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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, €.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
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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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”-related 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.
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2, 6-di met wd ozpersol . 2 WO 03/ 031057 PCT/ US02/ 31654 Wi | e rdT/UR2B8Yv650dent

fromthe above that al kylation of hydroxy aromatic conpounds using netal
oxi de catalysts is in general well known and practiced in the art, a need

conti nues .ex] st _f.or t hods and cat si.s that .have increased

sel ectii vi t%]&l{ 5r PG FWR@? Ia]?) Yt atp*?lk}él]@lé@’ ?? y @Pﬁ%taﬁwatlfh%wou_@gf o)
referred teimsmétaoxide@atllystdMstil gnerh EHUIE kh&Wn iald phRtOMET Akl atdegi to
produce 2,4,6-trinmethyl phenol (nmesitol). Over- alkylation to nesitol

resul ts i ncdutighesrtoshest dor mpdiodeanvherstlysis dige hevreinetepsadrrstestisitnépr arthe- over al |

f oy -Xy | . ddi f i ificati
and. expencd SFOER Bl 2EnE02hn ARRECITS JRRLICH e Db BT posh

met hod.  Thdsctiohhi@ri@e %belsﬁlﬁylaﬁo@E@Efd@c@@ﬂ%—frﬁﬂeth?ﬂﬁﬂféﬁ@ﬁ@ﬂésitbn. caval yst
activity/selectivity for ortho-alkylation of hydroxy aromatic conpounds so
as to favorkypéuuia mesitdresule in figbey ppngl ryd medianelowpse herehypsegatingl | y
free of u =0 - ¢ Neer S . Or -4l kyl atjon

pr ocess more oseacus Y dAE ok PR el R0l Bl At Sk

cat al yst syslitexpensesedndeded trerealoky gt heditol satpriooide plpayperdispofadniediid. role in
such reactions and to bring about inprovenents in one or nore of the

foll ow ng aspects: catalyst selectivity, catalyst activity, product yield,
cost savi ngBs: teitee A PREqiRB AT 1oyl oV SORRMRe eS| NEIFHERFINIPR oxi de
cat al yst p&ﬁﬁﬂélﬁﬂﬁti&@@@xéﬁ?dxﬁ”‘aﬁﬁﬁﬁé c88Potndi0dLad B MRor (RO RRLSSIEHhED tO
as a "pore nodifier") and a Catal yst reagent. Another aspect I1s directed to
i mpr ovemendesired tahieylatad ufomrtoune wibstahtiallyaticonofc atabyted dy-rpdwdy thérelay heat i ng

and cal ci ni.ng et ho re the catal yst actiyity is jnpro . While
mai nt ai ni n n%i,r{nlgo_s%% cghﬁ]f}}?’%}]ﬂt] npﬁoﬁgsseﬂ:t?(%i%%{c}%f I‘I"Jé’dcg?%j%gmﬁr e%%r sor
above is {fieaked dooMmimnbitgnit syabRe hadduhehd AkyBNBEAtHBSay Bn tRfortaange of
350C to 600C followed by calcining at tenperatures in the range of about
350C t o ab®lf '5EDEh 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.

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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under gas flowrate with weight hourly space velocity of between about 0.01
to 0.25 This gas can be selected fromnitrogen, air and m xtures thereof.

I n one enbwdé3msnisy; the i nproved nethod for preparing a nmetrdT/os0Rd6654

al kyl ati on catalyst conprises the steps of (a) conbining a pore forner
with at | east one catal yst reagent selected fromthe group consisting of

magnesi um r eagent s d,.iron reagents.,. 3 /031057 PCT/ US02/ 31654 to
forma cat G20 braliiarAuetpoorPOgHOR A 8y CRFETK i hG RO ATAIRer
precursor congimRht ic0fortP af Hefll 208 alkydatiodecallk! dhbemh ¢ eyt oxiherei n
the netal oxide alkylation catalyst has pores with a di aneter between 100

and 400 Aridkylpiéonscaidlyetrhasqares with iaotiampiee betaeay 100 aad dt0Rehngsirbodiatent , t he

i nvention &@ﬁﬁﬁﬁ% to a method for alkylating a phenol species to produce
an al kyl ated phenol species, wherein the nethod conprises alkylating the
phenol in the presence of a netal oxide catal yst obtained as above and
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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,

1.e. less mesitol being formed.
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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 reagents 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
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obtained fromthe nmetal oxide precursor _during the calcination process,

i .e. theseofjporesshesweenodbost M0 dr togibeaindl(of in slianrsere 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 after 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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obtai ned fromcal cination of the netal oxide precursor not containing the
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processes. A preferred WHSV is about 0.05 to about 0.15, although the
act ual f | dvaleiagteonvis lusuallypntdedsorrdwieetingthe vatafsbatet teppefaturhguifigteal yst . The
?ﬁ:r egfs ?d cioﬁvgrli %Ieelrn%grllé/siusn?ll'gé:é[egtdo; %81%83%9? t m%b%és? erz)’xkf%i or 1"15%]1%:I o%dre]j xture
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 the 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,
4,041,085; and 3,974,229. A variety of alkylated compounds may be formed by this
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oxi de or woois/ouisde, respectively. Useful calcination praadusesiase found
in US. Pat. Nos. 6,294,499 and 4,554,267. The cal cination tenperature may
vary somewhat, but is usually about 350C. to about 600C. Slow heat i ng
rates can | esirabl e or i xpense of
rates can ot SRR haRkR LRIAERe RS B ASR Bl M bRt g RigESe o
CoMer Ci a|Us$1@1a>l' ethivl blatddRil i prédued thieat @@ﬂﬂa&é we@ctfohomtazaai @hénctl 0ar@i00C over

a 12 to 18 hour _range although the exact rate can vary dependi ng on the
actual re&etlanol, s‘ﬁ%’é“’@n@leg’@éﬁ%ﬁ?%ﬂlb%éatéb/lst|Tﬁ7é>§¢ Skillgd mélmmé@lémﬁﬁyamﬂe

oxi di zi ng, cal ci ned
ot the bosraitalengecBE NS B forhd Pkl KRlath LR RE AL Kk 0B T2 Ton
can take phﬂbéekmnpkedakﬁﬁenﬁﬁ(ﬁﬁhéh&ybhkﬂbaﬁb@nﬁiﬂeﬂnrﬂﬁygbmﬁbﬁﬂum e., the
hydr oxy aromati c conpound. and tge al kyl al cohol. The surface area of the

cat al yst APHRAHIOBAPES r?étw%a% & %wctﬂ\ﬁm W@vardaﬂﬁedeéveda%wmﬂdnowtg to
about  25Gpk/ gamlp%s%hoﬂlegﬁﬁfsﬁ aRd Hﬁhﬁhl P@éb 8115 xgﬁldaﬁé(%l@ttb%]fetc?%m ques

are generally known in the art escrib above- referenced U.S.
Pat . Nos.panﬁﬁémﬁﬁ@ramdmﬂsﬂ#@aﬂﬁﬁﬂh@dmﬂaﬂhﬁqmnatesnpanﬂse al so described
in US. Pat. Nos. 4,933,509; 4,900, 708; 4,554, 266; 4,547,480; 4,048, 239;

4,041, 085;, a at ed co e formed b
Chi s S b atienl srEeties Sy idh o b St & S o B R ReE S ot ot 5.
2, 6- di et @Mécﬁg%etﬁquodhfcetﬁ@/lﬂé@%ﬁélﬂ&@{)@d’l@ﬁﬂﬁﬁg theUa‘Eddﬁlla'dYscuMéHS:aﬁWsﬁrT]ﬁ' I's
produced b hase reacti on between phenol and nethanol, utilizing

t he aboveaé@@%@iﬁéﬂobﬁﬁwﬁy§uﬂeﬁﬁ@§e2§Kh@ﬁ@ﬂhﬂmn@he pol yner- and chenica
engineering arts are famliar with the details regarding this type of

t , tal yst | t
novery gas R aReEATR PR PRACH Bt Rel bRy O Cel el vi by

toward the desired al kyl ated product. Those famliar with chem stry and
chem cal rTdadblionagweahplebercahtrelytitiustedtiee tantl Bkoulg noper takémta benanynsaiter i al s

for each of._ .the desired al k t ed. conpounds.
of limitation on the scope gfj tﬁe c]almeJrleventl%n

EXAMPLE 1
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.



An addi tional enbodi nent provides for an inproved process of alkylating a
phenol species to produce al kyl ated phenol species using the above

di scussedwoaisaByst. The al kyl at ed phenol species is pref acabiyp2/31654

2, 6-di net hyl phenol. Al references and patents cited are incorporated
herein by reference. The foll ow ng exanples are nerely illustrative and

shoul d noﬁ@g§®@§ﬁ§ﬁ to be any sort of limtation on the scope of the
clainmed i EXAMPLE | Catal yst preparation in accordance with the

i nvention using nmagnesiumreagent. 10 grans of nmagnesi um carbonate was

m xed W t hCdtalgk@regiratidiXin st dt@arite Wighths PeRetios hees niabeResi rdagéntl0 m nut es.
The bl endi ng process was carried out under liquid nitrogen 1n order to

ensure honmpgeneous m xi ng. The resulting bl end was cal cined at = 400C under
cont | nuous! (TSGR THERCTER CBIORBHF 3v35 BMIveS! BHhORIOBY oI USDR A IEEHRCEXAVPL E

Il Catal ys aer Bi%ﬂéé}t {2y o HuﬁlﬁQ@rﬁ?e”BEnH‘ihlg%B&%s' §e&frhﬁd1§H§hH&rW?cﬁﬂc‘?s' um

reagent . of ‘magnesi um car bonat e“was m xe rans wax
using a hnghogpﬂedwdaheenmhkéndegakmusmﬁmngnnmﬂ$mﬂﬁh§bbhémmsm@cpmd@ess was
carried out under liquid nitrogen_ in order to ensure hompgeneous m Xing.
The resul t4999CBPEsiFonEBuus flavhelpintor 64B0tEs- under continuous flow of air for
6 hours. EXAMPLE 11| (Cbntrol) Under this exanple the sane process as that
under Examﬁkﬁhhﬂﬁ?ﬁng ollomed except that the catal yst precursor was
si mply magnesi um car onate precursor w thout the pore nodifier. Around 300
mligrans of cal cined sanples obtained follow ng Exanples | to Il was

subj ect ed Wides uhis sxemaleetieanthepupos tay theasueeReanplesl sigvMveasdiobowed cs 2010

anal yzer. The pore SI di stributions re obtained fromthe nitr
desor pt 1 or* FGPHEPRFATNE RPgHTE SHRp S OPaLte D S IRIER BT ot Bl nesi um

oxi de obt ath@ﬁgre%écﬁﬁer.

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 I,
Figure 3) and magnesium oxide catalyst not containing an additional pore former
(Example III, Figure 1). The data demonstrate the bimodality developed by
hydrocarbon wax treatment under Examples I & 11 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. Iron 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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treatment with 10 wt % of wax (Exanple I, Figure 2) and 50 wt % of wax
(Exanple Il, Figure 3) and nagnesi um oxi de catal yst not containing an
addi t i onawqpwroeidsor rer (Exanmple 111, Figure 1). The dat a mamsetiate t he
bi rodal ity devel oped by hydrocarbon wax treatnment under Exanples | & |
and the | arge pore size obtained follow ng the above process of the

invention1§g¢R§ggzgroportion of larger pores with a dianmeter in the range
of about 1 bt ai ned at | ow concentrations of wax. EXAMPLE |V

Cat al yst preparation in accordance with the invention using iron reagent.

| ron oxi deCat§lgttair¥Sdratiddsinodicatdaget With RO MVeLHRELGhE irdn REQEhPIltoat dxade f rom
aqueous solution containing iron nitrate, chromumnitrate and sodi um
silicate vatdhysadgiieto @btagnisduby oflexing adimsanepUp 1501yticgt coMRIpingTHen pRitkeicpi t at e
was washe i . it e i . ] ghat ed
w th pot acer unialle, bR HTHAC ol i APora R FRRERAERE ok ST

foll owed hyplerhcionatd evsadvagdi@ed unier a aoaoay, i disdus 0@ wid wubtequgaty 9 WO
03/ 031057 PCT/ US02/ 31654 EXAMPLE V Catal yst preparation in accordance with
t he i nventGakinedsit 440G brrler aggaiuoup flgl SxiteREeNcat al yst was obt ai ned by

refl uxing an aqueous solution containing iron nitrate, chromumnitrate,
sodi um si lg¢gathfr ot assi um carbonate with citric acid solution. The
solution forned was evaporated using a rotavap, dried at 120C and
subsequently calcined at 470C under a continuous flow of nitrogen. EXAVPLE
VI Cat al ystatpyspaeperatom innecacclonatanidke thd inkentton usmgemiNednransi megnesived i ron /

magnesi um_reagent. . A.m xed .Lr oxi de [/ nesi um oxi.de catal yst .was
obtal ned BRI it B 6o na e FE T O A HUERFOR AT
nmagnesi Um Saafeidat SussdnEea sihtaifink! R6:8 nigAd] Uiohédiig adafborR) ahSdkiim
carbonate with citric_acid. This suspension formed was evaporated using a
rotavap, dhireld, sdiumedicaisdpeatsitn anpnyte sathciisacit Throwspeaniparfogmed

conti nuouswisl é)\)ﬁlp&fate%' ﬁs'ing 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 wt% 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



ALKYLATI ON EXAMPLES Procedure. A reactor was | oaded with 100 cc of
catalyst. The catalyst was calcined in situ for 22 hours at 380C. under
ni t rogen, wato3aBmsspheri c pressure. After calcination, thedrvpesasure was
increased to 450C. in two hours in a nitrogen atnosphere. After 15

m nutes, a feed m xture was introduced at 4 cc/mn, and reactor pressure

v o e R B o A ST S i o R R o 2

The al kyl atd@n+wasxyibfoifor 165 hours at fixed conditions, during which the
yields of o- cresol,” 2,6-xyl enol, p-cresol, 2,4-xylenol and nesitol were
nmonitored. 111 ustratr ve data are found in Tabl e 2 conparing a catalyst
havi ng a Blampdeldl isporeentreli sxparisieni owsmggernmleeu@a@aetrly@t ofothet préorpfiit or  art .

Conver si on_was a d at the normal i zed wt %
2, 6- xyl endl HH"TH dse ?rﬁ g}oanver 56?2094649§ W]%O?’g‘é 2 6- xyl enol in

effluent) x IOO/(V\er ghts of ef fl uent phenolics) After 165 hours, the

condi t i onsSangyle 2ail bisdxerimentaciihg\vemagnesiuntocdtabyst Xl igoh Hl]lﬁoﬂeﬁep(&éf | uent .

At 165 hr, selectivity was calculated as: Selectivity = 10 WO 03/031057
PCT/ US02/ ﬂeehutm@errth peFR diggeiss peniep@abiround 40 Anasaprgs agd 100 fo 150
rresrtol))/}(]g sibpent ol es (phenol + o- cresol + 2,6-xylenol)) Sanple | is a
control expefinent using a nmagnesium catal yst of t he prior art prepared as
described in U S. Pat. No. 6,294,499 without a pore fornmer. Sanple 2 is a
experi mentTabéd g a nmagnesi um cat al yst having a bi nodal pore distribution
with pore dianeters centered at around 40 Angstrons and 100 to 150

Angstrons. Table 2. Catal yst Sanpdigly$t |Sampllel 2 DeSanigdé bon no| pore former
W th por € DEseFip@in no pore former | with pore
former

2,6 Xylenol conversion after 165 hrs 63-65 63-65

(wt%)

Mesitol conversion after 165 hrs (wt %) | 3.6 1.9

Para selectivity (%) 3.7 2.4

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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2,6 Xylenol conversion after 165 hrs 63-65 63-65 (wt% Mesitol conversion
after 165 hrs (t %9 3.6 1.9 Para selectivity (%9 3.7 2.4 Excess Phenol
usage (kgwio/sgs2,6 3.8 1.8 Xylenol) The data set forth rliovedessonst rat e
t he unexpected inproved selectivity (indicated by the reduced percentage
of nesitol) and reduced excess phenol usage that was obtained using a

catal yst w j I di stribution. Mreover, no significant loss in
conversioﬁkaggpgggggvgﬁﬁsgfien, to obtain increased selectivity with a
catal yst, an undesired reduction in conversion is obtained. Polyphenyl ene
ether 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 ldedimeibl exida alkylotioe satalyst neaesargd@ppsitioh eoppilgng appere feavehg

descri bed preferr nhodi ts.of the invention, alternative..enbodi nents
tay becore abia g SrsaLEReR e O ol s na MR FATSH om t e

spirit of thos ahd@eidebyaweiphlisRe@apiniit enhisieheimied tagyambgdhirent s are
intended to be enconpassed by the following clains. 11 WO 03/031057

PCT/ US02/ 31654 WHAT IS CLAIMED IS: 1. A netal oxide al kylation catal yst
precursor conposition conprising a pore fornmer and a catal yst reagent

wherein the o r o munt 5

per cont. by o gl DA sk FREpiiol 0SRER o bl P b JdfHE ° )
The cat al yst comeisas stoleast onpofimbonivad reagaitsradd irovhemgéms.t he cat al yst reagent
conprises at |east one of magnesi umreagents and iron reagents. 3. The

catal yst precursor conposition of claim2, wherein the catal yst reagent
conprises at |east one of magnesi um hydroxi de, nmagnesiumnitrate, magnesi um

3. The catalyst precursor composition of claim 2, wherein the catalyst reagent
comprises at least one of magnesium hydroxide, magnesium nitrate, magnesium
carbonate, magnesium sulphate, magnesium acetate, ferric nitrate, ferric sulfate,

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

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

from the group consisting of waxes and polysaccharides.

5. The catalyst precursor composition of claim 1, wherein the pore former comprises
at least one or more of paraffin wax, polyethylene wax, microcrystalline wax,
montan wax, cellulose, carboxyl methyl cellulose, cellulose acetate, starch, walnut
powder, citric acid, polyethylene glycol, oxalic acid, stearic acid, paraffin,

polyethylene and mixtures thereof.

6. A catalyst made from the catalyst precursor composition of Claim 1, wherein the
metal oxide alkylation catalyst has a bimodal distribution of pores less than 400

Angstroms.
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car bonat e, magnesi um sul phate, magnesi um acetate, ferric nitrate, ferric
sulfate, ferric chloride, ferrous nitrate, ferrous sulfate and ferrous
chl ori de. wh o3l3escat al yst precursor conposition of clai m IPcCins®eBid4t he
pore fornmer is selected fromthe group consisting of waxes and

pol ysaccharides. 5. The catal yst precursor conposition of claiml1, wherein
the pore foroer co ises at. | east one or re of raffin . wax

pol yet hyl ohe W& CHooryendn FIRE Gl Rerein s B SR onI 6 88 b4t Boxy
met hyl cel | ulfiggedisg®utith QFep @€ tvdeoin Sthar ferlds divdditition RAVWEEIavekict Micge aci d,
pol yet hyl ene glycol, oxalic acid, stearic acid, paraffin, polyethylene and
m xt ures t hedwdicterdesspthamd 89 pagstipmpeantrosacone dishiitipatof nosesuvkasein the
conposi tion - Ml ej_n I k i has a
bi modal  di st g%%’u ?ftl)gr?l%?n%gﬁe{essénl ae‘ée%egte h‘gﬁﬁ%rogﬁé t%g??‘%%@@%f%ﬁ%@ 18 057
PCT/ US02/ 316%4hn 400 Alpstremkal yst as clained in claim6, wherein the binodal
distribution of pores has a first distribution of pores wherein the first
di stribution has an average pore dianmeter |ess than 100 angstrons and a
second distribution of pores wherein the second distribution has an

aver age di @l £l1Gh68t Bfephfiafla hRa1ARAR! A1REHAD EathISSSconi PR ARR sABPRET ONS.
8. A nethod orepreparﬁﬁg Q&%%talaoxide a k§?at?o§§§g}§?ys§ coﬁ%@?s?ng t he
steps of (a)a)cwniliminpg porpdomndrovitient lenstipnatcatadyss reagaet siicaldysomrtbagent
sel ected fromthe roup consisting of magnesiumreagents.and iron reagents
Lo forma calliPsforsTag foBResiIbSAEEtR HAcmohyCReanE: i F5™ heoEhsh yat

precursor CoRRQgfsbl @Bnip@sitibR Tt & bIRERIniAX itEke cathl¥ ﬁ%éc@f%pﬁ%ﬁab&ﬁﬁoﬂ\@@r ein
the netal oxide alkylation catalyst has pores with a dianmeter between 100
and 400 Angsfferons megal oRide atkylhioeh eftalpstavirerd@n thvheetil axisle efkyldsioncotahyst ses

[ ith a.weigh | | oCi f b b 0.01
025 ¢ br ougn e esl el eon BREEE 4P RRAE, wherein in step ()

the pore former is incorporated in an

9. The method of claim 8, wherein step (b) comprises passing a gas with a weight

hourly space velocity of between about 0.01 to 0.25 through the catalyst.

10. The method of claim §, wherein in step (a) the pore former is incorporated in an
amount of between 0.01 and 5 percent by weight based upon the total weight of

the catalyst reagent.

11. The method of claim 8, wherein the catalyst reagent is selected from at least one

of magnesium reagents and iron reagents.

12.The method of claim 8, wherein the catalyst reagent comprises at least one of
magnesium hydroxide, magnesium nitrate, magnesium carbonate, magnesium
sulphate, magnesium acetate, ferric nitrate, ferric sulfate, ferric chloride, ferrous

nitrate, ferrous sulfate and ferrous chloride.
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anount of between 0.01 and 5 percent by wei ght based upon the total weight
of the catalyst reagent. 11. The nethod of claim8, wherein the catalyst
reagent i wosslsosed fromat | east one of nagnesi um r eagerrca/esvd/3iason
reagents. 12. The nethod of claim8, wherein the catal yst reagent conprises
at | east one of nagnesiun1hydroxide magnesi um nitrate, magnesi um

etate, ferric.nitrate, ferric

bonat
Cul Tat o, a7 FRE THHG) b Pory SRS i B0 rart s BOF drdh ah e ous
chl ori de. 130Mgkggégg;g§&2p@;@g§g§%§ﬁ@§4 13. The nethod of claim8,

wherein the pore forner is selected fromthe group consisting of waxes and
pol ysaccharides. 14. The nethod of claim8, wherein the pore forner
conprises at |east one or nore of paraffin max polyethylene wax,

m crocr ysthﬂ l]e P]ewa;ét ;‘rg &) V\fvf'laere{m ﬁ]e LlJe PO%I%-G prl?s%xé leas 0|n¥6f ﬁ]% é ('5'11 0S€,

cel | ul ose at T FE ene

gl ycol, oxal p&afmi eb,axsbs@e'@h«;/lea@nﬁbx parcafcfysrthnuﬁmlvm; mdlmleWaﬂdcenumse; es
thereof 15. The nethod of claim 8, wherein the calcination is done under a

flow of gas @iTberyd melyhealluieser pelludess caseinls, sl WINHebadH @biuecid: 01 t o
0.25, wherei ﬁ%lg P/Eﬁ? 8 e}ﬁ:ol %?Ll]?ccgc%i sfterag’lmagifi%' gg@gfgﬂ g%)f}%gﬁneneae{nﬁ R gsem xture

t her eof and cinati'onis e erature t ween
350 and 600Ciheidnf. The nmet hod of claim8, wherein the netal oxi de al kyl ati on
catal yst has a binodal distribution of pores |less than 400 Angstrons. 17.
The nethod of claim8, wherein the binodal distribution of pores has a
first distribution of pores wherein the first distribution has an average

pore di angtsefye hRER A ITRMiIAA0 AHASH BRBIGHAIOR 1§ 86RNhddt 8 Hbluitda@Rviffa POT es
wherein the second distribution has an average di ameter greater than 100

angst rons anwelghs siotfhanpab@0Oveloumiystfrtmtgeen about 0.01 to 0.25, wherein the gas is

selected from oxygen, nitrogen, air and a mixture thereof and wherein the

calcination is effected at a temperature between 350 and 600°C.

16. The method of claim 8, wherein the metal oxide alkylation catalyst has a bimodal

distribution of pores less than 400 Angstroms.

17. The method of claim 8, 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.

18. A method for alkylating a phenol species to produce an alkylated phenol species,
in which there is used a metal oxide catalyst made from a metal oxide alkylation

catalyst precursor composition comprising a pore former and a catalyst reagent.
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18. A method for al kylating a phenol species to produce an al kyl ated phenol
species, in which there is used a netal oxide catalyst made froma netal
oxi de al kwloaisisms7cat al yst precursor conposition conprisi RECTAUPBEsSHOr mer
and a catal yst reagent. 14 WD 03/ 031057 PCT/ US02/ 31654 19. The met hod of
claim 18, wherein the netal oxide catalyst conprises at |east one of
magnesi um oxi de or iron _oxide. 20. The nethod of claim 18, Wnirel n the

metal oxi d&- Ahkyretiodod daital §svherain the pickpgxide @alyst cOUPTIRRT bACASOPRS | ess

t han 400 Ang bad. of claim 20, wherein the binoda
dIStrIbUtlonéilg Fgé} égpgl?E% ‘di stribution of pores wherein the first

di stribution has an average pore dianeter |ess than 100 angstrons and a
second distribution of pores wherein the second distribution has an

i\éer age dIZ%mlifle me 10 %%{alan§nw]1erell]atﬂg merta? Tidd %ﬂcylla%so% ctag?yst has a blmno%sf rons.

distribution of pores less than 400 Angstroms.

21. The method of claim 20, 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.
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