WD 2005/ 009936 PCT/ US2004/ 019795 ALKYLATI ON CATALYST AND METHOD FOR MAKI NG
ALKYLATED PHENGQL:S -BACKGROUND: OF | NVENTI ON This disclosure relates to

al kylation catalysts and in particular to al kylation catalysts containing
magnesi um oxi de or iron oxide, their nmethods of preparation and use in

al kyl ati on reaglypdidmeosfs t ho-al kyl at ed hydroxy aromatic mwg@;, are useful
for a variety of purposes. For exarrple ortho-cresol is use I9

di si nfectant and wood preservatl ve. is often prepared by the
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phenyl ene) et her, which is the prinmary conponent in certain high-performance

t her nopl asti ¢ pAoRGRLENDOKIVENGTORYdr oxy aromati ¢ conpounds are usually
prepared by the alkylation of the precursor hydroxy aromatic conpound W th
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Alkylated hydroxy aromatic compounds are usually prepared by the alkylation of the
precursor hydroxy aromatic compound with a primary or secondary alcohol. The
alkylation must be carried out in the presence of a suitable catalyst, such as a

magnesium-based or iron-based compound.

A great deal of attention has been paid to optimizing the performance of magnesium-
based catalysts in an industrial setting. Usually, it is very important for the catalyst to
have high activity, i.e., it must have as long an active life as possible. Moreover, the
catalyst must have very good ortho-selectivity. Many of the ortho-alkylation catalysts
used in the past produced a high proportion of para-alkylated products of marginal
utility.

As an illustration, the alkylation of phenol with methanol in the presence of a
. magnesium oxide catalyst yields ortho-cresol (o-cresol) and 2,6-xylenol, which are
desirable products. However, the alkylation reaction may also produce substantial
amounts of para-substituted compounds, such as para-cresol (p-cresol), 2,4-xylenol,

and mesitol (2,4,6-trimethylphenol). In some end use applications, these para-
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1 WD 2005/ 009936 PCT/ US2004/ 019795 substituted conpounds are much | ess
useful than the correspondi ng conpounds containing unsubstituted para
positions. Wile inprovenents in selectivity, activity and catalyst life
have been made, there is an ongoing need for inproved selectivity,
activity and caoedoaswessisi fe in order to inprove the ef frasmoyongbst he

al kyl ati on process. SUMVARY OF | NVENTI ON An al kyl ati on catal yst conpri sing
a nmetal oxide wherein the catalyst, has a surface area to volune ratio of

about 950 nR/ nibtiutedo ednipodhid Qrd BB 13N Aéedll tRiA @S REGdspdndink CoMdpounddout 0.7 to
about 1.0. An Qc!nlé}ﬁli atincl)lgstmftxﬂ)od cop%)ri sing reacting a hydroxy aromatic
conpound with an aqgl?yf al condle APH" e presence of an al kyl ati on cat al yst
conprising a netal oxide wherein the alkylation catalyst has a surface
area to vol uneWhis improyemeson selaguitynpetivity and sateld life oUBem@adetherady or an

aspect ratio Ofn GBS neld fBr nfpraVe@btlecilvid, ackiy Md GRyRERCRIORE ndbley | at ed
hydroxy aromatjc caonpoupds are manufactured by vapor phase reaction of an
al kyl al cohol %{ﬁﬁ%ﬂ%}@?’f} © PHer P°SHnpound in the presence of an

al kylation catalyst. It has been unexpectedly discovered that enploying a
cat al yst havi ngPMMARY PHBVENTANt 0 vol une ratio of about 950 to about 4000
n2/ n8 and/or an aspect ratio of about 0.7 to about 1.0 inproves the

sel ectivity of At higylitea Ghthlgft .compésifld hasiexme Sferkia theV@talRE hisad duera@nd/ or

aspect ratio increases the d,, byl k density eof the catalyst The
i ncrease in unpacked Buf °°§E‘gu?§§)e’?élgtff’lf§bs°uﬁﬁagﬂ Pn é’é%asl"?‘f”f‘%%"farmunt of
cat al yst t hataboatfi.7Heabontddkd i nto the reactor which surprisingly does not

have a negative inpact on selectivity and productivity and increases the

time between cad akygionGheangeofplisng ki b MGA:SFSirbiHate \BmPind &fithi &1 ency.
Pell et is defi r11ke‘glivI {gﬁ{ Fl.n as a small, a?Iense acked mass of catalyst with
no restricti orf Sw¥FPof &y He Presereg 8 mat ]V!at’@né‘&gﬁb@wlﬁg&eﬁ%@t?“qes defi ned
herei n as the wWerdi thyalkflation aaalgstrhas assurfan gedtopelue rRioiof awugdsv @fi/m?ol ume. Thi s
I's 1n contr aSttog&uﬁoa@ﬁ%ﬁdaMl'&aspect ratio of about 0.7 to about 1.0. .

DETAILED DESCRIPTION

Alkylated hydroxy aromatic compounds are manufactured by vapor phase reaction of
an alkyl alcohol and hydroxy aromatic compound in the presence of an atkylation
catalyst. It has been unexpectedly discovered that employing a catalyst having a
surface area to volume ratio of about 950 to about 4000 m*/m® and/or an aspect ratio
of about 0.7 to about 1.0 improves the selectivity of the reaction. The surface area to
volume ratio and/or aspect ratio increases the unpacked bulk density of the catalyst.
The increase in unpacked bulk density results in an increase in the amount of catalyst
that can be loaded into the reactor which surprisingly does not have a negative impact
on selectivity and productivity and increases the time between catalyst change-outs

thus increasing overall efficiency.

Pellet is defined herein as a small, densely packed mass of catalyst with no restriction
with regard to geometry. Unpacked bulk density is defined herein as the density of
randomly arranged pellets in a given volume. This is in contrast to a packed bulk
density, which can be defined as the density of non-randomly arranged pellets in a
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density, which can be defined as the density of non-randomy arranged
pellets in-a—-2-WD 2005/ 009936 PCT/US2004/-01.9795-gi ven vol une. Bot h of
these are in contrast to pellet density, which is the average density of
each pellet (weight per unit volune). Hydroxy aromatic conpounds include

aromati c COMPOYRY §an§9g1]ng at | east one hydroxy functi on@T 4P, and 6 to
about 20 carbons. The hydroxy aromatic conpound may conpri se one aronmatic

ring or multiple aromatic rings that nay be fused or unf used The hydr oxy

aromati ¢ conpound has on re ortho dr oge Add nal | t he
ylr oxy ar omat FeR BBt nHo el B B OREaR Baeih e A0k BRAYHE pars-
posi ti ons r el atdensizy dfzadhipelldapwekighx yer imitnedhin@enal gr oup. Preferred hydroxy
aromati ¢ conpounds include phenol and o-cresol. Al kyl alcohols include

saturated and lﬂﬂéﬁwraﬁshﬁﬁc %ﬂﬁ’duncﬁ' HAhR! Solai RehpNRs tth;@é)Qtuteast tgp carbons.
The al kyl al cohol *V"Pﬂ bhranched or unbranched, primary or ‘secondary.

Speci fjc exanpP¥&our Mpeienal; gop #1140 6 HB | 20 30, EpsPIEL hife Bidrosh Gromagis hy |

al cohol , i sopr @@yj})ouﬁd ﬁ)@)h GdmpriSe ﬁfe@c)hhatlahuﬁg) BOmultiple btﬂiﬁéﬁc Ahgs @O nay bsobut yl
al cohol, tert- t he. atl ons

conpri sing at Iﬁg'gi%lr UBP%C% E.Het ngg%\?fwg’cﬁglﬁ?‘fuﬁéﬁ 5§ ‘ffﬂma‘fr@gﬁ% FEMA preferred
al kyl al cohol iAgldifrertally, [theetlydokiodrom4tivedmpanod Jay Besabsihiked|anthe ontacatiat yst

conpri ses, gargaﬂogi NSddvb %etlﬂ% a)rd?otx% lfﬁx%éona] e%&'pn%ge%rreg ﬂgcg&y aloiatic TEt 2l

oxi de can be obtaimed froma SOr conpri a fmagnesi um
reagent, an irevmposedgénstudophepol pnda-eresel of the f oregoi ng. Any magne5| um
reagent which vyields magnesi um oxi de can be used. Likew se, any iron
reagent which wiigl elsohok GitiudedniifteC id UasituiaaitalkyPEIRiRsRGnIBENE Sbduin I €agent s

i nclude, but a 0 xi. de, i um hydr oxi de,
magnesi um car b%ﬁ %%onsrra ngsalqik i I5oRd a'? TR %ﬁ‘ﬁﬁ‘@gl%n’{“g%ﬁ ‘f “}‘?’Qyﬁ%si um
car bonat e, basﬁ%orrﬁalgne%aeuﬁt; cxanipisn 2f dhe d&gm@ghﬂnmch@}cem@nye,alcmd emykt ures of
the foregoing. ;R %%ﬁﬁ'a%ﬁ%dﬁex?ﬁw alcShol, ledu laj&bfho'l Nsobhtt a]coi’n&r gpof a

powder. Basic nagnési um-carbonate i's a prefe mggnesl um reagent. Basic
magnesi um car bBH#Eaeohd, gtk fikpeas Vet %Sr“ro@émﬁ‘t?n&smn’f’a@&é%lei‘:#r%eaqfli%at e

above mentioned alkyl alcohols. A preferred alkyl alcohol is methyl alcohol

(methanol).

The alkylation catalyst comprises, as a main constituent, at least one metal oxide. The
metal oxide can be obtained from a metal oxide precursor comprising a magnesium
reagent, an iron reagent or a mixture of the foregoing. Any magnesium reagent which
yields magnesium oxide can be used. Likewise, any iron reagent which yields iron
oxide can be used. Preferred magnesium reagents include, but are not limited to,
magnesium oxide, magnesium hydroxide, magnesium carbonate, magnesium nitrate,
magnesium sulfate, magnesium carbonate, basic magnesium carbonate, magnesium
acetate, and mixtures of the foregoing. The magnesium reagent is typically in’ the
form of a powder. Basic magnesium carbonate is a preferred magnesium reagent.
Basic magnesium carbonate is sometimes referred to as “magnesium carbonate
hydroxide”. Those skilled in the art understand that the exact formula for basic

magnesium carbonate varies to some extent.



hydr oxi de". Those skilled in the art understand that the exact formula for
basi ¢ nmagnesi um carbonate varies to sone extent. 3 WO 2005/ 009936

PCT/ US2004/ 019795 Exanpl es of iron reagents used for the preparation of the
catal yst include, but are not Ilimted to, ferric nitrate, ferric sulfate,
ferric chlori dewo foevonoosss nitrate, ferrous sulfate and pewvspugoehsori de. O
these, ferric nitrate is particularly preferred. Furthernore, the iron

oxi des can be in any formof FeO Fe203, Fe304, or m xtures of the

foregoing. In @Rﬁnﬁ&%@ﬂbﬁ%ﬁﬁmts%&% fJ>rQNeE‘;lre;}axfan&NfQ{elc@@@sthx&ldd@%uf@&ﬂﬁ‘s' um
reagent is Ies tF:‘? bout, 250 parts ;)ma Eg@ef erably | ess

t han about 125 op HICRiFaLe 6‘?’6‘? W3 {j?chglggdet fc')fg""“ A8 #f (As used
her ei n, "chl or iafkeferr lrseﬁleﬁd‘e O0theda) feﬂ’nlcdﬁraie@]ﬁch&ﬂ)C;hefeﬁé’deFlﬁ‘fhEMrepmeSent in
the formof a sr%rllt))l elme%e]co Ofga(# Lq?}ge ormlxrg i.um.  reagent shout d
be | ess than abouf % YA pre Fapt 'y €8s boutt F000 ppm In
sone enbodi nents, the IeveI of cal ciumis Iess t han about 750 ppm (Thesg
level s of inpuft e E@bediment thedpyshefichlerdes H@%’B%FW%@%@P‘PW%%@%@E utt o t he
rrﬁgne?] i :J(rjn | oXi dso fadtk mrMnlem@ﬁﬁtplaevesabi}rlegmﬁahwugﬁztslppm andifrd ﬁ?&b&ﬁm&y .

t hr esho eve alcined o tely twice those
for a basic magﬂﬁ%@?’h téPﬁB‘f’fﬁ‘t s ysgblersin, . W?#on s refer? g’s"gﬁ’“ga BStit 500 ppm
chl ori des and kesdtet hasenfbothe forbi00a saﬂt})mrhe teaélmfwmlmumnntthnembg‘nmdmst

enbodi ment) . Thged EM:%LIﬁ 59 1esE Haf +&?§5@0 s Ay hs},a%oﬁ%u reagent

can be determ ne mon anal yti cal cium
| evel s can be @ ehrﬁ’rn@alﬂt?}’m&ntstfm leved melcmeblhhﬁ&:fb@ aszut590 prore(Thase m of

spect roscopy, Rwvéls of hﬁ]ﬁHGés' ééﬁ'a}’terﬁémab%@ sPecARIByith A8 Go HH SnE¥En
spectroscopy. Chloride |levels are usually determ ned by titration or by

i on chromat ogr a’ﬁﬁi/fmﬁ\/&’é‘ﬁ@s‘]eﬂ‘ﬁf femgRaleination Tl @“W?‘Pﬁéhfé%{‘ﬁldb’é"%@et Qvai | abl e
by commerci al caonsdoside wpma bé B ihatelyl fieceahdsy for b bRt Bahakwiséarosatd or med by

dry-bl ending t tal ,oxi Sor t | er and an
optional pore § JIIF eE RS erm Stf H*OI %Drm‘%mdrﬁsﬁdtlef ﬁ’%’hé@%gédso PRP4ri ous -

| ubricants, bi Pﬂ#elrrsnamdblmdeiitembo(hmatt) are known in the art for incorporation
into this type of catalyst. The total anount of filler present in the

cat al yst conpoShd lewls df Shiorides and calcium in the magnesium reagent can be determined by

common analytical methods. For example, calcium levels can be determined by a

gt
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titration technique or by some form of spectroscopy, e.g., inductively coupled plasma
atomic emissions spectroscopy. Chloride levels are usually determined by titration or
by ion chromatography. Magnesium reagents of this type can be made available by

commercial sources upon request.

The alkylation catalyst is formed by dry-blending the metal oxide precursor with at
least one filler and an optional pore former. The term “filler” is meant to encompass
various lubricants, binders and fillers that are known in the art for incorporation into
this type of catalyst. The total amount of filler present in the catalyst composition is
usually up to about 20% by weight, based on the total weight of filler and magnesium
reagent. In some embodiments, the level of filler is up to about 10% by weight. | v
Examples of fillers used in the catalyst composition include graphite and

polyphenylene ether (PPE). The polyphenylene ether is usually used in an amount of



usually up to about 20% by wei ght, based on the total weight of filler and
magnesi um reagent. In-sone enbodi sents, the level of filler is up to about
10% by weight. Exanples of fillers used in the catal yst conposition

i nclude graphite and poI yphenyl ene ether (PPE). The pol yphenyl ene ether is

usual |y used i g(;g% of 4 WD 2005/ 009936 PCT/ US2 up to
about 10% by \Agyéﬂt ased on tot al weight, while the g?‘g%%ozlzﬁ%g‘susual |y

enpl oyed in an anount of up to about 5% by wei ght. The optional pore fornmer
is a substance capa ai di he, formati on of paores in  the catalyst
and is preferadPy : g?‘%c‘?é’d yf?’?}aiq’t "dg?’b[?fr}‘Yil 5l é"thil‘gﬂ‘eo?a%"x@s“s‘é%

pol ysacchari descmprblyai inax @sougiauf up ® abelt 6%tbgdvefghom one or nore of paraffin
wax, polyethylene wax, mcrocrystalline wax, montan wax, and the |ike. The

pol ysacchar i de T'E@)épthﬂa]%}eeﬁﬁﬁg isfd KLBUARE cPhb1dTHf a‘?dlﬁg m&ﬁJn%&Hoﬁ%? orgsallﬁboxyl
met hyl cellul ose, cellul ose acetate, starch, walnut powder, Pertric aci d,

pol yet hyl ene glBFc Eatalyst gudyfs; prefarably selested: fiom e jegpug ransistae of paxesgndo usef ul

are anionic angolysicthandes. Sthe fvagdsadah e seledtt Gah e bP RBreCoriatriiCHak, 28)
hydr ocar bons cqn neutraliz aci d speci es l'ic acid,

ing e r box
phosphori ¢ aci &°fy§hﬂe“§u| ?ﬁnfnécr%fﬁysﬁﬂ‘?f)e”&?"es Of4fe Wéﬁoﬁ‘?ﬂ i %& fe former
i s that anopunt pelysacthapdeomaydbs sdl@ted afratht b b hbie0sT w@llulospOsagbolylan@hydr s of

about 100 to Bolies 00 MGSERITARL! Sl Aehh oA YRS anges

bet ween about % usua Ween  a nd 5 wt%
and preferably °¥ﬂ°&ﬁ6t§¥?@’3¢ agig avéthablsmtAl@ Wit arhanionid aoﬁcattlhec sunfacthntapei ght  of

metal  oxide prtﬁ,fcunmhg clﬁa‘:ﬂ &@ngmfém@mo%s OHidlfhg ndua1ROITE: ﬁ%&&y ENls the

al kyl ation catalé have a_ bi nodal distribution o res.
bel i eved t hat °"P’l“f§’f B‘P?BPhg‘i‘Faﬁclde‘i‘“d seifoaiteridepegist e distribution is obt ai ned

fromthe netal oxide precursor during the calcination process, i.e. these
pores are of siTht hmeuntipinthepére former is et enaint ahinle profidanfor € distibutahiodn of t he

netal oxide prggHumfkteRYr abRDNI B iahSht E&f"A}Q@&ﬁnsj ﬁe{)@ﬁc{:ﬁg Cand Sﬁ:?& and

| arger dianmeter pore distribution i1s b ¥ the
addi tion and ERBEiMKEEFHrPoBY 100mEME 18 Wi Heklly efrsn@baut é@l Ppm andeS t hese

pore di anet er s wi¥,uhdlpéfetablyen amounts up to about 2 wt%, based on the total ‘weight of metal
oxide precursor, filler and pore former. In some embodiments the 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.

As used in this disclosure, the term “dry blending” refers to the general technique in
which the individual ingredients are initially mixed together in the dry state, without

resorting to any “}Net” techniques, such as suspension blending or precipitation. Any
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found in substantial quantities after calcination of a netal oxide
precursor not containing the pore forner. Preferably, the binodal
distribution of pores has a first distribution of pores wherein the first
di stribution has an average pore dianeter less than 1 00 angstrons and a
second di stri bwad wes0e3spor es wherein the second di stri bedingoes/ams an
average di aneter greater than 100 angstrons and | ess than 400 Angstrons. As
used in this disclosure, the term"dry blending" refers to the general
_techﬂi ale in mé@hmeﬁﬂniwdiix&duakndeﬂ@b%éiueaa; Sichbea Hﬁﬂﬁh!b&lnﬁey. mhoeeﬂ t oget her
In the dry state, w thoyt resort. to gny "wet'. techni.ques, su as
suspensi on bl eﬁlapﬁ‘?dng?a%rarégf"blﬁfré‘f’é’gﬁe.g%% P aWriaﬁgwg’éﬁ?S%% i type of

PCT/ US2004/ 019 n@brisly Jde dfgradients aimukidie mikedamtiban ibtiendBendcianbthigedyséll, such as
a ri bbon bl endgy.. L4l ' - ! M-k i ' gener al
paraneters for ﬁ%riyﬁgﬁgﬁﬁ’?\%mt#ﬁgfc%n&f)}epo?ga%r]ﬁ@épr%fsg(ﬁ T%lhyein}ri\“’qé tgﬁllteggts shoul d
be mi xed unti | typisaliyip thegange pf abpd 19 minyles toi abewd 2 howrs, lat a shpfespegd df@poubhd opt i onal

pore forner beidgioNglel mBuLRGhTRIbout BEph. ending time is typically in the
range of about 10 minutes to about 2 hours, at a shaft speed of about 5

rotations per m.nute.(rp about 60 rpm After dry-hlending of the netal
oxi de precur so[rpﬁerf 1béeﬂjgl(q%r°%#hﬁ e 8’“8‘7 P%%‘F%Of’ gﬁeﬂ (°roé‘f‘f2'8ﬁaﬂeﬁgrag‘§ fornmer is
conpl ete, the bitendedse foobher ds caipiziey dte Wandgpp salidi catalystssompositive is foothen of a
powder. The po I y i i he r ut 0.1
grans per cubi ﬁgggggﬁyn‘g%%r]_“ékgllﬁjc‘:"@n%)qfétlégyggﬁéﬁ%éggaﬁlggﬁ,rﬁgy%fro‘é éfr)abl y in
the range of &BHEPerguisceglipeg (g/emaioiboutd. Se/egp e ard prefieblpitkrarngeiobn

typical ly undesgees2d pehNRrabol03CE&S Nehe pBHER khch ARl ehdeiaR ettt 0 a
desired form Non-limti n% exanFI g3 of the _addjtignal processj ng st eps

i ncl ude si evi Nt BTN CEEBRSY AP f SeFrphiorp-cNen-inyuag pxagles 84 nil 1 ng,
and conpr essi ngiditional Spro®@sgingetarsr @eludmrhiedhd ot htait hemort adrpst patdiposi tion i s

conpact ed afteﬁisﬁﬂ&(ibnbln‘ﬁﬁ%%'cm%gﬁﬁgti ng equi pment is known in the art.
Commerci al conpacting’ systens are available . fromvarious sources, such

as Allis-Chalners; Gerteis _h4acshinen, Jona, Switzerland;, and Fitzpatrick
Co., El mhur st , " jome Preferredmbadiments the,eiphyst gonpnesitien isrrompacted eyt he
powder ed mat er bleddidghr Ovififacting| dg@ibfent is known in the art. Commercial compacting

systems are available from various sources, such as Allis-Chalmers; Gerteis
Macshinen, Jona, Switzerland; and Fitzpatrick Co., Elmhurst, IIl. The compactors

usually function by feeding the powdered material through rollers.

One specific example of a suitable compactor unit is known as the “Chilsonator™”,
In such a system, the catalyst powder is first fed to compaction rolls by a rapidly-
turning vertical feed screw. The feed screw forces the powder into a roll nip. The

rolls compress the material into a continuous solid sheet.

In most embodiments, the catalyst composition is deaerated after dry-blending, and
prior to additional processing. This step is especially important in those instances in
which the composition must subsequently pass through compaction rollers.
Deaeration further increases the bulk density of the material by forcibly removing
entrained gas (primarily air) from within the powder. Deaeration systems are known ’

in the art and available from various sources. Vacuum deaeration is one common



One specific exanple of a suitable conmpactor unit is known as the
"ChilsonatorTM'. In such a system the catalyst powder is-first fed to
conpaction rolls by a rapidly- turning vertical feed screw. The feed screw
forces the powder into aroll nip. The rolls conpress the material into a
conti nuous sol iy, ¢ | N nost enbodi nents, the cataly ion |s
deaerated after dﬁy bIendlng, and prior to additional %éé@%@?@%@g Thi

step is especially |nportant in those instances in mhlch t he conp05|t|on
must subsequen tlon roll eratlon further

tl t hr ou npa
i ncreases the B?YTX’PZ Wensi®t'§8 ‘E"‘Hg’ 59 ELYangys ‘f°8115c?]?ﬂgyt BHER%F Sh " ent r ai ned
gas (primarily pawder fibmalm blntling nnit teetheomokessing Dpaions |Usmallsryts¢ ewmaise known

cormon: Wo 20058 B8AE% iy HECHYE o 43 BN e S
appl i ed at var iTestrepethrof sheajaeig wﬂledqaa@smg@nw qcrve% swbweléhe fmopph afhe

bl endi ng unit tgwak B&he ﬂa&gs%a;%ra&nﬁ%mw %gypeUﬁHﬁéré bntafnbPeh¥en Ut | S
appl i ed at a poi nt very close to (a priecedi | ocation of compaction

rollers. The stheelaptt o fhetpﬁ\é‘de\?a&ﬁ‘éﬂ%l?’a/\ﬁh? Vacﬂ‘é’ﬂ)é*ﬁ‘ﬂ%l‘f pdhe Begs F 3bbPs, such as

the amount of RAMIEY7 GGinkgup/ 6 aRmEEinchkd @3.6 Rh&R&SY. DI | ity, the type of-
fillers contained therein, and the density of the povvder. Usual ly, the

Sbout 25 | nehed™ DUl e LRI BRI e BB el fe FIRRGLTY 10
forned by corrpé(@rtqubﬁchwe% g gtﬁeulgtﬁémucml dsotymsally wm“si%steé e’ElWrﬁeqmés The

granul ated mat @it ghaSulbydah @@hlby c§ﬁv%§‘ed$ﬁ§z@<§1ﬁ£l?% dapingl85drsiRA orGabal yst
granules can then b i mredi atel y oashalngoeratlon or to a

onveyed
storage facili PS‘?’ag"rﬁél?‘?hé‘B‘é Shape Pﬁg‘ecfé‘f‘léﬁ‘y%’ﬂm |‘”i~%t"°ﬁ'of°r thisi ‘PYCB%‘P“ g Wil hi s
i nvention and \dedehd oxdapamdaeam whieh ﬂiamstayst isbeiMaiusdd fbrr@bsfeaﬁea{ aus}naﬂoﬁ bei ng
used for SUbse%'era% al Igyel at0 el ttl ons. Ver% .of ten , a,J yst is
conpressed into & perl et o cr% aﬂﬁ? f’ays CoPRHTSS AP *bé’Ffe tqr2| Yequi pment
can acconpli sthlmestwmdskll‘(tleulg equipmddé caypacesylish tis tasds gy a Bedpress), s S.  Pat ent
4,900, 708. The g shangth @@tf%te}ﬁsi 9dé%§’°ﬁietsha Eq&aéﬂygt}lgx'ﬂ%o%ﬁlloﬁ L -cacid, C nat i on

is usually carrjied out heat'| ng t rature sufficient
to convert th&giptiop ‘so‘iﬂ“’éllé cHFieknt Bbheatﬂlﬁ th?e‘taé@lySf@XP &@Pef\mte@hfﬁpgmtthe active

spec: es in thecowat akYiwtal ofidd srediddol RMmdtdl GkRASAThiNBe §é’cfv§@ﬁ&1€§’-ir)eﬁe of the
cat al yst .

The C? lysk n%ta’cmatxon increases the surface area of the catalyst. The calcination
temperature may vary somewhat, but is usually in the range of about 350 °C to about
550 °C. 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 pellets is about 100 square meters per gram (in%/g) to
about 300 m%/g, based on BET analysis. The uncalcined pellets have pellet density of
about 1.3 g/cm® to about 2.1 g/em®. Within this range the pellets have a pellet density
. of greater than or equal to about 1.4 g/em®, preferably greater than or equal to about
1.6 g/em®. Also within this range the pellets have a pellet density of less than or equal
. to about 2.0 g/cm3, preferably less than or equal to about 1.9 g/em®. It is known that
with pellets having a surface area to volume ratio of less than about 950 m%m? the

selectivity of the reaction decreases when pellet density increases above about 1.6
ST



tenperature may vary somewhat, but is usually in the range of about 350 C
to about 550 C. The cal cination atnosphere nmay be oxidizing, inert, or
reducing. Alternatively, the catalyst can be calcined at the begi nning of
the al kyl ation reaction. In other words, calcination can take place in the
presence of thevabkdeydomss on feed materials, i.e., the hydt/ossysromant i c
conpound and the al kyl al cohol. The surface area of the catalyst pellets is
about 100 square neters per gram (n2/g) to about 300 n2/g, based on BET

anal ysis. The upeal. CB\'ﬂﬁl‘ijsergﬁj b&fes Hﬁﬁ’ﬁ%a%@r@c@%re@?@$blhﬁ{e ptio o?-QIQHEr thad 9/ cnB to
about 2.1 g/cnB. I's range t ets have a_pel | densjty of

in
greater than or bé’&jhga"f@’a‘f%ﬂ}?"elpeﬂetdlf‘@ﬁﬁs B5ptErt thanos| egualy %‘rm&(&ﬂ or equal
to about 1.6 ghﬁmtaﬁgﬂxvemﬁa&tloﬁr&a&loﬁsﬂwﬁg@the pell ets have a pell et
density of less than or equal to about 2.0 g/cnB, pref erably | ess than or

equal to about @ Qe gﬂ)ﬁdﬁﬁnen{ ihel éﬁ&%%t&t IQI% a s%}%&et{gllvgﬁnﬁe Fa% Y LPghof SUrface

area to volunme ratip less th an gout ct|V|ty of the

reaction decr ea?é)sm\/ﬂ*'ie'ﬁ abet| 4890 Héﬁ‘m Wﬂqnﬂbﬁéﬁge@%@@b@ eeljetsi preferably 7 WO

2005/ 009936 PCTi#av5a Q6HbtO 437 R5volinfeTBio %t&rma%'dﬂghdél to%hdtqﬁﬁo Ryt a@ a surface
area to volune ratio o %,ggr § t han out can have pell et
densities great B PRER %‘%ﬁ o ‘fr(?qlii‘bf? °"i]%§)°d‘7 {f‘hBAISWw'Eth‘Blﬂ’t’S ggdisat i ve

i mpact on reactdatiysisellec hive iatsyrfacé meome/oamoﬁlﬁdmmmantoheqlﬁlaﬁoabmssmel lets

have a surface f [yB8 to about 4000
n2/ nB. Wthin tﬁ@aarngﬁlg}é%&%%bé%{“ an% © ua bt°'§t93§$ FéPabl y have a surface

area to volune ratio gﬂeog]ter t_ han or equal to about 1100 n2/nB8 and nore
preferably gredPdrotiehERbagimant the catplyst aejlstshavermmsies AP of Abaub0-qitq 3%P¥ t hi s

range the cat al.yswipielthietmgd) heasmositid ﬁ(;@ef@rﬁlﬂﬁgkﬂer\kﬁﬁnmqﬁaﬁfd fHohtess than

or equal to ab e er.ab or equal to
abou'? 3000 n2/ ?é% aﬁgggﬁ ?%ér%)’y %aqﬁlra?’o?@ﬁf gq"f%ﬁ%a@éﬁ%’({/ﬁs"p% ‘P’é r??é?q)e an
aspect ratio ofthexdsprgt ratio 17 pteferablydess thaf o0equaite dtiont (t45iaad maﬂag»&feriblyelegas pect
ratio is preferghlofe 2R BbutlohH@n ﬁg%ecg%H@‘Es %%?g&?%d athe r%tho &q%

preferably greater than or equal St range

t he aspect rat |de?n}e§rfrr%§'rtam ‘l ess than or equal to about 0.95 and nore
preferably I ess than or equal to about 0.90. Aspect ratio is herein
defi ned as t he Thatcatalyssfpell@nyjdvie anounpacked bulk density of about 900 to about 1200

kilograms per cubic meter (kg/m3). Within this range, the unpacked bulk density is
preferably greater than or equal to about 920, more preferably greater than or equal to
about 950 kg/m®. Also within this range, the unpacked bulk density is preferably less
than or equal to about 1180, more preferably less than or equal to about 1150 kg/m®,

In one embodiment, the catalyst pellets have a diameter of about 1.0 to about 4.0

millimeters, and a height of about 2.0 to about 3.0 millimeters.

The alkyated hydroxy aromatic compound is formed by reacting a hydroxy aromatic
compound with an alkyl alcohol in the presence of an alkylation catalyst comprising a
metal oxide wherein the alkylation catalyst has a surface area to volume ratio of about
950 m%m® to about 4000 m?m*, an aspect ratio of about 0.7 to about 1.0 or a
combination of the foregoing. The temperature of the reaction is at least about 420°C,
and preferably is about 440°C to about 500°C. The alkylation reaction may be carried

out in the presence of water vapor. The quantity of water vapor may be about 1 to
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dianeter or length to wdth. The catal yst pellets have an unpacked bul k
density of about 900 to about 1200-- kil ograns per cubic neter--(kg/ nB).
Wthin this range, the unpacked bul k density is preferably greater than or
equal to about 920, nore preferably greater than or equal to about 950

kg/ nB. Al so w {hi range, the unpacked bul k densit wlGheLably |ess
t han or equal %V}S’ @6%%%3%1180 nore preferably | ess than I)oerﬂlgaué{ﬁ to about

1150 kg/ 8. In one enbodi ment, the catalyst pellets have a diameter of
about 1.0 to ab ht of out i about 3.0
mllimeters. °u I3§ Wéfg@tdpﬂ%/eagg“fff’ Sqﬁf)egra |t§ &oba:lr%' l?ﬂtd(’ fegf‘t?‘}’és Q’By reacting a
hydr oxy aronmat |pmfer®urﬁbolur5doﬂ\5wt%,aasetahnoyltheadtawfhrghtqfﬂwetd'aetarps esence of an

al kyl ation catal yst conprising a netal oxide wherein the alkylation

cat al yst has a1§méra&@otaﬁ E%efd%f‘éﬁﬂ:%le&é‘&tﬁr&uai aﬁl@ﬁU&ne i o/ ABhdI0 about
4000 n2/ nB, an aspect gtloo to ab i nati on of

the fqregoing. elerahp &P e é“’BFS ?}Hl%e ?@Sﬂﬁed‘ﬁd f%r eé‘fh ‘1“8&8?5“5’58{&{ €420C, and
preferably is @b@ut to%%c)ﬂdﬂedabmitexﬁﬂﬂé; if plkegol alHighl laatslzodathw;’adrbgeﬁmpaay be

carried out in enc it ter vapor
oy be. about 1 elsiieRERE BEEy B0 S5k Shes 7 B 96 AP ngbriBbis SN e
percent (w %, tbasesix omléshef mahabl Miegd'ht molf dof Ipbenok aithahigler yields angd
pref er ably aboyledh. i 12 WidhAABAR HRQNLAIR L BLAN REAA! Of the reactants.

In order to obtaln yie ylate products, at |east one nole

of the al cohol referabl. fro o 3 noles of the al cohol .are used
for each ortho TB‘E)QP’E ?’(S’H TSRy genﬁ‘ﬁ@]‘c'i’lmeflc?“tb‘é 3 ZPART SR, W?ﬁtﬂzscék ediple, if
phenol which hae sﬁte@fthheﬁkﬂyﬂwqg:&risumgﬁommlr&etb}mtcmdéxﬁed)mdmetpi‘vﬂhcat ed to

produce a yi el I i.rabl tvvoto |x nol es of
met hanol f or egsc%pargf %%{on%ﬁglﬁ% methoﬁsns'ﬁﬁ aﬁe‘?’“‘ﬁh aﬁ%“s e R Fvities

bei ng obt ai ned reaptioh ptm@dhatglhmsplreac pEssore, mmqam@s abope mt@hwlmay'ﬁhe bal kyl ati on
reaction is gepghal ly carried out in a reactor systemwell described in
the state of the art. The wvapors.issuing fromthe reactor are condensed and

the product 1is,s r.at d@b convent jonal net hods ch_as. ¢ tallization,
dist | lation, dPeaRan Simeber SR EBPaloban 1 bothaabHerioes Bibesire, | but
pressur es abovefaenciieUGwPataWNoal 4654267 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,

Specific examples of alkylated aromatic hydroxy compounds include, but are not
limited to, o-, m- and p-cresols; 2,3-, 24-, 2,5-, 34- and 3,5-xylenols;
trimethylphenols; tetramethylphenols; n- and iso-propylphenols; n-, iso- and tert-
butylphenols; and the like, as well as combinations and reaction products comprising
at least one of the above mentioned alkylated aromatic hydroxy compounds. In
addition, alkylated aromatic hydroxy compounds include aromatic compounds having

at least two different alkyl substituent groups on the same aromatic ring are also
usable.

Having described the invention in detail, the following examples are provided. The
examples should not be considered as limiting the scope of the invention, but merely

as illustrative and representative of making alkylated phenols.




used. The al kyl ati on techni ques are generally known in the art, and
described in the above- referenced U S. Pat. Nos. 4,554,267 and 3, 446, 856.
Sui tabl e 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.
Speci fi ¢ exanpmsx2oedoo@bkyl| at ed aromati ¢ hydroxy conpounecrisaeud®s but are
not limted to, o-, m and p-cresols; 2,3-, 2,4-, 2,5-, 3,4- and

3, 5-xylenols; trinethylphenols; tetranethyl phenols; n- and

i so- propyl phendXAMPEES i so- and tert- butyl phenols; and the |ike, as well
as conbi nati ons and reaction products conprising at |east one of the above

menti oned al kylﬁﬂkﬁ&lloﬂrcgtgﬁgté GOMBQ)Hég&QHRO&m%eré ﬁ)rm@dﬂ!otﬂeﬁas hﬁ&d@" at ed

aromatic hydroxy conmpounds i nclude aronatic conp ounds aV|ng | east two

di fferent al ky|twgdﬁf§ep&%ﬁ%ndgalelaﬁ’saté?f‘ hier é%h%“’é@@bﬁﬁ?&%ﬂw Al ‘é(ﬁévm so
usabl e. _Hgvnd ng cﬁ*@SQrg}’ghﬁidlﬁé‘ﬁe]]ﬁmiﬁrﬁﬂt&&akﬁhe&jﬁﬁ%|usedtlgﬂaefﬂ?:§|t |e£HMleJW£Xﬁ”p| es
are provi ded. exa €S,. SNou t e cons re S Imti t he scope
of the inventi §;b% 'B’ﬁime léldif‘me%?‘éa’]%lzlr'ﬁs‘flﬁﬁ’ﬁt?é“ ﬁ eé]ﬁttstlztﬁl"\?g’eof maki ng
al kyl at ed phen@hlsmechemuﬂﬁﬂﬁk}ﬁ&%&ﬁeﬁﬁiﬂew&@@dm&mﬁnﬁw 2@5ky| ation
catal yst s comprglng, FRERGS U Ak 6k BRIRG 1 00. B PS5 iayi no _two

different size cal crne rs un nltrogen fl ow at a
WHSV of 0.12 ghufachprea Pyolume rtigtof 3409 en’iof. Theepeltetd i ﬂwe@orpbdxmemlshaﬂ%d in the

first exanple Wt rdtOSF d%d Jnli Nehgdce alleQ t@b@&lﬁé 1%{10 @PQ)O?m% Fhd éa'ta'isgiser in

hei ght and the pellet size of the calcined pel used in the 'second
exanpl e was 4. F6Teirided it 2leb sealegragiop fos psedp gn 2“@5“01’ Aeactionndbedkivitionei ght . The

pel l ets in the rédtichtenfployamh &e@adnp&igm@&ﬂﬂﬁﬁolraﬁﬁ pmnamewZ@maaﬁbafusurface
area to vol une .t atio (S)f 1n400d28‘/ 5’2@ ,@ inh the second %xarrpl e had
an aspect ratio oﬁp RoR ] §ma%eégyaw B TAHA BRI V80 ne/ ns.
The cat al ysts 49#€Cend thapresdure w0174 kPalilhe 3l SV deing teactioh oas LUsgghn an

al kyl ation reaction. The alklyation reaction enployed a feed conpri si ng

met hanol and phenel vEibw duBirEEy thé Rhdtion Siecttvify; phenol usage and methanol usage

obtained after more than 150 hours runtime. Selectivity is defined as (Effluent moles

(p-cresol + 2,4-xylenol + mesitol))/(Effluent moles (phenol + o-cresol + 2,6-xylenol))

x100. Phenol usage is defined as (phenol used/2,6 xylenol produced)x100. Methanol
usage is defined as (methanol used/2,6 xylenol produced)x100.

Table 1
Reaction time | Selectivity Phenol Usage Methanol Usage
in hours
Ex. 1 Ex 2% Ex. 1 Ex.2* |Ex.1 Ex. 2*
167 0.026 0.029 78.92 79.23 60.88 61.67
173 0.025 0.029 78.85 79.21 60.96 61.72
191 0.023 0.027 78.77 79.14 60.79 61.75
*Comparative Example »
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The feed al so contai ned 20% water by weight. The reaction tenperature was
about 440C-and-the pressure was 170 kPa. The WHSV during reaction was 2.1
g/ g/ hr. Table 1 bel ow summarizes the reaction selectivity, phenol usage and
met hanol usage obtained after nore than 150 hoursI runtime. ‘;So)fl),{e(CtE:‘:‘/: ty |ts
defined as (Ef | es (p-cresol + 2,4-xylenol + | k uen
nol es (phen(()I ydﬁﬁ(}gﬁl + 2,6-xylenol)) x100. Phenol nﬁ?a['gfg ils 9c?efi ned as
(phenol used/ 2,6 xylenol produced)x100. Methanol usage is defined as

met hanol used/ xyl.eno rqduced) x100. Tabl ..Reactiop tine

Sorecttvi typnerGrelt i ehB S Sty et et Peselid biflg » 5.,

1Ex. 2* 1670. 0280 m?@gﬁr@@mazsﬁﬂumaﬁo &nd ﬂWB@s;&Z&@timermueSR@inE%O) 888%322
1910. 0230. 0277 0.3 7 * r.at i I 05

PCT/ US20047 010785 PR ke a2 Lalnde g@@cﬁa%gqg?@éﬁ% gt Mgl o

sel ectivity of redvecdpbinokand metgichgsage fonhoprodptiorrfSigrhlan®d area to vol une
ratio and a 0.78 aspect ratio over pellets having a 900 n2/nB surface area
to volunme rati adasled: shdvsGfie ampeRdd bk i Rusita (WPBDY deteining! for Heegtieed phenol
and net hanol usa%ebef QL ok he production of 2,6 xylenol. Table 4 shows the
unpacked bul k S TBPBD) determined for the pellets described above.

UPBD in 45 millinmeter tube (K mFExanple 1 1,063
UPBD in 45 millimeter tube (kg/m")

Example 1 Example 2%

1,063 802

*Comparative example

Results in above table. clearly show the increased unpacked bulk density of the pellets
having a 1400 m*m® surface area to volume ratio and a 0.78 aspect ratio over pellets
having a 900 m*m’ surface area to volume ratio and a 0.66 aspect ratio. The
increases in the unpacked bulk density increase the amount of catalyst that can be
loaded in the reactor compared to earlier catalysts. The increase in loading results in
decreased catalyst material usage and a longer reactor cycle time, making the method

more efficient.
All patents cited herein are incorporated by reference.

While the invention has been described with reference to exemplary embodiments, it
will be understood by those skilled in the art that various changes may be made and
equivalents may be substituted for elements thereof without departing from the scope
of the invention. In addition, many modifications may be made to adapt a particular
situation or material to the teachings of the invention without departing from the
invention scope thereof. It is, therefore intended that the invention not be limited to
the particular embodiment disclosed as the best mode contemplated for carrying out
this invention, but that the invention will include all embodiments falling within the

scope of appended claims.
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*Conpar ati ve exanpl e Exanple 2* 802 Results in above table. clearly show
the i ncreased unpacked bul k density of the pellets having a 1400 n2/nB
surface area to volunme ratio and a 0.78 aspect ratio over pellets having a
900 nm2/ nB surface area to volune ratio and a 0.66 aspect ratio. The

i ncreases in theoempeedsed bul k density increase the anoeotusbosestal yst that
can be |loaded in the reactor conpared to earlier catalysts. The increase
in loading results in decreased catalyst naterial usage and a | onger
reactor cycle tcmameraking the nethod nore efficient. Al patents cited
herein are incorporated by reference. Wile the invention has been
described with reference to exenplary enbodinents, it w1l be understood
by those skilled in the art that various changes nay be nade and

equi val ents may, be substjtuted for elenents thereof wthout departing from
the scope of the izﬂéﬁ‘tylaﬂ‘ﬁ‘. cafalys (RIPISIBG 2 mrtah PXide Fheeie e ‘fﬁ‘ﬁ'})’sh&i %he nmade to

adapt a parti cuhefice afeh taradhingvatity of TEUOE td 4000 squard1Rieter® J6VN ME&rs,Qh abgeer i nvent i ,on
wi t hout departi rm)(;‘frgrp {)Pe iglgentti OF Sfo e.thereof. It is, therefore

i nt ended t hat tAS STAVERTT OTF SBPORE" °f WF fX®°PE  the particul ar embodi ment

di scl osed as the best node contenpl ated for carrying out this invention,
but that the i rfvent Tesfatgiytof plaigl L gdergin|theandid @kide pamprisea ragnegjumioride.n t he
scope of append@,ﬁlogihaj,ﬁmomg;gaﬁ\g\(%fz%{e?ggg% PCT/ US2004/ 019795 CLAIMS: 1. An
al kyl ation catal yst conprising a netal oxide wherein the catalyst has a

surface area tq vol i f 0 S re ers _cubic neters,
an aspect rat :%o Of%g&?%oﬁg@ogéegggegﬁ%cﬁg Sg'g'ﬁre%# ﬁetcﬁtg%o?sepgo(rfisr\”é!h 2. The
catal yst of cl dliameters ofplopii0f tadheut 44 Abgsoomskermlvpatiss magnesi um oxi de,
iron oxide or a conbination of the foregoing. 3. The catalyst of any of the
precedi ng cl ai @5 WhEtekhtalyitlbfang of @it piSteding Sla) WifereiM thélcatalyst has a bimodal

distribution of pores.

5. The catalyst of any of the preceding claims, wherein the catalyst is in the form
of peliets having a surface area of about 100 square meters per gram to about 300

square meters per gram.

6. The catalyst of any of the preceding claims, wherein the catalyst is in the form
of pellets having a pellet density of about 0.9 to about 1.30 grams per cubic

centimeter.

7. The catalyst of any of the preceding claims wherein the catalyst has an

unpacked bulk density of about 900 to about 1200 kilograms per cubic meter.

8. The catalyst of any of the preceding claims, wherein the catalyst is in the form
of pellets having a diameter of about 2.8 to about 3.5 millimeters and a height of

about 2.0 to about 2.6 millimeters.

9. An alkylation method comprising reacting a hydroxy aromatic compound with

an alkyl alcohol in the presence of an alkylation catalyst according to claims 1-8.
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di aneters of about 100 to about 400 Angstrons after calcinations. 4. The
catal yst of any of the preceding clai ns; -wherei-n the catal yst has a bi nodal
distribution of pores. 5. The catal yst of any of the preceding clains,
wherein the catalyst is in the form of pellets having a surface area of
about 100 squape 2iRfe®bss Per gramto about 300 square g AfsSoPfibe9r am . 6.
The catal yst of any of the preceding clains, wherein the catalyst is in the
form of pellets having a pellet density of about 0 9 to about 1.30 grans

per cubic centjjnet st of a recedl n | ai s
wherein the catal ys?ﬂ%%esthogr??elﬁlnmaéack’gr&nﬁlﬁalrﬁacﬁ'}elgﬁ%ef ffla?ffa B‘B?ratﬁ’%é’??to about
1200 ki | ogr ans leastabouiB2@Coneter. 8. The catal yst of any of the preceding
clainms, wherein the catalyst is in the form of pellets having a dianeter
of about 2.8 to about 3.5 mllinmeters and a height of about 2.0 to about
2.6 mllimeters. 9. An al kylation nethod conprising reacting a hydroxy
aromat;i c conpound with an alkyl alcohol in the presence of an al kylation
catal yst according to clainms 1--8. 12 WO 2005/ 009936 PCT/ US2004/ 019795 10.
The nethod of claim9, wherein the reacting takes place at a tenperature of
at | east about 420C. J ti Q 13
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