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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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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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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.
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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.
Examples of fillers used in the catalyst composition include graphite and

polyphenylene ether (PPE). The polyphenylene ether is usually used in an amount of
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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 “wet” techniques, such as suspension blending or precipitation. Any
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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
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The surface area of the catalyst pellets is about 100 square meters per gram (m?%/g) to
about 300 m”/g, based on BET analysis. The uncalcined pellets have pellet density of
about 1.3 g/em’ to about 2.1 g/cm3. 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/lem’. Also within this range the pellets have a pellet density of less than or equal
to about 2.0 g/em’, 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
7



depend on the manner in which the catal yst is being
used for subsequent al kylation operations. Very
wo@Rdosng99she catal yst is conpressed into a pel | BET/082004/019795
"tablet". Conventional pelletizing equipnent can
acconplish this task (e.g., a Betapress), as
f}le scrjbed .i U.% tent 4,900, 708. Th shag
B -al SEPIEBHBoBF IS ATYIEE ARRAEG RESAndYolulRg Tetio o iggsptsrsthan
bbb akh yn a3t %é@ﬁa&é“f;elf%‘! dQ&@&ésngeitBﬁt}ﬁﬁt@eﬁﬁ&l l@tab%ut 1.6 glem’
tenperature sufficient to convert the netal oxid
withew arsgatiteompattain rexétos, selebiidty.i s t he active SpeCI es
in the catalyst. Calcination increases the surface

|
GG lorRat S OSSR} RS et GLPBH LTy P
9535@12@1% & AUU00GRGAL:. Wighis ahigi add, @ adtﬁlrg&pm]reg Ib'iﬁﬁarab]y

be oxidizing, inert, or reducing. Alternative the,
haygtanFuréice @aeh 19evalangirpEq) Seeater Hearhelypanal ﬁgamuttlﬂéo m’/m’ and
S BURLeERRE A sobf Q8B 1Y e SRR ke e
cmyﬁrﬁeabts have @.surfateardy do mﬂ)arr&,rlanatlm thmrploeqiﬂl anabdun 8800

al kyl al cohol . The surface area of the catalyst
gy |a@f1§nqr§p%@al?lym@ thaag I eguHdP éP@thQPOm/@m (12 /g)

to about 300 nR/g, based on BET anal ysis. The

Inuﬁl%ﬂ{e? leRBEIRRnt, ecfl@ cﬁ@lgﬁté&ﬁ%s?{avg ansbdett fkio 0@@96‘&’( 0t7 % about

g/ cnB to about hin thi's range t
1.pel Wéhm ﬂmnemge pchb IaexteCdemiDi isyprefefabyr g@tter tltdmacvr wual to about

Lt b f t t
0 38 888 mioge BGTeo erestyiBanbor Seteb iahentt 750t W Bisgenee
the@kpet ﬁanfaaygreareras] I1@sts RN do¥iaolo dbB88S0.0 8 ﬁlbreeﬂ@wrably less
- to ‘about preferably | ess than or equal

thab ®utequal go gi/oenﬁBO 90t Asgedtriatim it herein dafinad pe ItanetaQOHa”\}ﬁm@h to

rf r.e volume ratio of | ess than about 950
dln’_ﬁl%%é ?ﬁiggﬁs}%%’égﬁivity of the reaction decreases when

pel l et density increases above about 1.6 7 WD
TRO @5t B0 PBBet PR &SR 00 O0lI7 Bhlk densit$.of Sitiopt 990 gl ghout 1200
‘gql |l ets having a surfac

oAt o e Thais RE/OSh. MOIHG (ea mTeey e ﬁ%ﬁ?@%%dogulk density is
pl‘éfe@%% g?e%t@g ”d%t dr'e gﬁglqg 295ut@28 3 ot OB RAIH ére@teg heRBr e%ual to

a_negative inpact on react’lon sel8ctivit
atme 9 Bihbg/di’ metiso within thastrahges thepeipeeites Hudly dergity w;ﬁlafﬁeably less
area to.vol.u n2/ e
3 P AN | 0s PP oG s e pa o e T st
preferably have a surface area to volune ratio
9682t @bodiRRt, ke QEUBSt hOlctdBiMe 4 HAndtE Batg 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

8



nore preferably greater than or equal to about 1300

nm2/ n8. Also within this range the catalyst pellets
whaone/0e993aur f ace area to volune ratio | ess t hanP@r/UspOED19795

to about 3800 n2/nB8 and nore preferably [ ess than or

equal to about 3000 n2/nB. In another enbodi ment, the

5B B, R, B Bl Ml B S i
prlfcliny ALY 545 034R%, biRA uBbn B4AHaI heighPOfthe rlicidand

nore preferably greater than or equal to about
Also within this range, the aspect ratio is

Inpyrdéretp sbiayn h aild phanhorlkelgted producsh eliteas. s magld ofiéeealcohol
alﬁé%er&%ra%gslf (o) Slls’t?c]) ?%ﬁeg{hggﬂij ?81 s P?e%of%% e ch9 9{118’/_}?02&1%51 on the

pliéndN®y BE al dy]zite(ﬂlgtfh)lrte(;?;al‘d\iplizl; hf pHdi@] cattich yad 2FIﬁJcHo€ﬁ}$hd5gb\1/1§ per
an unpacked bul k density of about 900 to about 1200
mR ewig s bp aretivilaied tarpiodpce k il 2ol hisdesiable to use

?o lé&p ﬁﬁ%? d aﬁo i haglgg‘cf&r Xadhs mobd %{f g{k}?}?&ly e ﬁ%g%t&h g%r and

equa nore prefer gr eat
semuaitlet being bbiained Mdthkityé h&heﬁaﬂo o\ﬂ/rrteﬁialnol toiphenginge, the
unpacked bul k density is preferably |less than or
| ess than

eq t.o abouyt 1180, referabl : :
TicilRyiabign EgStien Bieotiely raecia oha ARSI Well fgscribed in

thg @fa?el SiSthe PRI TIRE PapBaViSsitn HiraBh&Feallor %Q%hd@ns@d b ﬁl@%&duct
mllinmeters, and a height of about 2.0 to about

is 3.eparaieﬂ|byrreolerfestloﬂah enegthédsatust etsy@rystxljnzatn@m;hstdlatlon etc. The
d h
RGBSt £ el ey 176y tnBrt THFr LTS 2B e Ba b lso be

usalikyl ation catal yst conprising a netal oxide wherein
the al kyl ati on catalyst has a surface area to vol une
rati o of about 950 nR2/nB to about 4000 n2/nB, an
Tlgpszﬁléﬁlptupra{qcbmgpesaaé@ geneually knpvanim the artpangt degeribed in the above-

re?e?gm'eﬁl &y ISO rPa(Pf Fg' €4 %95 9’73 'aﬂg 230%{]568 o g%g:?@l%lg r frg?ésséshgre also

reaction is at [ east d out era
deatritrid 440S. tPat. alben 4, BOFCY; F1960,aD&y4,a54,060;rE54H, 48ﬂ;| 48,239,

b rri in the presence of water vapor. The

Ebﬁ? Sgﬁwaébgr vapor nmay be about | to 8 WD

2005/009936 PCT/ US2004/ 019795 about 35 wei ght percent
S}{éMf?@ exé%}ﬁ@@ oPRIKyRed Qicﬁlﬁatféelh}gﬁéxﬁf:oﬁlﬁ&nfﬁ 641884, Sbut Pi#é not

preferably about 5 to wt % based upon the total
hlwéedgjhto ob-,t e rasdc tragresnls;| r2 ?or déﬁ -t @ obt &én @ndju B ckylsmols;

eil&ﬁ }?elnléi’/s %t?aqné%ﬁﬁgﬁjeno s, n- andelas%tprgpﬁpheno S, n- Eso- 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.



and preferably from1 to 3 noles of the alcohol are

used for each ortho-position on the phenol to be
w@bdoghesoadl. For exanple, if phenol which has PCT/US2004/019795

2-ortho-hydrogens per nolecule is to be nethylated to

produce a yield of 2,6-xylenol, it is desirable to use

i x nmol es of nethanol for each nole of phenol,

E%%ﬁ%#ﬁﬁ%her yields and selectivities being obtained

with the higher ratio of nmethanol to phenol. The

ARylaYibAtdaBilystL 86hpiing Snagaeglia! dxide defd @dmedtinionpdlets having
reactor systemwell described in the state of the

t“@rdlfferpnéswmxdscaicsw| FH¢0f Perfor he hrseidep pitipgen Hewdd ssWELSY
o Dy PRV Ebr 6 SR BB P RDNEL OB IRHARR: v

2.9@ adllinteprio demstseradndal. B sfiligndter priesgurnad thapellet size of the
ressures above or bel ow nay al so be _used.

ingd %ﬁlhebﬁsnga Hhe grread srample s 4143 MINBIETI TR Ee%t%rr%nd 2.95
e

sutiasc aieh éalvolome.r&io 5>fat4oorm%1m 4r19;-313:115a;9n the @00n¥@8mple had an
554, 260 4, 547, 48Q; 4. 048, 2 4,04 5;

sseg 7415960 O ¢ Py aé&a?ﬁ?ﬁ sV ’f‘mSﬁRSl/P St o0 3¢ g e catalyses

wiRdb Q6 iFRTPRYNRES e rEletdd 46y uﬁuﬁu a%ra?kz)ﬂ%on }ebéﬂc;ne dTﬁé)alklyatlon

o-, m and p-cresols; 2, 3-,

re@qtﬁonx%hwnmdsa feeﬁrmmalﬂsyigahneﬂnah@ arldephegnletnhay IWQ@JIMJNS) of 1.4.
n A n {
T 50 Bhenor e At et eeveiset wlhs PREbEimenymgpnas abou

449d ah& el freRuiRieAUCXPa O MRE VBHRY duding k&rSbn 4ae 2af g/bMhe

above nentioned al kyl ated aromati c hydroxy conpounds.
In addition, alkylated aromatic hydroxy conmpounds

Tabie | balovasuwmetices dbnisaeirtssaheaiivity Phenol wage andymethanol usage
olﬂé1££c?%f?&lt1n(lﬁ'lﬁ l@@m lsslékiﬁ)ttﬂst M9 ggfégg\\r/ll - stdgﬁne?dazﬁe g%fﬂuEnt moles

usabl escrib
(pl-dirmﬂlﬁ-lz;m-xyhndlef aiekifol))HE flwaint mmﬂa‘sg{pﬂmﬁ‘@loeaemie 2,6-xylenol))

O 0 AL LT 0 e
us‘a%é H%ﬁﬁéd Xs%n?e@lﬁjan()ﬂ?sre@@eé"iﬁéﬁdl %r&fuc@@)ﬂm al kyl at ed

enol s. 2005/ 009936 PCT/ US2004/°019795 EXAMPLES
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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Al kyl ation catal ysts conpri sing magnesi um oxi de were
formed into pellets having two different sizes and

W@ a008/00m986 at 404 C for 16 hrs under nitrogen fPOMUSI008019795
VWHSV of 0.12 g/g/hr. The pellet size of the calcined
pellets used in the first exanple was 2.96

mllimeters in diapeter and 2.32 m|linmeter in height.
R e eI RS Sl v e IngrERSe g RER Gt %@@ﬂeﬁs paving a
1400 3 it XA S MAe forid2nflal . TETRERE daflo S ATRIRIS 1A0Fhg 2

,m I'limeter in height. The pellets in the first
S08xaipl’ esunfade areaaopedtmeaniio anfl DOBE pdctaatiguakdate strongly

N N L

surface area to volune ratio of 900 n2/nB. The
Tabdd al ¥Ré s tMenmph@rdedulkniénsay | @PBDRIdetehaaetoforf Bk pellets
use in an al kylation reaction. The alklyation
depaihediabpvenpl oyed a feed conprising nethanol and
phenol in a weight ratio of 1.4. The feed al so

con I 2090 Wet ' '%?ET—The—reaCrron
tenpgp; upéﬁ%%@ﬁ%%%ﬁ?%xﬁgg nd the pressure was 170
kPa.l The WHSV during reaction was 2.1 g/gfhr. Table 1
bel oWxampieel | zes the |Brahpleld*sel ectivity, phenol
usage and net hanol uspge obtained after pore than 150
houts—rynt+re—SeleetHHty—+s—defHned—as—( Ef f | uent

noléé*xﬁg-cresol + 2,4é | enol + nesitol))/(Effluent

nol es (phenol + o-crepol + 2,6-xylenol)) | x 100.

Phengt, %e'&axﬁl/gie' ned as (phenol used/Z, 6 xyl enol

produced) x 100. thanol usage is defined as

(et hanol used/ 2,6 xyl enol produced)x100. Table 1
Remelicin above tabte Gedrioshiow thy inRiteased utkasled ik danoty afishgpellets

in h . 3l * . A . . 2F .
na g 90 g s pacarl vl ogp ' 438 iy i pelirs
ha(fhg8® 909. Rl/nb0suDBcé hreh2to YO AAD Shd370.88.aéFect Satld  The

. 60.79 61.75 *CDnEarative Exanpl e 10 WD 2005/ 009936
inpeses P G parpskab bulkedanpity incheass die amapnteel eatadyst|that can be

loe?cﬂ:ﬁ% tt}lIEere.b&Sf gﬁﬁ&ﬁleéﬁj ga?ﬁérvéa{a)fys%f. ’hlﬂeein@leelageeﬁlslog]cﬂ}{é Mufs 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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1400 I n2/nB surface area to volune ratio and a 0.78
aspect ratio over pellets having a 900 nR/n8 surface
W@e@a/00w3eol une ratio and a 0.66 aspect rati o, PENUS1004019795
strongly reduced phenol and nethanol usage for the
production of 2,6 xylenol. Table 4 shows the unpacked
(Hggéé density (UPBD) determ ned for the pellets
i bed above. UPBD in 45 millinmeter tube (kg/ nB )
Exanpl e 1 Exanple 21- 1,063 802 *Conparative exanple
Results in above table- clearly show the increased
unpacked bul k density of the pellets having a 1400
n2/ nB surface area to volunme ratio and a 0,78 aspect
L.r at i4n elletatioal qagalyst deEIPrINESa: oTtRl idm Wheciaghe egtalysttlins a
Vol u at | - . ' i S
solffeq e o0k 1 S0 85 B0 ik e bl AL ERT R aspec

raG@ba. 36 0Phirta co@ibieion lof@defdregbinighe react or conpar ed
to earlier catalysts. The increase in |oading results

in decreased catalyst material usage and.a | onger .
2.1 eacthroatdyyit oF elapp 1> WRRICHYE Mee e HGoomRIISes BRENG Bh oxide,
irdd xi@@éﬁi‘éoﬁn\/@ﬁtﬁﬂ JIieioRegdfify. | NCor porated by

ref erence. e the 1 nvention has been described with
reference to exenplary enbodi nents, it wll be

3. und€efistadysh pf snjosfehe kicctdidg chimhwhenein thh gatalyat has pores with
.ch d i val ent L b
agHRgR T abe 1P Rrin Rl anEfSH e ReE R odepar 11 ng

fromthe scope of the invention. In addition, many

4. modi TlieCatdl @ of AlyoftiBe pRA€dih® cRdAN twhrdha el catdlyt has a bimodal
Ssituation or material to the teachings of the
distrbetian fPoigst hout departing fromthe invention scope
- thereof. It is, therefore intended that the invention
ot L P i .
e (R T B B S, R kol P 56 g form
ofi pellest having duwtrfadeadrea he about i somangi thetersnodr mtamablabout 300
enbodinents falling wwthin the scope of appended
SQETSITHECTS P§T §4812005/ 009936 PCT/ US2004/ 019795

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.

12



CLAIMS: 1. An al kylation catalyst conprising a netal
oxi de wherein the catalyst has a surface area to

wo odoane9s@t i o of 1,000 to 4,000 square neters BCDUS2004/019795
neters, an aspect ratio of 0.3 to 0.9 or a
conmbi nation of the foregoing. 2. The catal yst of claim
1, wherein the netal oxide _conprjses magnesi um oxi de,
19.p onTB@(m&g’oérOf &1288 v i“ﬁ’ﬁ’fql% Hhedragting takss ddrse Rg2 tenperpfure of at

1e5atabysh oot any of the preceding clains wherein the
catal yst has pores with dianmeters of about 100 to
about 400 Angstrons after calcinations. 4. The
catal yst of any of the preceding clainms, wherein the
catal yst has a binodal distribution of pores. 5. The
catal yst of any of the preceding clainms, wherein the
catalyst is in the form of pellets having a surface
area of about 100 square neters per gramto about 300
square neters per gram 6. The catal yst of any of the
precedi ng clainms, wherein the catalyst is in the form
of pellets having a pellet density of about 0.9 to
about 1.30 grans per cubic centinmeter. 7. The
catal yst of any of the preceding clains wherein the
catal yst has an unpacked bul k density of about 900 to
about 1200 kil ogranms per cubic neter. 8. The catal yst
of any of the preceding clainms, wherein the catalyst
isin the form of pellets having a dianeter of about
2.8 to about 3.5 mllimeters and a height of about
2.0 to about 2.6 mllineters. 9. An al kyl ati on net hod
conprising reacting a hydroxy aromatic conmpound with
an al kyl al cohol in the presence of an al kyl ati on
catal yst according to clains 1-8. 12 WD 2005/ 009936
PCT/ US2004/ 019795 10. The nmethod of claim9, wherein
the reacting takes place at a tenperature of at | east
about 420C. 13
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