AROVATI C | SOVERI ZATI ON CATALYST FI ELD OF THE | NVENTI ON [ 0001] The
field of this invention generally relates to a catalyst for a C8
aromati c 5i sonerization process or zone. BACKGROUND OF THE | NVENTI ON
[ 0002] The xyl enes, such as para-xyl ene, neta-xylene and

ort ho- xyl ene, can be inportant internediates that find w de and

vari ed application in chem cal syntheses. Cenerally, para- 10 xyl ene
upon oxidation yields tengriNAgic gserERIZAGIONSCHEREYIST t he

manuf acture of synthetic textile fibers and resins. Meta-xyl ene can
be used in the manufacture of plasticizers, azo dyes, wood
preservers, etc. Cenerally, ortho-xylene is feedstock for phthalic
anhydri de production. [0003] XAldnék dditedNVENGWWYat al ytic reforning
or other sources generally do not match 15 dermand proportions as
chemi cal i[@0@dhedItat sld enthisf inveltem gowmllyselagtshipl bearbue forwhiGsh awantic
be difficult to separate or to convert. Typically, para-xylene is a
maj or Chefi PSPPI e 428" Wi t h signi fi cant demand, but amounts to
only 20-25% of a typical C8 aromatic stream Adjustnent of an isoner
ratio to demand can be effected lﬁﬁ_lcorrbi ni ng xyl ene-i somer recovery,

such as ad&¥tfrHEROVNDOH I BVENEIPHcovery, with isonerization to
yield an 18602§di t10Rfne a4 Kyl S ' £ p{ l;

i soneriza iaon gonvgrtsnggnon- es%fal |yb%a§%1gﬁl%%¥e§§ghﬁm}gl%f %agl:de ithportant
i soner s t hattrmediatesghatifmdtwide dad varead appliention iis ohemictl systhedext (eemerally, para-

approaching, equi | i bri.um concentrat.ians.. [0004] Various catal ysts and.
o boelles i thet A aE e SREE PR a L e n et i B TGS o Bl
sel ecti ng tapipy fipdrk ah@ rés@shdk@Rylent tcah SedRsd ke amimifdctine bh@lasticizers, azo
i sonerization 25 process as close _to equilibrjiumas practical in
order to ¥ HPE RIRETYFED ae-t‘kyI(%ﬁﬁléraw’eP‘é‘lt,‘o‘ﬁGWé’v@rf,ee‘gé%gcfioétpé@aw fphydride
this is apjggaets cyclic C8 loss due to side reactions. Oten, the
approach to equilibriumthat is used is an optim zed conprom se

bet ween hif@A08B cXdenecisemers frgm ¢atadyticorsfoveig arotifer seurces\gengrady de @ot maich
approach 11 Bbr . hi. L 10 [ .
eeyers - SmEBHbohRELh A i PR Rl Ceb Bl Bl Fnich can
eval uat ed bediffibdt toaspmatd0ofo @niay orglidally hedrargensf aasdjor\chémical intermediate
selectivity and stabi]it 0005] Such catal ysts can. include binders
of b u n I THEGA e dnl AR PG VRSrod apmat%ls@ﬁ OB ETeam.
used to meagRuskhGt CAt @l %SinSr taRUld déMafdl EdebeRIfRBY ByCRImAMdy GHRRLSRimer
properties and the inpact on catal yst performance may be ‘
unpr edi ct &SOECrY SEiGha B @dsnaptraie Soroparaixilene dedsiveide Methmispmiergdtigheto vield an
al um gum : C 1 d r v pical : A ' o]
sphergﬂj(O%éﬂg um ﬂ‘lé‘? {ﬁlyo(rd:f B%‘ﬂed%‘lﬁgé él %%ég%egm :Tiplg% d 1%6%11%){(}{1 fr?"jl)}{:lén’g§veqj{S PRRS
cat al yst s eqihbmdirh roixtyopefl tigaxgtenespraes thatyistleandint the hirvieed ggeneCBomenty a
| oss as conpared to a catalyst with an extruded gamma- al um na.

Gener al | y ™ @PE?&%@P%B‘!@*%%?O&&E}E@“&?F extruded gamma-al umina with
simlar pepdoapancgionscaasts sl dréckal Y BiveC aRe €ddveRped XPBERELME xylene
than catalyst with a binder of ODS alum na. Thus, a catal yst that can
i somer i ze OMSIFHERZ dRecleating rrneialthicrlnolayy Hilpidesivghleds rup deg iserggrization
woul d,de i gl e DVAR (N ER0Q6] .. s 1d-
exerrp?é;r yggﬁg%d%ngh%e ?gjrg\ ltlab?a cat gira%:l% E;II]H Erérgé{%-r Izlglr onaét%i @19 pa@gylene yield;
i somer i zahpwevepr seasged Fith thiatiah estatgayciinCB Uds: dut3¢ sideQ8dtioby Often, the

i ght, f lite,dncludi . MTW lite: X ) - 990
b oot e anged i bR ek heE s 40 SfEDe pmise beoves ki feRa Ioss
bei ng der kvkigh t6@sorBRehFbd/e 1@k uppidach ©.-chuiibAt) Md Meh ghlity cafts due to the

nobl e nmetal, cal culated on an el enental basis; and at |east one )
al kal i netaige repyelotatg obyunegnyertsd (3l arerasiice nkhug featalistscan fe pealugtethompthe dasis

20 | egst i . | ement al basi s.
Gener%sl y?’p%ﬁagefgg{eg}l\éif\gﬁé %tig%ggggét%tﬁgnﬁg%@gﬁi buti on and at | east



10- 99% by weight, of a binder including a gamma-alumina; 0.1 - 2%
by weight, of a noble netal, calculated on an el enental basis; and at
| east one al kali metal wherein a total alkali netal content of the
catalyst is at |east 100 ppm by weight, calculated on an el enent al
basis. Generally, the catalyst has a pore 30vol une distribution and
at least 70% of a pore volunme of the catalyst is defined by pores
havi ng a g t r : -£as 0 r

vol une of[é'P %g’?c:%ug ycgﬁhfggs %]te]? ?ﬁé%ogléﬂ%gggghﬁgﬁngh%éﬁggngﬁ @rﬁ esagde the
t han 1000vafioud POGB3ing\sttpr wsae to axrienihe aatplysisivesdt e diffarent ahysarabamt ¢hemical

production facility. .The aromafic oduction.facilit an _include an
Sy lene i Shrmsriesand fisimBict Db AARhar P lenearcs poke fored it e Of
zone r eceluthing behdstsMB@MimdrREAt hetin®h BHrdx@aBdriRNMeyRHELEPidaBP B Inf HNbil
t he xgl ene i soner se(ﬁaratl on zone. Ge_neral_lﬁ, the C8 aromatic )
i some? i z4PRpRd sBkrEe (HEF (wuming), exBehgraie FpigaHy vsedbyr extipded, pigalysts. An oil
di stributgQneaRtngh shiRAShay $ridb ndvesecs/fh s &f &ab alo¥slyst Hith
defi ned by Srgs ha\? ng aa;di anet er gresater %jﬁgsn 10(5%&%5 The calt;ygq ylsttém
may i ncl wdeudet gan@@eqlubinanwdiegbrally,of isalesibld toerodvct avliextgidad ghiina-alumina
zeolite; 1010-.99% .by wei,ght, of.a binder including a mra- al ym.na;
03 - Do By iR o oG Sl RS bl Pl B D B R P
basi s; amghder of ODS @fimin@aSthugnecatdidlthat 381 Rbmerrd @hdberzbioadol xylertalvhile
content of the catalyst can be at |east 100 ppm by weight,

cal clf at Y EHZHR Irgﬁi?ﬁsé[‘foubialﬁ%e}“eff‘@gog] Therefore, the catal yst can
provide lower C8 ring loss to levels at or below a 15 catal yst nade
with a binder of an ODS alum na. In sonme exenplary enbodi nents, it
has been d@agpdstiidiantyi bFzime ®RAta W th a defined pore size

di stribution and a higher alkali netal content by, e.g., omtting a
catal yst ugely GOk el LS o b | | -
DESCRI PTILON OF THE BRAR @ﬁgg?‘oowf b Gaq;f{aﬁ)s% gége{r ES%‘"%‘%?‘%@@%‘?@B%“
of pore otagsee Thestriybiutan omlwie: several i npregnated, oxidated, and

reduced catal ysts. JLNLTI 01l1]. As used h in, the term"zone"
can ?ifer to an ar (13!:5)%:5 °§Fﬁaﬁg}¥§t’%ﬁgz% ItehlB?%gm%gnm&ﬁ%lH?’ Itens and/or
one or nore sub-zones. 9% Wypweight, iof ariindeaindluiihdl 6l @aRhR-MimiiB) e gamma-

reactors or reactor _\/e§§els, heaters, separators, exchangers, pipes,
punps, céiprBsbgrgdenyrdremn Perhmiteumigali ti onal Iy, an equi prent item

such as a reactor @R _V@5SK!wei SR ofalobl2Ghetd NG SRR & H3IN8Rd OF
sub- zones. [0012] As uséd herein, the term"stream can be a stream

i ncl udi ng vari ous hhlesbers dsali BewH| Adofhkalkalsmeth! eontent phihgleatalybiadan be at
br anghed, i n | kagdi ene n k nd
opt1 Shal g Sk Sy IR SR ERER AR SNT Den iy, ST 0 M ore
i mpur i ti eslunseudiktriBstionnedvar et 0% . of Bheors tvolat® afaihe ahtalyst i clefitke] by pores
aromati c_and naqn-aromati c héq@?%ar bons. Moreover, the hydrocarbon

mol ecul e*HES 2 FEMEHE SEich ha AC2, C3. . . Cn where "n" represents

t he nunb(fpoofq C ak RAKEr 3k HAF ary b @intM HERCRTRQAMIFP FR G U Larom BB mA$zation
used herein, the termaronafic" can nmean a group containing one or
nor e process. The catalyst can include:

25 1 - 90%, by weight, of a zeolite including an MTW zeolite;
10 — 99%, by weight, of a binder including a gamma-alumina;
0.1 - 2%, by weight, of a noble metal, calculated on an elemental basis; and
at least one alkali metal wherein a total alkali metal content of the catalyst is at
least 100 ppm, by weight, calculated on an elemental basis. Generally, the catalyst has a pore

30  volume distribution and at least 70% of a pore volume of the catalyst is defined by pores



5 rings of unsaturated cyclic carbon radicals where one or nore of
the carbon radicals can be replaced by one or nore non-carbon

radi cal s. An exenplary aromatic conpound is benzene having a C6 ring
cont ai ning three doubl e bonds. O her exenplary aromati c conpounds can
i ncl ude para-xyl ene, ortho-xyl ene, neta-xylene and ethylbenzene.

Mor eover, characterizing a streamor zone as "aromatic" can inply one
or more dikfifg eManihd kS (RANIOURESA at 1855t DORIA] heSord SBRmPITRhcatdIif is
term "support” generally means a_nol ecul ar, si eve that has been

combi ned WFENFAPYIFOFE SAviBe dieactariesatian 19¥hAof one or nore additi onal
catal ytic ct

cubscauent o e B St e s R e aromati
DESCRI PTI QNdGFtIOﬁHECiIW@HI 1®lu{i@@ﬁ51iy1&nsombﬂ yepagatioa f zoBE,y amdr aaC8 aromatic

pet rochem cal roductlon faci n ar rratlc

Pact Uity oo PhBa g S0 iReeshodm SRRRES Pt EOnG I el BEGMGP eifne
that puri fsofgr sepaction ke GenepAly @6t COBLNAKiC IR %M BN®nE $1€U1’E&fe§a catagRt
as par a- Xﬁ| ene or netaxylene. Such an ar oomatl c cor‘rPI ex for extracting
par a- xy| eA&Ving&2 § ?f§w®§§&lﬁfﬂbwn@nd’a@e%§0@éaBoqev uanes fdhpsgagrivet ESdieéﬁed
aromatic z hydr ocar bon
of the geﬁg?gijlegg%‘fr}%a %&%&P%&&%&P%ﬁrgﬁ%@s&%{ %%%r from2 to 5
and R is CH3, C2H5,9%CaHy W@ght,CDfliIz@thamCngmmrMTﬁémobw and i ncl udi ng
all the isoners terse Sui t ro arbons may

i ncl ude ort ho- xyl Qn @;ngywel hlgEl Oggb ar 1g91”%1ng B8 zene,

et hyl t ol uene, trio-Ietdaybpesigrner a sobleibul, baameﬂa@ on b Ele@tinyl hasiozawe,

25 nethylpropylben ene, hyl pr opyl benzene, dj-iso yl benzene, or a
m xture t hereof . 6518116 iialé%%t XéOIEI&rPﬁl’e‘%eté]aWnFeﬁg L}gf‘ecaéalkiﬂ"'%‘h’ée at least

| SOMer  sepgd firh, O FORR, cakdbied®h & RN baRe separation zone, and a
C8 aromatic iIsonerization zone. The C8 aromatic isonerization zone

can recei [QR0Q9t Thawiaephecedlyst cant pméldgtlowmc&yingriesm toolesls asochelow a
par axyl en - X 4L 1S z

reest%gbl i gtﬂmgﬁéea%u‘?ﬁ g?’%ﬁ%@ﬁ%@%%&l onfno xy &N 1 1% sg%g&gmmgts it has
convert obdarfomahheunidzingsmncihuaina etithyd definzepas sizaidistrébuxiph enda hlgher alkali
Typi cal |y, ch a zone can_increase th am)u of | en

Suoh as, bt SOty B Gt e BROGLEET FOOA ae el st hh O M loss
i sonerization zone can be recycled to the xylene isoner separation
zone to recover nore of the desired isomer. [0017] One exenplary

appl i cati grif DETARTRNNY SHF dirfcImeedhesei n is the isonerization of
a C8 aromatic m xture containing ethyl benzene and xyl enes. Cenerally,

the moxt ugo s %G, 1513%tgti‘éﬂhhﬁp&%%oﬁQﬁfuﬁ*@tvoﬂfnejdls'trﬂﬁl%or{%f B e MBI anafih,
ort ho-xyl ene content of up to by wei ght, a neta-xylene c ten

of 20 - 9sxidgtedyypngwddyend catahydtsa par a- xyl ene content of up to 30 % by
wei ght. The aforenentioned C8 aromatics are a non-equilibrium

m xture, i.e., at |least one C8 aromatic isoner is present in a
concentraDEBDﬂEmaNSdiffers substantially fromthe equilibrium
concentra&gﬁp i sonerization conditions. ually the _

non- equi | Ui At ety e e p2aREd CBY ¥ Rl P fpafoding eqer promore
and/ ofs et @iphidre femb 8dbARd §SRoESuBlBRA! IE}luménw §18m@RARIiRHe LhOBE Aore
aromati c production process. [0018] Accordingly, a C8 aromatic

hydr ocar btsactpisent radckarureeselsp hedtess.adsparators, SXPTRRYCUS, it wmd coyRssosamd
be contac h her frer de cr|b din
hydrocarb%%gpg%%eﬁ%gg%aﬁﬁy% fe P ]ﬁ?%h%s%%'ﬁﬁre ‘”‘?Fg%@ 8“U§Fﬁ8“?ﬂude
cat al yst mmcankwxaﬂmbedmmk5n&ysten1 a noving bed system a fluidized

bed syste 0 operation. Preferably, a fixed bed system
Ds utili et .uge@}%fflanf}pi ¢ Spriy JHEATE nean; et SyRam Apriuding varioy AT
are %Eheﬁ%ﬁ:@ul@é’ s@@l‘{ a8 Wida Bl ﬁiali}?aﬁrbﬁ@le@'e@lné%ﬁl@ likgedegiird LRAfLISNand

tenperature and th passed into a C8 aromatic | SOI’TEI’I zati on zone
alkynes, and optionally other substances, such as gases, e.g., hydrogen, or impurities, such as

3



10 aromatic CLO conpounds such as dinet hyl et hyl benzene. I n sone

i nstances, certain product species such as ortho-xylene or

di net hyl et hyl benzene may be recovered fromthe isonerized product by
selective fractionation. The product fromisonerization of C8
aromatics usually is processed to selectively recover the para-xyl ene
i soner, optionally by crystallization. Selective adsorption can be
acconpl i shgd, Byerdis| NP E¥ShAkhd AR AHITIO Qb hdARRE nSEGRRALD hyliRcABbR.
3,201,491. [0022] A catalyst of the C8 aromatic iIsonerization zone
can i ncl udercaver] tgstydmsarbMrwotessles miay brotbeatiaied €il e, CAl se Cn where “n”

characteri "l ow silic 12" and can include nol ecul ar sieves
wthoa rpEknRine il bifeRYCR fa-GRRIRER, TV P00 0% U0,
Preferabl[@pol3)e M Weeldréit ethe sergutisbéamid’ alah yneabradgoig eodtditdg ot nore
general ly_neans an M 0 conmponent containing |less than 20 % _ by

wei ght,  BtEAGh Pfl%ltqrﬁﬁ%\?ﬁv,ca%%fr@l%@j Yhiregee Phifrats by cforrishe SFahe
nost  pr efgniaklitbyl @8 Br hitdineh-%b VradiehiShan HBLHER! drématl A& Roud R benzene
preparation of an MIWzeolite by crystallizing a mxture including an
al um na dwuimga Chring Fomdainoe diree dewbde bordanpither iengnplge romaickeppaundySan

3,832,449 _dj.sc i ' e I [ i

Us 4. 452, abIEHER BBt Y5 EE0G el KRLMGi Sl M i, ATERRN b e e
cation t e geepar eor A ‘gohptisi dah deply ond/BMhaealiiférent abifnBicebRp8Bids.uses
an N, N-di | hexanet hyl.enei m ne_ cati gn as tenpl ate to, produce | ow
RTINS LT et S AR S R R R R R
hi gh pur ide¥n Gombinad Sviftl £ bufied bareSheduidfiRh sTulseduUahle RRALASScatdPREHRY
The MIWzeqglite is preferably conmposited with a binder for convenient
f or mat i orfCtiBOCYPPINGRTS BYchsas THebIpregdy OF nsubpeapens| preeess fughhes redueing of
is 1 - 9Q%sday Weight, preferably 1 - 10% by weight, and optimally 5
- 10% by weight. Cenerally, it is desirable for the MIWzeolite to
contain 0.3 - 0.5% by weight, Na20 and 0.3 - 0.5% by weight, 1(20.

Also,_in i it esirable for the nol ar
rati ¢°of @f@@gfﬁ%g@ﬁ?%ﬁgﬂﬂg@hﬁ@ﬁﬁ@ﬂe nolar ratio of (Na +
K)/ Al to [00168]2 Gerdrally, [[0RZREryCenar péddotherhibsl gRahdtion fasilieo i Nedudd &h
a refractory | norgani c oxi de binder, The_ binder should be a porous,
adsor pt i VEORIHSHBP ucH‘é‘%/faﬁlﬁf%msa&reF%@l%oég’l% PEEEGQI?@O@)CEW%‘?&“CS‘WPI@X that
pref er abl 400 a refdtnftR 18 exiis bha bl Ynorhtilﬂeh@ KR @u@lxésdﬁaré—,sx{)l@ﬁb or meta-

al um na, ‘such as a gamma-al um na. Such a gamma- afl um na can be deri ved

from a Bowhmet Suel emirnaatiThemBor i exéractingrpanaxdere belissbapbinid® ¢, 10788
the A ol Iéll azgdfega(sttcgc?(d%d an D‘ajrgﬁ'nqg: gé(ﬁl?l%}cl &8 ﬁjglruflg aalnc ksg%téj'?ark%e CIShgr matic
y t'ed TS e de

Boehim t e al'umi na nay b€ conver garmma-al um na. Sirée
Beohm t e Igtirnarban of thel geactabfr@uia tGH{ . HiR),, ey 6 & an SitdgEREGAM-2m15 aod H is

by USE, P oL D LA e L OS] Y .58 A3 B8
gamma- al Wyihge ltiljglg%atifzq{}%ﬁ:}cal@(iﬁs %ﬁ?&ﬁclﬁ&r _okﬁ&;c?l!éﬁé?%%ta&ﬁzleﬁé}lt Py .glene,

can be an extrudate. Genéra Iy, _t e extruslon ni tra y 1 nvol ves
m xi ng ofethylenpasiee c udthyltodicage itetiaghdnaensl | yditateylpinaenss  atdethylbenzene,

sui tgple 71 Mgl j aste

navi 2 ¢ R BUpoERPeBSE b Brordin e TR P B O O
ext rudat e0OW6] h A eeptatib benplat egrintlydd oxyletehsirerdeghiratntzong bwdhraa ipara-
Ext r udabi | 'lt may bhe determ edcigiom an, anal ysis. of the i sklére .

content P PHSHUALIR ARNENY foiclt AFEENEERETHAIOR hEPhPangkiooF bt AiGAELR
- 70% byisorighdon 228k Bsh REGYES 5RGm ddpRtioM T 1aR6nt RORNO Bo/¥E, kot para-
through a die pierced wwth nmultiple holes and the spaghetti -shapeéJ

ext r udat &vlean opectantylens. fldehRSripmpiq semenization sentansn scospblisy thp cppbibpnm

o

asymret r ixykine.pdlypiceliatsesh a Foid drarinoease théremcatgh aorylect isemlat ashrmpatae



spheres may be then withdrawn fromthe oil bath and typically

subj ected to specific aging treatnents in oil and an anmoni a sol ution
to further inprove their physical characteristics. One exenplary oi
dropping nmethod is disclosed in US 2,620,314. [0029] Cenerally, the
subsequent drying, calcining, and optional washing steps can be 5
done before and/or after inpregnation with one or nore conponents,
such as nmeyishe, anaehepRALNt @Bdrh &Rat fCY BRIHa08 iRhdtibRidl REe a2 Be r@cg/@ieﬂ 1§ the
into a support, the support can be dried at a tenperature of

C, pref er ABFYC HODCLSCPARIAD Zopg o T8CQYEF MEE O fheidesirglstvfir s or nor e.

S5 IOORRET ok U gt BB e ST Lot

desi r abl yaIZs -atorbativouixgure nomnaigretigtl rangpileeand xtyletned Garerdllye theehixkure bas an

and” subst & ogfiege EPreR Ly A R R Posmishe i of i 16735 %y

gama- al Uiefpdt, al fhetd&?leh@dontélh%fQDt 193Nl b &leRHE ting QNReNLAEnd@YtRE of up to
adj ust ed b% i ncl udi ng a hal ogen_or halogen cont ai ni ng conpound in the

ai r at mosphér &y Wrighty drietierementtoned Etarorgatios a2 pay-chlibdig s ie. at
mul tiple {d,fRse $4Ch ﬁﬁl@ﬁ&ﬁ%ﬁs ?Hﬁ‘gerﬁflﬁ9rco%ﬁfi?&Qhﬂf&ﬁ&MQﬁ‘lﬁﬁly ﬁ(‘fi‘ﬁ:ﬁi{

as one or np;e_metas vi a regnation as I's
known i n tdqulilamum c@icetrativnyt tsempnmemtpomdlmdse U‘waliy thBe]atHquhbnum mixture

at nospheres duri the cal cinati ot her. heat
Cr oat Ront & OIS EPERS oF b rpl: s 550t ity PO Bieaiie e
bi nder caabtb@ecsf}bzhtaﬁdrdrﬁhticapf@ﬁbn@hI&amsgr pores. Thus, cal CI ni ng the
cat al yst fpan increase the average pore size of the catal [ 0030]

Opt i onal | Ble cgparmipely. @an® Beomds tydrocapph dend) Pixturphepre f«%bfy@t adggiture
be washedy;RGiyWdebn, acaﬁor!’éjédn@e[&téaf Wﬁm&'tﬂ{fgt rHefe‘Ir?at[“t@r Qéscﬁﬁmpﬂl' &HrCS aromatlc

hydr oxi de, preéferably ammoni um hydroxi de. Gener al ly, the wash
conduct edhﬁtmfearhoemm@mfn@ aohe.50ontactHg nRy Hewfledted ushg tho watglystlin a(ﬁ:xed bed

el ar SR Tahvind Red Both 3 oRRRAGHE Ry A ERh bk BRIl P MG

Wﬁsh or aﬁmaishaidoéﬂsamm njtiilimd]yﬁfﬂmi sjzeteins ad@'ﬂﬂigh eﬁ-ﬁdlll zes aid thwfm&&lmx@.fre are
the existing alkali net O renmnin 25t he cata [ 0031]. I n sone
exenpl ar ypféﬂ%?ﬁ%my Gitghle E?a’f%}s VAR {odht a?smeﬁ geacfé%te@aﬁ%ﬁwcytLEH passed

washi g, BRGa Q8 MBAHE HEREASAI A8 cHRaih MR LENR A AMtcalalft. S YRR @bhkversion
The catal yst may al so include a noble netal, including one or nore of

pl at i num Zgglmhaydbauere qrhaele @ﬁl?af"ﬂm“%éwmmth gejtablenneana dharetietivasmto Phiure that
pref ejyred h@o@ésg cf“?{%)ﬁle i [-nba T?‘?naﬂ%?h@d ré?ta@é eﬁt? O ®Yne. The
exi st wt %teplna ca n SUC 8

as a conp as an oxi
sul fide, fwad:tamiemap tbe ooaytsuntd wdlethemataapst ted i bﬂrm np@hrdnebahwend-,ion radial- ﬂow

conbi nat i ne or t her i.ngredi ents .of. the. catal

oot r ool it g et ey i e RS  AriEd, hei oot Pl oo
conponent mywh@l&mg@feasﬁﬂ{thwatmpﬁ final catalyst in any anount which
is catalytically effective. Generally, the final catal i ncl udes

0.01 - 204002 1 dbf Yeed mixturg wef@mbiy@mmmmlgbnemlmmwe 5};?8 layonpasicepay be
cal CLﬂsat e(%n%tear{vlﬁ{ gqg}n?elnzm c%ta(?y t Bh&lltgﬂﬁ l(f% 1%‘1;1 zatngrpgd?h% tloﬁp%éﬁ%ﬁlg

nmet al component nmay be incorporated Into the cata In any suita
5 manner. s@@on@tlmsdlndhdqaaepmperatgretﬂaegmgtfmhy@t—@@f\/fil mes’lotd”l@refer&bly 300 -

utilizati (,f r-sol ubl e o] ofan I
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[ 0035] The catalyst nmay al so contain other netal conponents as well.
Such netal 15 nodifiers may include rhenium cobalt, nickel, indium
gallium zinc, uranium dysprosium thallium or a m xture thereof.
Generally, a catalytically effective anount of such a netal nodifier
may be incorporated into a catalyst to effect a honbgeneous or
stratified distribution. [0036] The catal yst can also contain a
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[0042] The followi ng exanples are intended to further illustrate the
subj ect catalyst. These illustrations of enbodi nents of the invention
~are not neant to limt the clains of this invention to the particul ar
details of these exanpl es. These exanpl es are based on 5engi neering
cal cul ati ons and actual operating experience with sim/lar processes.
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spheres may be then withdrawn from the oil bath and typically subjected to specific aging
treatments in oil and an ammonia solution to further improve their physical characteristics.
One exemplary oil dropping method is disclosed in US 2,620,314,

[0029] Generally, the subsequent drying, calcining, and optional washing steps can be
done before and/or after impregnation with one or more components, such as metal.
Preferably after formation of the binder and zeolite into a support, the support can be dried at
a temperature of 50 - 320° C, preferably 100 - 200° C. for a period of 1 - 24 hours or more.
Next, the support is usually calcined or oxidized at a temperature of 50 - 700° C., desirably
540 -650° C. for a period of 1 - 20 hours, desirably 1 —1.5 hours in an air atmosphere until
the metallic compounds, if present, are converted substantially to the oxide form, and
substantially all the alumina binder is converted to gamma-alumina. If desired, the optional
halogen component may be adjusted by including a halogen or halogen-containing compound
in the air atmosphere. The various heat treating steps may be conducted multiple times such
as before and after addition of components, such as one or more metals, to the support via
impregnation as is well known in the art. Steam may be present in the heat treating
atmospheres during these steps. During calcination and/or other heat treatments to the
catalyst, the pore size distribution of the alumina binder can be shifted to larger diameter
pores. Thus, calcining the catalyst can increase the average pore size of the catalyst.

[0030] Optionally, the catalyst can be washed. Typically, the catalyst can be washed
with a solution of ammonium nitrate or ammonium hydroxide, preferably ammonium
hydroxide. Generally, the wash is conducted at a temperature of 50 — 150° C. for 1 — 10
hours. In one desired embodiment, no wash is conducted. Exemplary catalysts without a
wash are depicted in US Pub. No. 2005/0143615 Al. Preferably, no wash or a wash of
ammonium hydroxide is conducted to allow much of the existing alkali metal to remain on
the catalyst.

[0031] In some exemplary embodiments, after drying, calcining, and optionally washing,
one or more components can be impregnated on the support. The catalyst may also include a
noble metal, including one or more of platinum, palladium, rhodium, ruthenium, osmium, and
iridium. The preferred noble metal is platinum. The noble metal component may exist within
the final catalyst as a compound such as an oxide, sulfide, halide, or oxysulfide, or as an
elemental metal or in combination with one or more other ingredients of the catalyst.

Desirably, the noble metal component exists in a reduced state. This component may be
8
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present in the final catalyst in any amount which is catalytically effective. Generally, the
final catalyst includes 0.01 - 2%, desirably 0.1 — 2%, and optimally 0.1 - 0.5%, by weight,
calculated on an elemental basis of the noble metal.

[0032] The noble metal component may be incorporated into the catalyst in any suitable
manner. One method of preparing the catalyst involves the utilization of a water-soluble,
decomposable compound of a noble metal to impregnate the calcined sieve-binder composite.
Alternatively, a noble metal compound may be added at the time of compositing the sieve
component and binder. Complexes of noble metals that may be employed in impregnating
solutions, co-extruded with the sieve and binder, or added by other known method can
include chloroplatinic acid, chloropalladic acid, ammonium chloroplatinate, bromoplatinic
acid, platinum trichloride, platinum tetrachloride hydrate, platinum dichlorocarbonyl
dichloride, tetramine platinic chloride, dinitrodiaminoplatinum, sodium tetranitroplatinate
(II}, palladium chloride, palladium nitrate, palladium sulfate, diaminepalladium (II)
hydroxide, and tetraminepalladium (IT) chloride.

[0033] A Group IVA (IUPAC 14) metal component may also be incorporated into the
catalyst. Of the Group IVA (IUPAC 14) metals, germanium and tin are preferred and tin is
especially preferred. This component may be present as an elemental metal, as a chemical
compound such as the oxide, sulfide, halide, or oxychloride, or as a physical or chemical
combination with the porous carrier material and/or other components of the catalyst.
Preferably, a substantial portion of the Group IVA (IUPAC 14) metal exists in the finished
catalyst in an oxidation state above that of the elemental metal. The Group IVA (IUPAC 14)
metal component optimally is utilized in an amount sufficient to result in a final catalyst
containing 0.01 - 5%, by weight, preferably 0.1 to 2%, by weight, and optimally 0.3 - 0.45,
by weight, metal calculated on an elemental basis.

[0034] The Group IVA (IUPAC 14) metal component may be incorporated in the catalyst
in any suitable manner to achieve a homogeneous dispersion, such as by co-precipitation with
the porous carrier material, ion-exchange with the carrier material or impregnation of the
carrier material at any stage in the preparation. One method of incorporating the Group IVA
(IUPAC 14) metal component into the catalyst involves the utilization of a soluble,
decomposable compound of a Group IVA (JUPAC 14) metal to impregnate and disperse the
metal throughout the porous carrier material. The Group IVA (IUPAC 14) metal component

can be impregnated either prior to, simultaneously with, or after the other components are
9
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added to the carrier material. Thus, the Group IVA (IUPAC 14) metal component may be
added to the carrier material by commingling the latter with an aqueous solution of a suitable
metal salt or soluble compound such as stannous bromide, stannous chloride, stannic
chloride, stannic chloride pentahydrate; germanium oxide, germanium tetracthoxide, or
germanium tetrachloride; or lead nitrate, lead acetate, or lead chlorate. The utilization of
Group IVA (IUPAC 14) metal chloride compounds, such as stannic chloride, germanium
tetrachloride or lead chlorate, is particularly preferred since it can facilitate the incorporation
of both the metal component and at least a minor amount of the preferred halogen component
in a single step. When combined with hydrogen chloride during the especially preferred
alumina peptization step described hereinabove, a homogeneous dispersion of the Group IVA
(JUPAC 14) metal component can be obtained. In an alternative embodiment, organic metal
compounds such as trimethyltin chloride and dimethyltin dichloride are incorporated into the
catalyst during the peptization of the alumina with hydrogen chloride or nitric acid.

[0035] The catalyst may also contain other metal components as well. Such metal
modifiers may include rhenium, cobalt, nickel, indium, gallium, zinc, uranium, dysprosium,
thallium, or a mixture thereof. Generally, a catalytically effective amount of such a metal
modifier may be incorporated into a catalyst to effect a homogeneous or stratified
distribution.

[0036] The catalyst can also contain a halogen component, such as fluorine, chlorine,
bromine, iodine or a mixture thereof, with chlorine being preferred. Desirably, the catalyst
contains no added halogen other than that associated with other catalyst components.

[0037] The catalyst may also contain at least one alkali metal with a total alkali metal
content of the catalyst of at least 100 ppm, by weight, calculated on an elemental basis. The
alkali metal can be lithium, sodium, potassium, rubidium, cesium, francium, or a combination
thereof. Preferred alkali metals can include sodium and potassium. Desirably, the catalyst
contains no added alkali metal other than that associated with the zeolite and/or binder.
Generally, the total alkali metal content of the catalyst is at least 200 ppm, desirably 300
ppm, by weight, calculated on an elemental basis. Generally, the total alkali metal content of
the catalyst is no more than 2500 ppm, desirably 2000 ppm, and optimally 1000 ppm, by
weight, calculated on an elemental basis. In one preferred embodiment, the catalyst can have
300 ppm — 2500 ppm, by weight of at least one alkali metal calculaied on an elemental basis.

In another preferred embodiment, the catalyst can have 150 — 250 ppm, preferably 200 —
10
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reduction step to ensure a uniform and finely divided dispersion of the optional metallic
components. The reduction may be effected in the process equipment of the aromatic
complex. Substantially pure and dry hydrogen (i.e., less than 100 vol. ppm, preferably 20
vol. ppm, H,O) preferably is used as the reducing agent. The reducing agent can contact the
catalyst at conditions, including a temperature of 200 - 650° C. and for a period of 0.5 - 10
hours, effective to reduce substantially all of the Group VIII metal component to the metallic
state. In some cases, the resulting reduced catalyst may also be beneficially subjected to
presulfiding by a known method such as with neat H,S at room temperature to incorporate in
the catalyst in an amount of 0.05 - 1.0%, by weight, sulfur, calculated on an elemental basis.
[0039] The elemental analysis of the components of the catalyst, such as noble metal
component and the at least one alkali metal can be determined by Inductively Coupled
Plasma (ICP) analysis according to UOP Method 961-98.

[0040] Generally, catalysts described herein have several beneficial properties that
provide isomerization of ethylbenzene while minimizing C8 ring-loss. Although not wanting
to be bound by theory, such catalysts typically have one or more properties in common that
provide isomerization of ethylbenzene while minimizing C8 ring-loss. As an example, the
catalyst can have a pore volume distribution of at least 70%, desirably 80%, of a catalyst pore
volume defined by pores having a diameter greater than 100 A and at least 95%, desirably
99%, of the catalyst pore volume defined by pores having a diameter less than 1000 A. The
pore volume can be determined by nitrogen porsimetry using an instrument sold under the
trade designation ASAP 405N by Micrometrics Instrument Corporation of Norcross, GA.
The procedure is derived from UOP-874-88, but uses 20 instead of 5 point pressure profiles.
Generally, a sample is pre-treated at 300° C. for 16 hours in a vacuum at less than 0.0067
kPa. The pressure points relative to atomospheric pressure are: 0.05, 0.10, 0.15, 0.20, 0.25,
0.30, 0.35, 0.40, 0.45, 0.50, 0.55, 0.60, 0.65, 0.70, 0.75, 0.80, 0,85, 0.90, 0.96 and 0.97. From
the data, the percentage of pores having a diameter greater or lesser than a given value can be
determined by using the BJH adsorption model, see for example Barrett, E. P., Joyner, L. G.
and Halenda, P. P., 1951, "The Determination of Pore Volume and Area Distributions in

Porous Substances; I. Computations from Nitrogen Isotherms"; J. Amer. Chem. Soc. 73, 373-
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Vi ght % Na Wei ght % K Wight %A 1.45 0.61 0.326 2.24 0.021 0.015
A2 0.86 0.74 0.458 2.25 0.022 0.015 A3 0.34 0.58 0.314 2.28 0.003
<0. 005 A4 0.95

380. This data for four samples is depicted in FIG. 1 and discussed in greater detail
hereinafter.
[0041] In addition, a catalyst described herein generally has a piece density of less than
1.250 g/cc, preferably of less than 0.950 g/ce, more preferably of less than 0.900 g/cc, and
5  optimally 0.800 -0.890 g/cc as determined by mercury displacement according to
UOP-766-91. Furthermore, the catalyst described herein generally has a surface area (may be
referred herein as BET-SA) of at least 190 m?/g, preferably at least 210 m*/g, and optimally
220 — 250 m*/g as determined by UOP-874-88. All the UOP methods, such as UOP-766-91,
UOP-874-88, and UOP-961-98, discussed herein can be obtained through ASTM
10 International, 100 Barr Harbor Drive, West Conshohocken, PA, USA,
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ILLUSTRATIVE EMBODIMENTS

[0042] The following examples are intended to further illustrate the subject catalyst.
These illustrations of embodiments of the invention are not meant to limit the claims of this
invention to the particular details of these examples. These examples are based on
engineering calculations and actual operating experience with similar processes.

[0043] The exemplary catalysts can have a commercially synthesized MTW zeolite and
an alumina source of either VERSAL-251 sold by UOP, LLC, an alumina sold under the
trade designation CATAPAL C by Sasol North America of Houston, TX, or an aluminum
hydroxychloride hydrosol (alsol or ODS alumina). All of these alumina sources can be
converted to gamma alumina by heat treatment, yet they have different properties and
performance. Although the VERSAL-251 (V-251) and CATAPAL C, which are both
Boehmite aluminas are normally used to prepare extrudates, and the alsol is normally used to
prepare oil dropped spheres, generally the ultimate catalyst shape is not determined by the
alumina source. Spherical catalysts can be prepared from Boehmite alumina binders and oil
dropped spheres may be formed into extrudates.

[0044] To form the extrudate supports, the alumina is usually at least partially peptized
with a peptizing agent such as nitric acid. The zeolite can be mixed with the at least partially
peptized alumina or may be mixed with the alumina prior to peptization. Afterwards,
typically the alumina and MTW zeolite mixture is extruded into a cylinder or a tri-lobe shape.
That being done, the extrudate can be dried and then calcined at 540 — 650° C. for 60 - 90
minutes.

[0045] The catalysts can be washed with ammonium nitrate or ammonium hydroxide, or
not washed. If washed, the catalyst may be washed at a temperature of 90° C. for 5 hours.
For an ammonium nitrate solution, the solution can include 1 g of ammonium nitrate and
5.7 g of water per gram of catalyst. For an ammonium hydroxide solution, 0.5%, by weight,
of NHi, in water can be used. The washing step may be conducted on the formed and
calcined support prior to addition of the noble metal.

[0046] To form the oil-dropped support, an MTW zeolite is mixed with alsol. Generally,
the alsol and MTW zeolite mixture is mixed with a gelling agent of hexamethylene

tetraamine. Afterwards, the spheres can be formed and aged in the oil-dropping process.
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0.59 0.315 3.62 0.025 0.021 B1 1.14 0.49 0.311 2.45 0.008 <0.005 B2
1.45 0.63 0.3 2.28 0.009 <0.005 B3 1.4 0.57 0.324 2.1 <0.002 <0.005 C
11

Next, generally the ODS supports may be washed with 0.5% ammonia, and calcined at 540 —

650° C. for 90 minutes.

[0047] The following can be undertaken for both the extruded supports and the ODS

supports. Namely, all the supports can be impregnated with platinum with a solution of
5 chloro-platinic acid mixed with water and HCL. Generally, the HCI is in amount of 2%, by

weight, of the support, and the excess solution is evaporated.

[0048] Next, the supports can be oxidized or calcined at a temperature of 565° C. for 60 —

120 minutes in an atmosphere of 5 — 15 mol % of steam with a water to chloride ratio of 50:1

-120:1.

10 [0049] Afterwards, generally the supports are reduced at 565° C. for 120 minutes in a
mixture of at least 15 mol% hydrogen in nitrogen. That being done, the supports can be
sulfided in a 10 mol % atmosphere of hydrogen sulfide in a hydrogen sulfide and hydrogen
mixture at ambient conditions to obtain 0.07%, by weight, sulfur on the support to obtain the
final catalysts. A depiction of the materials and methods for forming the exemplary catalysts

16 is provided in the table below:
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0.67 0.32 2.24 <0.002 <0.005 C2 0.58 0.61 0.308 2.24 0.014 0.012

[0051] Referring to FIG 1, a pore distribution is depicted for

reduced catal ysts Al, B2, B3, and . As depicted,

the exenpl ary

catal yst made with a V-251 alum na exhibits a 5 broader distribution

of pores than the
CATAPAL C al um na.
bel i eved that the
catal ysts results

exenpl ary catal ysts nmade with either ODS al um na or
Al t hough not wanting to be bound by theory,
broader distribution of pores in the reduced
in a catalyst for an isonerization process having

it is

less C8 rilAglfols. [0052] Noreover, the reduced catalysts are
eval uat e 53V T ) S) ettbet
TABLE 3 CTaB’lrl S§ %i?;” o PIERE Do %{’ ’?‘“:fév ?’dﬁ ﬁj}i‘%’% Sa | Vash
squar e- e or e Mol une Gr Tha . byweiélt)
AI X’d CB Trilobe Extrusion | V-251 5 NH,OH
A2 CB Trilobe Extrusion | V-251 None
A3 IX’d CB Trilobe Extrusion | V-251 3 NH4NO;
A4 IX’'d CB Cylindrica | Extrusion | V-251 5 NH4NO,
1
A3S CB Trilobe Extrusion | V-251 10 None
A6 CB Trilobe Extrusion | V-251 10 None
AT IX’d CB Trilobe Extrusion | V-251 10 NH4NO;
A8 IX’d CB Trilobe Extrusion | V-251 10 NH,0H
B1 CB Sphere Qil ODS 3 NH,OH
Dropping
B2 CB Sphere 0Oil ODS 5 NH,OH
Dropping
B3 IX’dCB Cylinder Extrusion | ODS 5 NH4NO;
Cl1 X’dCB Cylinder Extrusion | CatapalC |5 NH4NO,
C2 IX’d CB Cylinder Extrusion | CatapalC |5 NH40H

As used in the table, the term “CB” refers to a calcined base including the binder and zeolite,

and the term “IX’d CB” refers to a calcined base washed with a solution of NH4OH or

NH4NO;3, as depicted in the “Wash” column for that row in TABLE 1.

[0050]

The following data are depicted for the reduced catalysts in the following table.

The LOI is conducted in accordance with UOP275-98. All components are provided in

percent, by

weight.
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% Al 0.868 230 81 A2 0.869 247 72

0.874 242 81 A6 0.872 239 81

A3 0.869 223 83 A4 0.839 226 83 A5

TABLE 2

Catalyst | LOI CI Pt Si Na K
Example | @ 900° C

No. Weight % | Weight % | Weight % | Weight % | Weight % | Weight %
Al 1.45 0.61 0.326 2.24 0.021 0.015

A2 0.86 0.74 0.458 2.25 0.022 0.015

A3 0.34 0.58 0314 2.28 0.003 <0.005

A4 0.95 0.61 0.309 226 0.003 <0.005

AS 0.1 0.62 0.313 3.55 0.03 0.025

Ab 0.7 0.65 0.45 3.55 0.031 0.025

AT 0.53 0.58 0.316 3.58 0.004 <0.005

A8 0.47 0.59 0.315 3.62 0.025 0.021

B1 1.14 0.49 0.311 2.45 0.008 <0.005

B2 1.45 0.63 0.3 228 0.009 <0.005

B3 1.4 0.57 0.324 2.1 <0.002 <0.005

Cl 1 0.67 0.32 2.24 <0.002 <0.005

C2 0.58 0.61 0.308 224 0.014 0.012
[0051] Referring to FIG. 1, a pore distribution is depicted for reduced catalysts Al, B2,
B3, and Cl. As depicted, the exemplary catalyst made with a V-251 alumina exhibits a

5 broader distribution of pores than the exemplary catalysts made with either ODS alumina or
CATAPAL C alumina. Although not wanting to be bound by theory, it is believed that the
broader distribution of pores in the reduced catalysts results in a catalyst for an isomerization
process having less C8 ring loss.

[0052]
10 as depicted below:

Moreover, the reduced catalysts are evaluated for several property measurements,
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A7 0.886 237 81 AS 0.879 242 80 Bl 0.924 208 86 B2 0.969 208 No Data
B3 0.909 193 88 d 1.209 216 61 C2 1.203 207 65

TABLE 3
Catalyst | Piece Density BET-SA % Pore Volume
Example | (Volatile Free) square-meter/gram Greater Than
No. glee 100 A
%
Al 0.868 230 81
A2 0.869 247 72
A3 0.869 223 83
A4 0.839 226 &3
AS 0.874 242 g1
A6 0.872 239 81
A7 0.886 237 81
A8 0.879 242 80
B1 0.924 208 86
B2 0.969 208 No Data
B3 0.909 193 88
Cl1 1.209 216 61
C2 1.203 207 65

[0053] Most of the catalysts from Table 2 are sulfided and evaluated for C8 aromatic ring
loss using a pilot plant flow reactor processing a non-equilibrium C8 aromatic feed having

5  the following composition in percent, by weight:
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[ 0053] Mbst of the catalysts from Table 2 are sulfided and eval uat ed
for C8 aromatic ring loss using a pilot plant flow reactor processing
a non-equilibriumC8 aromatic feed having 5the foll ow ng conposition
in percent, by weight: TABLE 4 Feed Conposition Conponent Percent,
By Wei ght Ethyl benzene 14 Para-xyl ene <1 Met a-xyl ene 55 Ot ho-xyl ene
22 Toluene 1 C8 Paraffins <1 C8 Naphthenes 6 Water 100 -200 ppm
[0054] Thigpfped is contacted with a catalyst at a pressure of 700
lcPa(g), a wel ght hourly 5space velocity (nmay be referred to as WHSY)
of 8.0 hlﬁeedﬁotmlmsmedr ogen/ hydr ocar b bon nol e ratio of 4. The react or

eSSt LO0Sel e S0 T g Lo, g Tt pereent e

Ethylbenzene 14

Para-xylene <1

Meta-xylene 55

Ortho-xylene 22

Toluene 1

C8 Paraffins <1

C8 Naphthenes 6

Water 100 — 200 ppm

[0054] This feed is contacted with a catalyst at a pressure of 700 kPa(g), a weight hourly

5 space velocity (may be referred to as WHSV) of 8.0 hr”', and a hydrogen/hydrocarbon mole
ratio of 4. The reactor temperature is 385° C.

[0055] The "C8 ring loss" is in mole percent as defined as "(1-(C8 naphthenes and

aromatics in product )/(C8 naphthenes and aromatics in feed })*100", which represents a loss

of one or more C8 rings that can be converted into a desired C8 aromatic, such as paraxylene.

10 This loss of feed generally requires more feed to be provided to generate a given amount of

product, reducing the profitability of the unit. Generally, a low amount of C8 ring loss is a

favorable feature for a catalyst. The “C8 ring loss” (may be abbreviated herein as “C8RL”)

can be measured in the table below at conversion of the following formula:

15 pX/X *100% =222+ 0.05%

where:

pX represents moles of para-xylene in the product; and

X represents moles of xylene in the product.

[0056] Generally, the WHSYV is set at 8 hr™" at the start of the test and is increased until
20 pX/X *100% = 22.2 £ 0.05%. Exemplary catalysts are tested in the pilot plant for C8 ring

loss with the following results:

18



aromatics in product )/(C8 naphthenes and aromatics in feed ))*100",
whi ch represents a | oss of one or nore C8 rings that can be converted
into a desired C8 aromatic, such as paraxylene. 10 This |oss of feed
generally requires nore feed to be provided to generate a given
anount of product, reducing the profitability of the unit. Cenerally,
a low amobunt of C8 ring loss is a favorable feature for a catal yst.
The "C8 ring | oss" (nmay be abbreviated herein as "C8RL") can be
measured in the table bel ow at conversion of the follow ng formula:
15pX/ X * Ted%ES522. 2 0.05% where: pX represents nol es of para-xyl ene
in the product; and X represents noles of xylene in the product.

[ 0056] Cenerally, the WHSV is set at 8 his at the start of the test

and is i ncareaged Nati K 20pX/ X * 10Q%RL 22.2 0. 05%| wxSwl ary
cat al yst $EhmpleesPPM i N the pil ot |phaktes,for C8 ring loss with the
foll ow ngnpesul ts:  TABLE 5 Catal yst Exanple No. Ng + K PPM C8RL Mbl e
% WHSV Al—360—219—7A2370—21+11-A3<80-243115

Al 360 2.1 9.7

A2 370 2.1 11

A3 <80 2.4 11.5

Ad <80 2.6 9.7

A3 550 23 17

A6 560 2.3 17

A7 <60 3.0 18

A8 460 24 15

Bl <130 2.6 10.7

B3 <70 3.0 12.0

C1 <70 34 10.2

C2 260 2.6 9.7

5 [0057] As depicted above, the C8 ring loss is compared with the total alkali metal content
at a given WHSV. Catalysts having more than 200 ppm of sodium and potassium and
derived from VERSAL-251 aluntna have C8RL values ranging from 2.1 — 2.4 mole percent
with an average C8RL of 2.2 mole percent. These values are substantially lower than the
C8RL values for either catalysts derived from CATAPAL C alumina (ranging from 2.6 — 3.4

10 mole percent and averaging 3.0 mole percent} or an ODS alumina (ranging from 2.6 — 3.0
mole percent and averaging 2.8 mole percent).
[0058] Without further elaboration, it is believed that one skilled in the art can, using the
preceding description, utilize the present invention to its fullest extent. The preceding
preferred specific embodiments are, therefore, to be construed as merely illustrative, and not
16 limitative of the remainder of the disclosure in any way whatsoever.
[0059] In the foregoing, all temperatures are set forth uncorrected in degrees Celsius and,

all parts and percentages are by weight, unless otherwise indicated.
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A4 <80 2.6 9.7 A5 550 2.3 17 A6 560 2.3 17 A7 <90 3.0 18 AS 460 2.4
15 B1 <130 2.6 10.7 B3 <70 3.0 12.0

[0060] From the foregoing description, one skilled in the art can easily ascertain the
essential characteristics of this invention and, without departing from the spirit and scope

thereof, can make various changes and modifications of the invention to adapt it to various

usages and conditions.
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Cl <70 3.4 10.2 C2 260 2.6 9.7 5[0057] As depicted above, the C8
ring loss is conpared wwth the total alkali netal content at a given
VWHSV. Catal ysts having nore than 200 ppm of sodi um and potassi um and
derived from VERSAL- 251 al um na have CBRL val ues ranging from2.1
-2.4 nole percent with an average C8RL of 2.2 nole percent. These

val ues are substantially | ower than the C8RL val ues for either

catal ysts derived from CATAPAL C alum na (ranging from2.6- 3.4
10nol e percent and averaging 3.0 nole percent) or an ODS al um na
(ranging from2.6 - 3.0 nole percent and averaging 2.8 nole percent).
[ 0058] V&#ﬂ@gg further elaboration, it is believed that one skilled
inthe a , using the preceding description, utilize the present
invention to AtagallulibesCs exneit isohfteizalongrelieny c@ﬁ@ﬁ@ﬂig ed specific
enbodi nents are, therefore, to be construed as nerely illustrative,
and not 15l i Mt at ilvedh Wheipkingf arselitespmprisngps M b¥ 7editen any way
what goever . [1§059];9l n ghhe bfy%égﬁ’t' 9.2 @hhert s guar ganﬂ{aeahﬁﬁhaf%tggmma-
uncorrected in degrees Célsius and, all parts an rcentages are by
wei ght, ahlﬁmeisbemgldemwdﬁaom a@ocbzné@ialumﬁr@%m Fromt he for egm ng

description, Qne i n certa
essential charact Z)l:ll s% walgEﬁl an(r)l?/en At ofnc‘alatfnlc‘j‘%l vmntaﬁokjetme&léagg?sﬁ ﬁﬁd
fromthe spird)t andlasape dibtraehl whasinrdicel \silialiatgalCtbangess tacatalyst is at

nmodi fic t|on of the invention to adapt it to various usages and

condi t i @WI\VEW‘“&‘* %&%’%‘%‘i%%’re lemesdal dadivat i ¢ i soneri zati on
proggss, CO I si %erefi’ﬂ the ca¥396t HAY a%&%lnm@fdﬁn&ﬁ@n' 48 £9ORI 76%"F APore
MIW zeol it e; Llo - 99% by weight, a bi nder r|S|n%n?

game- al oMot t h@a@amdefaﬂe@h’»fnarebba\n@ dérmgied gf@ﬁt@mlr@naa@ te

al um na; c) 0.1 - 2% by weight, of a noble netal, calcul ated

on an el enental basis; and d) at | east one alkali netal

wher ei n 2a t otTdle catakyat accomdirey todaineln twhefeirt the tatal dAkalisiciabeatenk efithe cifabst is
ppm by a%eagtgoo p(fm%l 3l?| lw%%g?lg cglgulgﬂad%heann% En%lntanassllss
I5
3. The catalyst according to claim 1 or 2, wherein the catalyst comprises 300 ppm —2500

ppm, by weight, of the at least one alkali metal calculated on an elemental basis.

4, The catalyst according to any one of claims 1 to 3, wherein the at least one alkali metal
20 comprises 200 — 250 ppm, by weight, of sodium and 150 — 250 ppm, by weight, of potassium,

calculated on an elemental basis,

5. The catalyst according to any one of claims 1 to 4, wherein at least 80% of the pore
volume of the catalyst is defined by pores having a diameter greater than 100 A.

25
6. The catalyst according to any one of claims 1 to 5, wherein the catalyst has the shape of a

trilobe extrudate,

7. The catalyst according to any one of claims 1 to 5, wherein the catalyst has the shape of a

30 cylindrical extrudate.
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10e) wherein the catal yst has a pore volune distribution and at | east
70% of a pore volune of the catalyst is defined by pores having a

di aneter greater than 100 A 2. The catal yst according to claim1,
wherein the total alkali nmetal content of the catalyst is at |east
200 ppm by weight, calculated on an el enental basis. 15 3. The
catal yst according to claim1 or 2, wherein the catal yst conprises
300 ppm -2500 ppm by weight, of the at |east one al kali netal

cal cul ated on an elenmental basis. 4. The catal yst according to any
one of clainms 1 to 3, wherein the at |east one alkali netal

20conpri,ses 0 - 250 by wei ght, aof sodium.and 150 - 250 ppm

el ot For - parsai B ¥ ebod ot driarh ety 6 catel 5 sppiiis 03 -
cat al ysb,58¢ e9ribighd, dfehediblOmneaDtaletldiedBn dn tlemdntaVi8isei N at | east 80%
of the pore volume of the catalyst is defined by pores having a

di aneter greater than 100 A. 25 6. The catalyst according to any one
of ¢ ai 1 §Qe DaiaVA1E1-E4,.8; riL.ob :
ext rudate. ?.e?%%wgaféﬁg?%qgégg%ﬂ%ﬁgEPgﬁ§%§9§h§B%$§E gfﬁgkfh%%céﬁmnﬁx
wher ei nplahieumat al yst has the shape of a 30cylindrical extrudate.

8. The catal yst according to any one of clains 1 to 7, wherein the

catal yst conprises 0.1 - 0.5% by weight, of the noble netal,

cal cul aied omh@BatelyQr@es@ingb@dsing. oe%f e at &) yskhas@otdeRY95% e pore
one of clains 1 to rein the noble netal conprises platinum

8, whe . .
10. The ¥alumeypsihegabpticdging bmpresdevies adiamsie lassihand 000Ker ei n at
| eagt 95% of the pore volunme of the catalyst is defined by pores
having a dianeter |ess than 1000 A. 10 15 20 25
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