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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 suBstantiai
amounts of para-substituted compounds, such as para-cresol (p-cresol), 2,4-xylenol,

and mesitol (2,4,0-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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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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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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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 commeon
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Calgtnatipp scussalboeardeh et hkeesing thqawdaly&théa @Ifemratyreomf qrent to
congthge 1 e% o‘%‘ude@e«gurg \th%%H%% §x1dg n\g h t1§ the ac ult g ﬁgeme% in the

mer CU

catdlRehe Calchdition GMrefRE Ak Yurfike azal ¢fdt1~@h@eet1§st of ThatcalciBtion
material formed by conpaction may then be granul at ed
tenppr atmanmyu@rr SOREW aiclaut lsrh@agwalm theaepge elabept 330 (s to about

y I,ze-separate The red
55 de¥ o SHETHER BuRtahos, det dredriiaty ok Sndpiiipe
Alt@i@@ﬁ@ély Ofle cfblybOcat beSdaRliR@at tBE bédihing bR ﬁw&ﬂl@ﬁ@u&f reh&tfon.
catalyst is not critical for th|3|nvent|on and w ||
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 (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 glem®. Within this range the pellets have a pellet density
of greater than or equal to about 1,4 gfem’, 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/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
sed for subsequent al kyl ati on operations. Ve[ly
Wooq"f’%ﬂ’g’g%she catal yst is conpressed into a pel [PE{I7IER004019795
“"tabl et” Conventi onal pelletizing equi pnent can
acconpl i sh this task (e.g., a Betapress), as

g/&ﬁscﬁh@?fé;dgw ?eﬁets F}?arvlﬁng 2udRQ % 108 10 ggﬁmié;?az%dof reater than

cataly sition hen cal ci ne natt
abostu2dd ;m /marafamehhveqiellbtyddmmes geatdnehandabgst t@tbaut 1 6 g/cm

B}On‘gerat re.suffici en% convert the netal oxide
WIHIPEEY IVE dMpRst QN 1eRE axésel%ﬁvgﬁ is the active species

in the catalyst. Calcination increases the surface

In @h@@n’fbﬁdﬁﬁ'@t Gaé @htﬁ%t pel 28 Eeﬁfle“a' Sfab® Brea 6 WBRIAL 466 oT®Yout
var% $0 usually in the range of about

9585070 tte abbtaiu%OOfJSe?fn% Whiinc Hic lange.i tba catahiss phliete predgrably

B o e A T L A
m@b wa@ b9 R@ChaO6: equbhNtoQihbey 1 300m6Pem° . CAlse iviaiih 8fs £aPe the
| ace in the presence of the al k&@atl on feed

Caﬁ%b%wlbrt%hawe psurfach arqiyigrtymea rsivalescthenwpsaw tamgoenB00
m%lk d 3 ?%rab@rﬂ%a%ﬁﬁéﬁ ar @cg@f %aabgflt Stdi')% 1 Inal yst

et's neters per am (n2/g) to
about 300 n2/ g, based on BET anaIyS|s The uncal ci ned
In pedthet entialimepethcantathen seliats bive abmptct TatR of abwBt 0.0 to about

baout .2..1 g/cnB.. Wthin this ran t he |l ets ha
L Gl dndetef. tsrigrisdels 'S mairany R e bswH fo Foou
7@/ a@ﬂﬁno@ r]ﬁéfefa@tal YreSieP flaflor Lh@N 19 5b &Y @aﬂs LQs8 bt thls Binge,
A'so within this range the peliets have a

th@p@pttéirataemmi?ra@iy leesthan kanqwl teduwat 0.96 and bt pﬁ:f@ ably less

' /cnB, prefer han .o e about 1.
el il o R Rl Kt PR R ol el BR rar B e o
disdde®d dr Cen@ll W@idfiAat i o of | ess than about 950 n2/nB the
selectivity of the reaction decreases when pell et
density increases above_ about 1.6 7 WD 2005/ 009936
Thp@ﬂiwlz(wldfzmwgsan greased Syl rﬂﬁeﬁltﬁgv@ abqys| G086t & ARRKE Nl 00

iGerBH gP AL BB iclon O SlpabRE bR iy s
predgrablly grantaiibart orledhabioenbBut 90, houd pmfmdgatgreaﬁarlthmaﬂ‘tequﬁi to
t gty | nb t he .cat al t
by B3 averss vt fiseribeRals GGk a ey ot PEBotRY Tes
thaf 2 eh 2t Bo i@ | 880 Whord g%eiﬁgl/yq&*s ﬂWntd?'eQuél hb 808iRN9SH KIME.

catalyst pellets preferably” have a surface area to

volune ratio %r eater than or equal to about 1100 n2/nB
In gpgl 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

8



nore preferably greater than or equal to about 1300

nm2/ n8. Also within this range the catalyst pellets
WOWEW93r f ace area to volune ratio | ess t harP@URGU19795

to about 3800 n2/nB and nore preferably | ess than or

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

. . tiQ: t ,

oG T I BT PHR BESATR 1 LB o M B But i
prefestbéyr @y S g 2ateYs, bdsadugon mq teh! welglhdube re@etdi@s.and

nor e preferably greater than or equal to about O0.75.

hi t hi , th t t
o GrE7 e BBy s bl o GG UEEa P Rbsueat Sus gHo i aloobol
an@Hed(8hBhl ﬁ‘ozh 9S8 3 Iﬁ&@é"oﬂﬁe @IQHI%I atQuRh %ﬁt eagh %Qh%’%%ﬁﬁ&'i on the

ratio i s herein defined as the ratio of
phanaintet e akkrylalt@wgfm evampldt If. plithel whichl b@t 21@alhbényé1dgawseper

R P e st e a PRy 2 mvlial e if e o vse

twb e Mﬁ%@i@@dofbﬂlbfhaﬂ&nﬁirtééch SmolRr &f BR&HNY wathembRe: VBRI and
or equal to about 920, nore preferably greater than or

selggfindtics keingplrained Bithhy higher Aptsvofanethrrolthpkenchnge, t he
unpacked bul k density is preferably less than or

rig bl 2R 1B PR B LS gera i

thecstbtaloy stie grelThetvaphaveuiag dicanticatacebr abooidehsdd dnd thbpistuct

4.0 I[limeters, and _a hei ght of about 2.0 to about
is Grgroieg |bwncé>fna?@mn¢hawawmp%a NGB listibetion, elo. The

1ea%98§9wbgedssatfa%5'§ﬁexg p! g%goho %sgﬁfﬁr{e %g%%ggwo%ag also be

compound wth an-al Int
used.kyl ati on catal yst conprising a netal oxide wherein
the al k ylation cat al yst has a surface area to vol une

g Shoe 3o B8 s ARy b8 AR 0g g FeeTRea B sbove.
zefs@msemai $.0Ra0Ndshet, $5ar@goinig 3,418 56, ensﬁmw heoc@ésel e also
reaction is at |east about 420C and e er abl is

desgpibad A0S Py Aot IBDIE; HHY, WSk Wi I68; (S4CHB0N4AES239;

r in the presence of water vapor. The
40@'3%9% Mdeéj?’?@ﬁ%ger vapor may be about | to 8 WO

2005/ 009936 PCT/ US2004/ 019795 about 35 wei ght percent
Sp@mﬁ%exaﬂnahae thbfoaikyied tandrabtiovdiydiloky afontploendse actaief but biat not

preferably about 5 to % based . upon the total
hnW;‘i’figﬁ? & tHe” PRACPAITEAS: Iﬁ?o\rl\% §§0b13a agdy PerEygols;

trnﬁéﬂa héﬁdﬁé’ | 8h8deMyRUMKIS  n-aknd ‘?ﬁﬁro@?@h%@ Rf itd€and tert-
but?/]p%gnols and the like, as well as combinations and reaction products comprising
at [east 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 al cohol are

used for each ortho-position on the phenol to be
WOIRYPMWPIY., 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 nol e of phenol,

EX%ﬁmIﬁ¥§her yields and selectivities being obtained

with the higher ratio of nmethanol to phenol. The
Alhyll@giblatca&awswewpramg saagmsfamldxjdec‘acuei *iedncdnintb rpedets having

t t d
e e TS s o e PR 304 FOie HeeiiBeShihiis ok den deEsY
of@nldz bR progusdiet kise %Fﬂ%@l&ﬂe@?ei%&&ﬁtlh Qﬁ@l”rs@%ké}ﬁﬂ% was
such as crystallization, distillation, etc.

2.9Gendliimsierp o dieagter and a?t?n?ompllimm‘tqr ipheigbuined th@meilet size of the

S 0 e $0 be. used he
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mzﬂﬂﬂetéﬂ&@feﬁ@ﬁdﬂl@ p&lhaes RAY Grst reﬁﬁlﬁplemﬁ@ dn bkpRct B8b of BOS.and a
4,554,267 and 3,446, 856. Suitable processes are al so
SURRRSCH POV A pmesratio P00 xgy dm Ma@lisfw the sogmdzggmple had an
7, 2
w2080 3y 08 e, BB ca
wd‘nty fraduy imto ﬂﬁ@lumme ielac&)tldrﬁ usbut aaraH(yITmion lhacltlibh ed“ht: @Jklyation
sol s

and
le@flsn ﬁmpzw&risa %65 &P%flwgﬁﬁ%thﬁrﬁ ang @Bl?léqlrév Wy‘i"%‘ﬁ%‘h’é’lt@ -of 1.4,
Th@ 'feéH‘Qisd) %QntQﬁq@@Bﬁb*W@/Q@l By Weight! S‘lf’he RAdidn&kiperature was about
but yl phenol s; and t Z % as coanna t1ons
4401 dandethe prassirp pael lll&@ kPa; o’ﬁ’m M&i{&‘g duyatng teesisan ware2. big/g/lhe
above nentioned al kyl ated aromati c hydroxy conmpounds.
‘ dition, alkylated. aromati.c hydroxy:congoungds
TapR ot BEleh b G o SRl Ry PRt KasG R ol usage
obflidfeliefeninoad fith 150 B&tnk ruehhe. gsaetnﬁutgms aéﬂs]ea aﬁqﬁfﬂuent moles
aromatic ring are also usable. FBV|n%-descr|be

(Pregelnt Mnxsfiwqh atragsitoDy/ ptfiueny oleh Pherainb petesal & 2.6- xylenol))
xl?@ O}‘ftleﬁll%flu%a%g & de%%ga% %ﬁﬁﬁgﬂwegﬁr@%{ Ql%b g?&ﬁk&g{(ﬁﬁ WM ethanol

1
e’invention

usagethctfimﬁla\s(emaﬂhdncﬂexpecﬁs,éniyadmomrodﬁcemummng al kyI at ed
phenol s. 9 WD 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 (.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
WOHOEPNEY at 404 C for 16 hrs under nitrogen fACHRHROCHP19795
VWHSV of 0.12 g/g/hr. The pellet size of the calcined
pellets used in the first exanple was 2.96
I t
Re%lg';l 1@%‘6% %ﬁb]&; cg%agﬁesthﬁ@ I%Q % ei%gd ngééllaitl\ﬂl? o%rthé gelge% gmmg a
146 mzsrelcmﬁcemnpd) eolvas rétxé?mdm |omsrmpan ritiv @I\vearpsenas havidg a
é smllinmeter in_height. O&elletslntheflrst
0@ NB A SUHAGE &7 48 peltmy a%ti%a%# &g agprgt gatiog pod g strongly
[ f ts in the
R LR TR SR R U 5 S
surface area to volune ratio of 900 n2/ans. The
Tablat al slevs theepepdchadidonlli nteosity [(HBBEY atigemmaed dor ftbe pellets
de § ({[n%an al kyl ation reaction. The al kl yation
ﬁcél &t M8 enpl oyed a feed conprising nethanol and
phenol in a weight ratio of 1.4, The feed al so
cont gPpedin2B% Wahekr Re /ﬂlh}t- The reactijon
t enperature was about OC and the presgure was 170
kPa,_The WHSV during.reaction was 2 1 g/g/lir. Tabl e
1 bpEsangladmari zes t Néxeswl 2on sel ectivilty, phenol
usage and methanol usage obtained after jmore than 150
hou e —Set ety Wty s—defimedas( Ef f| uent
nol eS (p-cresol + 2, A?xyl enol + nmesitol))/ (Effluent
nol es_(phenol + o-cresol + 2,6-xylenol)) | x100. Phenol
usaf€oinpadei ¢ mechds (phenol used/ 2,6 xyl enol
produced) x100. Met hanol usage is defined as (nethanol
ed/26x|en roduced) xI 00. Tahl Reaction ting
Regl{Fdp b9 lpﬁ%aﬂﬁ%\gé@ &eﬂ%ﬁd}npeﬁtﬁgéulh dFrmisy b teypelits
ha\lmgé 1260 E%@r’mﬂ-sugf’éce Fea B volhnfeXratid and a B8 LpLaGakh Q?eo,t fellets
23 60. 61.67 1/3 0,025 0.029 78.85 79
haxam 9169@(1 72’ wfac@ 023 10. ORI FalT and. 4 H.660aFBcH1ativs The
ar WO 2005/ 009936
im0 A1 B8 IRERN Y S AR 0y AT 88 Rl iyt can be

loa8&DW thbedchGcoRparkd 36 leaGiet Vathlysef Thbendedsk et adRi BE1A in

decreased catalyst material usage and a longer reactor cycle time, making the method

more etfficient.
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 n2/ni 3 surface area to volune ratio and a 0.78
aspect ratio over pellets having a 900 nR/n8 surface
area to volune ratio and a 0.66 aspect ratio, and the
strongly reduced phenol and nethanol usage for the
production of 2,6 xylenol. Table 4 shows the unpacked
bul k density (UPBD) determ ned for the pellets
Clgadd$i bed above. UPBD in 45 millineter tube (kg/n8 )
Exanple | Exanple 2* 1,063 802 "Conparative exanple
Resul ts
FEoUL LS 4 ROt S SRR SARN O ABESRE Dl
has® swaceurdago erobmearatio of 65 Uitwed, 0t sqma@mdetars@uFi8 mspeand an

r 0 avi a 900 np/ surface ar
o<ty e Bt B Tuhih S e i BeRe Pauglves asp pump it ¢ B RGOS of
potdd. t he unpacked bul k density increase the anount of

catal yst that can be |oaded in the reactor conpared

to earlier catalysts. The increase in |oading results

in Zdecr ddseatabist of gJaim havharsiathaseigeoxideicampiineg sragnesium

ox;ﬂ%aﬁ‘gﬁ){)xza gl gcéﬁ%ﬁﬁtug@gf}tﬂgforg ippthod nore efficient.

erein are )r por at ed by
reference VWil e the invention has been described with
r ef & encdhtcakengl ay\feidadeatang dainistwhendih thditalyst has
underst.ood by those k|| ed in the art that various
poe%aﬁa’e@alﬁﬁvl 3ot ahagid e VYOG AngHiranhaferaleinations.
substituted for elenents thereof w thout departing

from the13g Q@tﬁlys@ﬁf doh ! 't}ﬂ:V]ﬁ Qéédﬁ% clilﬁsa@gél%iuotﬁe cAIW is in
modi fi cations fmay be made to adapt a particul ar

thesformat polfetohavieg @surfdcearcattfebowdOn isagse ofeterhiper gram to about

30? ventian mhﬁhgyt departing fromthe invention scope
Rereof . 1P & herefore intended that the invention

not be I|n1ted to the particul ar enbodi nent discl osed

aS tshe badk caabst my@m{eqh ecbdir@r cliais] Whetginoleé cathlybtSs in
vention, but that the invention will include al

the REB AT RElRishaving 3 pgjlehdlenity of reout debigebont hpfparsaser cubic
CCIﬁlIﬁéth 11 CLAI MVE:

6. 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.

7. 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.

8. An alkylation method comprising reacting a hydroxy aromatic
compound with an alkyl alcohol in the presence of an alkylation catalyst according to

claims 1-7.
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1. An al kylation catalyst conprising a netal oxide
wherein the catal yst has a surface area to vol une
ratio of 950 to 4,000 square neters cubic neters and
an aspect ratio of 0.7 to 1.0 and further wherein the
catal yst has a binodal distribution of pores. 2. The
catal yst of claim1l, wherein the netal oxide conprises
magnesi um oxi de, iron oxide or a conbination of the
foregoing. 3. The catalyst of any of the preceding
cl aigrs WhE[8hanboer (99&9!3 y@ﬁex@ﬁ%he 1At t};li\ﬁetsgﬂ Lgpprers
of about 100 to about Angstrons after calcination.
terdperhiee ciattadagsabont 4%0‘?@ of t he preceding cl ai ns,
wherein the catalyst is in the formof pellets having
a surface area of about 100 square neters per gramto
about 300 square neters per gram 5. The catal yst of
any of the preceding clains, wherein the catalyst is
in the formof pellets having a pellet density of
about 0.9 to about 1.30 grans per cubic centineter.
6. The catal yst of any of the preceding clains wherein
the catal yst has an wunpacked bul k density of about
900 to about 1200 kil ograns per cubic neter. 7. The
catal yst of any of the preceding clainms, wherein the
catalyst is in the formof pellets having a dianeter
of about 2.8 to about 3.5 mllinmeters and a height of
about 2.0 to about 2.6 mllinmeters. 8. An al kyl ation
nmet hod conprising reacting a hydroxy aromatic
conpound wth an al kyl al cohol in the presence of an
al kyl ation catal yst according to clains 1-7. 12 9.
The nethod of claim8, wherein the reacting takes
place at a tenperature of at |east about 420C 13
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