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BACKGROUND OF THE INVENTION

Ortho-alkylated hydroxyaromatic compounds are useful for a
variety of purposes. For example, ortho-cresol is a useful disinfectant and
wood preservative. It is often prepared by the vapor-phase reaction of a
10 phenol with methanol. In another alkylation reaction, ortho-cresol and
phenol can both be converted into 2,6-xylenol. This xylenol monomer can be
polymerized to form poly(2,6—djmethy1-1,4—phenylene)ether, which is the
primary component in certain high-performance thermoplastic products.

15 The alkylated hydroxyaromatic compounds are usu'aily prepared
by the alkylation of the precursor hydroxyaromatic compound with a primary
or secondary alcohol. The alkylation must be carried out in the presence ofa
suitable catalyst, such as a magnesium-based compound. U.S. Patents
4,554,267; 4,201,880; and 3',446,856 describe the use of magnesium oxide for

20 this purpose.
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20
kylation or catalyst

SUMMARY OF THE INVENTION
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The filler may usually be polyphenylene ether, graphite, or a mixture thereof, and may

be present in an amount up to about 20% by weight. Dry-blending in this process may be

carried out in the absence of a promoter, e.g., a copper promoter. In preferred embodiments,

the catalyst composition may be vacuum-deaerated after dry-blending. Other processing steps

may often be undertaken, e.g., sieving, milling, compressing, and then forming the catalyst into

a desired shape, such as a pellet. The shaped catalyst may usually be calcined before use.

In a second aspect, the present invention provides a method for selectively alkylating at
least one hydroxyaromatic compound, to form a desired product, such as 2,6-xylenol. In this
method, a magnesium-based solid catalyst is prepared as mentioned in the first aspect. The
catalyst is formed into a suitable catalyst-shape, and calcined at a temperature sufficient to
activate the catalyst. A hydroxyaromatic compound such as phenol is then reacted with an alkyi
alcohol such as methanol, in the presence of the calcined catalyst, to form the alkylated product.

In a third aspect, the present invention provides a process for preparing a
polyphenylene ether resin. In this process, the magnesium-based alkylation catalyst is prepared
as mentioned in the first aspect and calcined. A phenolic compound is reacted with an alkyl
alcohol in the presence of the alkylation catalyst to form a 2,6-alkyl-disubstituted phenolic
compound. The 2,6-alkyldisubstituted phenolic compound is then oxidatively coupled in the
presence
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In a fifth aspect, the present invention provides a catalyst composition, comprising a
magnesium reagent and at least one filler, wherein the level of chlorides in the magnesium
reagent is less than about 250 ppm, and the level of calcium in the magnesium reagent is less

than about 2500 ppm.

In a sixth aspect, the present invention provides a calcined catalyst composition
according to the fifth aspect.

Other details regarding the various embodiments of this invention are provided below.
DETAILED DESCRIPTION OF THE INVENTION

As mentioned above, a magnesium reagent is the primary component of the catalyst
compaosition. Any magnesium reagent which yields magnesium oxide can be used.
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catal yst conposition. Any nmagnesi um reagent which yi el ds nagnesi um oxi de
can be used. 5 2 9 DEC 2004 The preferred reagents are magnesi um oxi de,
magnesi um hydr oxi de, nmagnesi um car bonate, basic nmagnesi um car bonate, and
m xtures of any of the foregoing. The nmagnesiumreagent is in the form of
a powder. The average particle size for the powder is usually in the range
of about 5 mcrons to about 50 m crons.
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633, which is incorporated berein by reference. Those skilled in the art

understand that the exact formula for basic magnesium carbonate varies to

some extent.

For this invention, it is important that the level of chlorides in
15 the magnesium reagent be less than about 250 ppm, and preferably, less than
about 125 ppm. In some especially preferred embodiments, the level of
chlorides in the magnesium reagent is less than about 100 ppm. (As used
herein, “chlorides” refers to chloride ions, which are often present in the form
of a salt). The level of calcium in the magnesium reagent should be less than
20 about 2500 ppm, and preferably, less than about 1000 ppm. In some
especially preferred embodiments, the level of calcium is less than about 750
ppm. (These levels 6f impurities can alternatively be specified with respect to
the magnesium oxide-form which results from calcination, as described below.
The impurity threshold levels in the calcined oxide would be approximately
25 twice those for a basic magnesium carbonate reagent, e.g., less than about 500

ppm chiorides and less than about 5000 ppm calcium, in the broadest
embodiment).



t he magnesi um oxi de-form which results from cal ci natii on, as described
below. The inpurity threshold |levels in the cal cined oxide would be
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-l ess than about 500 ppmchlorides and |ess than about 5000 ppmcal cium in
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upon request.

As mentioned above, the magnesium reagent is dry-blended

with at least one filler. The term “filler” is meant to encompass various
15 lubricants, binders and fillers which 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 preferred embodiments, the level of
filler is up to about 10% by weight. Examples of fillers used in the catalyst
20 composition are graphite and polyphenylene ether (PPE) The polyphenylene

ether is usually used in an amount of up to about 10% by weight, based on

total weight, while the graphite is usually employed in an amount of up to
about 5% by weight. |

As used in this disclosure, the term “dry blending” refers to the
25 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. Dry blending methods and equipment .
are known in the art, and described, for example, in Kirk-Othmer's
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presence of the promoter was usually required, but often

made the blending process more difficult. As an example, the presence of a

- copper promoter, while used at low levels (about 200-300 ppm), required
careful pre-blending with the magnesium carbonate. A poor dispersion of the

15 copper promoter would result in catalyst deficiency,

€.g., poor activity and

poor selectivity. The pre-blending step was typically carried out as a wet
process, i.e., a shurry, which therefore required additional steps, such as
drying. Thus, the elimination of a promoter obviates the slurry pre-blending
step, and this is an important advantage in commercial production.

20 After dry-blending of the magnesium reagent and filler (or
multiple fillers) is complete, the blended, solid catalyst composition is in the
form of a powder. The powder usually has a bulk density in the range of about
0.1 g/cc to about 0.5 g/cc, and preferably, in the range of about c.25g/ccto
about 0.5 g/cc. The powder then typically undergoes further pfocessing, prior

25 to being shaped into a desired form. N on-limiting examples of the additional
processing steps include sieving (to obtain a more narrow particle
distribution), milling, and compressing.
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drying: Thus, the elimnation of a pronoter obviat es the sl urry

pre-bl'endi ng step, and this is an inportant advantage in comrerci al

( production. 20 After dry-blending of the nmagnesi um reag2n§ DEEd 2004 1 er (or
multiple fillers) is conplete, the blended, solid catal yst conposition is
in the formof a powder. The powder usually has a bulk density in the
range of about 0.1 g/cc to about 0.5 g/cc, and preferably, in the range of
about c:.25 g/cc to ; about 0.&619/00. The powder then typically undergoes
further processing, BriQnepse askembodiments, ithe oatmlyistsonepodifibis

Non- | i m t edppR¥EPARS ] I i . processi ng .steps 1 ncl.ude sieving
(to obtai nrggpgore nar?gwgﬁﬁggébom%&?qwe "FI[l‘i"ﬁb‘{thﬂlQ:@Tpressi ng.
8 2 9 DECddgsembediforexatupie,da thetiitk Thiser tdferctb ofsd 2EOPROSI tion i s
conpacte V.2 ndi. ng. npacti ng,_equi pnent is known rn"the art,

and des Ci@@gﬁ&;@él %Ogéﬁﬁ&é“gq FW%W@ B3 @k’adﬁﬂleégomewﬁmmume&cku@hmse.
Comtfer ci aAlliseOhakhértg Goredis il ablke.from vari sour.ces, such as 5
Allis- Chaén&lirls; {sgi s Nécg‘?‘%[ejﬁnéﬁf?ﬁg‘% E\%“{ﬁz’glﬁ‘iﬂﬁm?gﬁm@%&{% ck Co.,
El mhur st ,2lphurst; -cbhp sempastarsussublly function bylrediagdhegdvifefegnder ed

mat eri al rﬁg{&;%l?h e specific exanple of a suitable conpactor unit
I's known as the E%#Iélfé@?\eég)r(tm". In such a system the catalyst powder
is first fed to 10 conpaction rolls by a rapidly-turning vertical feed

screw. The feed scrOwe sbﬁtﬁ%xhh@pl@@ﬁé%ui{dﬂlegagﬁ%gpﬂklgﬂ %%g{%r ol | si .

conpr ess theqﬁteri al _l,nto a  continuous solli
of this H&HRIgRRatoRy cdnangha systansihe eatalysspdeder & Bektahd €6

_dryeblengl(bmg,a ] | {.i.onal proc ing. This step. 15 is

{ especial Ly i rrggragalﬁlt]k?%’ %ﬁ%@éﬂ{ h“s‘?’éﬂ%ggm?ﬁaﬁ?@&rﬁ% Thedred sarew nust
forces the powder into a roll nip. The rolls compress the material into a
continuous solid sheet.

In most embodiments of this invention, the catalyst composition
1s deaerated after dry-blending, and prior to additional processing. This step
15 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 technique.
20 The vacuum can be applied at various points along the passage of the powder
from the blending unit to other processing operations. Usually, the vacuum is
applied at a point very close to (and preceding) the location of compaction
rollers. The strength of the vacuum will depend on various féctors, such as the
amount of powder being processed: its compressibility; the type of fillers
25 contained therein, and the density of the powder. Usually, the vacuum
strength is in the range of about 5 inches (12.7 cm) mercury to about 25 inches
(63.5 cm) mercury. '
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Calcination is usually carried out by heating the
The shaped catalyst composition is then calcined, as described in

U.S. Patent 4,554,267. Calcination is usually carried out by heatlng the
catalyst at a temperature sufficient to convert the magnesium reagent to
15 . magnesium oxide, which is the active species in the catalyst. (Calcination
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
20 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 m2/g to about 250 m?2/g, based on grams of magnesium oxide.

It should be apparent that another embodiment of this invention
25 is directed to a process for selectively alkylating one or more hydroxyaromahc
compounds, such as phenol. The key feature of this process is the use of the
magnesium-based catalyst described above, i.e., one having reduced levels of
- chlorides and calcium. Hydroxyaromatic compounds which can be alkylated
according to this invention most often have a free ortho-position. Many of

10
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" tenperature may vary sonewhat, but is usually in the range of about 350C
to about 550C. The calcination atnosphere maybe oxidizing, inert, or
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the pr esetg%ielp?a}:@tﬁﬁe %y’lnaﬁeoqa)‘w@é@femﬂi%ﬁs?ater&s 4,55m2Bydr oxy aromatic
conpound 4261,880; alnidy3, bggim,l 1) of NR; fs [ the catal yst after
cal cinati,@n is su%JEI y@n t e%a?]g@ﬁg:f}ﬁ%%olgg&%%&rﬁﬁrqlﬁ byyetererse. no/ g,
based on @Fﬁé’sgi’f hydrosyrtisnatic commpouhdyarenRar ent t hat anot her

“enbodi nmemt ' ] 25 is direct o0 a_process for selectively
al kgl ati ngog?\}éﬁp%%ﬁﬁglggg?%Q‘{ﬂ%T?,Spe&ﬂig’cﬁilﬁﬂgm whith tke paegpol . The key
oocr | beg abone, | oo e hau o Bl & Ko e DR e S PGSR cal ci um

descri beg. . , ¢l €., ,Qne _having reduced

Hydr oxyaﬂg%gﬁ% E%ﬁ%%%ﬂ]d% offgnchby-pr ofychirkiHeamethylagen o iph@ric? 66 &%

i nvent i oxylensl). #Heid] oy ; -pgsition., Many of 10 2 2004
themare described in th@%ﬁ%&ﬁ‘?@%@%@n@g&“&@Ofwawe@ﬁtéleawemmmds
4,20i , 8g@ay bemsedsse, all of which are incorporated herein by
reference. The nost preferred hydroxyaromati c conpounds are the

nmonohydr oxyar omat i unds. -, .espgeci.ally those in which the para 5
pﬁsoist i on ids unsubsﬁlhfg’%?gogfoqwgﬂ(fgrgﬁﬁ’lféﬁ@}ﬂmb%lpénm@f@fs&dn@lﬁﬁpunds of
t Hls t ypad isoftreprimdry. o6 )iRite i#., kN t hyl ati on of” phenol to
{ 2,6- xyl lehé Phiggl I?s espelci{aﬂa-(%/g%ér}gpgsrde }llﬁéﬁ}&n%lp@ﬁo&far@ny of these
conmpoun 6d i LSpRatent o.550867) and includedhéthnnal, lthahoPy- My be primary
or secopggpamol, 2-propanol, 1-butanol, 2-methyl-1-propanol, 1-hexanol and
mixtures of any of the foregoing. (Alcohols .

-taining up to 4 carbon atoms
are often preferred). Methanol is often the most preferred alcohol.

15 The alkylation techniques are generally known in the art, and

described in the above-referenced U.S. Patents 4,554,267 and 3,446,856
Suitable processes are also described in U.S. Patents 4,933,509; 4,900,708;

f1,554,266; 4:547,480; 4,048,239; 4,041,085; and 3,974,229, all of which are
Incorporated herein by reference.

20 A variety of alkylated compounds may be formed by this

method, such as 2,6-xylenol or 2,3,6-trimethyl phenol. In many
embodiments, 2,6-xylenol is the preferred product. Usually, this material is
produced by a gas phase reaction between phenol and methanol, utilizing the
catalyst of this invention. Those skilled in the polymer- and chemical
engineering arts are familiar with the details regarding this type of reaction.
As the examples describe, use of the alkylated catalyst discovered by the
present inventors results in very good product formation rates, as well as
excellent selectivity toward the desired alkylated product. Those familiar with

25
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and is often primary. Non-limting exanples of suitable alcohols are
described in U S. Patent 4,554,267, and include nethanol, ethanol,. . x-
propanol , 2-propanol, x-butanol, 2-nethyl-x-propanol, 1-hexanol, and

m xtures of any of the foregoing. (Al cohols containing ug tQoDECcpon atons
are often preferred). Methanol is often the nost preferred al cohol. 15 The
al kyl ati on techniques are generally known in the art, and described in the
above-referenced U S. Patents 4,554,267 and 3, 446,856. Suitable processes
are also described in U S. Patents 4,933,509; 4,900, 708, 4,554, 266;

4, 547, 48¢nemislyy argbehemival red%iorswodlPBé aBRS%o Flectthe WHophr S,
incorporzlg%%r{ézégépe% ergnce. %lgylg variety of alkylate coﬁﬁ?gﬁﬂgds may
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I n many tenstHiyhphéesol cirbhe i -nreferr r.pduct.. ually, this
material i s #ﬁ?gguce% EI;(]Ey a gg?hgﬁgg Iﬁelégtclﬁ%gbﬂ %ﬁé@e&*ﬁﬁﬂsﬂlﬁnﬁnﬁsmﬂt hanol ,
utilizi nbhfi ahien cytadysiidesenibed heeeini on. Those skilled in the pol yner-

and chem cal 25 engineering arts are famliar with the details regarding
use of the al kyl ated

this type of reacti ey.exanpl.es, describe, us
cat al yst di scovere ythteﬁgnmpbldé%#%f eBtipads directed ve aymgtindl pr oduct

f or mat i derpaepsringpolpphemiene sair 1R8in, SRYES bk Yikv- rd, the desired

al kyl at ec%lngé@d uat : Thoscﬁ Whgr?bl iar wt #’}%géh&@lﬁgﬁgﬁﬁg}ﬁeal%ﬁ%

cheni cal PRGAreRaLf gIcatalysteommposition desriedabové.ng naterial s

for eaclPaliphégyldasiciRér oynds. . ~exgnmpl e, 2,3,6- trinethyl

phenol cany%”eé_lgjr, epar ed b§bﬁég§b§%6§§?€@;€%§s vf?ﬁ REt Hﬁi}mh,eﬂ}’;lﬁﬂfg t he

al kyl at io##€3dspysell-kaowm tesin peocuct. 1% iSASHAPy ' ﬁBﬁ&PQﬁz&g P o

i ngent i Qpel ﬁvgfl’r-ﬁfiﬁfﬁa&f:t ?w?émat hod for prepari’ng pol yphenyl éng %er resi n,:

using an. A RyT4d Aihydsexyarematiccompound, e.g., a 2,6-alkyl-
disubstituted phenolic compound such as 2,6-xylenol. The most common
technique is the oxidative coupling of the substituted phenolic compound in
the presence of a suitable polymerization catalyst. Methods for preparing :
polyphenylene ethers are described, for example, in U.S. Patents 5,017,655;

15 4,092,204; 4,083,828; 3,962,181; 3,306,875; and 3,306,874, all of which are

Incorporated herein by reference. Polyphenylene ether copolymers are also
within the scope of this invention, e.g., those obtained by the polymerization

of a mixture of 2,6-xylenol and 2,3,6-trimethyl phenol.

Various catalysts can be used for preparing the polyphenylene
20 ethers, and this invention is not restricted to any particular polymerization
catalyst. Examples of suitable catalyst systems include a mixture of
manganese-, cobalt- or copper salts with an alkali metal alcoholate or
phenolate; a mixture of a manganese salt, an alcohol, and a tértiary amine; or
a mixture of various amines with a copper compound. Copper-amine
25 complexes which include at least two amine compounds, as described in U.S.
Patent 4,092,294, are preferred for many embodiments of this invention..

Various details regarding the polymerization reaction are known
in the art. For example, those skilled in this type of polymerization are
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’ conmpound prepared with the catal yst conposition described above,

- Pol yphenyl ene ether (sonetines referred to as "PPE" or "pol yphenyl ene
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t he presgncs. of ui.tabl e pqgl ynerization catal yst. Methods for preparing
pol ypheng‘\rﬂﬁ réfﬁhi%ctar%r%&m&@dyenb$elm@s flowlgates (Rag evds 5, 017, 655;

15 4 092 %%D 4 ’0%2{?1’11 3 1. .3 306,675 and 3,306, 874, all of which
are incgrporgflé%&%erel nebﬁa/grﬁg?é&é%é‘?mpsrmﬁhﬁgﬁg asttgekniguesiforers are
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this in bhénvie | yv.barticular polynerization

cat al ys;@‘ﬂganp* egegﬁilﬁﬁrggﬁtéﬂgba*gps)sr}targyg?mes?'ncI ude a m xture of

manganese-, cobalt- or copper salts with an alkali netal alcoholate or

phenol ate; a ni xt ufbe pplphenylemeetherakan barblahded With avariet) OFbtdy am ne;
Copper

or am | mnes Wt h copper conpound. -am ne 25
conpl exgéﬁé‘ﬁtﬂh@f hg&éﬁg? afiggtggnq]\&}ﬁgh‘x%, diasanlesof thesel stard in U S.
Pat ent providledds U Parurab e 6 8H6£67 A4 t.hi s i.nvention.
Various.details r«i’{gar_di ng ﬁ\eﬁgg#?’rr%’%g%l dn re'g’gblt%ﬁgé’raeﬁ?ﬁm"h AFE t he
art. FolPeOrReFted hergineby keflerenie. iFohexarmphes polyplednylené egdrgg are 12 2 9

ey caentp bIUSAC Wit Aop S ARERY droiBatic mobvmers sushiee: as wel | as
"t echni gpelystysene or rubber-modified (high impact) polystyrene. Polyphenylene
ether may also be blended with various polyamide resins, to provide enhanced
* chemical resistance. (Polyphenylene ether/polyamide blending is carried oizt
in the presence of a compatibilizing agent, as described in the referenced

15 patents). Those skilled in the art are familiar with procedures for preparing
these blended products.

EXAMPLES

The following examples are merely illustrative, and should not
be construed to be any sort of limitation on the scope of the claimed invention.

bo20 In each of samples A-D, the level of chlorides in the magnesium

reagent was less than about 100 ppm. The level of calcium in the reagent was
less than about 1000 ppm.

Sample A was prepared according to a method outside the scope
of the present invention. It involves the preparation of a magnesium
25 carbonate-type catalyst in a "wet" process, using a copper promoter. 17 kg of
basic magnesium carbonate was added, with stirring, to 25.5 gallons of

deionized water which contained 17.0 grams of cupric nitrate trihydrate. The
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in U S Patents 5,017,656; 4,874,810; an , , I on At
[ [ . For exanpl e, pol yphenyl ene e
i ncorporated herein by reference _ phenyl ene ether

nded with various al kenyl aromatic poly ,
¥ |equte n? I au fn% @HS&‘ wiasanixeddor bngthourp aftie) mﬁ%ﬂéﬁﬁé@&ﬁed%'ﬁ%@@%{. ene
Bther i$h various polyam de resins, to provrde .
enhanced 2onatss oftie BERE soltds Worb e D dhwieh BbErpmisaTirephiteq0tiRo | o
A A N S
he rof "“’“”e‘ﬁh?s““g‘if”“eﬁgg)%ﬁ%ggﬁ? Do FeihAMEhe efier e wi ¢
t he refefenc . _ o ai g
a » grasadatedeamntd EHENEBdQMﬁochﬂHBbﬁﬁP
ey Eechwg ﬁlulHts : 'vetB an ¢ ul d not e const %ie ’t@}]b()g any
ortof TRt dnlt y/ BIhER e AR Rablefvaesicaleinsetingm alglatiowach of h
sampl o I j - i G&Sh é yﬂﬁ? ' eagent was |ess than
Shont 3 m%ﬁnonhﬁﬁbamg§;m€§6?£§%iun1?ﬂn%ﬂg reaBﬁ%?ga%g G t han about

t 100 m. The ) . . f
?ggg ppriPTaaAMtiotwhich pPRisaredio2sdioppet bymmhﬂq?asggtr?.éi ﬁgg?.‘gﬁg%ope 0
t he presgfigel nvention. It involves the preparation o g 17 kg

[ " " [ copper pronoter.
-type catalyst in a "wet process, using a
g?r bgggitg rrggnesi um %:/ar bonate was added, with stirring, to 25.5 gallons of

dei oni zed water whSemplerd wasalsolfredassd BEcAdiAYRS AmBHIEsSeidd fyar at e-
The 13 gcgp%ﬂ%eo Bf‘"esent invention. It involves the preparation of a magnesium

carbonate-type catalyst in a "wet" process, without using a copper promoter.
17 kg of basic magnesium carbonate was added, with stirring, to 25.5 gallons
of de-ionized water. The resulting slurry was mixed for one hour. The
material was dried at 120°C for 24 hours. The dried solids were then blended
15 with 85 grams of graphite (0.5% by weight) and 340 grams (2.0% by weight)
of polyphenylene ether. The blend was compacted, granulated and pelletized
into cylindrical pellets, 3/16 in. diameter and 1/8 inch long. The tablets were

calcined in an alkylation reactor by heating at 380°C for 22 hours, to yield
magnesium oxide.

20 Sample C was also prepared according to a method outside the
scope of the present invention. It involves the preparation of a magnesium
carbonate-type catalj.rst in a dry-blending process, using a copper promoter.
17 kg of basic magnesium carbonate was blended with 17.0 grams of cupric
nitrate trihydrate, 85 grams of graphite and 340 grams of polyphenylene

25 ether. The blend was compacted, granulated and pelletized into cylindrical
pellets, 3/16 in. diameter and 1/8 inch long. The tablets were calcined in an
alkylation reactor by heating at 380°C for 22 hours, to yield the desired
catalyst composition. The composition contained 0.025% copper by weight,

based on magnesium oxide.,

14



. resulting slurry was m xed for one hour. The material was dried at 120C for

24 hours. The dried solids were then blended with 85 grans of graphite
(0.5% by weight) and 340 grans (2.0% by wei ght) of pol 9pBeb&T eXigh et her .

" The bl end was conpacted, granul ated and pelletized into cylindrical
pellets, 3/16 5 in. diameter and 1/8 inch long. The tablets were cal ci ned
I n an al kylation reactor by heating at 380C for 22 hours, to yi eId t he

desired catal yst t ed 0. 5%c er b ht ,

based on nagnesi um oxﬁgbﬂ%nﬁq}éﬁ%‘a%g&g)@ etg'é’“r ’S’r"& na met hod
out si de tdtber mrﬁsoﬂm aitalybewns Weﬁﬁﬁrddﬁhedlﬁnﬂﬁrodeks,'ﬁtﬁbﬁte&é ﬁe gfgparal lon
of a magnesium carbonat e- #gegbcata yst in a™wet" process out  using a

copper prORBEEPTO ekgl% Agic pagResium earbbonte Wawbiemimlbmthvﬁs h

t / |t |
ot xed § 8?2‘3‘52%’?9”‘%%?“ 386 gFEms A ool Atng diiert e tIeRAmas e ari ed
sol Pds wepPEpassedgranmdatedming pﬁle&&eﬂrlan?cplﬁn@lﬁﬁﬂ'pélkté Q%/Ei%’lﬁy wei ght) and
compact eqarelet ia §78 Bt ook dhe IS varecsplingd i an slkyiagion reacts: | n.

di anet erp ﬂﬁai—‘!ﬂ% at@:gbd(pﬂﬁ 22TH§311;2@ %‘rezd\eﬁé]eﬁ%%’ﬁad [ n an al _kyI at |28n

react or by heating at 380C for 'neS| um oxi de.
Sanmpl e C was al so prepared according to a nethod outside the scope of the

pr e; ent invention. ?&mplwﬁmsprepamﬂ apanrdingto aprivrmaYPestess) outside

t t )
T oot id SRperdt Metiibacdt ByehioR L OUT RAGHTE: aital vizseneredun s ¢
ni 10 at e i a Wedprbeess&ubgtamally idendieli i@t}ﬁdid;sgé of IO BQ{%F’J‘G“Y' ene 25

ether. The bl end was coppacted, granul ated an cylindrical
pel | et s, CONPRS REPMetesndie basicimaggesiven carb:gaatermedéor this samtplecal ci ned in

an al de(ﬁitbﬁﬂad Eotide IQVEIE SAthE gar?ée 5F% %t;tolrooz %.O%Oﬁ;r)rsn, an(gi C%'Ic%?n the

desired
levels greater than about 5000 ppm.

Experimental Procedure

15 A reactor was loaded with 100 cc of catalyst. The catalyst was calcined
in situ for 22 hours at 380°C in nitrogen, at atmospheric pressure. After
calcinatiqn, the temperature was increased to 450°Cintwo hoursina
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

. 20 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. Conversion was measured at 165 hours, and is
defined as the normalized wt% 2,6-xylenol in the effluent.

25 Conversion (%) =

(Weight of 2,6-xylenol in effluent) x 100 / (Weights of effluent
phenolics)

15



cat al yst conposition. The conposition contained 0.025% copper by weight,
based on nagne5|unloX|de -14 2 9 DEC 2004 Sanple D was prepared™ atcordlng
to the present invention. I'n other words, the catalysé z ared iFn a
dry process, wi thout the use of a copper pronoter. ng%¥P
magnesi um car bonate was bl ended with 85 grans of graphite and 340 grans of
pol yphenyl ene ether. The bl end was 5 conpacted, granul ated and pelletized
into cylindrical pellets, 3/16 in. diameter and 1/8 inch long. The tablets

were cal cined in an.al k i on Keacto b heating at, 380C_for 22 hours, to
yi el d magnesi um oxgg@ ééﬁ}ﬂ hﬁa‘?"ﬁi‘@ﬁ é‘f?rﬁ Fﬂﬁﬂg}otﬂ?%ae‘fﬁﬁﬁm%t
process,p Qufydrbl intthe eFAAPSKL. OAt IS hP @R Hvit Lher words, the
catal yst was prepared 10 1n a mée?f pr ocess ubs%lgél[% Eftkeal(%dentl cal to that
used for sanple A, JUsing a copper pronoter. The basic nmagnesium carbonate

used for this @ﬂﬁiﬂa’—cont ained chloride levels in the range of about
100- 200 ppm and calcium levels gr eat er than about 5000 ppm Experinmental

Procedure 15 c_of. ly, Th tal yst was
cal cined i o EAAER HoldBih cRaRFs Lambhlf induud £, "Emwesh orcles

pr 6ssur éphdéidler o-crebol P&t 6-xyleridly) t enperature was increased to 450C in two
hours in a nitrogen atnosphere. After 15 mnutes, a feed m xture was
introduced at 4 cc/mn, and reactor pressure was controlled to 25 psig.

The feed contained 20 46.13 w % net hanol, 33.83 wt % phenol, and 20 wt %
water (4:1 nolar ratio of nethanol to phenol).. The al kylation was run for
165 hours at fixed conditions, during which the yields of o-cresol,

2, 6-xylenol, p-cresol, 2,4-xylenol and nesitol were nonitored. Conversion
was neasured at 165 hours, and is o

16



defined as the normalized W % 2, 6-xyl enol in the &ffluent. 25 Conversion
(%9 (Weight of 2,6-xylenol in effluent) x too / (Wights of effluent
phenolics) 15 2 9 DEC 2004' After 165 hours, the condi tzih:gnﬁ @B@g adj ust ed
to achieve 65 Wt % 2,6-xylenol in the effluent. At 165 , E I Ittivity was
cal cul ated as: Selectivity = (Effluent noles (p-cresol + 2,4-xylenol +
nmesitol)) / (Effluent noles 5 (phenol + o-cresol + 2,6-xylenol)) 16 2 9
DEC 2004 Table i Sanple A* B* C* DHT:%;; Carbonate No.a 1 111 2
Process Wt Wet Dry Dry Wet 5 Copper YeS"No Yes No Yes Conversion % 72.0
71.8 69.1 72,2 45.4 Selectivity 0.040 0.036 0.041 0.037 0.050 (a)

Car bonat®ampleont ai ns reduced | eveA® of 8 oriGles ap#*calpereum as

descri bed previously; carbonate #2 contains higher levels of chlorides and
ative sanples _Present invention *** Prior art sanple

10 cal ci *
The dat aeésgaonfac%??ﬁ'above dermonstrate that theluse of the2

Process Wet Wet Dry Dry Wet
5 Copper Yes No Yes No Yes

Conversion % 72.0 71.8 69.1 72.2 454

Selectivity ' 0.040 0.036 0.041 0.037 0.050

(a) Carbonate #1 contains reduced levels of chlorides and calcium, as
described previously; carbonate #2 contains higher levels of chlorides and
10 calcium. |

* Comparative samples
** Present invention

*¥* Prior art sample

The data set forth above demonstrate that the use of the
15 magnesium reagent having reduced levels of chlorides and calcium results in
much greater activity (as measured by conversion %), as compared to prior art
sample E. Moreover, the selectivity was also greatly improved, as compared to

sample E.

Polyphenylene ether resins were subsequently prepared from
20 2,6-xylenol products similar to that of sample D. These resins exhibited the
same desirable attributes as those made in the prior art. '

17



. 15 magnesi um reagent havi-ng reduced |l evels of chlorides and calciumresults

in nuch greater activity (as neasured by conversion:$, as conpared to
prior art sanple E. Mdreover, the selectivity was also greatly jnproved,
as conpared to sanple E. Pol yphenyl ene ether resins w&rg §E®sﬁﬂ‘uently
prepared from 20 2,6-xylenol products simlar to that of sanple D. These
resins exhibited the sanme desirable attributes as those nade in the prior
art. 17 2 9 DEC 2004 Havi ng descri bed preferred enbodi nents of the present
invention, alternative enbodi nents nmay becone apparent to those skilled in
the art w thout depHatviiﬁ‘%dfeéémbé&prﬁbi'ﬂddtembodhhemswfemapmeseﬂtcor di ngly,
it is understood that the scope of this invention is to be linjted only by
the 5 appeyemipnaltermative ergbodimaentsay decame; apparent toythese 1% oned
above ar inco rat [ . : LS

CLA veD The R HBRAE ERPEEE o RpRiEae s Hventior KosRiba i H s

conpri si pgdetftoodt it ehe deypdbithis gveattidrezsto bsbnfitéd enlyby thea magnesi um
reagent which gi |.ds nmagnesi um oxi de upon cal cination, thereby formng a
bl eAded pppeRded claims.ein the I evel of chlorides in the magnesi um reagent
is less than 250. ppm 5 and the level of calciumin the magnesi um reagent
I's less than 2500 pRINofdhe [iteriB] RASCIES, dPeRts medtisitidabdie aggnesi um
reagent is selected fromthe group consisting of magnesi um oxi de,

magnesi uimedrporavedihereain dryasferences bonat e, basi ¢ magnesi um car bonate, and
m xt ur es

18



of any of the foregoing. , . 10 3. The nethod of claim1; :wherein the |evel.
-of chlorides in the magnesiumreagent is |less than 125 ppm and the | evel
of calcium.in the nmagnesiumreagent.is l'ess than 1000 ppm 4. The net hod
of claim1, wherein the magnesiumreagent is in the fornBEC APowder, and
t he average particle size for the powder is in the range 15 of 5 mcrons
to 50 mcrons. 5. The nethod of claiml. wherein the filler is present in
an amount up to 20% by weight, based on the total weight of filler and
magnesi um WhaddbtCLARIBED 18he nmet hod of claim5, wherein the filler is
present in an amount up to 10% by wei ght, based on the total weight of

filler and magnesi um, reage %} 7. The nmethod of claim1, wherein_the filler
is selected frof t he™ @F@g’ﬁ{] b REFRANMGA 5P"%8’F§ﬁi‘ﬁémmﬂi@!ﬂmi te,
and m xtur I _ ' -wherein the
dry- bl endifr?i% _éitgﬁggrghr g%%gﬁggﬁn Qtsﬁgﬁggig%rn%;gﬁ&%gggr%@h féelraadeg;\ av{:‘\‘rlgtprr\et hod of
claim 1, wieldsimaghesidmyetide ngongaicnation, iterebytfolming & BicHeasadakt, a

copper pronmpter. 5 10. The nmethod of claim 1, wherein the solid cat al yst
conposi t | J¥REEIN %ﬁ:‘&ﬂﬁl%ﬁéﬂ%@%@dl@hﬁéﬂamgsmn"emgﬁgt istigss thamaSappmed of

Gry- b enainy T ARl B e ater B kbl <dne B <o G e o

conposition
2. The method of claim 1, wherein the magnesium reagent is

selected from the group censisting of magnesium oxide, magnesium
hydroxide, magnesium carbgnafe, basic magnesium carbonate, and mixtures
of any of the foregoing. 8 g

10 3. Tha method of claim 1, wherein the level of chiorides in the
magnesium reagent is less than 125 ppm, and the level of calcium in the
magnesium reagent is less than 1000 ppm.

4, The method of claim 1, wherein the magnesium reagent is in the
form of & powder, and the average particle size for the powder is in the range
15 of 5 microns to 50 microns.

5. The method of ciaim 1, wherein the filler is present in an amount
up to 20% by weight, based on the total weight of filler and magnesium

e

reagent.
6. The method of claim 5, wherein the filler is present in an amount
20 upto 10% by weight, based on the total weight of filler and magnesium
. reagent. )
7. The method of cla_im 1, wherein the filler is selected from the

- group consisting of polyphenylene ether, graphite, and mixtures thereof.

1



10 i s vacuum deaerated prior to being conpacted. 13. The nethod of claim
11, wherein the solid catalyst conposition 1is granulated after being:
conpacted. 14 The nethod of claim 13, wherein the granul ated catal yst
conposi tion is -shaped into a desired physical form 15 45 EEPez t hod of
claim 14, wherein the shaped catal yst conposition has a bul'k density in
the range of 0.75 g/cc to 1.0 g/cc. 16. The nethod of claim 14, wherein the
shaped catal yst conposition is calcined. IT. The method of claim 1.
wherein the bl elded Frednethodsofaidin tesheih tb dri}-BTehdiag i§ earkel S@tinvel v

al kyl ati ng, at éeast- ofne hydr oxyaromati ¢ conpound, conprising the follow ng
steps: a) HIAaFEE ¥ FRENBRELM based sol.id catal yst, comprising the step
of dry-bl ending a magnesi um reagent which yields 20 2 9. DEC 2004 nagnesi um

oxi de upon cal cgnati Whithodls QARferkd r _gp ‘ J bl ended
~product, wherein the?ﬁgve% 8? g% OI’IT]'ES |Ijr?irH'?§dr% A%iﬁﬁ%'é%@gﬁﬁmﬁén | ess

t han 250 pihe aksaticelnd d esprergiomeater. um i n t he nmagnesi um reagent is |ess
than 2500 ppm b) , forming the catalyst into a suitable catal yst-shape; c)

cal cigni ng the shaped.catal ys t.a temperature sufficient to activate the
catalyst: and d}Vrea ?H&t%ﬁ‘ioﬁ?@%x AfNsTain the Sofp sataly st wempesitonkis

al cohol img&u@ngagggﬁqugﬁe;@_agbgi ed catalyst, to forman alkylated 10
of claim1s,

product. 19. The nethod wherei n the hydroxyaronmatlc
11. * The method of claim 1, wherein the solid catalyst composition is

compacted after dry-blending.

12.  The method of claim 11, wherein the sclid catalyst composition
10 is vacuum-deaerated prior to being compacted.

13.  The methed of claim 11, wherein the soiid catalyst composition
is granulated after being compacted. '

14  The method of claim 13, whersin the granulated catalyst
composition is shaped into a desired physical form.

15 15. The method of claim 14, wherein the shaped catalyst
composition has a bulk density in the range of 0.75 g/ec to 1.0 g/ce.

R

16.  The method of claim 14, wherein the shaped catalyst
composition is caicined. | |

17.  The methed of claim 1, wherein the blended product is calcined.

20 1.8. A method for selectively alkylating at least one hydroxyaromatic
compound, comprising the following steps: |

a)  preparing a magnesium-based solid catalyst,
comprising the step of dry-blending s magnesium reagent which yislds

20



corrpound i s a nonohydroxyaromati ¢ conpound in which the.pars-position is
unsubstituted. 20. The netheod of claim19, wherein_the hydroxyaromatic 15

~conpound is selected fromthe group consisting of phenol, o-cresol, and

m xtures thereof. 21. The nmethod of claim 18, wherein the hydroxyaronmatic
conmpound is phenol; the al kyl alcohol is methanol, and ttge eékﬁl ted
product conprises 2,5-xylenol. 20 22. The net hod of c12ai%nP , erein the
hydr oxyaromati ¢ conmpound is m-cresol; the al kyl alcohol is nethanol, and

| E:Ihgi ?nl l?él %\ﬁ}eﬁéﬁ#ﬁeﬁ%ﬁ@é F&E%rt'égé“é'ﬁ] 5 ngE{S g,i){ée g?&e\g ﬂﬁ%ﬁgwgg CéJgt hod of

consi st i nplepidetipsrodatt Wirtiethe lag ef ichioridés 2n thdhfagPesium hyatjentiisle,
magnesi um car bonat'e, basi c magnesi um car bonate, . and m xtures of any.of the
f or egoi nglesg4hamZE0RARoand the lexphehsaiciwmeindhs magneriymyEasanhiy IfsScarri ed

‘ Qf a copper pronoter. 5 25. The nethod of claim 18,

out in the c

wher ei n tﬁ@"gg$¢éc]p§raq'al yst is vacuum deaerated alter dry-blending. 26. The
met hod of claim 18, wherein the catalyst is calcined before use.. 27. The
met hod of claim 18, wherpjn cedrfriingthe Baialyst altbizeshititie butalgét-éhﬁg_bt ng the
catalyst while it is in contact with an alkylation feed stream which

conpri ses the hydroxyaronmati c conpound and the al ki/l al cohol . 28. A net hod
for preparing a pol yphen§) ene“afingia thesshapashsaialyst aya temperature

sufficient to activate the catalyst; and

d) reacting the hydroxyaromatic compound and an
_ alkyl alcohel in the presence of the calcined catalyst, to form an alkylated
10 product,

18. The method of claim 18, whérein the hydroxyaromatic
compound is & menohydroxyaromatic compound in which the para-position is

unsubstituted.

20. The method of claim 19, wherein the hydroxyaromatic
15 compound is selected from the group consisting of phenol, o-cresol, and
midures thereof. ' '

21.  The method of claim 1B, wherein the hydroxyaromatic
cormpound is phendi; the alkyl alcohol is methanol, and the alkylated product
comprises 2Z,6-xylenol. '

20 22. The methed of claim 18, wherein the hydroxyaromatic
" compound is m-cresol; the alky! alcohol is methanal, and the alkylated
product comprises 2,3,6-{rimethyl phenol.

23.  The method of claim 18, wherein the magnesium reagent is

selected from the group consisting of magnesium oxide, magnesium

21



. the magnesium reagent is |less than 2500 ppm (11) cal c

_the f-_':b'l"z-[ ow ng steps; (1) preparing a magnesi um based al kyl ati on cat al yst,

by dry- 15 blending at |least one filler with a magnesi umreagent which

"yi el ds magnesi um oxi de upon cal ci nation, wherein the | eveI of chlorides in

t he magnesi um reagent is |less than 250 ppm and the. E[: g[mgm umin
8 h | kyl ation

catal yst; (111) reacting a phenolic conpound and an al kyl aI cohol in the

presence of the alkylation catalyst, to forma 2, 8-al kyl -di substituted

" phenol i ¢ hydroride) tHaghebidd ca?b&dﬁ,&ﬁi@ha@ﬁé)suﬁhloéaﬁmnméyammum t he
- 2,6-al kyl -di substituted phenolic conmpound in the presence of a suitable

poI yneri zakFonolhedryegoingo form the pol yphenyl ene ether resin. 29. The
met hod of claim 28, wherein the nmagnesi um reagent is 5 selected fromthe

group consi sti of | ) m

car bonat e, bas?‘g' mgﬁ%gﬁ%?lﬁ ggf%@ﬁrg'ﬁ eB anggﬁ t)é? ué%%g'ﬁ#'ﬂg 5 i&tﬁ ?\%ﬁt

f or egoi ngn.the@bséhee BFENRSh Rl promo®r28, wherein the fill er | s selected from
the group consisting of polyphenylene ether, graphite, and mxtures :

thereof . 10 31. The nethod of claim 28, wherel n the phenolic conmpound is.
phedol ; the al2f all@mathpd oislaimid, wharginthe solig- tatatlywavggmmrt ut ed

phenol i c e%%% 'Hhér%@bﬁeﬁéﬁb&”o' 32: The nethod of claim28, wherein the

pol yphen ene € her Subsequently blended with at |east one
material selected fromthe group 15 consisting of an al kenyl aromatic
resin, ‘an el aggonerthe nuteod af clabm 18| wheisia the catalyst is calcined before

use.

.,
g

27.  The method of claim 18, wherein calcination is carried out by
10 heating the catalyst while it is in contact with an alkylation feed stream which
comprises the hydroxyaromatic compound and the alkyl alcohol,

28, A method for preparing a polyphenylene ether resin, comprising
the following steps: ' '

() preparing a magnesium-based alkylation catalyst, by dry-
15 - blending at least one filler with a magnesium reagent which yields magnesium
oxide upon calcination, whérein the level of chlorides in the magnesium
reagent is less than 250 ppm, and the level of calcium in the magnesium
) reagent is less than 2500 ppm;

()  calcining the alkylation catalyst;

20 (1)  reacting a phenolic compound and an alkyl alcohol in the
presence of the alkylation catalyst, fo form a Z,G-alkyl-disubstitﬁted phenolic
compound; and



resin, and conbi nations thereof. 33. The nethod of claim28, wherein the
pol yphenyl ene ether- resin is subsequently bl ended with high inpact

pol ystyrene. 20 34. A nethod for making 2, 6-xyl enol, conprising the

foll owing steps: a) preparing a magnesi umbased solid Zd BECsHy ﬂq()rrposi tion
by dry-bl endi ng basi c nmagnesi um carbonate with at | east one filler, ,
thereby forming a bl ended product, wherein the |level of chlorides in the
magnesi um car bonate is | ess than 250 ppm and the |evel of calciumin the

"~ magnesi um car bonat e ;45 | : . 0p4. form.ng the
catal yst conpositi orgNiant §§§da§@?@a{ﬂ§'§ﬂe§@% ;@a@éﬁ%&&ﬁu@g Eri‘?ﬂ t he
shaped catednpsndtin thé¢ prgzenct wia sukabldpokangieatbn 3alfat @ BRAGheand d)
reacting phenol and nethanol in the presence of the catalyst, to form

2, 6- xyl enpPlyPBsnylgne gthgnresineonposi ti on, conprising a nagnesi um reagent and
at least one filler, wherein the level of chlorides in the magnesi um

reagent. is le th |,.of calci.umin the nmagnesium
reagent is | esgg' 10?{1%?1'2&9@@?8@#‘ %%ﬁéﬁ%ﬂ%?%ﬁ%?ﬁ?@ﬁ 019 claim
35, swher eSaletted famdhe gioupcbbmsisiiesof maghesiiroagat imabnasep | s | ess than

125 ppm and the level of calciumin the magnesiumreagent is |ess than
1000 ppmhysiroxitaemagngsiis cedarats, thasic olagakaium earbonkte, eind mbduresgnesi um

15 reageryfajn% ME%@SE}FQS_J um car bonat e. o

30. The method of claim 28, wherein the filler is selected from the

group consisting of polyphenylene ether, graphite, and mixtures thereof .

10 31.  The method of claim 28, wherein the phenolic compound is.
phenol; the alkyl alcohal is methanol; and the 2,6-alkyl-disubstituted phenolic
compound is 2 6-xylenal, |

32. The method of claim 28, wherein the polyphenylene ether resin
is subsequently blended with at least one material seiected from the group
15 consisting of an alkenyl aromatic resin, an elastomeric material, a polyamide

resin, and combinations thereof.

33.  The method of claim 28, wherein the polyphenylene ether resin
is subsequently blended with high impact polystyrene. '

34. A method for making 2,6::_:ylenol, comprising the following steps:

20 ' a) preparing a magnesium-based solid catalyst
- composition by dry-blending basic magnesium carbdnate with at least one
filler, thereby forming a blended product, whersin the level of chiorides in the
magnesium carbonate is less than 250 ppm, and the level of calcium in the
magnesium carbonate js less than 2500 ppm,;

23



38. The catal yst composition of claim35, wherein the filler is selected

fromthe group consisting of polyphenyl ene ether,

t hereof. 39, A calcined catal yst conposition according tozcbaﬁﬁt 32%0,* 24

10

15

b) forming the catalyst composition into a suitable
catalyst-shapes;
C) caicining the shaped catalyst at a temperature in

the range of 350°C to 550°C; and

d) reacting phenol and methanol in the presence of

the catalyst, to form 2Z,6-xyienol.

35.  Acalalyst composition, comprising a magnesium reagent and at

least one filler, wherein the level of chlorides in the magnesium reagent is

less than 250 ppm, and the level of calcium in the magnesium reagent is less

" than 2500 ppm.

36. The catalyst composition of claim 35, wherein the level of
chlorides in the magnesium reagent is less than 125 ppm, and the level of

caleiurn in the magnesium reagent is less than 1000 ppm. .

37.  The catalyst composition of claim 35, wherein the magnesium

reagent is basic magnesium carbonate.

38.  The catalyst composition of claim 35, wherein the filler is
selected from the group consisting of polyphenylene ether, graphite, and

mixtures theregf,

39, A calcined catalyst composition according to claim 35.

24

graphite, and nixtures



