;e3eQ /Q ()] +R+.6. T,/ x5 10 BACKGROUND OF THE | NVENTION OF the

para substituted di aI kyl benzenes, para-xylene (PX) is of 15 20 WD 00/74847"
~BA~A~911 GRboh~sed SELECTI VATI ON FI ELD OF THE | NVENTI ON R %@?5033’3003 The
present invention relates to methods forsnodifying zeolite catalysts and
catal ysts so nodified, and nore particul arIy rel ates, in one enbodinent, to

met hods for nodifying zeolite é(:FmIRy?-E -fbwn nore selective to the
enzenes re

synt hesi s oﬂu‘mﬂm ﬂmmmmmm tuted ative to other

di al kyl benz as well as useful in other reactions, and catal ysts
so nodi fi ed. pa-bbobdim ar val ue g5eppldE FREMRNVERENIONEM cal internediate in a
nunber of applications being uﬂgu%m ure of terephthal ates
which are internedi ates for the manufacture of polyethylene terephthal ate

(PET). Ong source Ofrpé ﬁ%%ef’ﬁ‘\%ént o‘?ﬁrre@?éytfoa}ﬁé%ghé‘%r%dn@mlgﬁeghte

di sproportionation ne rnto xg enes sadvant ages of
this process i $ataivpts prg getalysisrad mpdifedfangenorerpariguarl relotes; stereed. Anot her

source of feedyniifinstRetb hetnehs ?drr?n&&#ain@\é%}f@%aftﬂgsts fcpm%ké on of a

feedstream that contalins non-equil m-quant m xed ortho- and
met a- xyl ene |sdﬂ@e§ete©§(~/%mhmynﬁhe§l§@épar\aesqb)stlwitﬁﬂ dlglkvléamne@h respect to

PX content A deafy@BiRgeRkybaingianRgs, dewbl1as ushe) poRgration of the PX

fromthe 25 other jsoners is expen5|ve tes are known to catal yze the
reaction18f t olrgasiiengians ‘&tﬂéﬂsﬁéeﬁ?&déﬁﬂds to make xyl enes. Sone zeolites are
silicate based materials 30 which are conprised of a silica lattice and)

optionally, alum na conbined with exchangeabl e cations such as al kali or

al kaline earth netal ions. M@ME&E&HW i ncl udes materials
containing silica and optionally alunmina, it is recognized that the silica
and alum na portions may be replaced in whole or in part with ot her oxi des.

For exanpl e, WO B thesrara-spbstituied glialiadienzenes, para-xylene (PX) is of

16 particular value as a large volume chemical intermediate in a number of
applications being useful in the manufacture of terephthalates which are
intermediates for the manufacture of polyethylene terephthalate (PET).
One source of feedstocks for manufacturing PX is by disproportionation of
toluene into xylenes. One of the disadvantages of this process is that large

20 quantities of benzene are also produced. Another source of feedstocks
used to obtain PX involves the isomerization of a feedstream that contains
non-equilibrium quantities of mixed ortho- and meta-xylene isomers (OX
and MX, respectively) and is lean with respect to PX content. A
disadvantage of this process is that the separation of the PX from the

25 other isomers is expensive.

Zeolites are known to catalyze the reaction of toluene with other
reactants to make xylenes. Some zeolites are silicate based materials
which are comprised of a silica lattice and, optionally, alumina combined
with exchangeable cations such as alkali or alkaline earth metal ions.

30 Although the term “zeolites” includes materials containing silica and
optionally alumina, it is recognized that the silica and alumina portions
may be replaced in whole or in part with other oxides. For example,
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replace the silica portion. Boron oxide, iron oxide, galliumoxide, indi
oxi de, anq‘, aﬁ £S thereof can replace the alum na portb@ﬂusﬁt@?&ad' ngly,
the terns ze0| “zeolites" and "zeglite material", as use erein, ;
shall 5 nmean not onI y materials containing silicon and, optionally,

al um num at o e r al so
material s vvh%hﬁglh g}ﬁﬂés’%tu? dt))('d% P h@%ﬁgggﬁseﬁ%ﬂ%?gﬁsrﬁ?(m&é ﬁ'f?—{l;eof |hcon and
al um num suchrerdscgmel a:lmachmreﬁprmondellrmw gadiumoeXide, dadive,  and t he
| i ke. The ter e [ used
herein, 10 besrglx ég}éggﬁﬁgﬁgﬁ%ﬂgf)\e 4 ﬂ,(éi.ﬁtgggldgmﬁagaﬁ (F] AlE‘?))\/rgﬁ?\a%lhal | al sq
i ncl ude al um rﬁ%tﬁﬁﬁﬁﬁh&@@ﬁﬁ)aﬁghtﬁﬁt@ﬂ ‘geslite atatialo @soseH dbherelre shall es ar e i
made of alter based

materi al s havﬁéo%t%gﬁgmaP%ngér@ga@ﬁ%ﬁ n%ﬁbﬁél@};tg g@“ﬁﬁrﬁe | ower 5
acidity elim rd@nes imgcrystajl Q'éﬁ@ﬁlséﬁhlé}tl"ﬁ? Eh%%@f butatsmeteriala Whichat i on, and
15 extends ca SR8 | 4 ten :
abbrevi at ed a;&hﬁﬁosu'g? srteﬂé&tmln%ﬂp%@ f%ﬁ%@n?{gny@?}@ %_u %ﬁ‘ pair !
produces sili @&eﬂﬁ]ﬁﬁ'h@éﬁ@9%'@a@éofqrﬁoég'catﬁébﬁf&/ﬁhﬁt"!é@ as SAPO. Processes -

have been pr oposed rh@liergcBfiacyebiies, 8ha ddohiRehafetialshes Wbl HbRl.On of |
tol uene using a zeolite cataly For i nstance S. No. 20 '3, 965, 207

i nvol ved0t he mwﬁ@mp@wpeﬁs'mhaén@eualﬁﬁgscasmbqu §'éﬂ"aﬂ'§%t"°§l9@h as a ;
ZSM 5. U S Paatlumm@phd’sp%%-@és@d'rﬁd@hh’I@SAﬁJPrﬂnWQb'l‘fétbQ@omés ¥yd pags by the

nmet hyl ati on of tol uene anol usin borosi|icate zeolite which is

bound by a bi RigHeating é£o4aﬁﬂgnﬁ'(ﬁa§et'?PP¢'@ag‘|W'”%q’nﬂ$PH% {eh3seda. One of the

di sadvant ages rﬁéteﬁansfhapéQﬁ@i%@my%ohbaiemtammmbﬁu@mé&%\éabﬁef api dl'y due 25
to build up of carbonaceous material an rod‘lflcts Anot her

di sadvant age iaidity Slimpatesmgny §@Pé€??tkﬂnﬁyrai5@s[5%?éa’§§l‘ét g3tan,@nfesi r abl e

product 15has  hsedhds@atalyst lifeh AlUnFRGShdRbhae@- Ed%e@Q%hté'Qﬁreb@&@ﬂce i's wasted an
t he production of coke a%ﬁg}t her undesirable c ﬁ*L has been furtHer
denonstrated taPRFEVARYES iUOEtHBYUA ""@Qrfm aB rﬁ B?Zed by reactilng

an aromati C CQifp@uldd shie6auA bsgﬁizﬂe\aeéme@ alﬂib?@viﬁt@d Q§ sp@dion di oxi de
((CQz), and carbon nonoxi de and h rofge@‘gg X esi s ﬁx;ﬁ?p at
al kyl ation condi ti 6RQCESEES %‘é‘eﬁf&@ r io % Igpes,

PCTI US00/ 13003n§th§Mﬁé@mtoméhé @sﬁ@@iédﬁ@cd@yét Eoﬂtﬁ@ﬁﬁée tiesoPabNgles of
zinc) c 8per) chromum an mnos | jca

e
ot | 280 ol { FEPOS YL TP iednBHGII oLl sk dndee Sedlfe CRabsti@hays; as
disclosed in s ZBRES, lNSSPaﬂN%SZ@B‘Bwrldvdv&fiﬁe%&ﬂiucﬁm?bf%rﬁésw systens,

however, are not cin reater .than e I |

conc\ént rati onsthﬁf“eﬁ'éﬁgt'mgéﬂéers) Hrrl}?tt?q{gn | y$ipa aParosiiical Iﬁe%'tf%w&gb |

Typi cal l'y, theswhma érbmderemcrpas)dlunﬁna;@nba,lm&lmmxﬁlmeemé oxweeng |2 3‘}”‘5; s
an % .

at or near the,e riu ncent rati on 549%

The T ack of  palsAlia f@ﬁss oEr Ertrorasss s Bakciis s Rearvats BRI fie sy ngas
canI be Q&Esed tb)bu(ldub oieanbbnamudlmatsmal@admavway-swdfuatseAnUMr gfa t he |
zeolite channe a ructur able to
differentiate %?ﬁ }B’r‘?’;}l P‘T‘ers]%ﬁ'é(fi% 0 qua\wﬁan ‘% bl e for thd
tol uene al gyl Fproguictf Iﬁ?cshﬁedﬂiﬂbw mahase&igecdflsmeo 60%. trnﬁtbbmnnawwhstghﬂ va:c ue”Lof
PX conpared to that of MX a such processes suffer fro
cat al yst deact?Q/Q‘Flp(Sﬂd%‘f’é'o F?okelagwdlﬂﬂgﬂmc{erggsplefﬂ@pwncgﬁ, art disclosed |
nei t her syngas al k\{ lsi by@ntfmwérloyknowstrmtjlmat@u(ymumdﬁc cormpeydsacansel ecti ve

alkylati 8” to h' hnt esnzedyby reac |Sn'gn e‘zaroljmr‘1=|1tlcr:]Cc):gmpgnl?rbdle gtJechbéasst%Pue%t Vith' & igls.

ger mani um oxi de) tin oxide, phosphorus oxide, and m xtures thereof can ‘+
m

mixture of carbon dioxide (CO.), and carbon monoxide (CO) and hydrogen
(H2) (synthesis gas) at alkylation conditions in the presence of a catalyst



It has been recogni zed that certain zeolites can be nodified to enhance
their nol ecul ar-si eving or shape-sel ective capability. Such 20

nodi | =f cat Wgﬁoﬁfs‘ff"t ments are usually called zeolite sel eptiNghol196bs
Sel ectivated zeolites can nore accuratehy differentiate nolecules on the

basi s of nol ecul ar di nension or steric characteristics than the

unsel ecti vat eds,Bfedt WiieH Somptidestt RERbApOSItd MRS ot SMS cémsdri t es adsor bed
PX much nore preferentially over t han untreated ZSM5, 1t 25 is believed

that the deposS¥erBlMy@NG[qricagmium s @nap aksynesilcate prifral §hem t he

silani zation tapabnBabr amdrghblis PaRhi a6aiediket 0P cRE; atediSélb&sd iBru.Bhe ext er nal
surtace of zeolite c%stal S ﬁrz\iqri:gﬁgz rrowed zeolitic pores to facilitate
!

)_._ha
the passage ofPathlog #37984 O1A38s SHEHCHRYSIVSIER: NOWGYER 3 and OX
mol ecul eg fr orActBhEELIE 8f ProdB¥ing ighéatbi¥aR @GEbridm cbhitentfioAdef parat i on, the

term "para-al kyl selectivation™ refers to difying a catalyst or catalytic
reaction syst &8 (P PF;!“ the xylepedraction arq Cﬁb’ﬁ‘é’a%%’@ XY"W?'%%W%‘SM

PCTI IU_Sgo _113003pr6dm?rcan@m55| hﬁxs@@cgfd(mhéydommg anesnddiane b&lﬂ}ilﬁ{mﬁ!ﬁ ed

equi librium proportions re ve to. ot her s. Zeqlite

sel ectivation ﬁe'ﬂ}éatQEcb‘?rpE‘i&%“ré& flfs}P Né( ﬁﬁﬁf%@@%&ﬁ?& c&é’ﬁ@r‘t s of using
conmpounds of  sildnecseledtbigsiphdkyiaton dIesiGéhe With byfiyais cah beddeRisedBYESi um et c.
for sel ﬁ@tl vat

on have been, docynented., Unfortunately man i.f not nost of
Lhe seoiDt v heaeit Sies Shring SiHte oyisie BRI dignEio B Rt D IS | | Mot mos
before they dg‘&?hh“m@ﬁﬁmd"ba%@"@ _ablb&oﬂﬁgeéritiaﬁpﬁamy]lcehemlog@esi. IThe_re o
remai ns a nee or sti rt.her i npraove rocesses fo catal ytic
synt hesi s whi cRORF h]v‘?é%é g‘? dﬁvfﬁb&npqﬁ? EIL@QB\?&X@@B? gf" MIPHA Xy st ens,
whi ch i ncl ude defeutiXdae ketHa mudhy highevwairs 6R0 comphmdito Whdtyof MXapndl cat al yst
deacti vati on, @1 d E

tﬂ% i ke. SUMVARY OF I NVEI\%I 15tiv| tt S _an Iobj ect of
the present in n%li' "?‘8rep|589i BEPCESTEr 8‘?’8’?‘%‘ ﬁa z?‘%af‘fvfeéd cat al yst
capabl e 16f beiingdditior, thelpeict ant discipspd haitisarlsyhgdsidleylatibrafolalkyl benzenes in the
synt hesi s of dialkyl benzenes. Accordingly. it | $ another jegt of the

pr esent invent?rgﬁ'a&cﬁm%?%‘% %or%ngmqq?céuae@g&y@%tto h'gﬁfplhjﬁml a nmethod for
synt hetsi zing pairagslrbnﬂ‘ltdprpsmhtd-b?h]#d/Matmialsgnes in high product : f
concentration via atiaon of .taol.uene and/ or. be e Wi m xture o
gases incl udi ng H2:?t %abe@@ rﬁﬁ?ﬁ"&edcﬁipcaeﬁ%}"oéeo%e?H:%ﬁgq%. m%'h%%for yi ng out

t hese and ot heenhabfe thedr mblettlar-sinviag or shgpe-fatedive cagabilityosuded, in one
form a tho i Vi Liwvel Vi cting first
corrponer%esfE Su%L@@%ﬁé{%ﬁrﬂ?%&%&?hé\%ﬁIgh@eué;iegll{%?eﬁgégii/?\ﬁéﬂat es, substituted
al um nosi | i cat 8electivatest Zeplitesataninhare acewrataly gifermhtiateenaecues opkiveus

and m xturon. HERrTae oS AeEeR S slebE m b R B n s "oF o) emencs.
sel ect ed from Wpselgetvated prexucgors. d-or anampliexsilanzedt28M-&xfeolites\WO 001 74847
PCTI US00/ 13003, Riorbed PX much more preferentially over MX than untreated ZSM-5. It
25 is believed that the deposition of silicon oxide onto zeolite surfaces from
the silanization treatment has (1) passivated the active sites on the
external surface of zeolite crystals, and (2) narrowed zeolitic pores to
facilitate the passage of the smaller PX molecules and prevent the bigger
MX and OX molecules from entering or exiting the pores. In this
30 application, the term “para-alkyl selectivation” refers to modifying a

catalyst or catalytic reaction system so that it preferentially forms more



DETAI LED DESCRI PTI ON OF THE I NVENTION It has been di scovered that

catal ysts, particularly zeolite catalysts, may be nodified using ‘
or ganomnet ounds in such a way to 5 enhance sel e

par a- subs?#bﬂ@gégalkyl benzenes in the gynthesis of alky?kgéﬁgéﬂﬁg It mﬂll
be appreciated that the nodified catalysts of this invention wll find |

utility in ca VZ] T. par a-substituted
selectivity i égﬂgcﬁbggtggé{)@glw@gﬁiéﬁggﬁ 'Plaen @’%téé{s%@%p Ii?nlﬁ']r?‘oper chemi cal
conpounds of plopagions raletieelodbe otherisomersoups 1- 16, and ni xt ures t her eof

to (1) inhibit t | g4 L ] IkyIatlon
on the non-para pgés}?oﬁ%ﬁés'g&,va R%b%:cgo(?n Ifrglhglziitl @Hzrﬁ?w% gér}as'asubstl tuted
conpounds, anBﬁB@ﬂf(Qf)Uﬁlmmmpm Qf§élt3¢n.mhwhmfons.tmommlﬁmwstructure tlo
facili tgés e th@oﬁeoﬁ%‘nb% L tf&raé%?d%%iﬁtld?af hdVe'tte LH?%LHeH{%d aromat i

conpoun in one non 'i'mting explanatlon o e mechani sm of the
i nvention. |t Unfestungtelyumaay.dt Mdnqs’s@ftwhtase@edwmthmmw@@ heyef or med on

al uni “OphOSphé}ﬁ@es?r%Blg'%%&écﬁ@&ﬁﬂe%e%%fo‘?@ﬁ\ faddlivath BKAMaVER, pbut that some
ai um nophosphat e cat al reaction systens do not require this para

substi t ut ed séﬁa@hvﬁteéprtﬁplaqeéat ment to be effective at par a- substl tuent 20
sel ectivation. ~Thergal fathing of RRA!LOITITHE ThoidlekHrbeessBs rhi S [ nventi on

include (1) a first comt)onen one or nore an one silicate-based

mat eri al®) i neptalytie FXonthesis w@@'éggamwegﬁ qnavptdédh@ disady3riagad 9fne or
anor phous  al Uﬁhﬁ%%{én?@tvﬁﬁch inEI08s \duk PR et cHility) 5w He@ﬁér@'ﬁsenéamyl tuted

|
silicates, zeolite 25 bound zeolites, and/or ¢rystalline or am)rphous !
al uni nophosphEaridscatalyay daactivasion; eed the likeuni nophosphat es and ni xt ur es ;

t hereof, and, optionally (2) a second conponent of one or nore than one of
t he rretals or oxides of the netals selected from Goups 1, 2, 3, 4, 5 6)
7, 8) 9, 10, 11, 12, 13, 14 SUMMARYOFJHEINVENHON hotation, e.g. zinc,
copper, 450 chrom um cadm um palladium ruthenium nmanganese, etc.). The
first and second conponents may be chem caII m xed) physically m xed, and
conbi nati ons t her elbfs, amabiggtiaf thesprgsertinyasgon to mvmlazmﬁwdﬁefrlusom 13003 |6
The composi i efbo%.nb*aemsaam@@%@@ny%ﬁ&@dawet% R B Su18diRETo PR T ange from|95

. % silicate-based terial or "al um nophosphat e- based material first
corrponent/ 5 weubgtitted dialky} bmeapsaskihe@yn%@aémd@awﬁzﬁméﬁﬂes if present, to 5

. % si | i cat e- basegcdrrdiRgly at 1s%noﬁ1e@'oﬁ]@cﬂ@ﬂh@%?é&h?mb§ﬁ% SRVt f1rst

corrponent/95 wt . % net al s™ Or oxi des second conponent, If present. It
will be2Qinder Stasiigdoatalyst wéefybmeacmpwlfarrﬁnn&mm%@%r agyubsliuted nvent i on may

be practiced BRiIGY Bertenas irekigh Prodvict b&%bﬁtr@%?ﬁ\ﬂa %%lbﬁbﬁtdﬂ!ene
al um nophosphat e- based materrals are m xed with or conbi ned rpE} mcally 10

or physi cal | yaQf/onbargenewitiya mbtte of gagesincludingdds angd £ apdipr LR250me ‘
enbodi ment' s, HRG/oP Hietietoe- based materials and al um nophosphat e- based
materials may be sel ectlvated bef ore conbi nation with nmetals or netal

oxi des. In ot her eMFSEYINGAY these andatherobiadts ofthe invention,dhere is
al uni nom]osph@fcﬁnd%@s%r@foﬂﬁlahﬁetw&yfobmoawuﬁ@bafé%t%dna&mg conbi nati on 15

with nmetals or al oxi des. former process mght be ternmed "pre

sel ecti vat i oncyntwaﬁmgeﬁrﬁh@m%&neek SHER 88 SH/sialiperns amaTRbeHs

" post - sel ect i wRimiRdsilicatde stiydtituted aﬁjhﬁndéﬂlébtetsesmmﬁédﬂsiﬁca%@s” d be
silicat e-based zeol ites suc as fa it si nor deni t es % qg)qnt asils, etc.
%Eﬁ'ta 79

Zeol i te mat er CHstElng aramerpheys 3l W’" OPH a$nZe0lte-baen e e- based I

substituted aluminophosphates, and mixtures thereof with an agent which

30 may be compounds of elements selected from Groups 1 through 16, and
mixtures thereof.



20 zeolites and anorphous conpounds. Silicate-based zeolites are nmade of
alternating Si02 and MOX tetrahedra) where in the formula Mis an el enent
sel ect ed f GRygollg, G oups 1 through 16 of the Periodi c Tallgshdi¥odsUPAC) -
These types of zeol ites have 8-, 10-) org 12-nmenbered oxygen ring channels.
Silicate-based materials are generally acidic. The nore 25 preferred
zeolites of this inventphpfallEd B(E%cmp'rm dlﬁ-mgrmqgﬁilghng zeolites, such
as ZSM5, ZSM 11, ZSM di sadvant ages to
t he use of many unsel ectlvat ed SI | i cate- based materials for such
para-substituted syphleplen aKesvaidy fnat &&suykﬁcbamtsuuang)%&e ealafigld vity (f. e
an undesirably broad product distribution resul he aci'dity of many
al uni nosi | i cat @8y dednedified usiag organrmgtaliiceampaiss i1 sesh pwamde e nany
undesiraly e si %a&a%bn&gﬁ#t% para- eﬁﬁéumegms)medfﬁhéé il thxls%thegg .

ol i goneri zation, and con sat'l on eact1 vat

PCT/ US00/ 13003alkylhenaeres. & wilhbe |a@n@clat¢fétr\9ﬁ eupedited catalysts AT ows t hat

silicate- basedun(}@ﬁtﬁfn'\ﬁih%é%ﬁht&i’rpéé?talgh)ﬁg%ﬂ-ﬁerﬁ"@mgﬁ of delivering the shape
selectivity for increasing t hi gh-val ue products such as

par a- xyl ene (PX). SOweimsprovareenyin pararabstistad spigctivibaisachigyed bie- di mensi onal

channel 5 struggat) r@&ne\aataggat@mn .%raebbﬁerﬁif:al%ﬂﬁmhugaf elements
hi gher -t han- eqU| | i bri um PX sel ec ivity materials may optionally be

par a- subt i t uepRledted em Graups . 1-18. Red ’E'qu%ﬁhéf%st@@)dﬁf"éﬁlt% eXBEA ng t wo-

or threedi m?nSa@ﬂla'sut§§1ﬁﬁrﬁhﬁhm&b@#&héf@ﬂkﬂéﬁorpdireflﬁrrﬂﬁnl-plarﬁ%gmoﬁybSt i tuent
sel ectivated or nodified to b re selective throu {hﬁﬁ o (3 f certain 10

cheni cal conpo@Mer thaésqm?nlzaﬂena bemamrsgubstijitad semp c conpounds

and conpounds mi dakendratréstrglicrelondhé chamnAa] @u@&urﬂetaﬁacuitateqné enbodi ment, the
sel ectlvatlon t he %?éﬂlte materi al s Incﬁcﬂdl ng the silicate-based

materi al s can émaE% frangReTt R iPAER-SRRYBIRRIgraRtic FaMRQUNES:HN ABE

necessarig y |i ndpn-pditing e&plahﬁm ofithe fidenakiSH dmtﬁ@myeﬁtm foRYst bdS nagnesi um
conmpounds) cok Q her, silicate-based

dt h
P e oot Eroan MansusE e R s RerertonBPA 08 TP EROSRBERG senr | Cos

as descri bed lﬁat&@s&ééé@ﬁ@steﬁ@bﬂth% idantion, zenthdt eomat al ysts useful in the
present i nvention.concern ﬁy i c.internediate pore

| f
B S e s PR Saye shElvsbipaEhdh SystemS da BB et JE BAE o7 & Dotend

zeolite. Unli ksutraﬁtdted selettivation tredtmentty i effective@beparatsubstitoeals silica or
al um nae%}o enhag § Ee mechani cal strength of the zeolite, the zeolite
bound z ite YEPHEP M suitable for use in the present process does not

contain signifi cantTtwmaryﬁc rfactiormsyistarhs slultabha hdﬂ’fi&nvé&lo'l’haclﬁdé $f) zeolite
used in the ZEO|IH€ bound ,zeol i te cat

ﬁ"é ap nEtd'ialte pore size
zeolite. Int er?ngfﬁ ng‘pBB?Qet OQ%OEM? orqgvs ic ep d12EM P om about 5 to
about 7 A and lnnmldu@e.)uthotnmewm'ilyellmﬁﬂto bfystallivelor akidBphddsl , MTW EUO) MIT,

s e e, BN Sl B EBM 4 SpfifgyT o '
But t er wiz& h- Hebowndzeoliteisi and/ecerystallipe mﬂamordﬁmaaplmnmhaspbaheé; C
e DRGSR LTl A S farblhAES 1) 25 S
PCTI USO0/ 13003ogtiafahy @B ,a stisvhd 8ompGhéri 0f onendr S than oReaff re mdtals r st
zeolites are or oxides of the metals selected from Groups 1, 2, 3,4,5,6,7, 8, 9, 10,

11, 12, 13, 14, 15, and 16 (new IUPAC notation, e.g. zinc, copper,

30 chromium, cadmium, palladium, ruthenium, manganese, etc.). The first
and second components may be chemically mixed, physically mixed, and
combinations thereof, as will be described.



galliunsilicate zeolites having an MFlI structure and alum nosilicate
zeolites having an MFR structure. The second zeolite will usually have an
i nt er medi ate ore size and 5 have less activity than the lite.

Pref er abl yW t"E( 'econd zeolite will be s¢1bst antially non%ﬁ%‘?%g‘@gd wil |
have the sane structure type as the first zeolite. The preferred second

zeolites are alum e nol e ratji
greater than 100 smé éérﬁ?%sﬁ\;énﬁ#&h%%?%}ég% aﬁls? éeécggr(':%ﬁ%tgzeo%é?e is an
al um nosi | i cat eangedran 85 wtite sﬁleatmrttaslad matetialtag ahirhinopfersphate-yadedve a siliica
to al umna nol ¢ g, ﬂrﬁ%ﬁﬂ@gﬁ?ﬁt}?\m ‘;qgegais (?rrﬂeta g)QQes’Lseclmgoo 1, etc., ang
in sone applications w aln no ace anounts of al um na.
The second zeokbmporent, I&D@Sebbttsﬁlwt(%tlsillcaﬁ hased maatema:tlort ype substantial |y
free of umi n , @5'1‘31 of al um na.
The secoi% zeo Iutngﬁ?@ JS Flt}a%egénségﬁ't\@ﬁréttéﬁﬁ‘p?ggﬁ& # gﬁnsr zeolite
catalyst in annwrtaimxtdesmepmd cm.maﬂt if presentbout 10%to 60% by wei ght based
on the weight of th about 20% t|o
about 50% by wei g EVIFL%&E%%%% Zeo{l?ﬁ%sé@&t&a@?ﬂﬁhﬂﬁgﬁs offh(?inave a smal |l er
si ze than the trivestlorzaélav|bteepra¢t5w§dé)leﬁarandaﬁartbepﬂlea@rweﬁ matenathVe an
average partic 0 econd
zeolite crysta%ﬁlnﬁh&rfﬁm%g?%t%g{%'?g%tﬁtﬁ%léaFét)rt?gg :%'ghtor}g(ﬁq;é%qﬁfrnﬂ-?% es and
maxi ni zi HY t he opehysinatinmits regtalstas m%telanw@s iused pFhet és. dmsgMent er gr ow and

forman overgr Ii te |
crystals. Pr gf g\r’iga%ldw&ﬁé‘ tﬁé’igatg bSaE§M6 Ha?%eéfsr g@@é@%ﬁﬁ‘%@sgﬁtgfoﬁg% 25 Thd

zeol i te bound FEserialemeybe) spiactivated fefase combinatiop milberetalsrormmatalor esent |
invention is pbﬁ.aséahlaheweﬁ%rdﬁﬁem s?llcramﬁgseﬁrﬁgte??% re. The first step
i nvol ves the synthesis of first zeolite crysta prior to converting it
to the zeoli teamwt@éahatta@aéad majefials aytbe Sﬁl%ﬂtlva@dﬂﬂﬁﬂﬁWQFEMMOa licate
zeol i te pan bevmhemas%rmaén @@symafdmetg%c@swwb% t8Mn&PBRed Sing the

al um nosilicate cr stal s, Ica gel ter and optionally an
extrusion aid &pgctivaten @M’é‘!'? ;he lafer PFQF%?S maYype fermed pestselegivalitibneous

conposi tion in the bﬁé Wdéfof‘%ﬂe Eéémélﬁét&r%lmé&la HeSNIRaRABased 240! 74847

PCTI US00/ 13003 9 The final step is the conversion of the silica present ijn
the silica- boufiEcitas fauviasites, d“%fd%'&%nﬂeﬂté‘ﬁlﬁ €.whi ch serves to bind the |

first zeolite crystaigitd ﬁﬁ%rl&%’smtﬁ%leﬂﬂ% m@éManﬂﬁcBM@@ihé’ét@‘oQ@é&d material s
may be used in 5 conjunction wth netal oxid for aromatic al kylation with

syngas. 4 uni néprtepARd empeRiioys FRIPPHRIS Sd@ﬁ& basaqzpelites aEe Madedft y

conpared to si hiteAbnd 8RS hraE) teataﬁedrEhWhta%rth@%rmuta/Mqé bmelb’t\ﬁéﬁ mny
side reactions, raises reactants' util i zat | t ends cataléb life.
| u

Furt her cat al yﬁﬁ'@Ctesém e %WP@HB‘“E%‘QF&QI%th%Pe'ﬂqﬁ'%T?WQéﬂ?W SPA de 1

al um nophosphatiae§86pes BRiYlited Kaversd, FODsPIRERNLRISPERARN rin
Al um nophosphat e- ba so% materials are made of alternating AL0O4 and P04

tetrahedra. MefRBRIE'SFiliCAIesbased myterals aregenerally a‘l@'PCﬂ‘e_LTO"e 17, -21, -25,
34nb- 42d2$t C.) pre¥érred Q?I@Itesﬁfmékﬂv%ntléﬂwc%d%g?, aRd 12%9&1%@% - glt . ?t ;3)
menbered oxygen rjng channel s oug s.aren substitution
of Al and/or PZBJit %%tSPB'P@S%ﬁMT %éMr“el?&“’b‘@zqﬁMrﬁﬁtZg&’} é%rﬁiﬁratl ve charge in
the franmework) whi COnb%fMé@fvﬁﬁta@ﬁsf@ﬁeQ&% df Mytunseleatvaléd y. By turn,
substitution of sil for P and/or a P-Al &ulr turns, the neutral binary
%by

o

conposi ti on (Lé"'c%P baﬁfd materials 1of spel Pare-sybsituted YnHESS SYSIEBHISERE ti on (

A, P) based SARM ofptariuiat @é]ec?ﬂvﬁyﬁ% aﬁuﬁbembﬁﬁtﬁ@aébrohhctd@mbuuow -18, -
31 c ter ositions.cagn also be created

Substi Lud ng - armEnd haeklty Bhieny GRmoTHORAR AgnBra AR QRN BaNERPO |
materials. Me ioReR provhdte mdhy ut«talegtam@eudbeemtoﬂ@ gctéamplétm GHLRiLIP

consi sting of not limted, t n.and I i ke. Acidic
materi al s suchaE@} %%@?%B@WUW@%M@@E‘E%)‘” 'Y 8 ,
substituted), FeAPO (iron substituted), MAPO (mnganese substl tuted), -
ZnAPO (zinc substituted) etc. belong to this category. Substitution can |
al so create acidic quaternary-conposition based materials such as the |
MeAPSO series, including FEAPSO (Fe, Al, P, and 30 Si), MJAPSO (My, Al, P,
Si), MAPSO CoAPSO ZnAPSO (Zn, Al, P, Si), etc. O her substituted :
al um nophosphat e- based materials i nclude ElI APO and El APSO (where EI = B, |
As, Be, G) Ge) Li, Ti) etc.) As nentioned



WO 00l 74847 PCTNS00/ 13003 10 above) these materials have the appropriate
acidic strength for syngaslaromatic al kyl ati on. Sone preferred

al um nophagghgi@apased materials of this invention incl user/aseo13ns
12-nmenbered ring nol ecul ar sieves (SAP@ 11, -31, -41; MAPO 11, -31, -41;
MeAPSO- 11, -31, 41; 5 EIAPO 11, -31, -41; El APSO 11, -31, -41, etc.) which
al ready have ntgllyst&lanandeehap@rmloteualum It folidws that stllbaiepbamdr ow channel

ol 1160 1o bESRSAS QB REHYAeE bt of RavERA R shipe SBRERVMIELST

conpounds, asinaidasingehel gt fiob high- ml@wpmduﬂsgacioaspaﬁd—xyderm(ﬁ)@unds and 10

par o al kyl sel cot | 0T OF B EHe-baB Rt g cnb i Bp TR R 1T
?Ing Imu 3 Io ﬁ‘zh 0S Elr]strtﬂﬁdnas,adhinhaeq u':a;iab_l eccax‘rgelmeraiiung_(b't'rgp'leir-stﬂiaarelequ;ilbtgxrn:r:J Sng tCJ) Pg ?]

ant i m)nyg, mg%\%gﬁklﬁggﬁﬁ%gﬁé&é%{a%h’?é}o%q'ohgl é':)é:r%[ek,mg{ri}ggﬁ%hxt ures 15t her eof .
The preparati wectfvatddeO(ttairalll'gaaieebasedd'natenalsY\aviegﬁwo-amr tbeeeacconpl i shed with
several techniypis;daPuahe dlifes Kid hefbridly baS. Absiuigre examp! es are

gi ven bel ow. vatron 1 nvol £HBht he above
ment i oned 20 selectivatadormaediiécto beympenseteative ithrogghvthehuger efpertaheni cal

conpoungs t Oy £s thereof. The
conposi ti on o] ﬁgas@ tulﬁgélt edL'ggt eﬁ%st rré;ué-gahsgﬁgr om %ﬂwt % of the

sel ect i vat i ngC@mMpoknds ANdTOMPoUsas$ otﬁemfentsgeleatﬁq) rferotps 4916amin % of t he

sel ecti vatl ng < t ctivating 25
el ements” is ?m%ﬁ'ﬁg ﬁﬁHﬁ V{ﬁn%ﬁglg{:tn}ag?? Bg{rlh%ozfesﬁklgpﬂaﬁgﬁéﬁlt%mfdﬁ%{r% or el enental
oxi de form of SItI%ée:beSt@d:mateitaisf@rthﬁemqgmphémﬁbwmgommspadadlggbst i tuent
sel ectivati ongly BESsS il ounds. O her
conpounds t hat &tnrg)?h be uggg hm%a(g%m@u%hg%ﬁe-‘d?ngs %O}dnr‘f%géﬁtegpcorrpounds of
phosphotus, beegResidmtcompeynds sokagnsking ke, and rowtires thereafnd coke, and t he
| i ke. Para-substiteeg} siiedtebhbddhiafitiald SHabRTbAhR sebBR) BBhBbAGHS Of the

above catal ytic reaction systems can be carried out either prior to the

sel ective for Wﬁl“idérie@'ﬁtePRU'('%%BOMWSJQ#SMJQQC? P ARABIAB @S situ} or

during the be&ﬂ{d@édhfé”c&%gst%&éfhl inltfle H%eﬁ?ﬁn@éﬁti&ﬁ%ﬁ&brﬁ?rﬁ nonlim ting
exanple. In the in situ enbodi nent he sel ectivating agents are added with

the feed to tﬁ'é’sﬁaga‘éft%‘ra%%H‘éﬁfmeﬁg?t%l%@t%ﬁlﬂrﬁbzwmﬁ%ﬂ f@efem in nore
detal | .20 1 ongoigfihd SbdohRSrRIISE! A8Bkond 1 CRNSHRIIAEHEE ! [ Val | ng

the materials accor net hod his invention is based on the
consi der at i on3MRERNOH§ "&ﬁiﬁdﬁﬂ SHethas siHoaosaluming te ephaece hetaeshanicst

al um nOphOSph%&Tg@ﬁé?ﬂe%bmé' fik Z8BRe VouR® &Eolitd dtaRBes ifabld ®r Qsgmnonet al | i c
conpounds which are too bulky to enter the channels (or ot her_sel ectivating

agent), one sH@UraseH p&ﬂeéspee%%qoﬁt%ﬁ‘ﬁnf'ﬁ@t@ﬂi%"%? nap-28lifigce and
regi ons aroungingbgnnel nouth. The fact that the selectivation agent does

not ent t he chanpel reserves .t actjve sites . inside the channels.

Si nce tqeé channel nﬂﬁf@&%‘?'@e@egd% oﬁ'@rb%F’éef’WécﬁﬁWﬁ?‘ of the total
active sites, |rité‘rﬁ1erd|aft@ﬁallerﬁlitgz@m£el %ﬂem&i(éiéfpér%ie gedifed hdad poress of
reactivity or E i C conpounds

b 6 Lor " SERT0n Shaut 540 260U ERa indsler leiamble. AL MABL oo 'y

(e.g. ZSM5, MES,MR) MTH.EWOMTT, HEUdFJERt@nd BON. strucfuré Bpesoliesof | arge

or gani ¢ ani oni_ and tallic ca@f &09 c ani s can, b sel ected

from nol ecul edNeshEealiiGsRIe A85%t §|”? éﬂ%af %rrlé“ﬁ‘bqt‘i”t? YRREL 8B YY: gr oups,

I( E([:)lT%jl) KAL) ?ut l—ﬂMele?%nHIUn# Dlsérf B@hbh&irﬂtﬁenn@hhbf"ﬁﬂﬁﬂ'liclﬁﬂét)melmrzlraacftIt c acid
vi tanin ri r.o nzoi ¢ aci ate, saljcylate,

Sul T oual | oy ! aEXampies ok BeethieiBirmanaicopate ege BsL b Py Al ar e,

canphorate) anmited fgzsSM- KhESMPlHalZBNMZ,@SI\@JIQ, Z8N-28; Z5M-84 1 2ZSMEIH)M t he

el enents) of Goups 1, 2, 3, 4, 5, 6) 7, 8 9, 10, 11, 12, 13, 14, 15, and

16 (new | UPAC notation). Oher 25 conpounds for selectivating the

silicate-based and al um nophosphate based materials include, but are not

necessarily limted to silicon, phosphorus, boron, antinony) nagnesium

conpounds, coke, and the |ike, and m xtures thereof. Sel ectivation of

silicate-based materi als and al um nophosphat e30 based materials with the
above-nenti oned organonetallic salts can be



acconpl i shed by various neans. For exanple, one can use inpregnation of a
sol ution of 'an organonetallic salt onto a silicate-based material or WO
00/ 74847 PBCT, 13003 12 al um nophosphat e- based materi i wat er or
any swtaBY%éoﬁ 4ni ¢ sol vent can be useg. Addition of noﬁé-Trr,% a{l ?%: salts
and/or adjustments of pHto facilitate the treatment are optional. Heat |
w il be prowg_,_%(h v e terial coat/ed
honogeneously W t?g %%Méfsd(rggaMts?b?ﬁ(??g;wgglérg%e%%g g{l, aﬂglanatl on of the
coated zeol i t@awumllaaiermmmaatng-amluéusmlmuaﬂd aiwmuppmg@trel ate
tenperatures Webkial HEH bgﬁ l\ﬁlﬁ‘htstﬁj% netal oxide formor elenental netal
form (agent derivat] ve? ternativel'y, one can use a dry-m x technique,
whi ch i nvol ves ni xiThg secrpretzeqht@wﬁletsualﬂsehaw amiptaroediate ppreaize and particlies
with an grgangae [ ticles
W t hout the use %fés's a%t“}@ ﬁah&h@t}égzw’;&é ﬁ%feﬁq& %?1 ;sét}lr)l}eggqled to heat
treat nent, whibgrsubgtantiaiyanaensacidie aaﬂw@hgve)wecﬂammtr@mre tmas thee nateri al
and event ual | ¥irdt Eaﬁtet?ﬁe Bn%lfé éd“éé%o‘ﬁh?@sﬂ&ébré @Dmirﬂfgmﬁ‘sfe%o% sde form

(agent derivative Known ues for ex si situ catalytic

reacti on syst &@ving %hﬁﬁfﬁocﬁi*ﬂm@ﬁ ro@lﬁ rafio grestar tranal syoht as lpwadidityng t he
para-al kyl Se'z%%Jsvﬁttﬁéis&éHn%'iéblnfé i%ﬂ%ﬁdnﬁmoﬁw/&&@%l@é Lﬁ@@e@frﬁﬁem i nvention

in addition to those herew th, suc hose seen I n
5,476, 828 and zgohiw'kbaeneraww@ﬁlb@ﬂjtq@ﬁmmatrn@lesramgaqaé&féh%?o%t al's

and/or net al @‘gdS’O(WCPO@O 40810 AR sOHRB @pbiitdtibRs Wit &nydih ho'gret | on syst em

can be used 20 al one or t oget her to selectivate the silicate-based materijal
or al um nophoé%?%c%%éﬁmﬁﬁéﬁnaﬂa ciepssend §eo'¢%a%atsa|t3¢t$"&a i®act i on

systems can b@eprﬁﬂﬁf@ﬁe%bﬁﬁﬁhﬂﬁ fr%‘é'dftamﬁlﬁaoérs‘ﬂlcﬁﬂfﬁrﬂt alMBEt@e sal ts either
in series to or as a mxture fine powder or particles such as |

extrudat es, spsHbBstaatiallyfree foahirﬁ@au'ﬁ'é%ﬁ%f&nﬂ\?&%té ipusugllyipcegent Butbed nateri al s

havi ng ¢ge di %me%ﬁhd %B@ﬂ@%bta%[ M“édlérﬂﬁunt% tHéQ‘ah?@%\‘ tr¥mBaborit 40% |
sel ectivated silicate-based materi als, unsel ectiva

al unmi nophosphd® 80%aRweilght Bases an thewelghtioh tha first zeelite and, searect i vat ed

al um nOphOSph%&eW%eﬁ%@édt@b% to-dHout 50%%%@1?& wetness is reached. The
sol vent (water or g_t her solvents) can be evacuated under heat or vacuum 30

using typical equi pRBSECRRFLERULE GYigisRrgierabinava @ smatiersize thap the oduct i
dried, calci n‘ﬁ’st z@BmeQﬁ}thﬁé a8 tork prefeBRARIN Yave al\BvEfdlgépatticid 6ZeS00/ 13033

13 Alte ativ soI ons of net al s and t he ex Slt sel ecti vat ed
fine po er oﬁ‘%’é??‘?‘@ taeaut Qo @H?’?ﬁjg‘i‘éé’fec P

silicate- baseciadanidnabumdn@qhesumQb@lrtb@émélés@narm@lmz@fgembhor oughly mi xed. LA
di l ute basic solution m car bonat e rBOt assi um hydr oxi de,

5etc.) is usé’(ﬁ’rﬁpﬁnﬁ'éﬁetﬁfttﬁ? ﬁ%talyﬁt ‘O’Qlﬂﬁﬁfeﬁb IRtergRowt ANATOfg aNVer t at e t he

preci pi tati on gedwiiaiEEh buﬂrs Fdﬂi&ﬂp@&btgmy firsefpolittyfRaRCPRIférabl, | S '
1'fltered and vvashed th %ulgh \é@\é\nt water. The final product is dried, }

cal ci ned, and {PRFYERISWHD QaifionThe catal ytic reaction systens 01n
al so be2prepared uThagepitewoanl zaitatta tslmtaal%lfbrmb\prd@étsmwrs of

nmetal s) or netal oxide ers 0 or metal oxides) supportied
on any inert rPé?%‘?’\téﬂVé’?%ﬂ\?W@ XWSPBE?&[E’)F {W%%Stﬁpr?é‘?‘ﬁﬁdb‘f%.rg‘éd powder Of
tlhe ex snh fu ﬁeﬂracsltep/m@ldeﬁﬁe! gintiresidas etk fifet ﬁdlfdlhﬁi @'ystw%&ﬂ'ioe@crl vat ed |

al um nophosphat e teri opt.j on sit ectivate

al uni nophosphdP8Y ?fg t @Lesb?%déef tetﬂa%rlﬁfﬁ(r{gemwr%g grinding |
mortar. The ma{mmrnesméat@ﬁbblﬂe@bh Yeprepéd pRferlBl OyeniNimg.-a mixture \

30 comprising the aluminosilicate crystals, a silica gel or sol, water and
optionally an extrusion aid and, optionally, the metal component until a
homogeneous composition in the form of an extrudable paste develops.



If the catalytic reaction systemis mxed with a binder, such as silica gel
or sol or the like, an extrudable paste nay be forned. The resulting paste
can be nol Wedo744y. extruded, and cut into small strandsP@hiugew/1aen 20 t hen
be dried and cal cined. The catalytic re&tion system can al so be prepared
by m xing physically the particles of silicate-based material or

al umi nophosphatbivzal dtapeis dhe ednversiorpoitbaisilicapdesent inthesilicadouod t he net al
and/ or et al 0, %;ygt s and/ or
metal 25 oxi de%%tg@SﬁgI%sgo& g&gg@g&al onegeg\feq‘{ts er"re?[?% Zs%g[{%c 4 e catalytic
reaction systetggeted t hus si nmul t aneously cat aI yze syngas and/or ot her
reactions. The cat r packi ng the
first and the seco%dyﬁétgdoﬁgﬁtﬂoﬁﬂ?@ﬁ%&g&e ?{neﬁgléjrﬁ cgégﬁgded manner W th
some of the f|¢@11unmjnpwiérmetatmﬁd€tafpr afomatis qdkvyailooadllttmynga@-m cal mixture of
30 the first a ' ts to the
feed corrponentgﬂo g%ﬁéét@];)% t%rﬁagéetg%uaﬁlggﬁtf%%é?%g@iﬂ? "%?g?r@ or

met hanol , the @eﬁllmsesbased\ﬁmtwatmﬁmeﬂon@mwam@l_tmm@tasmam)eade| on systems can
optionally be r%%Etd/r%tF‘éiém& Atsf 66l @ 1-80%H in N2)
at 150-500C, and 1-200 atm ?1aof Gl cH ag'e\gé‘fém%?atﬁgf"for 2-48 hours. The
average crystal si z@rﬁ'ﬁfPﬂ@')’é‘@mp@SYﬂemﬁéugablﬁﬁttBBwoﬁlnﬁh{d@r| al or

al um nopjgosphagg 0.1 micron to

al um nopfos| cronmhﬁ%@s es;maét@ eraogmb&frtarseérﬁfahbaphtn%ﬁbam

rom about m cron to_about 10D

mcrons. Pr oceﬁ@ﬂé@oﬁms%ﬂtéﬂﬁ%"@ﬁﬁ@!%mﬂi@ o dltegnaiing AlQs pad E6hs ski | | ed
in the art. Fwetrbnéaanmmaéwéfttﬁts fémyehm/wg sht:ﬂomﬁad7dizr1e% y by taking

a 10 suitable scanning el ectron mcrosco

represent at i ve3$ -4arfifd W (2.8eABG stHand. etcI”rie‘)"c égé??@%ué g@&ﬂ%‘l’% i nvention

may be used i nmaniBRidWbd/geR MinglcAEMATs, Witheligi® AIPBIR draheldl, out as a batch
type, seni - conti nuous or contl nuous operat1 on ut|I|Z|n a fixed or nDV|ng

bed cat atdyst sw%mtlonaf%t'tq/w%m?@msww lgwer ﬁ’éarﬁﬁt'rﬁgﬂd&t-’?%@ agent may be
enpl oyed. The pgddiivb @harde iRgRFarhéWoMORRICRE cddierad by ldatiémintpartidd30H and

derivatives ther eof The net hyl ati ng agent reacts with benzene to form
tol uene. Tol ue@ 'Fyeact s with the nethylating agent to forma xyl ene,

preferably PX in “’Bﬁtu’rﬁ“é@ﬁ&tit@trbn &%uE@ht’cﬁﬂEaﬁden‘Q'P -Resdanmsang the
met hyl ati ng agents are usual prenm xed an e ether into the reaction

vessel to mai nPSHtR! PRENHEATR K’n”a(t?d”b%t'\%b%s?'li@n?fvﬁ idic-ieEnany al
concent 15| on_GSm@SSify (31 P90 Piseli SARG FieRculdr &S eUeh eI SAROS, ndl vi dual

f eeds can be e e wever c en to insure od m xi ng of
t he react ant vgg % q?ﬁ q% %t%t’l%h ’%‘L Ietc%%f?rBﬂIWpogﬁQ’t‘%nt aneous
fﬁncen]t r atB i ont €dn gleta gﬁloaéat@@bagwﬁtntm?g dh/%léff@fﬁeltém&hé)mr gtmmln addi ti ?ns
ereo ysaea i 1.0S. O ouenea}? OF, ﬁ{]@aeo
met hyl ati ng ag®mte tb t'\a) %rgis i meta! IRnwWRIED 630 PRSRIEFETel s t o
agent and i1 uant “*28”?‘#&’”‘“3??%@ *"?,?‘”“3 s et e K Lot nen usi ng
ilu : . i nv [ i usi
para suifstit ueﬁte'égtdé(‘bm?@a'ggcf“&g?ﬁl%mca (rgagngsim §9§§@ g"%q[l zes
cat al yt: c]c r eac{dobait sulsdtmrte@)eFé?)Poqm?msmth)t manmh qamyams@ reaction
systemlife. 434 USQ00 % at tic reaction
syst em deact i valtt?sé'ﬁ"??é 2 %5\5?538”%' reéﬁ:f \7\6‘1§I‘f %QBB%H y para-
sEbsti tu?ant seSebsttitM&inQ!énCmécﬁd:maﬂecacmcanh atmawgdrﬁmntndrtbasedexpect ﬂj thﬁt
the catal ytic reaction t have to. r at at a Thi s
o i part duem B RSch s GF MRRESESontse e liind FEAFEE TS Wi b, Tnd
30 Si), MgAPSO (Mg, Al, P, Si), MnAPSO, CoAPSO, ZnAPSO (Zn, Al, P, Si),
etc. Other substituted aluminophosphate-based materials include EIAPO
and EIAPSO (where El = B, As, Be, Ga, Ge, Li, Ti, etc.) As mentioned



o |
5 and al um nophosphat e- based nmaterials being para- substituent l
sel ectivated. Wth production selective to PX, in one non-limting
i nstance, |ess by-products) such as heavy aromatics, are é'@{]#ﬁ@ﬂ Mu ch woy Id
deacti vat Y@ #4843t al yti c reaction syste Thi s charact e 'S’ not shovvn
or taught by the prior art. 10 Further) one non-limting enbodi nent of
the i nvention, a&?her S a Beej }ep; tt}ﬁt t he ca{ N o I’iﬁﬁ(ﬁ!l on systenms of |
this invention 29V P83 DRIEMEIS ﬁ‘@? ?aBP'é\%' a%élgfsre ?ng t he side |
reactions of t kgnyay/ivphatticatkytatient Some phefelredakiminsphasptiaterbasedt | cul ar t hat
t he para- substjt.uent | ectivate ction t
catal yze nore trﬂ%fﬁ”%ﬁé’?@s ﬁﬁ%ﬁ‘f" ﬁcluﬁ%jby%i&éﬁ%%be?gg, ééi&ﬂ%%"& r|non is

catal yzed to f cievesg¥SAROat1,rg1,agenMeARD-th -8tadt; MeARSOehteRe, 4hd/ or

br odaced Bn'a IREP- ot bt AP AES 11 BT e crba I AV RUery | ow (as

contrasted w t Isignifiedinhshapensstduyilvity dm@toagemmaewa:hannelesaubame) It has been

ke PX | ner eases cdRBsbaRTI e e el Re RO s AlaNar RS 01 o ®

deactivati on. Imodified todoe mbra s$eledive ttrodgimihne usn‘oftdeetanmtmmrﬁncain t he cat al yst

d |
oy pr o er abl SorBGIng R T B8 el SUATSs %‘*%@F%‘ﬁ[?&%ipsyn 208 " P
process, 10he fMpmndmofeeiemntst&elemedﬁdm@mupawtﬁam one eowpdimentg one of
t he above nent 'tﬁé‘ﬁ? ﬁ%ﬂséecﬁvat ?*%@{'ﬁe{’?‘%"?gﬂﬁ%?@[‘gw‘;' C reaction

system and reac {0 reaction res separately or
t oget her. Reacta|larnlnoairrpslwataabaaeddnahetlalatcaa bestpematished ysingn about 100- 700C,

preferablyfro I 0 atm (1.01
% 105.3.04 x 10° Q’)%dg 9‘“’%‘ a?bp%??tg’ﬁc Sestivinhites tf’ .@bg@k&lbb%pﬂo%& 2.03 x
10' Pa); and atbogoff, |an«m|oay,enagraﬂﬂw:begmpoums, toke, rand th apdetisiuggs y from
about 1-3%Q h-' 4 MG 001 74847 PCT/US00/ 13003 16 LHSV on a liquid feed basi- S.
The conposition of the feed, i.e. the nole ratio of H2l CO(and/ or
C02) |l aromati ¢ can b&he peenasatiorbefiihe catalytic o¢axtion spstems ramte preferably from
about 0.1-10/0. &hni i i ncl ude or
are forned fro#cé%wﬁg@thn@e%gessﬁﬁkﬁ?‘}mw{#égk %}{ﬁg@ﬁoget her
wi th carbon norEamelexamples eregivedhelepnoxi de, and/ or net hanol, but aI so
di met hyl et her, meth
concei vabl e that |ntﬁt ﬁ%ggégﬁgp?os g&g?ﬁ%‘e%ﬁ%gsgh%gﬁwﬁghéh%n be pure
or in a RPxtur eallytic neaetionaystenn matesiaiewish reopenrigmisalcarepamds of uene,
and/ or ultimat t ¢pence of benzene
may al so enhaneeéeé('n%@ts angygdrfl;bsrglceréetlé%??b %@f\%r&ltlf‘resﬁ;é?e X rﬁret hod is expected
to tolerate narqpnquﬂenaﬁtha@mweﬁedfcetaﬂstmeyxang@;fre@ twt.Yeofdhewni ch is 4
m xture of tol %E‘cﬂé‘é}g\gsélé‘%ﬁ{s/dé% %’Eﬂtﬂéf‘?ﬂ?cd?ﬁﬁ‘cfdeﬂ?toa@wp% Gfthéns, is
preferred in one enb For exanpl e prem um extracted tol uene,
essential |y purselacsvafingeslempatsiw %caf die ﬁtﬁbmpwnt@%éﬁhcavaty\ga relatively
bure m xpdr e OfelbAbhRNR Asht BRNGBARNITBYBh P Ibiheftal divdrr act ed 1ol uene
and benzene whi ch contai ns toluene, benzene olefins and paraffins that
boil in a sin leemeatabexideformaal the selestiyalies eherpealcomPOURdS- al so be |
enpl oyed. \hen Umx@oﬂ%ﬁ&a@bgﬁﬁgﬁts‘é@&ﬁvﬁhﬁ théfiflents aré RnéwRQ gant to crack
the paraffins and olefins into Il&ater products that can be easily
distilled. For usihglicon qompoupds Giagr forpeins thaimeape Hmfémﬁb)ﬂaqutns and| or
ol efi ns havi ng gkt HoEh%k oC&andH‘ at efBhospRBrusabétont Atil&Rct i on systens have
t he dual functla;}n tom@r%ﬂ lnds @fBhospher MGy

30 magnesium, and the Inke and coke, and the like. Para-substituent

selectivation treatments of the materials of the above catalytic reaction
systems can be carried out either prior to the selective formation of PX (ex i



paraffins and/or ol efins and nethyl ate benzene or toluene to selectively 25
produce PX. | ndeed, sone of the catalytic reaction systens of this
i nventi on wewotssul tifunctional in some enbodi nents, caPel/ysiongon reacti on
or reactions of CO Hz, and/or C02 and/ 6t met hanol to produce a nethyl ating
agent) catalyzing the selective nethylation of toluene and/or benzene to 30
produce PX, ansitu}at dusng the RX broatiok (ingito), tpaseaPXiformatiod asleefidms i nto
relatively lig t ; 7 PX met hod
'S capabi ¢ o e Brambe; fythe Sy SindAdent e 1AL Sooris 208, 7 021 "0
. % of the m addedgwitiptheffeechts the geadterasintaiging/a. catalygticdreaotian gystdner abl y at
Ieast 48 wt.% The V. f onvert| ng
ot Least Bt % of Iﬁ?ﬁ&g%efr%lt Pn*CBr?e ﬂd?w ﬁ“rﬂﬁ h@@rﬂb%gﬁﬁe%? tﬁé@%@ﬁ fgf °
pref er ablby gr esalegtivatinghthesnalerigts ath@dfrtgl to dioe mgtm)danfﬁﬂuewwtlm I§er ve to
illustrate pr f Y Is to be
under st ood thgtg th:@etﬁg%gﬁgp&aﬂgﬁ Eﬁa’f b? deb@& rﬁj@??%ﬁhcéﬂé %%Hgﬁautregéland t hat
t he present pr@o&i@@lﬂwhmhat%bmmeylal one ergrorerbar poe of theCOVPARATI VE
EXAMPLE | This icld Hﬁ:tor w? from an
untr eat ed ZSM%@?gémtgo Iﬁer?e ngﬁﬁgﬁlgtcpgﬁéwt @%{%ﬁ%@ﬁﬁb%ﬁéh%ﬂ% 15 zeolite
had a Si 021A12ef3er saledivatingagent), omwhmdgtbe@bé&tqmedlwmy theeidersal 450C, 1
at mospheygy ¢ prﬁﬁ%‘éé%n@re&iané( aﬂ&ﬁd%ﬁ%ﬁneﬁ mdiRY T(rféefbghﬁaMHrslebécﬁ%ﬁt .

velocity), and a tol uene nmol ar ratio of Test resu
i ndi cated that amdﬁ@%ﬂotaﬁﬁt@rrthe@h@nnﬂjs presefyes ths active/sites ingifel theeed, tol uene

conver si on_wascrndY e thd endie ARBIAIES LE It for o i oy gt | on 20

product was at the equ brium va I ndi cati ng | ac
selectivity toﬁﬂﬁﬁ‘éﬁam@t'vmmr R@EEXM/IEEEJQ preyenty@ny 5@)@5@9’["6‘0% <Pfust rates
the loss of zeghtfivitydsicbiidriioRr conversion from conventional selectivation
techni ques that use_conpounds which are snmall enough to enter the zeolite

channel s° An aqueod@nssiypaof Bie W‘kwgﬁ@%mﬂﬁﬂ"ﬁ|°PF"@PB”%§U'W@J8Fed by m xi ng

magnesi um ni tr@él&:ubsm@miw&n@oeanmg%b%s%chht% be#f @nf éé) 72sgcsm per gram
of water. The 30 solution was used to | nate a ZS Si 02/ A1203 38)

zeol i te powder Vht2% -f8¢$te.)gnorpegite, &ic.sigithe p Fﬁ?fda"ﬂe%gﬁ“%ﬁn‘%%PWe The

m xture was hegbgfliciatiéps: The &%ﬁﬂ@é%ﬁs the b¥abREted florafolddifis dried at 120C
for 6 WO 001 74847 PCTNS00/ 13003 18 hours, at 250C for 112 hour, and at

300C for 112 heRitainiag Famarlicandenrienglic EyoionebroubROFUIING Rl 92 s of the
zeol i t e ganpl elirhifsd 1o IétBaéthQIeﬂédlgﬁﬂthélfaaﬁéﬁH@éid WD PX), §Ramiy BB am of
zeolite was det0185| ted on the zeoli téﬁ&? Mortlo of the tre ted zeolite
was tested for }S‘Preé)‘lge?@%??' tRYEP0llRten SAHCY @i SLlfosalieyples it carried out
at the sane comgpiHthdise @idarlbdxylate, anthradiolate, camphorate, and others. The
metallic cations can be selected from the eilement(s) of Groups 1, 2, 3, 4,
56,7,8,9, 10, 11, 12, 13, 14, 15, and 16 (new IUPAC notation). Other
25 compounds for selectivating the silicate-based and aluminophosphate-
based materials include, but are not necessarily limited to silicon,
phosphorus, boron, antimony, magnesium compounds, coke, and the like,
and mixtures thereof.
Selectivation of silicate-based materials and aluminophosphate-
30 based materials with the above-mentioned organometallic salts can be
accomplished by various means. For example, one can use impregnation
of a solution of an organometallic salt onto a silicate-based material or



Exanple |. Test results indicated that one hour after cutting in the feed,
t ol uene ‘conversi on was 29% and PX concentration in the xylene-fraction
product was 58% 10 The selectivation treatnment was repeated on the

remai ni ng WP R4t reat ed zeolite. This second treatnent PETSSHPME vyo on
zeolite from0.06 g/g to 0.12 glg. Tol udke nmethylation results on this
doubl e-treated zeqlite sBovved a toluene_conversion of 18% and a PX

concentration PHMIRRPhEsPhate-tasgd malarial, BENRIwaser omny ilablgraraaniexanpl e 11

to Exanple I, eblveﬁtohﬁWdemdmbﬁbfﬁ&wmém@wtﬁnd?& afbRmehts éfy from 24%
to 90% | ower ed t he conver ion from46%to 18% | NVENTI VE EXAMPLE 111 20 }

This exanpl e i PHJQF@%\‘F%@t ﬁéreﬂg’ée'ﬁ@"%BPW%r%M\EP%PWV@%PtdéNP@ff zeolite

sel ectivation. th‘H‘so’M#ﬁEquév:ﬁ ghih@a rﬁétehar&daeéwmrﬁb émswtmhepar ed by
di ssol ving 18. o am of _La( 60 cc of 25% |

ammni a sl uti 8 E"%’éﬁaﬂa' &'H%af‘éﬁf"ﬁﬁ'ﬁﬂﬂﬁ‘ 961’\%908?%“%%‘%% rring. The
addi ti on was cafnpdisd spnata meumﬁbt@maua@aﬁpmyhs@ terhperaireBvaiCtuph t at e of

La(OH) s was fi ) nded into 300 cc ram of
o hy | e am nEATEIIPE! SEAA O RESRLaRE ) s AR Ion wi t h
stirring to obv\aemaav@p,lwewh,us&u ary- m&&e&mldu%j\nﬂf&w ﬁOﬂO@ﬁHMg?d to obtain

ala- EDTAsqutlo i on, of O. er cc, of sol ution.
30 11.4 cc of Clechy e?%?ﬂ“& dﬁe%é{g‘ &é’d"‘lﬁ&f’f '8'5% @] ggrameiczsms |
zeol i te (i 0214412880 th3)fornl loe povdérndreartctedwitticad tivg u§é36f Ary sORRPOr a}e t he

00 74847'

water. It was ried, ver aC|nd

PCTNS00113003 ?[B € 5% ?WP'%ée%éﬁﬁggeﬁﬁalt%Fétt q&nﬁal Mhigh fag '?&?P\pl)ﬁﬁ@ i ndi cated
that 0.14 granﬁisbents&mﬁ tpesaigbwntbé m@alhadwentdenomrﬁmemaltﬁdte zeolite..
The La-treated reol |t S was te d . f P Q@e tt él/_)l ation with nethanol at
the sane condi £IEORE °rt"|’185mie Qﬁg‘?’& aaegheprveiv results 5 indicated
a ][Ol uene conver si okne#n 8¥mimods forféx stﬂaadtm ‘slltdi yatafyrt:BiedctloAppﬁeant I ybI

sel ectivation usj u nonetal,fic salt such_as,LaEDTA abl e tio
e onsohar . SidHtafior t4 te R RRAETEN RS RiadiRiia e SRct R e A8 11 ¢ ¢
activity. 10 | shEaNTt YéadixsAPEtEMS\Of THe sresamtripVventioh linatididdre thbee use of *

cnouner bl RRAARBTELA 3 Boaebhord (15 Ph| Mo BL R RS

300 cc water. 60 cclnadne2dfbddimantythe same elemental\naetalsdohedtbrirmetahexidd) ( NO3) 2

solution with prri i R e eriod. .. pitate was
filtered and sgéé)waéebgnéog‘egﬁ‘é?sg@] 'Mee%.t&g%:. "56C o%%%%égﬁ%%&as deeded to
t he susp2hsi on aldnelorsegethertg seledtivata thensjlidate-based material @ar sol ution, which
was boiled and_gon ool ed to roomtenperature |

and filtered t8 ﬁ%ﬁ@%oﬁﬁh&g q\% ggr?aﬁér?aétcgﬁmpv\ﬁ?r}tg te having a concentration |of
0.017g My per cc of The catabtie rettion systems cahbdeldyepdred by aiddingcolutioos was used

to inpregnate 2 Qlﬁn%n?a“?‘gﬁegalfﬁ%gé ﬁ,ﬁ'?ee’('"? ?M%Q%ﬁenr%%rmegv attH&ﬁh re was

heated at 75C {0 evapor ) for 6 hours
and cal ci ned apowaeﬁmrﬁ@es sudhoas extrutihies, sgpheres) wte ofidte urgetestieatedwi ce to

0Dt 311 2981 T8y S ABLEN AL RLIE oA AN Sl BA AU M0 per gram

of zeol Resu ol uéene est uene conver si on
of 39% and a Pxptieially eix\sitt pelettigied silicadé-basedhmateyiis unbelediviatast | veness of‘

bul ky or ganometg) il Gortdbhste thised Gt idts, BF oblibralip ey Yy selictivated |

aluminophosphate-based materials, until incipient wetness is reached. The
solvent (water or other solvents) can be evacuated under heat or vacuum

30 using typical equipment such as a rotary evaporator. The final product is
dried, calcined, and pelletized, if necessary.



WO 00l 74847 PCT/ US00/ 13003 20 COWMPARATI VE EXAMPLE V Thi s exanpl e
illustrates one of the methods in preparing a catalyst. The catal yst

conpri ses wdod74€7 and Zn m xed netal oxides; and (2) H ZSNVES0H1PEH| ite with
a Si 2/ A1203 mol ar ratio of 30 (obtai netB from PQ Cor poration, Valley Forge)
PA). The Cr and Zn m xed netal oxides were | prepared by co-precipitation
of Cr(NGs)s and Zn(Aes)ativalyt scluliensiaf metalzalis and the exGeiiuneRigelivated 13. 41 grans

of Zn(ND3)2 veie, g aRA Y mb@sﬂsgehgg R4l SR b BROR B EbtandThe {0

sol uti ons weret nmxe S sl owl into
m xed sol uti orBng alhmmphpsm erhesed materiple argithrroughly ﬁ&xestﬁU&m reac hed

about 8. The MR Slibie(e R SrihddiE! S BarbBRAKCPOss TRy dRORR i L at e was

dried at a tenperature o ours cined in air at
500C for 56 hoste.) isTuresdo @djushthe pévalke ofthegixiise tovaciitaie itnd i nto powder s.

15 The cat al ytrecib A AintHRBARS SCRRIIRY, Phe BlRitER .kygaaea'( ng pouders

of a corrp05|t|on of 50% (w m xed netal oxides and

H ZSM 5 zeol i tand wesisrthorgug ‘YOV'@r"éﬁfﬁf dhedinaiproguctdydiied, galcinegki des and 2.0

grams of H ZSMy gartizdd iftRicBsddryced thoroughly in a grinding nortar. The
m xed catal ytic reaction systempowders were 20 pelletized and screened to

8-12 mesh (0. 89- 0. AheGAalyiic repetiansystemarparatse/be prenaredusing PRysic@x anpl e

shows tRgt themsiHy h%lysdlﬂﬁed{%\ﬁﬂé\% dﬂ#ﬁé@al&g '&Q?rﬁatéﬂ%xﬁfekéj' & peR$ of Ol uene
can be achieved in a catalytic Frocess as disclosed in'a prior process.

However, this BREHP) & MA@ @’ﬁ%@ sypported og apy et atesiaifo raithiedve hi gh

para- xyI ene SQthbTugH!ytththféW &h@e@b&%é}qﬁ'thé eRbkRy seeBNARH salldbté he catal ytic
reaction systemis for shﬁsnf sel ect|V|t¥c(jjl The catal ytic

not
reaction systet?ﬁsxﬁﬁé“?ﬁ%%g'r%e%t"faﬁeﬁ%f PhgsPRgig-b P}?é?”%y 30 reduced

at 350C under &%Dhﬁl dabiansedstivateld RmMndEh osfpﬁételtﬁasléelmaeﬁélsln at m prior to
reacti og V\ﬁ "HJ 847 PCT/ USOO/ 13003 .21 _The catal ytic r actl yst em was
g wit P H

eval uat ing BCBine &) AFKOANGH IR mixyyre (5 QptipRa Ie nposi ti on
of H2/ CA t ol uestorefusd/ 1/ 0.5 (nol ar ratio), a tenperature of about 450C, and
a pressure of about 10! Pa). The WHSV

(Wi ght Hourly Spaéfeﬂl‘g %ﬁ%é:r?%t'oﬂéggtﬁﬁglﬁ%%gqﬁﬁh pdinqer; SHALSANR 1 espect
to the catal ysgel of esitorties mtet, an@KBuddble pasts maibefotmei Thd t&(sultlﬁg 5 ri \% i 2{1 t »
AN TR Y 0 R SR T N
sel ecti a0ty ofthéd bé dited Had taRBiredl
The catalytic reaction system can also be prepared by mixing
physically the particles of silicate-based material or aluminophosphate-
based materials components and the particles of the metal and/or metai
oxide second components, if present. The same metals and/or metal
25 oxides can also be used alone or together to selectivate catalytic reaction
systems and thus simultaneously catalyze syngas and/or other reactions.
The catalytic reaction system can also be formed by packing the
first and the second components, if present, in a stacked-bed manner with
some of the first component in front of the physical or chemical mixture of
30 the first and second components.
Prior to exposing the catalysts to the feed components of toluene
and/or benzene, H,, CO, and/or CO, and/or methanol, the catalyst



Synthesis of PX using Zeolite not Selectivated CO cony. % H2 conv. %
Tol uene cony. % Xyl ene select. PX select. 31.7 17.1 28.6 71.1 25.0

| NVENTI VE wsWhkder VI1 15 This exanple illustrates the prepafgbd@gozof
par a-al kyl selectivated ZSM5 zeolite w4 h nmagnesi um oxi de as the

|
|
sel ectivating agent. 11.68 grans of nagnesi um hydroxi de was m xed with I
distilled wat ggactibp stygfén@ééﬂbﬂi&nﬂ%ﬁbéﬁdﬁ&té’@uﬂ&r@rﬁﬂﬁcnﬁé ammoni um nitrate
and 33.54 grans of%rght hal i ¢ Q?Qﬁghl n se E %bre was heated to
obtain a cl ear®MYHORBEL(Eh 1- "G\B‘Q)% ARG ATL00 A @i Q%% before
use. 14.80 grams-Qf03 heoSPatbi 21a8WRRrsYl xed W|th 7.77 gr ams of a ZSM5
zeolite (Si 021A102 f SO%ﬂ The m xture was heated to evaporate the water

sol vent. The renai ﬁ@"@ @&Wﬁi@'%%féhﬁfryfﬁjﬁ"‘ftﬂﬁ sifisate dand cal ci ned at
S00C for58 hounsteraltdr ahirhinBpfidkphatbiCaded matikilis p@f@ﬁbﬂy\f@ﬁﬁdb&@w 5 zeolite

25 cont ai ned roxi mat e 9 .% of ma ne5| u 00174847 !
BT US00/ 13003 DOGTRURRRPY T URIABS\OrE FrESBb Sia B0OYH LRI s (he |
prepar ati on ofagbaoptt®midrgpse of the 5 catal ytic reactl on system The

catalytic reaction s stem conpri se xed net OXI des, and
(5 M0 oot 11 eu LRSS ire fvstabbde Are vt loseTs ATk

preparati on prlmﬂmtlamte%brmstérkt@t cgsta?mzemnﬁﬁéméleﬂ%{hbd\dﬁéetlwﬁkm@m Mh and
Zn m'xegomat al XI des were %r 8ared CO, C|(§|tatfl on of I\/P?é )2 and |
T (No%y 300t h sutaBRSCatnS eRoRPaRECtarons B s trs ase NG 70 N03) 2
wer e di ssol vedsarrrplé.eﬂthwcryhtatl || ed water separately. The two sol utions we‘re
then m xed togethe added i nto, the solution with ;
stirring until theErBFi Eﬁqﬁémﬁthpi{%"%ﬁ'f)ﬂf“%'nb? usRd o 'HE{S’ME(F?"S The
precipitate w?:roéeslétv?nmcaﬂble carcied eueds a'Batch tppe,;sepm-tcghmum:s odr i egogtc ? A
tenperature o 0 Qur s al ci in air at or
hour s, These NGAHs BRg o iigg aégw dr g v aht s . “The
cat al yt 16 r eadVliltiple snjectiom ofdise methytat npm;ylbeedrﬂlgl'oyudehg powders of a
conposition of RPEV\!} é I\(hlﬂé) a SF 6#{7[?? (Ww MO
roa i ed o zoPeRyRy fer Rﬁb"@?sd@fcgeé Srl'g B SBOEA o ad oot al ;
oxi des and 2. (ﬁegwaﬂmsdlﬁerh/gﬂThealméthyfldtmgZ@m%miﬂitm bemmane toifored thoroughlly
|nagr|nd|nggﬁ)J e, L X 3 b react i 8 tem owders were !
ol Leti zod andoleD e‘er?é"zlg}} oreﬁ‘?%%"'ﬁeé Vieirig S0ene [ N AXYSNES 52 | vENTI VE
IIgXAI\/PLE | X ThipeferatipPX in tHisibivertiors tnfgt met al oxﬁleérgot her than CNZn m xed
met al oxhdes are a i.tabl ne th pone i atal ytic
reacti o)rélbsyst em usg\éﬁﬁeﬁgtaﬁ@%)@?ﬁ%e@% %g?ﬁé‘ﬁ&ﬁgﬁ%%g%%@é%a@%f' tion of 30
t ol uene. | n aduemixed anted tagetheplireo tteemeastisravessel foahaihiaiintheadesiray | ene .
selectivity can, i ' i t he |
catal vt o 1 eadtiSRelRERuA WIS bR SBbaREh ot SR cERTRRIE Bamtoac el vt ilc
WO 00/ 74847 PCeatitoGIrisis.IndiBiduekeedooarshs employad, movepar dticare is n Exarrpl e |

W e cat alyd 6 (2R bR niRg SR lERHEREh P RGAHBIGLsT0

(bal anced with
25 Optionally, instantaneous concentration of methylating agent can be kept

low by staged additions thereof. By staged additions, the ratios of toluene
and/or benzene to methylating agent concentrations can be maintained at

optimum levels to give good toluene conversions. Hydrogen gas can also
serve as an anticoking agent and diluent.

30 The method of this invention, particularly when using para-
substituent selectivated catalytic reaction systems, stabilizes catalytic
reaction system performance and increases catalytic reaction system life.



hours at 1 atmprior to reaction. The reaction was conducted under simlar .
conditions to those in 5 Exanple VI. Test results are given in Table 2. The
par a- Xyl engosiglg@d i vity in xylenes is about 76.0% w th tecwege/eemaversi on
of 10.9% and xyl ene selectivity of 85.4%p Conpared to Exanple VI, the

par a- xyl ene selectivity is significantly enhanced when the alum nosilicate
conmponent i s mydafiseshtalplic *ashich §y§t@ﬁtdeﬁbﬁ\).étlorl&sTé\BétEaHdSyBﬁheSlS of PX
usin4d Zeolite Modifj Vfr Sha e Sel e V|t e(fO g{‘ %Tol uene
Cony. o Xyl ene PEYEBIEE: Wilfmgobahceas: SpsiusnEseler el calandiererii ve
EXAMPLE X 15 Tbyaemxamslapebﬂeusmitaheeatblwb réattioh @ystenﬁnepmsen@uem can be

increased with sim I X ectl Vv he reaction

operation condib?l regfness 8d8k)g$]rﬁ% n%ﬁ’g?’t’ﬁi%* ﬁ"@akeeéﬁq‘g’ﬁ'a@@ fem used in

t2 gl ﬁ/g exarfplje wtaacliemnfﬂnmmmdpb%tea)aseﬁmw etialo being géaa élsu?gﬂﬁ&'éﬂ \év)SMCr5 an ?nd
m xed me OX an modi fi e zeolite

wthla S 02/ Ala%e Vet b piestitanselediVedd pRCB Sadton Fha £8%mkes or epar ed

inasinlar by-medutts such ed heavamnpties, \araférmedonpick eiopld at i on of

d dified
75N 2601 | o va N?%@s%"ﬂa A e by Pl o AR K AR Al vt ¢
reaction syst eor taughpyetharpeidr bst. physi cal m xi ng as described in Exanple V.

The cat i c react y.st em wa duce t 3 er al anced
with 95°a/éq<|Z) for #%qlﬁrsmé{ne ’%ﬁﬁﬁ F’lg 6Tg9§ift?§?&§?g%e&'g?{b ré’agt"“l on. The
catalytic r eaclb'ektaf tisatshe oatalytic eacation spestems bhthivinvemtibndfaveythgas 30 (CO and

H2) and tol uen%ﬁé,\ét&'n)(gfn% ér?t% &qgggéléésg‘gf%gg toqltHg hﬁatn WO 001 74847
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|
cgrﬁain one or more paraffins and/or olefins having at least 4 carbon |
atoms; the catalytic reaction systems have the dual function to crack the ‘
paraffins and/or olefins and methylate benzene or toluene to selectively
25 produce PX.

Indeed, some of the catalytic reaction systems of this invention may
be multifunctional in some embodiments, catalyzing a reaction or
reactions of CO, Ha, and/or CO, and/or methanol to produce a methylating
agent, catalyzing the selective methylation of toluene and/or benzene to

30 produce PX, and catalyzing the cracking of paraffins and olefins into
relatively lighter products.



TABLE 6 Synthesis of PX Showi ng Catal ytic Reaction System Deactivation
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001 74847 PCTI US00113003 | 28 seen that the catal ytic reaction systemhad a
stable activity fore: : i bt 3 ivity. TABLE 7
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explicitly described but nonethelessfalling wthin the appended clains are

under st ood to H@Qi"ﬁ%ipﬁ’d&ﬂ@t? Waprepared oy MiKQy MAIMGELBDUEAE) What s cl ai med
is: 1. A methofeisHydrReiahY WateroAltAk Basis of 0178 gram Her GRIM: BEWaldd. The

30 solution was used to impregnate a ZSM-5 (SiO,/Al,O; = 38) zeolite
powder at a ratio of 1.35 cc solution to 1.50 g of zeolite. The mixture was
heated at 75°C to evaporate the water. It was then dried at 120°C for 6



a first conponent selected fromthe group consisting of crystalline or

anor phous al um nosilicates, substituted alum nosilicates, 5 substituted
silicates,wploysis# | 1 ne or anorphous al um nophosphat es, zgglr)ug&mtgwgnd ,
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through 16, a”‘ﬂxom&%’ééﬁ?dﬁaﬁﬁ&q{our%@at 35630%1139%9?5 a‘ﬁ'dathé'ﬁ %al\%‘é&e the

cont acti ng further COI’TpI’I ses contacting a secon onent one or nore;
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2" where contacti nﬁ the first conmponent wth e agent occurs prior to
contacting theZPP¥8t conponent with the second conponent. 4. The nethod of

claim2 where cont aﬁtﬂdﬂt%nt&ﬁhé kr@éfed%@ﬁl@%te‘ﬂeﬁ%ﬁt'&ﬁ:e’ﬁ%%élﬂ%/l%ﬂaﬁ’one”t
occurs prior to contactin I rst conponent with 5. The
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with a sol vent Ex&ﬁﬁl@gﬁﬁﬁ'éﬁliﬁhd%té@th’é‘t drféﬂncfdr%ﬁbr ERIMPHRE feégMOVi Ng the

solvent: and converting the agent into_elemental forns or oxide forms. WO
00/ 74847 PCT/ Uplupneseriyersianwas 29%andPX sanenteatian ip thessylenerigactioar |
conpri sing: mprédiict Ras®BYNt With the first conponent in the absence of a
sol vent; and convertlng the agent into elenental forns or oxide forns. 5 7.
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e organoneta ound nonetallic salt. : e nmethod o
claim 10 V\herexy“r‘gegﬁaﬁ H'EQPHFW %&%ﬁ? @Qﬁfﬁ\glé’@"pﬁ% tBlEé‘ L#i®n havi ng
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group consi sti fGNYFTSIPRdrOM 20 of Groups 1) 2, 3, 4, 5) 6, 7) 8, 9,
10, 11, 12, 13, 14, 15, and i 16 (neWIUPAC notation). 12. The nmet hod of |

claim1 vvhereratlo of the w. I to wt.%of the first i
conponent ranges from 1199 to 9 Eﬁ EﬁAmrEﬁl i

20 This example illustrates the use of bulky organometallic salts for

zeolite selectivation. An aqueous solution of lanthanum nitrate was
prepared by dissolving 18.0 gram of La(NO3)3'6H.0 in 80.0 cc of water. 60
cc of 26% ammonia solution was added to the lanthanum solution with

stirring. The addition was completed in a period of 10 minutes. The

25 precipitate of La(OH); was filtered and suspended into 300 cc of water. i
13.7 gram of ethylenediaminetetraacetic acid (EDTA) was added to the
suspension with stirring to obtain a solution, which was boiled and
concentrated to obtain a La-EDTA solution with a concentration of 0.02
gram La per cc of solution.

30 11.4 cc of the La solution was used to impregnate 2.0 gram of
ZSM-5 zeolite (SiO2/Al,03 = 38). The mixture was heated at 75°C to
evaporate the water. It was then dried at 120°C overnight, and calcined at
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ayl ca EDTA was able to increase para-selectivity significantly with only small
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for zeolite selectivation. An aqueous solution of Mg(NO3), was prepared
by mixing 128.35 g of Mg(NQO3)>-6H.0 in 300 cc water. 60 cc of 25%
15 ammonia solution was added to the Mg(NO3). solution with stirring in a 10
minutes period. The Mg(OH), precipitate was filtered and suspended in
500 cc water. 66.36 g phthalic acid was deeded to the suspension with
stirring and heating to obtain a clear solution, which was boiled and
concentrated to 300 cc. It was cooled to room temperature and filtered to
20 obtain a Mg-phthalate filtrate having a concentration of 0.017g Mg per cc
of filtrate.
2.05 cc of the Mg-phthalate solution was used to impregnate 2.01 g
ZSM-5 zeolite (SiO2/Al,03 = 38). The mixture was heated at 75°C to
evaporate the water. It was then dried at 120°C for 6 hours and calcined at
25 500°C for 8 hours. This procedure was repeated twice to obtain a 3-time
selectivated zeolite sample containing 0.075 g MgO per gram of zeolite,
Results of toluene methylation test showed a toiuene conversion of 39%
and a PX selectivity of 84%, indicating again the effectiveness of bulky

organometallic salts for zeolite selectivation.
30
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prepared by co-precipitation of Cr(NO3); and Zn(NO3)2 with NH4,OH. 7.22
grams of Cr(NO3)s and 13.41 grams of Zn(NO3); were dissolved in 100 mi
distilled water separately. The two solutions were then mixed together.
NH4OH was slowly added into the mixed solution with stirring until the pH
value of the solution reached about 8. The precipitate was filtered and
recovered. This precipitate was dried at a temperature of 120°C for 12
hours, and then calcined in air at 500°C for 6 hours. These Cr/Zn mixed
metal oxides were ground into powders.

The catalytic reaction system was prepared by physically mixing
powders of a composition of 50% (w/w) Cr/Zn mixed metal oxides and
50% (w/w) H-ZSM-5 zeolite. Powders of 2.0 grams of Cr/Zn mixed metal
oxides and 2.0 grams of H-ZSM-5 zeolite were mixed thoroughly in a
grinding mortar. The mixed catalytic reaction system powders were
pelietized and screened to 8-12 mesh (0.89-0.73 cm) particles.

COMPARATIVE EXAMPLE VI

This example shows that the synthesis of xylenes with syngas
alkylation of toluene can be achieved in a catalytic process as disclosed in
a prior process. However, this example indicates that this process cannot
achieve high para-xylene selectivity when the aluminosilicate component
in the catalytic reaction system is not modified for shape selectivity. The
catalytic reaction system was prepared as in Example V. The catalyst was
reduced at 350°C under 5% H; (balanced with 95% N) for 16 hours at 1
atm prior to reaction.
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toluene conversion of 28.6% and xylene selectivity of 71.1%.

10 TABLE 1
Svnthesis of PX using Zeolite not Selectivated

COconv.% H>conv. % Toluene conv. %  Xvlene select. PX select. %

%
31.7 17.1 28.6 71.1 25.0
INVENTIVE EXAMPLE VII
15 This example illustrates the preparation of para-alkyl selectivated

ZSM-5 zeolite with magnesium oxide as the selectivating agent. 11.68
grams of magnesium hydroxide was mixed with distilled water. To the
solution was added 20.44 grams of ammonium nitrate and 33.54 grams of
phthalic acid in sequence. The mixture was heated to obtain a clear

20 solution, which was cooled to room temperature before use. 14.80 grams
of the soiution was mixed with 7.77 grams of a ZSM-5 zeolite (SiO2/AIO;
of 50). The mixture was heated to evaporate the water solvent. The
remaining solid was dried at 120°C for 12 hours and calcined at 500°C for
8 hours with air purge. The para-alky| selectivated ZSM-5 zeolite

25 contained approximately 9 wt.% of magnesium oxide.
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NH4OH was slowly added into the mixed solution with stirring until the pH ;
value of the solution reached about 7.5. The precipitate was filtered and
recovered. This precipitate was dried at a temperature of 120°C for 12
15 hours, and then calcined in air at 500°C for 6 hours. These Mn/Zn mixed
metal oxides were ground into powders.
The catalytic reaction system was prepared by physically mixing
powders of a composition of 50% (w/w) Mn/Zn mixed metal oxides and
50% (w/w) MgO modified H-ZSM-5 zeolite. Powders of 2.0 grams of
20 Mn/Zn mixed metal oxides and 2.0 grams of MgO modified H-ZSM-5
zeolite were mixed thoroughly in a grinding mortar. The mixed catalytic
reaction system powders were pelletized and screened to 8-12 mesh

(0.89-0.73 cm) particles. |
25 INVENTIVE EXAMPLE IX

This example illustrates that metal oxides other than Cr/Zn mixed
metal oxides are also suitable as one of the components in the catalytic
reaction system used in the xylenes synthesis with syngas alkylation of

30 toluene. In addition, this example demonstrates that high para-xylene
selectivity can be obtained when the aluminosilicate component in the
catalytic reaction system is modified for shape selectivity. The catalytic
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is significantly enhanced when the aluminosilicate component is modified

for shape selectivity.

10
TABLE 2
Synthesis of PX using Zeolite Modified for Shape Selectivi
COconv. % Hpconv.% Tolueneconv.%  Xvylene select. % PX select. %
11.7 5.6 10.9 85.4 76.0
INVENTIVE EXAMPLE X
15

This example illustrates that the toluene conversion can be
increased with a similar high para-xylene selectivity when the reaction
operation conditions are optimized. The catalytic reaction system used in
this example was comprised of a composition of (1) 50% (w/w) Cr, Zn, and

20 Mg mixed metal oxides, and (2) 50% (w/w) MgO modified H-ZSM-5 zeolite
with a SiO,/AlO, of 38. The Cr, Zn, and Mg mixed metal oxides were
prepared in a similar method as described in Example V with co-
precipitation of Cr(NO3)a, Zn(NOa),, and Mg(NO3), with NH,OH. The
magnesium oxide-modified ZSM zeolite was prepared as described in

25 Example VIIl. The catalytic reaction system was prepared by physical
mixing as described in Example V. The catalytic reaction system was
reduced at 350°C under 5% Hz (balanced with 95% Ny) for 16 hours at 1
atm (1.01 x 10° Pa) prior to reaction.

The catalytic reaction system was evaluated with co-feed of syngas

30 (CO and H_) and toluene with a varied composition of H2/CO/toluene, a
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similar para-xylene selectivity when the reaction was operated at a

temperature of ca. 460°C, a pressure of ca. 28 atm (390 psig.), and a
WHSV of ca. 1.5 h™ for toluene with respect to catalytic reaction system.

10 TABLE 3
Synthesis of PX using Zeolite Modified for Shape Selectivity
Reaction Temperature, °C 460 460 460 475
Reaction Pressure, psig 250 390 250 250
Reaction Pressure, Pa 253x10” 3.95x10" 2.53x10" 2.53x10’
Feed Composition, mole ratio  2/1/0.25 2/1/0.25 2/1/0.5 2/1/0.5 :
WHSV, h'! (Tol./Catalyst) 1.5 1.5 3 3 |
CO conv. % 18.4 29.2 17.4 18.1 /
Hz conv. % 6.6 9.4 7.4 7.6 |
Toluene conv. % 26.0 34.7 13.6 15.5
Xylene select. % 84.2 80.1 824 86.3 ‘
PX select. % 74.5 75.2 88.0 85.1 ‘
|
COMPARATIVE EXAMPLE XI .
15 This example illustrates the problems of low methanol selectivity

and fast catalytic reaction system deactivation associated with a low
aromatic/methanol ratio and one-time methanol injection. The catalytic
reaction system was extrudates of SAPO-11 material obtained from UOP.
The extrudates were ground and screened to 8-12 mesh (0.89-0.73 cm)
20 and calcined at 550°C under air for 16 hours prior to use. The catalytic
reaction system was evaluated at 350°C, 25 atm (350 psig, 3.55 x 107
Pa), and 8 h™' WHSV. The feed was a mixture of toluene/methanol with a
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TABLE 4
Synthesis of PX with Low Methanol Selectivity and Catalyst
Deactivation
Toluene/Methanol (mole) 3.6
Hours on Stream 2 24
Toluene Total Conversion 18.5 % 161 %
Toluene Conversion due to Disproportionation 0% 0%
Toluene Conversion due to Methylation 18.5 % 15.1 %
Methanol Total Conversion 100 % 97.0%
Methanol consumed by mono- and multiple 70.0 % 55.0 %
methylation of toluene
Methanol consumed by other Reactions 30.0 % 42.0 %

10

15

20

COMPARATIVE EXAMPLE Xil

This example demonstrates the problems of fast catalytic reaction
system deactivation for MgO para-alkyl selectivated H-ZSM-5 in toluene
methylation with low toluene/methanol ratio and one-time methanol
injection. The catalytic reaction system was MgO-para-alkyl selectivated
H-ZSM-5 with a SiO,/AlO; ratio of 38. The same preparation procedure as
that given in Example Vil was used. The catalytic reaction system was
pelletized and screened to 40-60 mesh. The catalytic reaction system was
tested at 460°C, 1 atm, and 14 h™' WHSV. The feed was a mixture of
toluene/methanol with a molar ratio of 1.0. The results presented in Table
5 indicate that although MgO para-alkyl selectivation of H-ZSM-5 improves
the para-xylene selectivity, this catalytic reaction system still exhibits
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Methanol Conversion, % 100 100 100 99.6
Xylene Selectivity, % 76.7 76.4 84.1 86.1
Para-Xylene Selectivity, % 83.3 83.3 86.5 76.3
EXAMPLE Xill

This example demonstrates that the catalytic reaction system would
10 suffer from deactivation for syngas methylation of toluene if the
aluminosilicate component in the catalytic reaction system is not properly
para-alkyl selectivated. The test was conducted in the same manner as
Example VI. The reaction was monitored as time-on-stream, and the
results are shown in Table 6. The catalytic reaction system displays some
15 deactivation over a period of 18 hours as indicated by the decreasing
toluene conversion from 35.3% to 28.6%.
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15 were ground into powders. The catalytic reaction system was prepared by
physically mixing powders of a composition of (1) 34% (w/w) Cr and Zn
mixed metal oxides, and (2) 66% MgO modified H-ZSM-5 zeolite. The
mixed catalytic reaction system powders were pelletized and screened to
8-12 mesh (0.89-0.73 cm) particles. The catalytic reaction system was
20 reduced at 350°C under 5% H, (balanced with 95% N) for 16 hours at 1
atm (1.01 x 10° Pa) prior to reaction. The organometallic modifier was
magnesium phthalate.
The catalytic reaction system was evaluated with similar operation
conditions as those in Example Il. Test results are given in Table 7. It is
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seen that the catalytic reaction system had a stable activity for toluene
conversion with stable PX selectivity.

TABLE 7

Higher Activity Maintenance for Para-xylene Synthesis
H2/CO/Toluene (molar ratio) 2/1/0.5

Hours on Stream, h 5.5 24 91.5
Toluene Conversion, % 17.0 18.0 17.4
CO Conversion, % 20.5 20.7 17.9
H, Conversion, % 8.5 9.3 9.1
Xylene Selectivity, % 76.5 80.2 80.6
Para-Xylene Selectivity, % 63.4 67.0 71.4

In the foregoing specification, the invention has been described
with reference to specific embodiments thereof, and has been
demonstrated as effective in providing methods for modifying catalyst
reaction systems, and the catalyst reaction systems per se, which may be
used for directly and selectively producing PX from benzene and/or
toluene and hydrogen together with CO and/or CO, and/or methanol, and
for other reactions. However, it will be evident that various modifications
and changes can be made thereto without departing from the broader
spirit or scope of the invention as set forth in the appended claims.
Accordingly, the specification is to be regarded in an illustrative rather than
a restrictive sense. For example, specific combinations of catalyst
components, such as organometallic compounds, other than those
specifically tried, in other proportions or ratios or mixed in different ways,
falling within the claimed parameters, but not specifically identified or tried
in a particular example, are anticipated to be within the scope of this
invention. Further, various combinations of reactants, catalytic reaction
systems, and control techniques not explicitly described but nonetheless
falling within the appended claims are understood to be included.

120
17.1
17.8

9.1
80.5
75.2
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metals or oxides of the metals selected from Groups 1, 2, 3, 4, 5, 6,
7,8,9,10, 11, 12, 13, 14, 15, and 16.

3. The method of claim 2 where contacting the first component with
15 the agent occurs prior to contacting the first component with the
second component.

4. The method of claim 2 where contacting the first component with
the second component occurs prior to contacting the first
component with the agent.

20 5. The method of claim 1 or 2 further comprising:
making a solution of the agent with a solvent;
mixing the solution with the first component;
removing the solvent; and
converting the agent into elemental forms or oxide forms.
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5 7. The method of claim 6 where the converting is performed by
heating the mixture at a temperature and for a time effective to

convert the agent into metallic oxide.

8. The method of claim 1 where the agent is too bulky to enter
10 channels in the first component. E
|
9. The method of claim 1 where the agent is an organometallic |
compound. '

10.  The method of claim 9 where the organometallic compound is an
organometallic salt.

15 11.  The method of claim 10 where the organometallic salt comprises:
an organic anion having functional groups selected from the group
consisting of carboxylic groups, phenolic groups and
mixtures thereof; and
a metal cation selected from the group consisting of the element(s)
20 of Groups 1,2, 3,4,5,6,7, 8, 9,10, 11, 12, 13, 14, 15, and
16 (new IUPAC notation).

12.  The method of claim 1 where ratio of the wt.% of agent elements to
wt.% of the first component ranges from 1/99 to 99/1.

25 l
13. A catalyst prepared according to the method of any preceding |
claim.



