy iBexpend B.S6PatoNach& 1604

Xyl ene 0.25 Propyly,Benzem&d3nikture comprising 2,4-TDI and 2,6-TDI is contact with the present
MCM-22 family molecular sieve which has been cation-exchanged with Na, Ca Li
and/or Mg ions to absorb the 2,4-TDI, followed by recovering the 2,4-TDI by
desorption with desorbent material comprising toluene;

(xvi) in a process for decreasing the durene content of a 90-200°C+ bottoms fraction
obtained from the catalytic conversion of methanol to gasoline which comprises
contacting the durene-containing bottoms fraction with hydrogen over a catalyst
composition of the present MCM-22 family molecular sieve with a hydrogenation
metal, at conditions including, individually or in any combination, a temperature of
from 230°C to 425°C and a pressure of from 457 to 22000 kPa-a;

(xvil) in a processes for co-producing phenol and ketones that proceed through benzene
alkylation, followed by formation of the alkylbenzene hydroperoxide and cleavage of
the alkylbenzene hydroperoxide into phenol and ketone, e.g., benzene and propylene
to phenol and acctone, benzene and Cy4 olefins to phenol and mcthyl cthyl kctone,
such as those described for example in International Application No.
PCT/EP2005/008557, which can be followed by conversion of phenol and acetone to
bis-phenol-A as described in International Application No. PCT/EP2005/008554,
benzene to phenol and cyclohexanone, or benzene and ethylene to phenol and methyl
ethyl ketone, as described for example in International Application No.
PCT/EP2005/008551;

(xviii) in a process of benzene alkylation reactions where selectivity to the
monoalkylbenzene is required, e.g., sclectively sec-butylbenzene from benzene and
Cs olefin feeds that are rich in linear butenes, as described in International
Application No. PCT/EP2005/008557, preferably, this conversion is carried out by
co-feeding benzene and the C; olefin feed with the catalyst composition of the present
invention, at a temperature of 60°C to 260°C, for cxample of 100°C to 200°C, a
pressure of 7000 kPa-a or less, and a feed weight hourly space velocity (WHSV)



Et hyl tol uene 27.0 Tri net hyl benzene 46.0 Indane 1.0 Propyltoluene 3.1 D
| et hyl benzene 2.1 Ethyl xyl ene 12. 4 Tetranet hyl benzene

WO 2009/067331 PCT/US2008/082352

based on C, alkylating agent of from 0.1 to 50 h"' and a molar ratio of benzene to C,
alkylating agent from 1 to 50; and
(xix) in a process for transalkylations, such as, contacting a feed comprising Cot+ aromatic
hydrocarbons and toluene under transalkylation reaction conditions with a first
catalyst composition comprising a zcolitc having a constraint index ranging from 0.5
to 3, such as ZSM-12, and a hydrogenation component and the effluent resulting from
the first contacting step is then contacted with a second catalyst composition which
comprises a zeolite having a constraint index ranging from 3 to 12, such as ZSM-5,
and which may be in a scparatc bed or a separate reactor from the first catalyst
composition to producc a transalkylation reaction product comprising benzenc and
xylene.
[0037] The transalkylation process uses Cs-C7 and Cot+ aromatics as fresh feeds to the
unit to produce Cy aromatics. The Cs-C; feed for a transalkylation process may contain up to
95 wt.% of non-aromatics, which may vary in type from straight chain paraffins to
naphthenes. The Cs-C7 stream is generally processed in an extraction unit to remove the non-
aromatics prior to being used in a transalkylation unit. In some cases, the extraction unit can
be bypassed such that an unextracted Cs-C7 portion is sent directly to the transalkylation unit.
The unextracted Co-C7 feed may contain from 10 to 67 wt.% Cg non-aromatics and/or from 6
to 38 wt.% C; non-aromatics. Some of the non-aromatics may be removed in the
transalkylation unit via rcactions such as cracking to lighter olefins, and subsequently
saturated or alkylated with another species to form heavier molecules, or purged in
downstream recovery section. The extent of the conversion depends on the type of species.
Straight chain paraffins will likely react more readily than naphthenes. The unreacted non-
aromatics in the Cs-C7 feed will be recycled until extinction. Therefore, some buildup of the
amount of non-aromatics in the total liquid feed to the reactor is expected, and such amount
depends on the types of non-aromatics in the fresh C4-C- feed.

Example 1 (Comparative)

[0038] A spent catalyst composition having 50 wt.% coke with C/H = 3.3, 65 wt.%
ZSM-12, and 35 wt.% alumina binder. The spent catalyst composition was loaded into a
fixed bed reactor located in an isothermal furnace. The regeneration conditions used during
the main burn were as follows:

Average Reactor Temperature 396°C

Reactor Pressure 448 kPa-a



2.9 CH, Aromatics 0.4 Non-aromatics 1.0 Exanple 2 [0041] A spent catal yst
conposition having 50 wt. % coke with CH=3.3, 65 w. %ZSM 12, and 35
w. %alumn [ The spent catal yst conposition wa lnto a
fixed bed reggpéﬁbq{ﬁ%g‘alt ed in an isothermal furnace. The%@%@%@@’g%g%n
conditions used during the main burn were as follows: Average Reactor
Tenper at ure385 - 396C Reactor Pressure448 kPa-a Gas Fl ow0. 6 N8/ hr/ kg cat
Inl'et 02 Concentrationg,§4,201nlet Gas H0 Paydiabnfrgssureé. 24 kPa-a

Dur ati onl5 days

Inlet O, Concentration 0.84 %
Inlet Gas H,O Partial Pressure 0.0 kPa-a
Duration 18 days
Total Water Exposure 0.0 weight H,0 / weight catalyst
[0039] The oxygen concentration at the exit of the reactor was monitored using an

oxygen analyzer. When the conversion of oxygen dropped below 10 wt.%, a clean-up burn
was used to remove any residual coke remaining on the catalyst composition. The conditions

of the clean-up burn were as follows:

Average Reactor Temperature 430°C
Reactor Pressure 448 kPa-a
Gas Flow 0.6 Nm’/hr/kg cat
Inlet O, Concentration 7.0 %
Inlet Gas H,O Partial Pressure 0.0 kPa-a
Duration 6 hours
[0040] Following regeneration of the catalyst composition, the catalytic activity for

transalkylation of heavy aromatics was tested in a fixed-bed microunit. The reactor pressure
was 2529 kPa-a and the H>:HC ratio was 2:1. The feed to the reactor contained 85 wt.%
heavy aromatics and 15 wt.% benzene + toluene. A detailed analysis of the feed is shown in
Table 1. The catalyst composition was initially reduced in hydrogen at 427°C, then sulfided
with 7 molar equivalents of H,S per mole of platinum, prior to the introduction of feed. The
reactor temperature was set to maintain an overall Co+Cyo conversion of ~57.5+0.5 wt.%.
The total feed flowrate, expressed as grams feed per gram catalyst composition per hour
(WHSV) was 3 hr'. The product was analyzed using on-line GC-FID. The aging rate,
expressed as the rate of increase in temperature required to maintain constant Cgt+Cyy

conversion, for the catalyst composition regenerated under dry conditions was 73°C/month.

Table 1
Component Composition (wt.%)
Benzene 8.6
Toluene 6.4
Xylene 0.25
Propyl benzene 3.1

.14 -



Total Water Exposure2.0 weight H20 / weight catalyst [0042] The oxygen
concentration at the exit of the reactor was nonitored using an oxygen
anal yzer. ver si on of oxygen dropped bel ow 1 ean- up
burn was used&96mggﬁ§§e any residual coke remai ning on ?ﬁﬁﬁ% %%13%
conposition. The conditions of the clean-up burn were as follows: Average
React or Tenperat ure430C Reactor Pressure448 kPa-a Gﬁs Fl ow0. 6 NnB/ hr/ kg cat
Inlet 02 Concentration7.0 w9 itntet—GasHRO0Partiat—+Pressure0. 0 kPa-a
Duration6 hours WO 2009/ 06F831PereUS2008/0823527[°%0043] Fpl | owi ng
regeneration of the catalys the c | ytic pctivity for
transal kyl ation of heavy ahgﬁggﬁg@ék%i fn ted -%kg fixedt bed m crounit
using the sane testing protoclete as described in Eanple |. The aging rate,
expressed as the rate of |r§ eas in tenperature, required to maintain
constant C9+Cl0 conversi on) FP8Y YY8° cat al yst compdsition| regenerated under
conditions of 6.24 kPa-a HP@Km@mkhﬁhcpressure duzung the mai n burn was
31C/ nmonth. As indicated by thi-s c)\allpl € fe presence of1 a smal |l anount of
wat er during the main burn| Fddbglees t he aglng ratld4by a factor of 2. In
addition, the presence of ( t he bur ime required for the main
burn by -3 days. Exanple 3N§%§%§ﬁ&§ﬁ&£g@ -gaLaL;é%_ggnpgsition havi ng 50
w.%coke with CH = 3.3, aemwsmﬁ@rzsm 12, |and 3504t . % al um na bi nder. The
spent catal yst conposition ﬁaslloaoea Iimto a fixged bed reactor located in
an isothermal furnace. Thel I8Y8HEFYS on condition® used lduring the main
burn were as foll ows:

Example 2
[0041] A spent catalyst composition having 50 wt. % coke with C/H = 3.3, 65 wt. %

r+

ZSM-12, and 35 wt. % alumina binder. The spent catalyst composition was loaded into a
fixed bed reactor located in an isothermal furnace. The regeneration conditions used during

the main burn were as follows:

Average Reactor Temperature 385 -396°C
Reactor Pressure 448 kPa-a
Gas Flow 0.6 Nm’/hr/kg cat
Inlet O, Concentration 0.84 %
Inlet Gas HZO Partial Pressurc 6.24 kPa-a
Duration 15 days
Total Water Exposure 2.0 weight H,O / weight catalyst
[0042] The oxygen concentration at the exit of the reactor was monitored using an

oxygen analyzer. When the conversion of oxygen dropped below 10 wt.%, a clean-up burn
was used to remove any residual coke remaining on the catalyst composition. The conditions

of the clean-up burn were as follows:

Average Reactor Temperature 430°C

Reactor Pressure 448 kPa-a

Gas Flow 0.6 Nm?/hr/kg cat
Inlet O, Concentration 7.0 wt.%

Inlet Gas H,O Partial Pressure 0.0 kPa-a

Duration 6 hours
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Aver age Reactor Tenperature385 - 396C Reactor Pressure448 kPa-a Gas Fl ow0. 6
NnB/ hr/ kg cat Inlet 02 Concentration0.80% Inlet Gas H20 Parti al

Pressure34.7

was nonitore

The oxygen concentration at the
d using an oxygen anal yzer. \Wen the conversi on of oxygen

dropped below 10 wt.% a clean-up burn was used to renove any residual

remai ni ng on
were as fol

%\,{Q@lcat b MSin Siibh QR thel @ﬁalgéjf%gié}»i)s%% ofe Lfyik! &20 FP?{

) Aver age Reactor Tenperatur React or Pressure448

<&E%F%6§ﬁ¥ationl4 days Total Water ExposureéﬁFES%EhﬁgéergciOr

wei ght catal ys

coke
burn
Pa- a

Gas Fl ow0. 6 NrBsdlinlatiey otkeavy mbetic@ dvaCtesicd it a fatel- dad mErounitysing thetsar@Gatsstiiz20

Partial Pres
H20 / wei ght

S;J;C}gtt‘ég’(ﬁ ?gtdgs%ﬁﬁe% ARG BRUES gl At lex WALET adEXPOFU LR thefeallehn
temperature required to maintain constant Co+C,o conversion, for the catalyst composition
regenerated under conditions of 6.24 kPa-a H,O partial pressurc during the main burn was
31°C/month. As indicated by this example, the presence of a small amount of water during
the main burn reduced the aging rate by a factor of 2. In addition, the presence of water
reduced the burn time required for the main burn by ~3 days.

Example 3

[0044] A spent catalyst composition having 50 wt.% coke with C/H = 3.3, 65 wt.%
ZSM-12, and 35 wt.% alumina binder. The spent catalyst composition was loaded into a

fixed bed reactor located in an isothermal furnace. The regeneration conditions used during

the main burn were as follows:

Average Reactor Temperature 385 -396°C
Reactor Pressure 448 kPa-a
Gas Flow 0.6 Nm’/hr/kg cat
Inlet O, Concentration 0.80 %
Inlet Gas H,O Partial Pressure 34.7 kPa-a
Duration 14 days
Total Water Exposure 12.6 weight H,O / weight catalyst
[0045] The oxygen concentration at the exit of the reactor was monitored using an

oxygen analyzer. When the conversion of oxygen dropped below 10 wt.%, a clean-up burn
was used to remove any residual coke remaining on the catalyst composition. The conditions

of the clean-up burn were as follows:

Average Reactor Temperature 430°C
Reactor Pressure 448 kPa-a
Gas Flow 0.6 Nm*/hr/kg cat
Inlet O, Concentration 7.0 wt.%
Inlet Gas H,O Partial Pressure 34.7 kPa-a
Duration 6 hours
Total Water Exposure 0.2 weight H,O / weight catalyst
[0046] Following regencration of the catalyst composition, the catalytic activity for

transalkylation of heavy aromatics was tested in a fixed-bed microunit using the same testing

-16 -
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100461Fol | owi ng regeneration of the catal yst conposition, the catalytic
activity for transal kyl ati on of heavy aromatics was tested in a fixed-bed
m crounit usi me testing protocol as described | e 1. The
aging rate, e@%rzxéols;@(’e%ﬁas the rate of increase in terrper ?/Pg%?ﬁg& %ed to
mai ntai n constant C9+Cl 0O conversion, for the catal yst conposition
regenerated under conditions of 34.7 kPa-a H20 partial pressure was

12C/ nont h. i np er. phar. I 4.7
kPa- a reducé\flprbtﬁgeulggjlltdﬁsgnir?%éll lémbxsdmgfé?i aclrger a%?é/\%tte Ie)ﬁggsé%ili?%%]g ﬁf?%g 1”ue(ragaet ﬁon of
the mai n bur riempgatgiagrtuacd byrnamtaadchn'smmr@a%daspmfer{i@ﬂﬁl]ths Cc’itilllm;f»bma‘usadmby
Exanpl e 2 andre%@ﬁ@ﬁﬁh qmﬁer éolﬂﬁm EERLE k@f-avﬁt(ﬁidt{iﬁclgr?@ﬁ%Sw}sh?Z"E‘%o%thf AQOke
renoval , there ortening e regeneration tine. addition

per f or mance ofldlt:d’q@l byatnaleyasnp @@rvmlptant@lrprrm 0§ &k7 kili-2 trdeed drcheoyeohte bagi ng
rates decr easi,ng byl AGTGATRCIRLEE FXRARULG NLADG: £LOSAANBHL 80, AS 2
further benefit, the use o ‘wat er during regeneration cilitatesthe
removal of sdﬂ%%ontémlhlatmt@i byeExgmpteh] odi kkemplef3y tprdyence af akigsincerpsi ti on
that tend to aceumil.als,apn %S the GQPARIch 1A FEddAGn" & SRkVi ce.
[ 0048] Al I patents, Bat ent Q%Q%Yglgo%?hlg © é;grgpé?prooéle ur egd g)rnl orgkj&%rm e
document s, ardfite¢ é@talyph mmmmpm NEProves u@lths secandl cpelh eirglnéo@tfﬁefiw@amgt adth
herein are fl’lhdré’asécﬁ&&érp&?@stuf‘c ulaxg E%E%@faﬁe& 5 Qrru bb&éﬁl S8 &L 0P Ritod Ehrwg' ch
such incorporation is Wien nunerical lower I'imts an
numeri cal upgegengriting féClhﬁa@s Itficg’p@elvalhef &anre, congngtsf ¢.grahipmigles, e the icalystt o
any upper | i Hohpdfi®nGORIGHR BLethid AOROLINLL Corhfiidbh Lttt orimbodi ment s
of the |nvent|on have been describ particularity,

under st ood tH&Q“Sbar|/éﬂlspat?ﬂ‘ﬁepat%oﬁpfﬂilcémﬂsofﬁt iorgdutse Rifspar datumeptsapéciany be
readily made JyidiRQSemslthls! £ i H&L%nf%ﬁt% M RO adERBS IbBorhe@BY tdiGeRRI Ti t
and scope of the invention. Accordingly, it is not intended that the scope
of the cl ai nfoYpwirdistonén whish psh cpippesgion is PeHdttesy anpl es and descri pti ons
set forth hergig) but what Agferithdwd: MRS b MBncBBal GPAS liFkiE dreaRtcE AGLAPARSL NY
all the features of patentable novelty which reside in the present

i nvention, i AEMAYHReAlimittatyUrad K| EhcaRetinitye treated as equival ents

t her eof by tfmse] sKiwhd the N116dR8HRN dmboinMls CIT thd) BivErE Hal OBecR RIS RibES with
CLAIMS What is clained. is:

particularity, it will be understood that various other modifications will be apparent to and
may 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 thercof by those

skilled in the art to which the invention pertains.
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1. A process for regenerating a catal yst conposition, wherein said catal yst
conposition conprises a nol ecular sieve and at |east 10 wt. % coke having a
C/ Hnolar ratio in the range of 0.26 to 5, said process conprising: a.
contacting said catal yst conposition with a first oxidative nedi um havi ng
oxygen an at first conditions sufficient to forma first regenerated
cat al yst Ct%@%ﬂ on having at least 50 wt. % | ess coke than said catal yst
conposi t i oMhatadaite@is: b. contacting at |east a portion of said first
regenerated catal yst conposition with a second oxi dative medi um havi ng
oxygen, and optionally water, at second conditions sufficient to forma
second regener af ego&a¢ aby St &Q%Hg'é'éa&lﬁﬁVdoﬂﬂ;oéﬁloﬂ eqftren? Ma%hi&ss coke
than said first regenerat ed catal yst corposition, wherein said cafalyst
conposi tion i ncemppsitian) coapdisesc mol{ipwlmsmeged\etrla%éélo valataksthaviogpdgHt i on in
step (b) have t e range of 1 to 50
wei ght wat er pglf(mrvvggtE @t%fltag%c?gcfo?éggggdsa% r\g@etsg&f&é@wgr%[ al yst conposition.
2. The process af cl abmaing\sdaﬁdrceua}ysswmomnbewwharﬂrsucﬁwtatm@mpdiiusﬂ&vang | east
one of a MAL1lS fam |y nol ecuyl ar s cuI ar_sijeve,
275 20, ETas 0. R ooy e 3 BHEeoidon s ieieRlly g7 R FadraPe e nor k
type conprising at ksaskt @agositioABWindTicashEGwt A less AFRE, thANéxid AfdlystASV,
*BEA, BEC, BIK, B% BPH,  BRE, CAN, CAS, CDO, CFI, CGS, CHA, -CH,
CO\I, DAC, DDR, DFT, C?K‘PPS’ Eﬁ‘@\la" 8! EDI, EMI, EON, EPI, ERI, ESV, ETR EUO,
EZT, FAR FAU, pFER cgrﬁfetm aBleaddlal ortgvfof s%rs&@neﬂ@d cal[alfﬁt cdrﬁMfsnioNF ISV,
ITE, ITH 1TW IWR V\W JBW KFI, LAU : oV, LTA
LTL, LTN, MAR, MAZ, |a sepid oxigative pERIUMMEYingPS gevERd Omr@allmteu\;EE I\/BO
MIF, MIN, MT, MTW SM M@lﬂo%@ufdﬁ% tN%mNgosecN% Lﬂé@ﬁWateg:Eatal%
- PAR, PAU, PHI, RHO, N, SFE
SFF, SFG SFH, SFN C@F@Slt@@"mavsgwt 1@@50 \B%Iesssérke @IIFseu@fllrst r@Fmera®dR, TER,
THO, TOL, TON, TSC, uQz, USI, UTL, VET, VNI, VSV, -VEN, and
YUG 3. The pr ocesgéqi&)f%tckﬂmng& "wher ein said nol ecul ar sieve conprises at
| east one of awhmie&x:sallcht:atslyﬁ\benipamlmg1rast2}e()i)ldné shidafireepincta@ecadppr i si ng

at | east one of *B EUO . FAU, . FER, LEV, LTA,
LTL, MAR, MAZ, SRURAOSIGRD S%?%NWI‘—‘%COW W?AMT URHRCsEoie ge toN. 4. The
process of anytwoecaghtiehite|pai WeighhtEsEt Becdall ebosMdtedaBalst Cokipsmicy ratio in
the range of 0.5 to 2 and wherein said catalyst conmposition in step (a) and
said first regenerated catalyst conposition in step (b) have contacted a

total amopint ofhdBl8EssioPclhf}® 1M ARGEInQhidImbIecdf SW% Qbrtan@% &F 1cR&MonweF ght  of
sai d second regenerated catal yst composition. 5. process of any

precedi ng cl ai 41%@@%@’&@@!%@@@6,h@M@N@%fmﬂhﬂnql@@ﬂa@ sievet Hd'SrHhge of
1.5 to 3.3 andg Y‘%&grl‘é' B eRLh, GRHA ¥Rle AR %%t a91|ﬂ 'anzegotlf?eoﬁfagx)ew@*{kd id first

regener at ed catal yst’ conposi’tion in step contacte anount
of water in themange afeadi®nt of ABWM@THAE@WEI ﬁEK WA MSToAS3aiBETsecond

regenerated cat S 6% h S e % | ai m
wherein said ca a%(y% ’corrp?sé‘?’?@?lkl T?‘%@Sgg‘g 8(8 Cﬁ%%@é 6§ dr@g]ic
cat al yst conpoGON, XA dNPR) BES, BOH, 33, BABWEDY EN1TaEDIN, &PU| BRI, $E]Sewe havi ng
a zeolite str y I} ge % qtI atalyst
conposi tion u]%'hgulerb EZT Awﬁ\é%a%g Eng ?ﬁﬂnéhzr%@gd ’ (36 erein
sai d catal yst wRYPOW, IMENISOOTPE ] 1988 IOWOIWROTWE, yavwWoiefw atFil east Lene of a
nmetal el enent of G oups 6- 10 based on the total weight of said catal yst
conposi tion wilklithbat!Te s, LOV, LTA, LTL, LTN, MAR, MAZ, MEI, MEL, MEP, MER,

MFI, MFS, MON, MOR, MOZ, MSE, MSO, MTF, MTN, MTT, MTW, MWW,

NAB, NAT, NES, NON, NPO, NSI, OBW, OFF, OSO, OWE, -PAR, PAU, PHI,

PON, RHO, -RON, RRO, RSN, RTE, RTH, RUT, RWR, RWY, SFE, SFF, SFG,

SFH, SFN, SFO, SGT, SIV, SOD, SOS, SSY, STF, STI, STT, SZR, TER, THO,

TOL, TON, TSC, TUN, UEI, UFI, UOZ, USI, UTL, VET, VNI, VSV, -WEN,

and YUG.
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8. The process of claim7, wherein said netal element is at |east one of
Pt, Re, Ir, and Pd. 9. The process of any preceding claim wherein said
first conditions conprise a tenperature in the range of 250 to 425C, a
pressure in the range of 100 to 2070 kPa-a, a gas flowate in the range of

0.1 to 10 N8/ hr/kg cat st conposition, .and a water partial pressure in
Che range of 7 1S s S £ PR, i PotcRlar BeVeioRieni®E d it BT g
first conditi omsoléduldr BiRVe BOMAY 4 £RIiR FRAMVEK Bbt Osmprisii 4 Idaki che@AtBEQ, r educe
t he amount of said coke on said catakﬁft conposition by at | east 80 w %

11. The pr ocess- G- BHAcERMEN. FUR. FtCEn LEY: BT8ekShalndAZ.ons
conprise a temgEpiEIe M, MFS, KRS Plv, BEOW, RIFOXOD, an@messure in the range
of 100 to 2070 kPa-a, a gas flowate in the range of 0.1 to 10 Nn8/ hr/kg
catal yst conposition, and a water partial pressure in the range of 3 to 35
kPa-a. 12, The 1aLOf&sSS | al. o i FleRS it..ans: further
conpri se a'regene?ﬁtioﬁﬁ%?ﬁg éﬁ%&%gPeﬁﬁ&ﬁ%angggg($ﬁ§Qg%§ﬁﬂ§m%faghwd coke
on said first rtegengs af @4 tcdtaak yetergonpd satalysncdnypositioh éastep &) amti%aid13. The
process of claim.5, wherei i d second. rege ated catal yst, conposi tion
has a transal kyTaresaet etrds PmpeRic e G SssonEtiS oty mpurest
correspondi ng fwaestin datratgesif 1corgPoLdight wvater\pheweight Sanid dec@idsagdaytaadi on
activity is neaSU{ed by determ ning the conversion of C9 and C10 aromatic
hydr ocar bons ufff&¥StPEREUI®Y | ati ng conditions with C6 and C7 aromatic

hydr ocar bons, where typical transal kyl ating conditions include a
tenperature in_the range of 375 to 500C, pressure in the range of 1500
kPa-a to 3500 Hparicesarbony precpding alage vitergn sgjd sokeabas aaCitbmaer siodn rati o
in the range ofpelah® K05 .3 TREWRERESIR Qlalfst BbRitiothE5&p TaySalidagecond
regenerated catal yst conposition has a transal kylation aging rate in the
range of 60% t &rst 1@vaGated cadlysteopondiionyinfstapdh) e abytactedd iy eimoroinl wher ei n
sai d transal ky I i i j N t of
tenperature in%?%%gﬂm?%a ?P£§5ﬁgkﬁggﬁ@éﬁﬁgﬂgﬁéFgﬁ{&%%%thgﬁgp 8%%%8 and C10
aromat i ¢ hydr ocaalggrempodigen. t r ansal kyl ati ng conditions with C6 and C7
aromati ¢ hydrocarbons, where typical transal kylating conditions include a
tenperature in the range of 375 to 475C, pressure in the range of 2000
kPa-a to 8000 KRap@cesWiByhyi pretddthglcki@ewhitrerd daldl chtilyancorapdsiionGonplies rati o
'n the range OEO-JS'O tWC1)Z.°o coke and said catalyst composition comprises at least 50 wt.% of a
molecular sieve having a zeolite structure type of MTW based on the total weight

of said catalyst composition without coke.

7. The process of any preceding claim, wherein said catalyst composition comprises
0.01 to 10 wt.% of at least one of a metal element of Groups 6-10 based on the

total weight of said catalyst composition without coke.

8. The process of claim 7, wherein said metal element is at least one of Pt, Re, Ir,
and Pd.
9. The process of any preceding claim, wherein said first conditions comprise a

temperature in the range of 250 to 425°C, a pressure in the range of 100 to 2070
kPa-a, a gas flowrate in the range of 0.1 to 10 Nm*/hr/kg catalyst composition,

and a water partial pressure in the range of 7 to 207 kPa-a.
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10.

11.

12.

13.

14.

The process of claim 9, wherein said first conditions further comprise a
regeneration time sufficient to reduce the amount of said coke on said catalyst

composition by at least 80 wt%.

The process of any preceding claim, wherein said second conditions comprise a
temperature in the range of 350 to 500°C, a pressure in the range of 100 to 2070
kPa-a, a gas flowrate in the range of 0.1 to 10 Nm’/hr/kg catalyst composition,

and a water partial pressure in the range of 3 to 35 kPa-a.

The process of claim 11, wherein said second conditions further comprise a
regeneration time sufficient to reduce the amount of said coke on said first

regenerated catalyst composition by at least 80 wt%.

The process of claim 5, wherein said second regenerated catalyst composition has
a transalkylation activity in the range of 70% to 120% of a corresponding fresh
catalyst composition, wherein said transalkylation activity is measured by
determining the conversion of Cy and Cj;y aromatic hydrocarbons under
transalkylating conditions with C¢ and C; aromatic hydrocarbons, where typical
transalkylating conditions include a temperature in the range of 375 to 500°C,
pressure in the range of 1500 kPa-a to 3500 kPa-a, WHSV in the range of 2 to 20

and a Hy:HC molar ratio in the range of 1 to 10.

The process of claim 5, wherein said second regenerated catalyst composition has
a transalkylation aging rate in the range of 60% to 110% of a corresponding fresh
catalyst composition, wherein said transalkylation aging rate is measured by
determining the rate of temperature increase required to maintain constant
conversion of Cg and Cyo aromatic hydrocarbons under transalkylating conditions
with C¢ and C; aromatic hydrocarbons, where typical transalkylating conditions
include a temperature in the range of 375 to 475°C, pressure in the range of 2000
kPa-a to 3000 kPa-a, WHSV in the range of 2 to 10 and a Hy:HC molar ratio in
the range of I to 8. \
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