22 MAR 2006 WD 03/ 031057 PCT/ US02/ 31654 CATALYST AND METHOD FOR THE
ALKYLATI ON OF HYDROXYAROVATI C COVPOUNDS CROSS- REFERENCE TO RELATED

APPLI CATIONS This application clains the benefit of the filing date of U. S.
Provi sional Application Serial Nos. 60/327,802 filed t_o[ﬁ)@r 06% 2001, the
“entire contents of which 1is hereby incorporated by ref ez FEDERALLY
SPONSORED RESHAREMF10R0t appl i cabl e. BACK GROUND OF | NVERIT/@GI®3IS4s i nvent i on
relates to alkylation catalysts and in particular to al kylation catal ysts
cont ai ni ng magnesi um oxi de or iron oxide, as well as conbinations thereof
and their methods of CATASTAAND METHODEFQRATHE ALKILAYION@F i nvention rel ates
to a nethod for preparing nesi um oxi de or iron

oxi de for use in ortho- al W@%ﬁk}?%%? (,ab@\dgguﬁé roxyaromati ¢ conpounds.
The invention further relates to inprovenent in the process for the

ort ho-al | kyl at r t usi ng the above catal yst.
Ot ho- al kyl>/at |¢J}é§s§g¥%¥gﬁgﬁﬁg’ %TM% 8 §orrpounds typically invol ve
vapors phase reaction of an hydroxyaronatic conpound, e.g., phenol, wth
met hanol using an Thi$ kpnligation slairag the\bsnefit Sfidhe BimghdateadtkyjSaProdisigadir oxy
aromati C CoMPOARAGHG SeriieNds. so}@a@m tfl&iroc?d%l?xjd &3 | B enfiR BeshtsB GRbANT , Wood
preservatives .and_even as a mary omponént in certaln high-perfornmance
t her nopl asti ¢ b‘i‘%“&ﬁ&f&‘?"f&}e@wﬁ&fﬁm%s. 4,554, 267; - 4, 201, 880; 3, 968, 172 and
3,446, 856 di sclose the use of magnesi um based conpounds such as nagnesi um
oxi de as a catFEDEBRALLN SPONSGREDRESEARCHoOf the precursor hydroxyaromatic
conpound with a primary or secondary alcohol. Before the catalyst can be
used in the al kyl aibQppiic8acti on the catal yst needs to be subjected to
calcination to convert the magnesi um conpound (e.g., nmagnesium

BACK GROUND OF INVENTION

This invention relates to alkylation catalysts and in particular to alkylation catalysts
containing magnesium oxide or iron oxide, as well as combinations thereof and their
methods of preparation. More particularly the invention relates to a method for
preparing catalysts containing magnesium oxide or iron oxide for use in ortho-
alkylation reactions of hydroxyaromatic compounds. The invention further relates to
improvement in the process for the ortho-allkylation of hydroxyaromatic compounds

using the above catalyst.

Ortho-alkylation reactions of hydroxyaromatic compounds typically involve vapor
phase reaction of an hydroxyaromatic compound, e.g., phenol, with methanol using an
alkylation catalyst. Such ortho-alkylated hydroxy aromatic compounds are well
known for application as disinfectant, wood preservatives and even as a primary

component in certain high-performance thermoplastic products.

U.S. Pat. Nos. 4,554,267, 4,201,880; 3,968,172 and 3,446,856 disclose the use of
J magnesium-based compounds such as magnesium oxide as a catalyst in the alkylation
of the precursor hydroxyaromatic compound with a primary or secondary alcohol.
Before the catalyst can be used in the alkylation reaction the catalyst needs to be
subjected to calcination to convert the magnesium compound (e.g., magnesium
carbonate or magnesium hydroxide) to magnesium oxide. The calcination is usually
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carbonat e or magnesi um hydroxi de) to magnesi um oxi de. The calcination is
usually I 2 2 MAR 2006 WO 03/031057 PCT/ US02/ 31654 carried out at
tenperatures in the range of 350-500C. Mreover, as discussed in us
4,851,591 the calcination process nay be carried out in squ /gg

cal cinati on atnosphere which can be oxidizing, inert, or ucing. In such
ort ho-al kyl at W@@3/03§057 | s very inportant for the catal yst PC’UUSﬁd?\Aéﬁhl gh
activity i.e. it must have as long and active a |ife as possible.

Mor eover, the catal yst should have very good ortho-selectivity. Many of

t he ortho-al k;chmitdmm&tampdrgm’essinulmeﬁhgabmﬂmom tMoreogperpabidiseussedrin K8ur e t hat
often contai N 8§h§§]g'{'llelplé£€9rn%}10%c%£s Iatu%dmp otdtH c?lcig‘ﬂ%{x .

consequently sUch™cata cormerm al is known
that selecti vﬁt@osylmbvelmhoanbg/oxadmng,mbxatoexstdttomgt he char act erl stics of the
prtho- alkylation catalyst, and to the manner in which it is prepared. U.S.

Pat. No. 4, 5514512:53&&11@1&1%5 St i@&e@]nr)npd?(hx&%r%ta@&t&@ﬁ&v@fmgﬁ @ctﬂfty fe.
magnesi um based caf)alﬁ%%lg?grom a ess usin anounts ef a

rry pro
copper salt ad 'B"prY a"fjr?“f"ﬁé%‘ﬁer?ﬁ@é?@ FOVeTalh Xﬂﬁ P‘Hg fit and an
aqueous sol ut ivery gobdd ¢rﬂ:e-seleqnpey Mzaay bf the ﬁ'ﬁﬁ&ﬂd?]aﬁtﬁd:afa@sts fig2d @ie &nown to

magnesi um con (ﬂ?ddgée%%&t%m tgat gﬁ' aflscgl’ltal\lllﬁt{ }% %]1 CProp%mu n g aqayagéllél%te%]fﬁo\gects 9 I sper sed

copper. The s hase 1S e catal yst system
is then used cpweqmrélyashﬂwaab'st@havpea@inabqomoierqahﬂmm and net hanol. However,
such slurry processes are associated with drawbacks such as in the

| iquid'-rel atlﬁdkﬁav@ﬂﬁat s&t@dtﬁigr add%tﬂ)n}/@reﬂélﬁed&b%ﬂgct&fsué &&EBREO—COWDOUM

wi th a magnesi nd a usual | UI re. mxi n and hol gljng t anks,
recircul ation % ¥f’8 wideity s By it ’§)P§‘Epé G obahgdNdf the dri ed
magnesi um oxi dteS’SQQWEharmfmuem dxé&@@ﬂpﬁﬁﬁm dfefnﬁgrreadm-bh@daaamt fromtri x") may
al so be requi r%grrﬁ o%ss s(?%cfelgagc] a@l%ur?tngf Sha elrsr:]a a?t]?rrlg Ot Tgrgr&rlﬁgroges§ps and the

huge i nvest ment expense and rcral  utility.
Furt her nor e, tthPemian@ﬁe@s reagenf ingran alpaops whmampfetue mmrasnllt A reembingdtto t he

catal yst whi GhmAf hRElesibARoMtBiRing S6lidBshhieY Whikh HRIBS dn¥bin wRii-dlshésegat al yst.
copper. The solid phase is dried, shaped, and calcined. The catalyst system is then
used in the alkylation reaction of phenol and methanol. However, such slurry
processes are associated with drawbacks such as in the “liquid”-felated steps, which
involve pre-blending of a copper compound with a magnesium compound and usually
require mixing and holding tanks, recirculation piping, and specialized drying
systems. Storage of the dried magnesium oxide/copper product (sometimes referred
to as a “matrix™) may also be required prior to blending and shaping steps. These
steps and the huge investment in time and expense and are of limited commercial
utility. Furthermore, the process suffers from unwanted contaminants into the catalyst

which affect the desired activity/selectivity of the catalyst.

In addition to the aforementioned wet process, U.S. Pat. Nos. 6,261,987; 6,294,499
and 6,395,871 (Watson et al) describe the preparation of a magnesium-based catalyst
using a dry blending method, preferably in the absence of a promoter. The catalyst is

especially useful in the alkylation of phenol to manufacture 2,6-dimethyl phenol.




In addition to the aforenenti oned wet process, U. S. Pat. Nos. 6,261, 987,

6, 294,499 and 6,395,871 (Watson et al) describe the preparation of a
magnesi umbased catatyst—using a dry bl endi ng nmet hod,” preferably in"the
absence of a pronoter. The catalyst is especially usefuyl? 'M%R e al kyl ation
of phenol to manufacture 2, 6-di methyl phenol. 2 2 2 MAR 2006 or WD

03/ 031057 PCTwbeH3t031654 While it is evident fromthe alwausedsaas al kyl ation
of hydroxy aronmatic conmpounds using netal oxide catalysts is in general
wel | known and.practiced in the art, a need continues to exist for nethods
and catal ysts whitit RavRedt HoeRs abve AafRkyiMioh ¥f hydfox kiohtc @hlp¥lrad i on to
produce 2, 6-di net %I &)hqenol éal so referred to as 2,6-xyl enol) th a
reduction in t15888el xidecarlyt i eepepst Bellimews and msacticed i fhe g1t 4Keh ol
(rmesitol). Oveontinaésky kit if@rmettodsmamsii chalysts ®stHateSindrdasddisgbgivinpoeaab- and

met hanol usage e Lncreastn t he rall St roducti on of

2, 6-xyl enol . %‘é’ggénegypr%d&gﬁ ?’?'ghn?i yﬂ) ir?finf’ lios\:‘{lg irecgenmgg %f)ss%’éﬁﬁm x%’é’n%e are
needed to renuwductiangn thesiveredlkylation por modude2,4,6imettot pleng fwesitbl).n@vérod. Thus,

there exists g ARG MEsiERulfsGh nofR pRME TR Inel increasi
activity/sel ect iyvi t fo?1 orltl ﬁo- algkylpat I on oeh]%)fg?%%yﬁ{%bgrlrﬁrﬁagngconpounds SO

as to favor pribsoRreief! 6t offreduetion 9f 267xignok| Moteaien @dditiont pumiirationstepant i al | y

free of unwantfdeRyrspieditadaso tARNEMY mediBIHE ploViBe SHGHr AfoPmathddy! ati on
process nore productive and cost-effective. As I scussed above, the

catal yst syst S in_the alkylati.on reaction ay . i rtant role in
such reacti ongﬁ;gshg' e{%%x’f)trs fé\%ngg%%ﬁ%(ed?%?’%r\?‘éer%”r]ﬁ’%calt SJo év'g(ge]%n;?’% ’18f t he

fol I owi ng aspewthealkdetioalof dydroe! womitisi dompoundst sl asgb favot preduciion i tbeluct yi el d,
COSt savings, eaRE AYRLA! dompERH Uabdifhili: e BBt by.w?gm (tcpy metal oxide

catal yst precursor conposition conprises a pore_ forne |so referred to
as a "pore modPiIFEE Uk phoralkdption Rrpcepse BgR nRrodustivs 49 rcogfesfiedtive i 45 di rected to
i mprovenent i rdiscisSedabovef thecdatalyet spstenas vsad ia the @Rylatdh #daptioh play an important

tole in such reactions and to bring about improvements in one or more of the

following aspects: catalyst selectivity, catalyst activity, product yield, cost savings,

and overall productivity.
SUMMARY OF INVENTION

A metal oxide catalyst precursor composition comprises a pore former (also referred

to as a “pore modifier”) and a catalyst reagent.

Another aspect is directed to improvement in the manufacture of alkylation catalysts
by way of a heating and calcining method whereby the catalyst activity is improved
while maintaining ortho-selectivity. In one embodiment, the catalyst precursor above
is heated from ambient temperature to temperatures in the range of 350°C to 600°C
followed by calcining at temperatures in the range of about 350°C to about 600°C
under gas flow rate with weight hourly space velocity of between about 0.01 to 0.25

> This gas can be selected from nitrogen, air and mixtures thereof,

s In one embodiment, the improved method for preparing a metal oxide alkylation
catalyst comprises the steps of (a) combining a pore former with at least one catalyst

reagent selected from the group consisting of magnesium reagents and iron reagents
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by way of a heating and cal ci ni ng net hod whereby the catalyst activity is

i nproved while nmaintaining ortho-selectivity. In one enbodi nent, the

catal yst precursor above is heated fromarnbient tenperature to
tenperatures in the range of 350C to 600C followed by ZCPMRRZHUH‘Q at
tenperatures in the range of about 350C to about 600C er gas flow rate
w th wei ght hwowndgsispace vel ocity of between about 0. O0lr¢xwsdya&+ Thi s gas
can be selected fromnitrogen, air and m xtures thereof. In one enbodi nent,
the inproved method for preparing a netal oxide alkylation catalyst
conprises the tstfaﬁsa Géftalf(sﬁ)prdéﬁk@dil ddmPekitidn A €b)f @lchimiy thé tdlal@t plesk one

catal yst reagent ct ed fromthe gro cons i stin esi um reagents
and iron reagente”® % VRR2 TS e % ga@i h@%B‘Z;h\%ﬂ)e%E $torm a
catal yst prec LﬁﬂS’lahorC@mb@STn$ ipowas &itldl a (dta)netexalbemwaan m@p ankdel0¢ Angdtrgias affer ecur sor
conposi tion tq.farm.a metal oxide alkylation catalyst wherein the netal ’
oxi de al kyl ation cat al yst has pores with a dianeter between 100 and 400
Angstrons after gal Ci ngﬂél on. According to another enbodi nent, the

i nvention rel ft%6¥dpgioanpthenfmpofigEntihe ventipnlaes toamed foraliatiae # o pr oduce
an al kyl at ed Qﬁ&ﬁbipe&@&@plﬁﬁueewmﬂkﬁdtﬂ pPha®] PREGOEheONRE ns®sd coalpkyk at i ng t he

phenol 'in the oxi de tal yst . obtalined as above and

havi ng pores vﬁ%ﬁa§ tg? %}h‘g‘f]é’i" H‘ggfets/ﬁ@%%(’ff ﬁ’ﬁgyc %&“ﬁh’gf&esﬁ VBH EF

DESCRI PTI ON OmhaDiR)WdN@8h Ridgmeer tetwdeh UM0tandd @A ghemsor e di amet er di stri buti on
for a catalyst not containing a pore fornmer. Figure 2 illustrates the pore

di amet er di st rgfagf besctiPrich 6abalwalggont ai ni ng 10% by wei ght of a pore
former versus the nmetal reagent highlighting the bi-nbodal nature of the

LSty Dutt O s fudbalel WSl AGRALE ol AR hordbibihPUbbn 07 @
catal yst not co al ni n it Sretormer verst he net al
reagent hi ghl ifgmef-ng the bi - m)dal nature of

Figure 2 illustrates the pore diameter distribution for a catalyst containing 10% by
weight of a pore former versus the metal reagent highlighting the bi-modal nature of
the distribution.

Figure 3 illustrates the pore diameter distribution for a catalyst not containing 50% by
weight of a pore former versus the metal reagent highlighting the bi-modal nature of
the distribution.

DETAILED DESCRIPTION

It has been unexpectedly discovered that the pore size of the alkylating catalyst affects
the product distribution such that increasing the pore size beyond what is typically
obtained from calcination results in a reduction in the “over-alkylation” of phenol, i.e.
a reduction in the. amount of tri-alkylated phenol. Thus it is important to modify and
tailor the catalyst morphology, in particular, to increase the pore size whereby the
contact time between the alkylation catalyst and the hydroxyaromatic material would .
be reduced as compared to catalyst having a smaller pore size. Without being bound
by theory, this reduction in contact time is believed to result in less over-alkylation, ¢

i.e. less mesitol being formed.




the distribution. DETAILED DESCRI PTION It has been unexpectedly discovered
that the pore size of the alkylating catal yst affects the product

di stribution such that increasing the pore SiZzé " beyond what is typically
obtained fromcalcination results in a reduction in the%fm(ﬂ ﬁl kyl ation"

of phenol, i.e. a reduction in the. anmount of tri-al kylated phenol. Thus
it is inportawbodmiosndi fy and tailor the catalyst rmrdmhmgzys;ssn n
particular, to increase the pore size whereby the contact tinme between the
al kyl ati on catal yst and the hydroxyaromatic material would be reduced as

conpared to CahabdybistsAaiteg haremTR th&k cmﬁﬁag%szaenmﬁ/vohhm&t h@dagtgmbound by
theory, this re ctJdonTl n Cgi:r;[?a t tlge IS bgg eved t in |less

over - al kyl ati G2l oidg Thep wetal oxidy cpn \bg; ohlpined frpmya e ﬁ?ﬁﬁ%T VO

03/ 031057 PCT/chipfRdig b6 fedst kine of atradgystue ttegear orb@drdnene@em ad eniktives e
containing, a YR i t e e e, e netal

oxi de can be %Brtﬁaéxlmr?#e% )%f%g%’%%ﬁe ﬁbreg&n% %’% ot esmm '%gent Wﬂlgl dggt | east one
of a_,magnesi umag@aiglemidmanémU$eddnkqmwmiromn&emm0bry®kis lrglomdiclcm ng at |east
one of the foreqelNOT AR RO RSk RAGE tare"‘ﬂ%% ekids, migpgnRsT um oxi de
can be used. Likew se, any iron reagent s iron oxide can be
used. The pr ef¥¢rpads, rfa@ﬁ%lnhrﬁafbé%%nb@caﬂ@gﬂ?ﬂme@@mt@x% migaghesi um

hydr oxi de, nag&ﬁ,?dsmg]aﬁﬁsmE@me ety ng_ﬁﬁgieym%g&pm%anﬁ?ﬂhm ?tures”
conprising any of an f oregoi n e magnesl um reagen ypically
in the form gfmpf ﬁBa‘ﬁ‘%F Thleﬁéer%ﬁ? ’é’@lé%‘ﬁ%d%f fhEIP%Wd:?f‘fés‘PBY mt‘%é"’%\ﬂge is

usual Iy in thebsunhgeronieterstb et £ micomew®t ers to about 50 m croneters. Basic
magnesi um carbonate is especially preferred for many enbodi nents of this

invention. As glgs GakRE6m i Arbbhak is Fé@;;emaIN)prei%n fbr 2fady BARdm AR BFRRE UM

carbonate is _sonmetines. referred to as nesi um car bonat e h}/dr oxide". It
i's identified®Vgntippe As described in U.S. Pat No. 4, 55 ,267 basic magnesium carbonate i

sometimes referred to as “magnesium carbonate hydroxide”. It is identified in The
Merck Index, Ninth Edition. It is also described in the Condensed Chemical
Dictionary, Tenth Edition (1981), Van Nostrand Reinhold Company, page 633.
Those skilled in the art understand that the exact formula for basic magnesium

carbonate varies to some extent.

Magnesium reagenis that are especially useful are selected from the group consisting
of magnesium hydroxide, magnesium nitrate, magnesium carbonate, magnesium

sulphate, magnesium acetate and mixture thereof.

Examples of iron reagents used for the preparation of the catalyst are ferric nitrate,
ferric sulfate, ferric chloride, ferrous nitrate, ferrous sulfate and ferrous chloride. Of
these, ferric nitrate is particularly preferred. Furthermore, the iron oxides can be in

any form of Fe,03, Fe304, or any mixtures thereof.

The pore former used in the catalyst precursor is basically a substance capable of
= aiding the formation of pores in the catalyst and is preferably selected from the group
consisting of waxes and polysaccharides. The waxes can be selected from one or more
of paraffin wax, polyethylene wax, microcrystalline wax, montan wax, and the like.

The polysaccharide is selected from one or more of cellulose, carboxyl methyl




Merck Index, Ninth Edition. It is also described in the Condensed Chem cal
Dictionary, Tenth Edition (1981), Van Nostrand Rei nhol d Conpany, page 633.
Those ' Skilled in the art understand that the exact forrmula for basic
magnesi um carbonate varies to sone extent. Nhgne3|un1ree ﬂ?m f that are
especially useful are selected fromthe group con5|st|ng magnesi um
hydr oxi de, nagwoesiuesrni trate, nagnesi um car bonat e, nagnesius#;sisi4l phat e,
magnesi um acetate and m xture thereof. Exanples of iron reagents used for
the preparation of the catalyst are ferric nitrate, ferric sulfate, ferric

chloride, ferr@mioss] dell@bs,acdie, rsﬁkbﬁ wathit PoRde Gt @&id, %@eﬂéﬂhﬁ@lﬁ@l, t hese,
ferric nitrate |]s apért'CU|o,5£§1é }pl é‘% Eurtherm)r euf'l on oxides can
be in any forffBiESFARC 2 Je like. Alsg usgfo ‘frfu?"é@“ctaﬁgfaé'B?lcs A%%or e f or mer

used in the cay;aéaylgﬂonprchmm@;@fs) h)slrd@a*hwma;bﬂngﬁmag sesiizadh edd grgebb.e., of ai di ng

the formation and. referably selected fromthe
group consi stcl(;g]fr]fg(fgg1 i fﬂosPhO%ag ?”dgsgtf% camdci%ecpe ‘The waxes can be sel ected

fromone or more of paraffin wax, polyethylene wax, mcrocrystalline wax,
mont an wax, andetawutigfdhe porn &reN ?elé?éd‘ﬁ‘&hm&e"qe%fgél dtilgor pbP™®ne or nore

of cel |l ul ose, dme&%%twe@et]bwénd&o@ﬁﬁm S0 6ize/ PP BN ERAOP dnd Ripidalihp02/ 31654

cel l ul ose, cellul ose acegate starc nut Bovvder citric acjd,
pol yet hyl ene dfEED petweep ahqut 100, ppmyto 10t wikp, jugually pewesdpbet dOf parR 310} 50 ysef ul
are ani oni ¢ ane%g aid ppsférebl B lnrafrdoitauit 18 about ¥ Pi% alith Yeshang carbigit prefucion_28)

hydr ocarbons oAl nhadoRoH ! SElaAThOBPEE 62 mEnties SERBINT C 2T 4

phosphori c aci I'C” acl ore forner
i's that whi ch pevideivdidernyf d)?mfalﬁelii ¢ftthd prn¢ fopmer glong with otheli carppensets Ob‘é@ ween 100

and 400 Angstrcgﬁg,s@%q}%;lgte@fg@gmcgggng@t| on and typically ranges between
about 100 ppmto 10 w9 usua1 y bet ween about 100 ppmand 5 w% and

preferably in mount s up 1 ? U h lg espe é}o %tlth

precursor reagsnt: Yssh% ‘f)rf) P °P§n OWﬂg ﬂ’? %’F’gﬁdse W& %e net al

oxi de pr ecur sdprtation of a metal oxxde alkylation catalyst that after calcination has a distribution

V of pores between about 100 A to about 400 A in diameter. Typically the metal oxide
alkylation catalyst will have a bimodal distribution of pores. It is believed that the
first and smaller diameter pore distribution is obtained from the metal oxide precursor
during the calcination process, i.e. these pores are of similar dimension to those
obtained from calcination of the metal oxide precursor not containing the pore former.
The second and larger diameter pore distribution is believed to be the result of the
addition and calcination of the pore former reagent itself, i.e. these pore diameters
would not be found in substantial quantities afier calcination of a metal oxide
precursor not containing the pore former. Preferably, the bimodal distribution of
pores has a first distribution of pores wherein the first distribution has an average pore
diameter less than 100 angstroms and a second distribution of pores wherein the
second distribution has an average diameter greater than 100 angstroms and less than
400 Angstroms.

In one embodiment, the process of manufacture of the metal oxide alkylation catalyst
from the precursor material is directed to achieving higher activity while maintaining
ortho selectivity of the catalyst by subjecting the precursor to a specific heating

process prior to the actual calcination process. It was unexpectedly found that passing
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provide uniformdistribution of the pore forner along with other conponents
of the catalyst such as pronoters, binders, and fillers. The catal yst
precursor of the invention involving the pore forner is difécted to the
formation of a netal oxide al kylation catal yst that afg§§ xﬁhﬁ%nation has a
distribution of pores between about 1 00 A to about 4 A I anet er.

Typi cal | y t hewoaadiosoxi de al kyl ati on catal yst wi || havecauhesedal
distribution of pores. It is believed that the first and smaller dianeter
pore .distribution is obtained fromthe netal oxide precursor during'the

cal ci nati on prggess, nitrogén, &haﬁ@nﬂaﬁre%e%ﬁﬂﬁ&ugﬁlﬂmdaarystmuﬁﬁmbmmno t hose
obt ai ned from cal ci nat oxli g)? }grecursor not cont$| ning the

n
pore former. PPATE SSE?BO%G’"%HHIC?S&F*Q%' St?i‘f‘%lrﬁ?’f‘ SPEIHIOB PFCHR B s bel | eved

to be the resudptiomfly diréng saﬁbthnhamvrhllad‘fdhecadldinaﬁat preasspfresﬁltee ip @iggovedr ner
reageht itself met er

subst anti al LPaF{J?fr“}aP‘:éé’?gl??aé ge@gf‘tgﬂ %ﬁf ?0815’”8‘? %A‘@GWEF QT% c@)(’?“&é%eﬁ?qﬂ%ursor not
cont & ni ng thew:pmnﬂhe‘gxsrﬂaw or Rﬁtbfa:ehmiolgys,ﬂdv»hﬁ1bbdliedalﬂ1adﬂxsgzslahisun e of pores

has @ Tirot o kBl alheleo L 6o WAGE Bl Rt el e 8L ELAULEGR has an

average pore |ane €38 a secon ri bution of
por es wher ei n tohteining ecnore fgimeerr Bl garnane m@eézpﬁﬂas'endag@nmcmmﬂl@rgagreat er than

100 angstroms m@a&%ﬁég{ﬂa&wspé&l@emga,%}mm) o#uamgaﬁabsm@qlkmtmmg he process
of manufacture of the nmetal oxide al'kylation catalyst fromthe precursor

material is di PUTEE CH2hOMEER LoRPIHRgG BAs TonattFast # porfipn PMREAIAHRARI ng  ort ho

sel ectivity oftempeangetine profileDst 1§tidikjs16]6ttd> BhidvE Qighdr QEHVItS @Rd belecviyagci fi C
heati ng proces to the i rocess.. |

nexpoct edl y. rOURAVALY HRESFnS ! S4TDL R shent BOblavet I e R Usozs 31654
gas, e.g., nitthogenl flew rateawﬂ]aiepm&samrewhthMOmmmmghatalh& Tlxtgbyst during

the initial h.ﬁgtka Elgfefaglgedec%&g}o en ntﬁsgy ,g*an%%%ﬁ ﬁ%h{cglo part of the

cal cinati on proces uring s antially all of the

cal cination pr o?ess resulted. in i
cination is usually carried out by heatmg the catalyst at a temperature sufficient to

convert the magnesium reagent or iron reagent to magnesium oxide or iron oxide,
respectively. Useful calcination procedures are found in U.S. Pat. Nos. 6,294,499 and
4,554,267, The calcination temperature may vary somewhat, but is usually about
350°C. to about 600°C. Slow heating rates can lead to desirable larger pore sizes but
often at the expense of lower activity of the resultant catalyst. Typically, the heating
rate for commercial scale will be to raise the temperature from ambient to 400°C: over
a 12 to 18 hour range although the exact rate can vary depending on the actual reactor
size and geometry. The calcination atmosphere may be oxidizing, inert, or reducing.
Alternatively, the catalyst can be calcined at thé beginning of the alkylation reaction.
In other words, calcination can take place in the presence of the alkylation feed
materials, i.e., the hydroxy aromatic compound and. the alkyl alcohol. The surface
area of the catalyst after calcination is usually in the range of about 100 m%g to about

250 m%/g, based on grams of metal oxide.

The alkylation techniques are generally known in the art, and described in the above-
° referenced U.S. Pat. Nos. 4,554,267 and 3,446,856. Suitable processes are also
described in U.S. Pat. Nos. 4,933,509; 4,900,708; 4,554,266; 4,547,480; 4,048,239;
4,04],085; and 3,974,229, A variety of alkylated compounds may be formed by this
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performance of the calcined catal yst as conpared to heating and cal cining
the catalyst wthout the gas flow or with an inert gas flow It is
believed that the gas aids™in the formati'on of the desired poére size
during the initial heating stage of the netal reagent J7opniReildi ng t he pore
former. By carrying out the heating and calcination with a gas flowrate
(wei gh hour | ywepaeesvel ocity or WHSV) of between about 8ctidset/siéd. 25 usi ng
an nitrogen or an oxygen containing gas for at |east a portion of the
calcination tenperature/tine profile, it is possible to achieve higher
activity and sethed;thowevey in many ambdaenahMBahﬂeﬂﬂlpmmnemsmfmﬁ ppas@f:ter red VHSV
| s about 0. OSLE&llgb&%tmgénJa?’l éuce tage as%trléf?izltlollc {)QWCH thgno A depend
somewhat on the geonet T he“cy asz% € gas  use ifs pre erably
selected fr onmthy!g:érutllmng the@eave describedrrdtalystniThdsel slellddhie the@blym@alagd nat i on i s
usually carr! etk afihelLhd\Ge hief ARl Sba el ETRERAL T GeaHT T cl ent Lo
convert the magnesi um reagent or 1ron reagen f um oxi de or iron
“oxi de, respedsitheeixgmplesgieserbe, vsel of ithecalkylatiopeatalystigsuits inavery goodiprddich U. S. Pat .
Nos. 6,294, 499, ARy rﬁe55§s4wal6az exc-gh&t Qé?écﬁ%%g\!vé}@ t}xte%ggﬂ'@J Qf(}l’d’t& ;ﬁr@aﬁctvar y

somewhat, but is usual(y about C. to about C. Sl'ow heating rates can
lead to desiradBee f?’@?"ﬁe‘?”“‘pﬂ}e’@‘sgil E’éisc}lﬁ{!i‘tca] httieps ‘é{?“l‘i PFeatéMj’eﬁ?%‘ B | ower

activity of tpBrpéretiing aaterifigfondayissf.theldtgiiedalkhMted tdagoligat i ng rate for
commercial scale will be to raise the tenperature from anbient to 400C over

a 12 to 18 hour JGange @rhﬂoﬁﬂ%ﬂt&n&%s %%Emfﬁ{véﬁ c?c@ss‘é?‘Eli( lﬂﬁg‘i:}ﬂé&g on the
actual reactor size an cination at e may be
oxi di zi ng, i négegies @rprqdemjgkwd pheqof encpigs hsingl the abomedigeased Sﬂsaﬂys‘ca"he be cal ci ned

at the begi NnniRA.04 Heﬁtﬁsﬁélcﬁé%k%fefe%lyrﬁ@&ﬁ:htﬁflphen&” other words, calcination
can take place 1n t%e presence of the al ky atlon feed materlals i.e., the

hyd t h f f th
Chialyat af oG R T b e PP MR RET B BE about 100 m0/g (0

about 250 er/g based on grans of netal oxide. . The al kylation techni ques
are general | yTl ﬁ@uﬁ“%e’i‘iﬁéie%ﬁf? merglydliysaaiive parbdhoyidhngt hetakgado br any 8¢Ter enced U. S.

Pat. Nos. 4, 5%flimiGfiopdithescdpt®f Bho Blaimetidvalilos. processes are al so descri bed
in US. Pat. Nos. 4,933,509; 4,900, 708; 4,554, 266; 4,547,480; 4,048, 239;

4,041, 085; angxd\Pp{41229. A variety of al kyl ated corrpounds may be fornmed by
this

Catalyst preparation in accordance with the invention using magnesium reagent.

10 grams of magnesium carbonate was mixed with 1gram of wax using a high speed
sheer blender for 10 minutes. The blending process was carried out under liquid
nitrogen in order to ensure homogeneous mixing. The resulting blend was calcined at

400°C under continuous flow of air for 6 hours.




7 2 2 MAR 2006 WD 03/031057 PCT/ US02/ 31654 net hod; however, in many

enbodi nents, 2, 6-di nethyl phenol is the preferred product. Usually, this
material is produced by a gas phase reaction between phenol and net hanol
utilizing the above described catalyst. Those skilled inp @ @l yner- and
chem cal engineering arts are famliar with the detalls regar Ing this type
of reaction. wBssishe7 exanpl es descri be, use of the al kyba@tusomicat al yst
results in very good product formation rates, as well as excellent
selectivity toward the desired al kyl ated product. Those famliar with
chem stry and gshaupigadr reactions woul d be able to select the proper
starting materials for each of the desired alkylated conpounds. An
additional e ovi des f or ved.process of kylating a
phenol * spect ce B R o kRS Sul S tefite wbove

di scussed catal yst. The aIkyIated phenol species is preferably

2, 6-di met hyl phi@rgams ofpgnesyra Fabroale WanimXphvidht Sraies 9f e Bsing AlebEpssdr at ed

herein by T ef aheRGRndeTe foOhinawk. Nhe EblchERAL @Focask SvalRArBédY out luhaes tig@d i ve and
should not be taken to, be any sort of |Iﬂl&§tl0n Oﬁhgge sco e, of the

clai med i nventTEHe" BREGCE BSPERUS BHERR 14T Teing ﬁfﬂ& @Hwith the
i nvention usi n@OT@@ﬂe&bmmuélemgﬁnfalrﬁ%lgiu&ns of magnesi um car bonat e was
m xed with I gram of wax using a high speed sheer blender for 10 nmi nutes.

The bl endi ng p&eLRFSE ﬁ@¥r|ed out under liquid nitrogen in order to
ensur e honobgeneous m Xi ng he resulting bl end was cal ci ned at 400C under
continuous flaow of air for 6 hours. MAR_2006 WD 03/ 031057

PCT/ US02/ 316547858 ckapnle éaﬁavfygrfcea @p% Apdep Framplebabgyeussdalianet h t he
i nvention usi ngcdpagnalkd ditalystagesdr.was simply magnesium carbonate precursor without

the pore modifier.

Around 300 miligrams of calcined samples obtained following Examples I to III was
subjected to surface area and porosity measu;ement using Micromeritics 2010
analyzer. The pore size distributions were obtained from the nitrogen desorption
isotherm. The figures show pore size distribution of magnesium oxide obtained after
treatment with 10 wt% of wax (Example I, Figure 2) and 50 wt% of wax (Example 11,
Figure 3) and magnesium oxide catalyst not containing an additional pore former
(Example II, Figure 1). The data demonstrate the bimodality developed by
hydrocarbon wax treatment under Examples 1 & Il and the large pore size obtained
following the above process of the invention. A high proportion of larger pores with a

diameter in the range of about 130A was obtained at low concentrations of wax.
EXAMPLE IV

Catalyst preparation in accordance with the invention using iron reagent. lron oxide
catalyst was obtained by room temperature precipitation from aqueous solution
containing iron nitrate, chromium nitrate and sodium silicate with aqueous solution of
. ammonia (1:1) at pH=7. The precipitate was washed with water to remove nitrate ions
and subsequently impregnated with potassium carbonate solution. This catalyst was

dried at 120°C followed by calcination at 470°C under a continuous flow of nitrogen.
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10 granms of nmagnesi um carbonate was mxed with 5 grans of wax using a high
speed sheer blender for 10 m nutes. The bl endi ng process was carried out
under liquid nitrogen in order to ensure honbgeneous m xi ng. The resulting
bl end was cal cined at 400C under continuous flow of ain en ZD@?]hour S.
EXAMPLE 111 (Control) Under this exanple the sane process as that under
Exanpl e | abo¥e 0xR#2051 ol | oned except that the catal yst PERESOYHGH was sinply
magnesi um car bonat e precursor without the pore nodifier. Around 300
mligrans of cal cined sanples obtained followi ng Exanples Ito Il was

subj ected to HXAMRIE ¥rea and porosity neasurenent using Mcroneritics 2010
anal yzer. The pore size distributions were obtained fromthe nitrogen

desorption i QLA Hpakiéh inlB4FBRceSHAMPRALGiS] Fngdion kab i iioRRxi@E Magnesi um
oxi de obtained after treatnent with 10 wt % of wax (Exanple 1, Figure 2)

and 50 wt % of Salst(‘Easaphiined 1by, reflpxipg, i 2gYeoum sPIYHQR FeXPiRiRg dRF déraeat al yst not
gont ai ni ng anﬁ&dﬁﬁxﬁﬂ fjx.a?!:, sp&gﬁsﬂifaﬁmgmsgiﬁﬁkﬁmgﬁa& wilhl citri€hgdidomutidy. Thd he daéI a
enmonstrate t i alit evel gped by ocar wax treatpent undeg

Beanpi s 1 & FRUSHORTE Yo YR 8508 B A o PBMFIEIHD Above
process of thealcinsdn#7050 undér hicogtinupusaipor dfinmogenf | ar ger pores with a

dianeter in the range of about 130A was obtained at | ow concentrations of
wax. EXAMPLE Ig%adrad wist preparation in accordance with the invention using

iron reagent. Iron oxide catalyst was obtained by roomtenperature
ion. containing.iron nitrate, .chrom um

precipitation m aquequs. sol u . . A
P Erate. and. o APOM RARRRS: i ol g o h oo ok Tored T B 0 o
pH=7. The pr ectagért.atenimesiravasive d Magbdaivmadxéde chtalyst svaDoteained tby adflexinpns and
subsequent |y i_ppr i assi um. S I [ s catal yst
was dried at aﬁ%@%%? %%‘%_%’eaﬁ E?’Réé}élﬁgﬁllﬁgml%?\g’ 3?3@’3‘%@8 gakbéé%tgﬁoyﬂr? nuous flow
of nitrogen. ®itztepsodinm Sipats, naEsHB1 GBEPO8T WRCTitrigseid; Brsggapension formed

was evaporated using a rotavap, dried at 120°C and subsequently calcined at 470°C

under a continuous flow of air.
ALKYLATION EXAMPLES

Procedure. A reactor was loaded with 100 cc of catalyst. The catalyst was calcined
in situ for 22 hours at 380°C. under nitrogen, at atmospheric pressure. After
calcination, the temperature was increased to 450°C. in two hours in a nitrogen
atmosphere. After 15 minutes, a feed mixture was introduced at 4 cc/min, and
reactor pressure was controlled to 25 psig. The feed contained 46.13 wt %
methanol,. 33.83 wt % phenol, and 20 wt % water (4:1 molar ratio of methanol to
phenol). The alkylation was run for 165 hours at fixed conditions, during which the
"yields of o-cresol, 2,6-xylenol, p-cresol, 2,4-xylenol and mesitol were monitored.
llustrative data are found in Table 2 comparing a catalyst having a bi-modal pore
distribution against a catalyst of the prior art. Conversion was measured at 165

hours, and is defined as the normalized wi% 2,6-xylenol in the effluent.

Conversion (%) = (Weight of 2,6-xylenol in effluent) x 100/(Weights of effluent
phenolics) After 165 hours, the conditions were adjusted to achieve 65 wt % 2,6-
xylenol in the effluent. At 165 hr, selectivity was calculated as: Selectivity =

10




EXAMPLE V Catal yst preparation in accordance with the invention using iron
reagent. Iron oxide catalyst was obtained by refluxing an aqueous sol ution
containing iron nitrate, chromumnitrate, sodiumsilicate, potassium
carbonate with citric acid solution. The solution for @PMX\?@ fgvapor at ed
using a rotavap, dried at 120C and subsequently calcined a gf 0C under a
conti nuous f| s 31087t r ogen. EXAMPLE VI Cat al yst prepar ativosesigssaccor dance
with the invention using mxed iron / magnesium reagent. A mxed Iron

oxi de / Magnesi um oxi de catal yst was obtained by refluxing an agueous
suspensi on conEaiuent Bgbldsl (PRrefd] H 24-RylerldY RSt IMEFARONSELEHhGRr061 UM nitrate,
sodiumsilicate ﬁ%is?i um carbonate with citric acid. This suspension
formed was evEPBre & MePhg a rotavap, dried at 120C and subsequent!y

cal cined at 470C wunder a continuous flow of air. ALKYLATI ON EXAMPLES
Proceture. A r¥apleor iswnsortohdxndrimint lusingd @ magnasiumcertaiiist sft the Phier wtat al yst was
cal cined i n Shpireh & aedbAH s, Ph. NGBS OURboRh pOBER, 8L Al MOSPheri ¢
pressure. After  calcination, the tenperature was I ncreased to 450C. in two
hours in a ni tg%gg .atnosphere. After 15 m'nutezl, .a fged m xt ure was

i ntroduced at “A"EE/ni? SERTETCH S G MRSy rahih SRt PERdRPOD 25 psi g.
The feed cont aisudtatidibwillBport didmetere bénsenddl at arddhd3B AMgstidnplaedodo,to astd 20 wt %
water (4:1 rml&rst;?ntsi o of nethanol to phenol). The al kylation was run for
165 hours at fixed conditions, during which the vyields of o-cresol,

2, 6-xyl enol, p-cresol, 2,4-xylenol and nesitol were nonitored.

Il lustrative ds#P%2are found in Table 2 conparing a catalyst having a

HE A dictri it n rnct Ao ~atalvycet nf the nrior i
s easur 0. B ko houro—ane GG P o SHINREL ok Wi
2,6-xylenol ih PHPI ¢

nver si oh™ (¢ ‘lm’(’{/\; ixu gr°r8f 2, 6-xyl enol in
effluent) x 188/CVerghts—of—=¢f fAt—phenot+e3) r—3+65—hours, the
r‘QJé X)éfngg%og\éer?on acﬁeth 65 Hrs 6365 %-Fg :
.9

827

condi ti ons we oAl | O achi éve 65| wt %2,6-_ nol in|the effluent.
At 165 hr, sehqrdibh - ansabs it Gisy P Setectifyigty =—]

Para selectivity (%) 37 24

Excess Phenol usage (kg/100 kg 2,6 3.8 ’ 1.8

Xylenol)

The data set forth above demonstrate the unexpected improved selectivity (indicated
by the reduced percentage of mesitol) and reduced excess phenol usage that was
obtained using a catalyst with bimodal pore distribution. Moreover, no significant
loss in conversion was observed. Often, to obtain increased selectivity with a catalyst,

an undesired reduction in conversion is obtained.

Polyphenylene ether resins were subsequently prepared from 2,6-xylenol products
made using a catalyst having a bimodal pore distribution. These resins exhibited the

same desirable attributes as those made in the prior art.

Having described preferred embodiments of the invention, alternative embodiments
may become apparent to those skilled in the art without departing from the spirit of
this invention and such equivalents/alternative embodiments are intended to be

encompassed by the following claims.
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10 2 2 MAR 2006 WD 03/031057 PCT/ USO02/ 31654 (Effluent noles (p-cresol +
2,4-xylenol + nesitol))/(Effluent noles (phenol + o- cresol + 2,6-xylenol))
Sanmple | is a control experinment using a magnesi um cat al yg?ﬂ@k ﬂnge pri or
art prepared as described in U S. Pat. No. 6,294,499 wt A ore
former . wooSesmps7e 2 is a experinent using a nmagnesi um cat @cyaisolizesang a

bi rodal pore distribution with pore dianeters centered at around 40

Angst ro\rﬁl&\ﬁ% éggllg/@]}lﬁo Angstrons. Table 2. Catal yst Sanple | Sanple 2

Descriptionno pore fornmerwith pore former 2,6 Xylenol conversion after 165
hrs 63-6563-65 WO Mesitol conversion after 165 hrs (wt % 3.61.9 Para
selectivity /g% 3. 72,4 Excess Phenol usage (kg/l 00 kg 2,6 3.81.8 X | enoi
The dath setAmstalipxdslly ooy § tPEcQUEST GARRPUEANRPINTISIG AcRPre doract pd t y

(indic \V = lhle : 3} | 1 [ henol
usage %gﬁialxxgsreg%ﬁtt’ai ne%lﬁ&g?ﬁg&gﬂ%glggs St gé\?‘\ﬂ%%%% aIOfg)gtbge%gids??(lrcl u%(lpon.
Mor eov grercenobys wgipht basaduporl the sotahweighvefithe omalveiseappaer ved. Often, to obtain
i ncreased selectivity with a catalyst, an undesired reduction in

conversion is obtained.
2. The catalyst precursor composition of claim 1 wherein the pore former is present in an

amount of between 0.01 and 5 percent by weight based upon the total weight of the catalyst

reagent.

3. The catalyst precursor composition of claim 1 wherein the catalyst reagent comprises a

magnesium reagent, an iron reagent or a combination comprising one of the foregoing.

4. The catalyst precursor composition of claim 3, wherein the magnesium reagent
comprises magnesium hydroxide, magnesium nitrate, magnesium carbonate, magnesium

sulphate, magnesium acetate, or a combination comprising one of the foregoing.

5. The catalyst precursor composition of claim 3, wherein the iron reagent comprises
ferric nitrate, ferric sulfate, ferric chloride, ferrous nitrate, ferrous sulfate, ferrous chloride, or

a combination comprising one of the foregoing.

6. The catalyst precursor composition of claim 1, wherein the pore former is selected

from the group consisting of waxes and polysaccharides.
7. The catalyst precursor composition of claim 6, wherein the pore former comprises

paraffin wax, polyethylene wax, microcrystalline wax, montan wax, or a combination

comprising one of the foregoing.
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Pol yphenyl ene et her resins were subsequently prepared from 2, 6-xyl enol
products nade using a catal yst having a binodal pore distribution. These
resins exhibited the sane desirable attributes as those ZlmaﬁER }'&b’hthe pri or
art. Having described preferred enbodi ments of the invent4%oly ernative
enbodi nwotos/o3ney become apparent to those skilled in the piusorstssut
departing fromthe spirit of this invention and such

equi val gnt s/.al t ernat.i ve enbodi nent.s a i ntended.to be, enconpass by the
Fol | ot g, ol HerAIgh pEeey PR RSaRH Gy BB Sl o Bhesisr Pty SHaRIR o e
CLAI MEGrbrit:oné or o€ btelidse Ccatbdiyl At cARll@eY &dlluRSsE a4HtAO) stAEHTRAS Wal b
conprising a pore fornmer and a catal yst reagent, wherein the pore forner

i s preskawdern an anount of between 0.01 and 10 percent by weight based
upon the total weight of the catalyst reagent. 2. The catal yst precursor
conposition of claim1l wherein the pore forner is present in an anount of

bet weeng. 0. 01Ti&NéeatblyPepreeitsodyoniFdsaidn &BSIaHEN UP Whetdie tHeopcit oG!S solectelie
catal yst reagent. 3. The catal yst grecursor conposition of claim1 wherein

t he catfpqdhe gioupeprsitingel ciueacd, energiy eodcpalic acid, andstearieagidnt or a
conbi nati on conprising one of the foregoing. 4. The catal yst precursor
conposition of claim3, wherein the nmagnesi umreagent conprises nagnesium
hydr oxi e, nEgneshlysd prictiirdbecomB@iesl oftiamh 10 Rdiefein MROPES ifuihersisIsplaeke,
magnesi um acet ate, or. a conbination conprising one of the foregoing. 5. The
cat al ysﬁmﬁlpé@fﬁ%’d@mﬂ%%nﬁé‘ﬁxweséh%gﬁ?& wherein the iron reagent
conprises ferric nitrate, ferric sulfate, ferric chloride, ferrous
nitrate, ferrous sulfate, ferrous chloride, or a conbination conprising
one of the fArcegbish;madé by Thieinieg the watalyst preousor cagpitontof etaimfl tol prodnct,
wherein the1 gtore former is selected fromthe group consisting of waxes and
pol ysac FpY &emprsINgPaTeSat al yst precursor conposition of claim6, wherein
the pore former conprises

12.  The catalyst as claimed in claim 11, wherein the metal oxide alkylation catalyst has a

bimodal distribution of pores less than 400 Angstroms.

13.  The catalyst as claimed in claim 12, wherein the bimodal distribution of pores has a
first distribution of pores wherein the first distribution has an average pore diameter less than
100 angstroms and a second distibution of pores wherein the second distribution has an

average diameter greater than 100 angstroms and less than 400 Angstroms.

14. A method for preparing a metal oxide alkylation catalyst comprising the steps of (a)
combining a pore former with at least one catalyst reagent selected from the group consisting
of magnesium reagents and iron reagents to form a catalyst precursor composition and (b)
calcining the catalyst precursor composition to form a metal oxide alkylation catalyst wherein
the metal oxide alkylation catalyst has pores with a diameter between 100 and 400 Angstroms
wherein step (a) the pore former is incorporated in an amount of between 0.01 and 10 percent

by weight based upon the total weight of the catalyst reagent.
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paraffin wax, polyethylene wax, m crocrystalline wax, nontan wax, or a
conbi nation conprising one of the foregoing. 12 2 2 MAR 2006 WO 03/ 031057
PCT/ US02/ 31654 8. The catal yst precursor conposition of ckzls@lﬁ wherein

t he pol ysaceharide is selected fromone or nore of cellu ) @@rboxyl

met hyl welobodose, cell ul ose acetate, starch, and wal nut poveker/3i64 The
cat al yst precursor conposition of claiml1l, wherein the pore forner i

is
sel ecte fromth r consi sting of citrigc acid ol yet hyl en .vcol ,
oxal i c i o, Tinirelodi Qi ShiythiysEn ] et tuliRedy bmehge iR o
cl ai m lamyig o bBtwcls OMAr sd PpeRENt 15y G8lghE badd ubb® MePBfafiWeight oP Aeyeitdnydt ene
and m xtures thereof. 11. A catalyst nade by cal cining the catal yst

precur si§aga®dnposi tion of claim1l to produce a catalyst conprising pores.
12. The catalyst as clainmed in claim11l, wherein the netal oxide al kylation
catal yst has a binodal distribution of pores |less than 400 Angstrons. 13.

The catp.ystTiasmethot BEQIdim 10, ahdtelz thobripstieddlat BiseRARY fEbrs bf leastionerpfof
pores has a  first distribution of pores wherein the first distribution has
an avermagnegwpercagaeandrirqnagagantfan 100 angstrons and a second di stibution
of pores wherein the second distribution has an average di aneter greater
than 100 angstrons and | ess than 400 Angstrons. 14. A nethod for preparing
a met al 179X dEheainkthbaloif olai ddalwisiei theRhagicsigm! leggedt Beleofed(flgm negatsimhng a
pore fornmer with at | east one catal yst rea%ent selected fromthe group
consi st Eoxide. magnesuim, mtrabn JeranssHAYCIPoRALe, dpgRssiam: Flphatepnd Mpgheswn
precur sprconposi tion and (b) calcining the catal yst precursor conposition
to forma netal oxide alkylation catal yst wherein the netal oxide

al kyl ation catal yst has pores with a dianmeter between 100 and 400 Angstrons

wherein step.(a h ofe faormer (s incorporated jn amunt of between
0.01 anbgs- 10 'E)%r%“@'ﬁi?g °g§{%i1§h?"ﬁﬁf§§b ° H9gfergeat {Séf’fﬁPteag’f% crgf nf%ées?%ﬁla yst

reagentgylfh@, ferric chloride, ferrous nitrate, ferrous sulfate and ferrous chloride.

19.  The method of claim 14, wherein the pore former is selected from the group consisting

of waxes and polysaccharides.

20.  The method of claim 19, wherein the wax is selected from one or more of paraffin

wax, polyethylene wax, microcrystalline wax, and montan wax.

21.  The method of claim 19, wherein the polysaccharide is selected from one or more of

cellulose, carboxyl methyl cellulose, cellulose acetate, starch, and walnut powder.

22.  The method of claim 19, wherein the pore former is selected from one or more of citric

acid, polyethylene glycol, oxalic acid, and stearic acid.

23.  The method of claim 14, wherein the pore former is selected from paraffin,

polyethylene and mixtures thereof.
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2 2 MAR 2006 WO 03/031057 PCT/ US02/ 31654 15. The net hod of claim 14,
wherein in step (a) the pore fornmer is incorporated in an anount of
between 0.01 and 5 percent by wei ght based upon the total eyl the
catal yst reagent. 16. The nethod of claim 14, wherein the catal yst reagent
i s sel eWOM/08X08™ at | east one of magnesi um reagents and RCTWSRBEIENts. 17.
The nmet hod of claim 14, wherein the magnesiumreagent is selected from
magnesi ayr i i i t ' isHm
Ul phat o and! neosaR T TRARCE, NHRYL tiore FRARES: HRGFLRANGhSun SRUORY T,

i ron rexgehin paresbavng edidmaien Yetwedncl 00 4rda2 @), arfgstroms afteuthé edtelyst ecursor

chl ori de, fe”OLth itrate, ferrciu.s sulfate and ferrous chloride. 19. The
met hod SHMRISHIR ,e%%‘&’tqcf‘i’dtt‘i)lﬁaﬁ’é‘?téorf'orner is selected fromthe group
consisting of waxes and pol ysaccharides. 20. The nethod of claim 19,
wherein the wax i's selected fromone or nore of paraffin wax, polyethylene
wax, m2Y.ocr Ve mietiodeofwdaim dhdvimveinghe walcinafidn isTenenwidanad flofw of gasnwitl® a
wherein_ th ol ysaccharide i.s selecied fromo or nore of cellulose,

car boxyWeﬁgﬁlﬁcﬁ}'\r%'cSBP‘F%‘f%%"éfy Oéi’FWBééo‘g@eqlaﬁo&-fit arch, and wal nut powder .
22. The nethod of claim 19, wherein the pore former is selected fromone or
nore of citric acid, polyethylene glycol, oxalic acid, and stearic acid.
23. The2@ret hblee oiethoidadinglaim 2hhehartin thhgap oy seléaedfromi exygen, edtregenf, mirrand
paraffin)nggg%etolene and m xtures thereof. 14 2 2 MAR 2006 WO 03/ 031057
PCT/USd?} P The method of claim 14, wherein the pore former is
present in an anmount effective to result in pores having a dianeter

between 100 and 200 angstrons after the catalyst precursor conposition has
been s u%] -ddeagetherd ef¢lainy 34, wherein the calcination is effected at a temperature between 350

and 600° C.

28.  The method of claim 14, wherein the metal oxide alkylation catalyst has a bimodal

distribution of pores less than 400Angstroms.

29.  The method of claim 14, wherein the bimodal distribution of pores has a first
distribution of pores wherein the first distribution has an average pore diameter less than 100
angstroms and a second distribution of pores wherein the second distribution has an average

diameter greater than 100 angstroms and less than 400 Angstroms.

30. A metal oxide alkylation catalyst precursor composition comprising a pore former and

a catalyst reagent, wherein the pore former is a wax or combination of waxes.
31. A metal oxide alkylation catalyst precursor composition consisting essentially of a

pore former and a catalyst reagent, wherein the pore former is present in an amount of

between 0.01 and 5 percent by weight based upon the total weight of the catalyst reagent.
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25. The nethod of claim 14, wherein the calcination is done under a flow of
gas wwth a weight hourly space velocity of between about 0.01 to 0.25. 26.
The method of claim 25, wherein the gas is selected fron1ogyng2%9itrogen,
air and mxtures thereof. 27. The method of claim 14, wherein t '

cal ci nawioy/o3®5ef fected at a tenperature between 350 ande@dS0231688. The
nmet hod of claim 14, wherein the netal oxi de al kyl ati on catal yst has a

bi modal 35 di sir S . : : of
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di anet er Ies t han éoo angstrons and a_second distribution of pores

wher ei nli)ft’fﬁ‘“é1 (Y‘G"F’Eilt a%edﬁﬁpeaﬁhedﬁtaha@lgah%%ﬁagbst 1§AgR%Et er greater than 100
angstrons and | ess than 400 Angstrons. 30. A netal oxide al kylation

catal yst precursor conposition conprising a pore forner and a catal yst
reagent, wherein the pore forner is a wax or conbination of waxes. 31. A
net al oxi de al kyl ati on catal yst precursor conposition consisting
essentially of a pore fornmer and a catal yst reagent, wherein the pore
former is present in an amount of between 0.01 and 5 percent by weight
based upon the total weight of the catalyst reagent. 15 2 2 MAR 2006 WD
03/ 031057 PCT/ US02/ 31654 32. A netal oxide al kylation catalyst precursor
conposition consisting of a pore forner and a catal yst reagent wherein the
pore fornmer is present in an amount of between 0.01 and 10 percent by

wei ght based upon the total weight of the catal yst reagent. 16
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