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ALKYLATI ON REACTI ON OF PHENCL.

BACKGROUND COF THE | NVENTI

* This invention relates to a nethod for suppressing the formation of 5 )
certain al kyl ated phenols with one or nore al kyl groups by transal kyl ating
phenols. Mre particularly, this invention is directed to a
for transal kyl ating ortho- and para-al kyl ated phenols with
the presence of a metal oxide catalyst by recycling these
phenols into the feed stream . 10 -1- |t is often desirable to
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BACKGROUND OF THE INVENTION

This invention relates to a method for suppressing the formation of
certain alkylated phenols with one or more alkyl groups by transalkylating
the alkyl phenols. More particularly, this invention is directed to a method
for transalkylating ortho- and para-alkylated phenols with other phenols in
the presence of a metal oxide catalyst by recycling these phenols into the feed
stream.
_ It is often desirable to dealkylate or transalkylate the alkylated phenols
obtained from coal tars of coal liquifaction processes to provide more valuable
products, such as phenol. In addition, it is often desirable to dealkyiate or
transalkylate 2,4,6-trimethylphenol (TMP), a co-product in the synthesis of
2,6-xylenol, to more useful alkylated phenols and phenol. Useful alkylated
phenols include p-cresol, -o-cresol, 2,6-xylenol, 2,4-dimethylphenol, 2,4,6-
trimethylphenol and the like.

A number of methods of dealkylating alkylated phenols are known to
the art. These methods include thermal dealkylation, thermal

hydrodealkylation, and catalytic hydrodealkylation. Thermal dealkylation



‘trimethyl phenol and the |ike. ~ A nunber of nethods of deal kyl ating

~al kyl ated phenols are known to the art. These nmethods include
"thermal deal kyl ation, thernal hydr odeal kyl ati on, and catal ytic
hydr odeal kyl ati.on. Thermal deal kyl ati on _
-2- i nvol ves exposing al kyl ated phegols to high tenperatures (about
800C.) to achi eve thernal cracking of "the al kyl ated phenol and yield
phenol . However, this process is not 3e|¢ctiVﬁ ard a suPstgPtlgl
amount of dehydroxyl ation occurs, producing the |ess valua & benzene
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processes described above and causes [|ess dehydroxy
15 process in tefeendeat. No. 4,230,896 wherein al kyl ated phenols are

hyarous carrier, a ThermalardiogBikyien R aG R Bhinde iRebies aFesiediet cr
Catal ysts incl ugglaid pHehols to high temperatures in the presence of steam or hydrogen
10 or both, as is shown by Daly in US. Pat. No. 4,230,895. This process also
causes a significant amount of dehydroxylation, which is undesirable since
dehydroxylation produces less valuable products.
Catalytic hydrodealkylation is typically more selective than the
processes described above and causes less dehydroxylation. Daly describes a
15 process in U.S. Pat. No. 4,230,896 wherein alkylated phenols are reacted with
steam in the presence of a catalyst comprised of a hydrous carrier, a
deactivation suppressor and at least one promoter. Catalysts included within
those described by Daly include platinum and palladium on alumina and
- mixtures of palladium and chromium oxide on alumina. A catalytic
20  hydrodealkylation process which reacts alkylated phenols with hydrogen is
described by Bjornson in U.S. Pat. No. 4,191,844. This reaction takes piace in
the presence of a catalyst consisting essentially of magnesium oxide and a
Group IIA metal oxide suci\ as manganese oxide. Although, these catalytic
hydrodealkylation processes are more selective and cause less
25 dehydroxylation than thermal hydrodealkylation, there still remains room for
improvement. For example, the percentage of alkylated phenol converted to
a new material is very low (about 40%) in the process described in U.S. Pat.

No. 4,230,896 and dehvdroxvlation is still significant, providing 5-30 weight %



t hose described by Daly include platinumand pall adi umon al uni na and
~mixtures of palladium and chrom um  oxide on alunmina. A catalytic 20

" hydrodeal kyl ati on process which reacts al kyl ated phenols with hydrogen is
described by Bjornson in U S. Pat No. 4,191,6844. This reaction takes place
in the presence of a catal yst consisting essentially of magnesi um
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regenerated periodically and a deactivation suppressant is often necessary.
The disproportion of highly alkylated -phenols with. phenol over a
tungsten oxide promoted magnesium oxide catalyst is described by Leach in
10 US. Pat. No. 4,125,736. The catalyst contained 0.5 to 15% tungsten oxide and

the reaction was executed with 1 to 15% water resulting in o-cresol and p-

cresol as the main products.
An acidic catalyst eontaining 75-100% aluminum oxide and 0-25% silica
for the transmethylation of alkylated phenols in the presence of phenol or
15 cresol is described by Talley in U.S. Pat. No. 3,417,149; Talley in US. Pat. No.
4,533,767 describes the steam dealkylation of ortho and or para alkylated
phenols without the loss of a hydroxyl radical without phenol present in the
feed stream. In US. Pat. No. 4,533,786, Talley describes a similar steam
dealkylation as described in U.S. Pat. No. 4,533,767, however, using zinc oxide
20  as the main component of the catalyst as opposed to magnesium oxide. In
US. Pat. No. 4,560,810, Talley describes the ortho dealkylation alkylated
hydroxyaromatic compounds using-a combination of chromium oxide and
one of the oxides of zinc, iron, magnesium, or manganese.
The suppression of the formation of highly alkylated phenols by a
25 catalytic transalkylation process comprising this invention provides high
conversion rates, generally on the order of 25 weight percent or higher. In
addition, the catalyst lifetime is extended for particular embodiments of this

invention so as to reduce the frequency of regeneration,



The disproportion of highly alkylated phenols with phenol over a
_tungsten oxi de pronoted magnesi um oxi de catal yst is described by Leach in
10 US. Pat. No. 4,125,736. The catal yst contained 0.5 to 15% tungsten

oxi de and the reaction was executed with 1 to 15%water resulting in
o-cresol and p- cresol as the main products. An acidic
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transmet hyl ati on of al kyl ated phenols in the presence of phenol or 15
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-4- An object of the invention is to suppress the formation of the undesired

10 alkylated phenols by transalkylating the alkylated phenols into useful
products by recycling these phenols into a normal alkylating feed stream.
Another object of the present invention is to transalkylate alkylated
phenols at a high conversion rate without loss of selectivity.
Another object of the present invention is decrease the frequency at
15 which the catalyst must be regenerated when transalkylating alkylated
phenols by a catalytic steam transalkylating process.
DESCRIPTION OF THE DRAWINGS.
Not applicable.
DETAILED DESCRIPTION OF THE INVENTION
20 The present invention is directed at the suppression of the formation of
certain alkylated phenols by a catalytic transalkylating process that selectively
transalkylates the ortho- and para-positioned alkyl groups with respect to the
hydroxyl radical of an elkylated phenol. The term "dealkylating" as used
herein, refers to the removal of alkyl groups, usually alkyl groups containing
25 1 to about 6 carbon atoms, from the aromatic nucleus of phenols. The term
“transalkvlating” as used herein, refers to the shift of the alkyl groups to
another position on the aromatic ring within the same molecule or being

positioned on the aromatic ring of another phenol. The term



SUMVARY OF THE | NVENTI ON A method for the suppression of highly

.al kyl at ed phenols is provided conprising reacting an al kyl ated phenol
wi t h anot her phenol in the presence of a netal oxide catalyst, said

al kyl at ed phenol having at |east one alkyl 5 radical of from1l to about 6
carbon atons either ortho-positioned or para- positioned to the

hydr oxyl radical, and said phenol having at | east one position
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radi cal . An object of the invention is to suppress the

formati on of the undesired 10 al kyl ated phenols by transal kyl ati ng the

al kyl at ed pheneidhydié:6/1atest{" 3k used heRifdefdrs tdthell66yst the Gy HPHE/E radiiealds | nt o
a normal al kyl ating féed stream Anot her obj ect of the present

invention is tthetaramasic kprleusobtheyphenels. phenol s at a hi gh conversion
t t hout | t bj of esent
vent] on is dgifegét&%%ﬁ%yé&fﬁ%mf which g b7 AeslEh a8 65 bty i
regener at ed Whpp t}ik ?Péc%i‘ﬁcﬁidélﬁo?é ol one O\Ydyaﬁ iy afd Gfleabydne
ati p E DRAW NGS. Not

st eam transal k rocess DESCRIPTI
appl i cabl e.5 alkytgrwnﬁmmhﬁdy@pﬁﬁ-msmdmm@mtlmhydroxyl radited.

t i ti di t th f f t f
Certain ol kyl alBasAURAREd,pherals many eRtRiRomeialg| Ak geBiER e vetos
sel ectively 8051&61%18&' X'a%ﬁﬁué hitacRids Nid ?@e Mﬁﬁgt g%l'rgér}g%eaéd‘a)i hgr oups

wi th respect t hydr oxyl radi cal an al’k nol . e term
"deal kyl at i ng" cledn usretiranch chedn.ei Exampfesref smtalﬂe alkylated phenelskinclugleoups,

o omat | ¢ nutl OISR haretal, sAUETe otxylendl ik pheRel diprPhendlodd
P, 10 Sk G B il B o o Bt 7
the aromatic romg pada-ametaiesr prthoqositionTdth tespeat to the hydroxyl radical.
More particularly these include ortho-cresol, para-cresol, 24-xylenol, 2,3-
xylenol, 2,5-xylenol, 2,6-xylenol, 2,3_,4-trimethylphenol, 2,3,5-trimethylphenol,
2,3,6-trimethylphenol, 24 6-trimethylphenol, 24,5-trimethylphenol, 3,4,5-
15  trimethylphenol, 2-ethylphenol, 4-ethylphenol, 24-diethylphenol, etc. The
feed of alkylated phenols may be comprised of one single alkylated phenol or
a mixture of alkylated phenols; mixtures typically being derived from tar
acids obtained from coal liquifaction processes or derived from the alkylating
process itself.
20 Typical reactor feeds for transalkylation reactions comprise an alkyl
radical aéceptor, defined herein as a phenol having at least one ortho- or para-
position vacant (e.g., phenol) and an alkyl radical donator, defined herein as a
phenol with at least one alkyl radical at an ortho- or para- position (e.g., 2,4,6-
trimethylphenol). The ratio of phenol that has at least one positidn available
25 in the ortho- or para- position with respect to the hydroxyl radical to
alkvlated phenols is generally within the range of 1:100 to 100:1. In a
preferred embodiment, the ratio of phenol that has at least one position

available in the ortho- or para- position with respect to the hvdroxvl radical to



- 5. "dehydroxyl ati on" as used herein, refers to the |loss of the
hydr oxyl radi cal on the aromati ¢ nucl eus of the phenols.

* Sui tabl e al kyl at ed phenol s which can be deal kyl ated or transal kyl ated

by this process include those containing one hydroxyl radical and at | east
one 5 alkyl group at an ortho- and/or para position relative to the

hydr oxyl radi cal . These al kyl ated phenols may contain nmultiple alkyl
groups at various positions on the omati ¢ nucl eus and these al kyl
groups may be straight chain or branch chain. Exanples of suitable
al kyl at ed phenol s i ncl ude I somers of cresol, isoners of xylenol,
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10 medium for the alkylated phenols and the alkyl radxcal acceptor. In one
preferred embodiment, the reaction is done under normal alkylation
conditions wherein methanol and water are present in the feed that can serve
the role of the solvent. In another preferred embodiment, the alkyl radical
acceptor serves the role of the solvent. In an alternative preferred
15 embodiment, the preferred solvent is selected from the group consisting of
benzene, toluene, hexane, and heptane. Other suitable solvents include
tetrahydrofuran, chlorobenzene, hexane, etc.
The use of a catalyst comprised of about 60 to about 100 weight %
magnesium oxide, about 0 to about 40 weight % manganese oxide and about
20 0 to about 20 weight % organic binder, preferably polyphenylene oxide, with
or without a small amount of a promoter up to 5 weight %, wherein all -
weight are based upon the weight of the catalyst, provides a high degree of
conversion of alkyl radical donators, particularly 24,6-trimethylphenol in
excess phenol. In a preferred embodifnent, the catalyst comprised of about 90
25  to about 99 weight % magnesium oxide and about 1 to about 5 weight %
organic binder, and a small amount, typically about 0.1 weight %, of colpper
nitrate that acts as a promoter wherein all weight are based upon the weight

of the catalvst. Utilizing the normal alkvlating conditions and feed stock



phenol with at |east one alkyl radical at am -ortho- or para- position

.(e.qg., 2,4,6- trinmethyl phenol). The ratio of phenol that has at | east
one position available 25 in the ortho- or para- position with respect to
t he hydroxyl radical to al kyl ated phenols is generally within the
range of 1:100 to 100:1. In a preferred enbodi nent, the ratio of
phenol that has at | east one position avai lable in the ortho- or para-
position with respect to the hydroxyl radical to .

- 6- al kyl ated phenols is within the range of about 5:1 to about
25:1. A reactor feed may be conprised of one species which satisfies
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alternatively, the“reactor feed may be solved in an organi c solvent so
as to make addheireaction betiveen thaanogactedsand alkglated phendls agdisteam whi ch
Is inert under, deal kyl ation copditiqgns is suitable, provided it.is a
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nor mal al kyl at’i on It1ons n methanol and water are present in
the feed that cobibifigtiors thereof.t Atyrcatabytiif forimcofanetabaxidelisisuitabid for ysedher r ed
enbodi ment, the al kyl radical acceptor serves, the role of the gﬂl vent .
In an al t er natthisraeesscHtiig preferable that the magnesium oxide within said catalyst f
within the range of about 60 to about 100% by weight, more preferably within
10  the range of about 90 to about 99 % by weight, based upon the weight of the
catalyst.

These catalysts may have an inert organic or inorganic binder mixed
within in order to permit them to be pelletized and easily handled in the
process. Such binders may preferably comprise up to about 20 weight %,

15 more preferably up to about 5 weight %, of said catalyst. Suitable organic
binders include: polyphenylene oxide, graphite, etc. Silica is an example of a
suitable inorganic binder. In one embodiment of the present invention,
poiyphenylene oxide binders are the most preferred. The catalyst may also
contain a promoter, for example, copper nitrate in the range of about 0.1 to

20  about 5 weight %.

Metal oxide catalysts retain their activity for several days with little
loss of specific activity. However, éver long periods of operation, carbon
deposition (coking) gradually decreases that activity. When this‘occurs, the
catalysts can be regenerated by oxidation of the carbon by passing oxygen or

25 air over the catalyst at temperatures in the range of about 400° to 500°C.

An alternative method utilized to retard the coking of the catalyst

surface is to introduce an oxidizing atmésphere (oxygen, air, or another

oxygen nitrogen mixture) into the reactor via the reactor feed so that the



15 “enbodi nent, the preferred solvent i.s selected fromthe group consisting
of benzene, toluene, hexane, and heptane. Qher suitable solvents

I ncl ude t et rahydr of uran, chl orobenzene, hexane, etc. The
use of a catalyst conprised of about 60 to about 100 wei ght % '
magnesi um oxi de, about O to about 40 wei ght % nanganese oxi de and about 20
0 to about 20 wei ght % organic binder, prefgrably polyphenylene oxide, wth
or without a snmall ampunt of a pronoter up to 5 weight % wherein all

wei ght are based upon the weight of the catal yst, provides a high degree of
conversion of alky] radical dqonators, particylarly. 2 4 6-trineth enol in
excess phenol . rF?‘f'X‘z?“p Pag ‘Bn‘b&ﬂ'ﬁﬁ%\‘? of c%?f‘éﬂi‘gﬁ h%?ﬁﬂhe?’edxhg about
90 25 to aboutprgf%émi,gm % magnesi um oxi de and about 1 to about 5 weight %
or gani ¢ bi nder, a’small amount, typically about 0.1 weight % of copper
nitrate that acts. afha mteoavwhichnilkykited phenolsiagé fediintolthe edactpoito tract

wei ght of the catal yst. U{i,li inlgethe norﬁl kgl at | np condi ti pns and
feed st ock with unreacted phenols in the presence of catalyst is not critical'to achieve the
extends thecgcatgl.: tiating. -0V i hGd eto
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group consi sting, of Mi:ZBstafyts, ichtalyit willhav8'a BEIRYSptimum flow rate

than another. The more active the catalyst, the shorter contact time necessary

10  to produce the same quantity of transalkylated phenols. Therefore, to obtain

a particular conversion rate, higher weight hourly space velocities can be used

with more active catalysts while lower weight hourly space velocities are

necessary with less active catalysts. A flow rate which is too high will flood

the catalyst and not permit the reaction to proceed. Where the catalyst

15  utilized contains a promotor within the range of about 0.05 to 5 weight % and

~ an organic binder within the range of about 0 to 20 weight %, a flow rate

having a weight hourly space velocity in the range of about 0.1 to 3.0 grams

alkylated phenol/hour/grams of catalyst is preferred. The most preferred

flow rate is at a weight hourly space velocity of about 0.3 to 1.0 grams of

20 alkylated phenol/hour/grams of catalyst. Both higher and lower flow rates
can be utilized with such catalysts. |

The starting materials are preferably in the vapor phase when in the

presence of the metal oxide catalyst at the operable temperature ranges. To

avoid cooling of the catalyst below the reaction temperature selected, it is

25 preferable to vaporize and preheat fhe starting materials prior to contact with

the metal oxide catalyst. To minimize the decomposition of the starting

materials, it is most preferable to maintain the starting materials at the

minimum temperature necessary to vaporize them and then preheat the



conbi nati ons thereof. Any catal yfic formof netal oxide is suitable for use

I n this process. It is preferable that the magnesi um oxi de within said
"catalyst fall wi thin the range of about 60 to about 100% by wei ght,
nore preferably within 10 the range of about 90 to about 99 % by wei ght,
based upon the wei ght of the catal yst. These catal ysts may
have an inert organic or inorganic binder gy xed within in order to
permt themto be pelletized and easily handled in the - process. Such

bi nders may preferably conprise up to about 20 weight % 15 nore
preferably up to about 5 weight % of said catalyst... Suitable organic
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at nosphere (oxygen, rogen mxture) 1nto the
reactor via tQBgafRebddprdi&@Blysi ¥dpdk fofiR and are typically condensed to a liquid

10 for subsequent use. This can be accomplished by any conventional means,

such as common air or water condenser. The products are then separated
from the condenser effluent, preferably by distillation in a conventional
distillation apparatus.
~ The process can be carried out in a conventional reactor used for vapor
15 phase reactions over a solid catalyst. For example, a tubular reactor of quartz
or metal filled with a static bed of metal oxide catalyst is suitable. The reactor
is heated to the desired temperature by any conventional means; for example,
it can be heated by surroundihg the reactor with an electric heater or by
surrounding the reactor with a heated gas, liquid, or a fluidized solid
20 medium.

In order that those skilled in the art may better understand this
invention, the following experiments are provided by way of explanation and
not by way of limitation. ‘

All patents cited herein are incorporated herein by reference.

25 EXPERIMENTAL
In each of Examples 1 through 4, the following procedure was utilized:
A fluidized sand bath heated containing a U-shaped tubular reactor of

15 cm in length and having a diameter of about 1.2 cm was used with a



reaction takes place in the presence of this oxidizing atnosphere, which is
_preferably air. The rate at which al kyl ated phenols are fed into
the reactor to react wi th unreacted phenols in the presence of
catalyst is not critical to achieve the 5 desired objects of this

I nvention. The flow rate of reactants does effect the product yield by
determ ning the anount of contact tinme between the al kyl at ed phenol
and catalyst. Due to the difference in the™Specific activities of
metal oxide catalysts, each catalyst will have a different optinmmflow
rate than another. The nore active the catal yst, the shorter contact
ti me necessary thérmomuplainside to meordtorghe) temmperature bf theamatdystibedt ed phenol s.

Therefore, to obtai articul gr.conv i.on rate, higher weight
hourly space vel oci ﬂ?’@éaﬁ‘ég’aﬁé(‘ﬁg%'@eg Tec gﬁf‘@gfi@‘l lggﬁ ﬁwg?rgt‘“ﬁi l e
| ower wei ght h ¥ SHRARAE ] /Y PO C ik 3 qgﬁ% ' Fgﬁ;'ve
catal ysts. A fﬁg{vt\#u%ﬁate \?\/n c% ?'sq?lggéﬁﬁgﬁwva\lﬁslfﬁne?l 00 %h%hﬂu}ég%z ystthand
not pernmit the catsystigrantles (size 70041000hanealthoaghadifferent sikve frictibhg ezh be
contains a promotor wthin the range of about 0.05 to 5 weight % and

an organi ¢ [§i ndsedet thenlomrest p the repctor. Thecapalystewancalgined at) abwut at e
havi i ght | L ocity in.th f about 0.1 t 0
oram o "l kOB AIRIE 2 es ie A BietalEp Rt enfiGithed ol

preferred reAcRv¢. MEefreh&oRvad the ISlolighotd th desisébtenPedatuky, Of about 0.3

to 1.0 grans of 20 _al kyl ated phenol/hour/grans of catalyst. Both higher
and | ower flow rat eJhe reactaninfepd was introsced mmﬁ,ﬁ?lpmml\im;mmp (type

The starti i al . pref | Vedr Bt D hase Whep in.th
oresence of ¢ haDRtA g icRapRidhe 2wy ofo s Bfled BB El Bt nges. 1o
avoi d cool ifpg of thehegirBiuses iRGheefliént! @BBicviited CEIET A tHeCtabRIsPOWIRth |1

Is 25 preferable to vdaporize and preheat the starting materials prior to
contact with exited ithe neaicttr atxthe distesit tings wer& conderisail zndt dralyzedobyp &HiG i on

OF Lo U211 M srRREA kil BB G b B i e
them and then _B&ﬁBFe%M&B Rollected and analyzed, at the times as stated in the tables.
The catalyst that was used in the experiments consists of about 97.6
15  weight % magnesium carbonate, about 2 weight % polyphenylene oxide,
about 0.5 weight % graphite, and about 0.1 weight % copper nitrate, with all
weights based on the weight of the catalyst. This catalyst was used unless
stated otherwise.
Example 1
20  The feed consists of 18.9 weight % methanol and 27.0 weight % water with the
remaining percentage as the phenols (i.e. phenol and 24,6-TMP) in the
specified ratio. Listed in the table are only the phenol products in the effluent
at the specified time. |
Table 1.
WHSV  Temp. Phenol o-cresol p-<cresol 26-DMP 24-DMP 24.6-TMP

Feed 50.0 50.0

effl2h  0.86 475 53.6 222 1.1 15. 33 4.3

wn
(S8 ]



- 9- starting materials to.the reaction tenperature imrediately prior
1o contact with the netal oxide catalyst. This can be acconplished by
passi ng the vapori zed starting materials through a heated tube of
metal or quartz or by passi ng the vaporized starting materials over
heat-ed quartz beads just prior 5 to entry into the catalyst bed. It is
preferable to utilize the sane heating medirum to preheat the vapors
which is used to heat the catal yst bed sods to mai ntain a stable
reaction tenperature within the reactor. Bot h products and
unreacted starting materials exit the netal oxide catal yst bed
preferably in vapoThedotalsdd ret @lways add up todred E0(0e hecanse riot glliprodGctsf or

stch 85 ComoRralRed © fnaBisol &uh RO eth heesls Sty BoRa Bt
fromthe condqgaﬁ{ 167 71l UgikeraRRt Tt aE%héoMStdfl Iég%cgaggpp?seiggg\@md_onal

distillation apparpat us. rocess can M a
conventi onal nfifthylphensl) topethwrprith 4 hormhibfeed strearhiod phenolpmethasol afd

catal yst. For exanple, a tubular reactor of quartz or netal filled
with a staPic WRt-of netal oxide catalyst is suitable. The reactor is

heated to the]ﬂgﬁhﬁgg tenperature by any conventional neans; for exanple,
it can be heate y Surrounding the reactor with an electric heater or by

surroundi ng t Ifhelfe@dédiisisté 64480 Weiplhe &% Gethanbl and 16.7 Weight! % wrdewithghbi d 20
nmedi um In order that those skilled in the art may better

under stand t hiremaining | pareentagm astthe phenclsi(iey phenol | anchi2d.6r rgvithed by
Ay of expl an%})'ec%eé‘?actio. Listed in the table are only the phenol products in the effluent

10  at the specified time.

Table 2.

WHSV  Temp. Phenol o-cresol p-cresol 26-DMP 24-DMP 24,6-TMP
Feed 950 5.0
#1
effl 0.55 460 71 10.1 0.03 71.52 49 9.0
50h
effl 0.55 460 . 15.0 104 0.02 65.8 23 79
362h
Feed 1000
#2
effl 0.55 460 85 10.6 0.03 69.5 041 9.6
50h
effl 0.55 460 19.3 20.7 019 502 1.22 71
362h |

A reference reaction was run at the same time in the same sand bath to

ensure a good comparison with the same temperature profile.
15 The reaction with 5% mesitol in the feed from the start showed a
somewhat suppressed 2,6-xvlenol formation during the first 50 hours but on

the other side it also did produce significantly less mesitol. After this period



not by way of limtation. . Al'l patents cited herein are
incorporated herein by reference. 25 EXPERI MENTAL I n each of
Exanples 1 through 4, the follow ng procedure was utilized: A
fluidized sand bath heated containing a U shaped tubul ar reactor of 15
cmin length and having a dianeter of about 1.2 cmwas used with a

- 10- t hernocoupl e inside to nonitor the tenperature of the catalyst
bed. The sand bath (enl arged JI2ehne SBL-2) could control the
tenperature Wi thin about +/- 5[err]C. The reactor was filled with the
nmagnesi um car bonat e catal yst granules (size 700-1000 [err].m al t hough

different sie\ge fdidtion/of %Qgﬁﬁox b&m@ﬁmtaﬂdr@eh@m&ie anér @kn'the

reactor. The catal yst was cal Tined at about - [err] Cfor about 21
hours while areﬁetmgeeaoﬁonw'ﬂnsfumliy]t@uhed mlﬁhe)fcg'mamloa of 505 grarasof )6- The

eactant |1 ecd NN RERHACLGIN o PR RORRRE IR BN 307) at a
L e 2T i plfo Gk SRR ol G e
exited thesr eafthe referehbe rdaction @8 igrams witick wastiie same. Bﬂddmiﬂgymedxrhq G.C
M 8 RS0 & Taaction With 5 % meattol In the feed Tad fed the reactor with 35 grams of
mesitol which means that all of that is transformed to other substances. This
leads to the conclusion that approximately 50% of the mesitol formation is
suppressed since the net mesitol formation was now 41 grams and the net
10 - mesitol production of the reference reaction was 78 grams during the same
time. . '
Example 3 (Catalyst: manganese oxide and magnesium oxide is a ratio of 1:3
+ binder additives) |
The feed consists of 48.0 weight % methanol and 16.7 weight % water with the
15 remaining percentage as the phenols (i.e. phenol and 2,4,6-TMP) in the
specified ratio. Listed in the table are only the phenol products in the effluent

- at the specified time.



sanpl es were collected and anal yzed, at the times as stated in the tables.
The catal yst that was used in the experinents tonsists of about 97.6 15
‘wei ght % nmagnesi um car bonat e, about 2 wei ght % pol yphenyl ene oxi de,

about 0.5 weight %graphite, and about 0.1 weight % copper nitrate, with

al | wei ghts based on the weight of the catalyst. This catal yst was
used unl ess stated ot herw se. Exanple 1 20 The feed consists of
18. 9 wei ght % et hanol and 27.0 wei ght % water with the remai ni ng
percentage as the phenols (i.e. phenol and 2,4,6-TMP) in the specified
ratio. Listed in the table are only the phenol products in the effluent
at the specified tine. Table 3. Tabl e 1.
VWHSV Tenp. Phenol o-cresol p-cresol 2,6-DW 2,4-DVP 2,4,6-TWMP
Feed WHS¥(, Tpmp. Phenol o<cresol p-cresol 26-DMP 24DMP 246BP
effl 2h 0.86 475 53.6 229P§ 1.1 15.2 3.3 4.3 25
The totals do ¥8¢ al ways add up TO be 100% because not all product’s

#1

effl 0.55 450 337 47.2 010 = 137 0.57 443

50h

effl 0.55 453 56.9 35.2 0.07 2.8 0.30 451

98h '

Feed 100.0

#2

effl 0.55 450 419 517 0.10 47 0.33 0.06

50h

effl. 055 453 58.2 35.7 0.11 46 0.19 0.06

98h

The effluent composition contained almost over the whole run less
than 5 weight % mesitol, which is less than was present in the feed even if the

5 amount is corrected for the molecular weight gain.

Example 4
The feed consists of 48.0 weight % methanol and 16.7 weight % water with the
remaining percentage as the phenols (i.e. phenol and 2,4-DMP) in the
10  specified ratio. Listed in the table are only the phenol products in the effluent
at the specified time. _
Table 4.
WHSV Temp. Phenol o-cresol p-cresol 2,6-DMP 24-DMP 24,6-TMP

Feed 95.0 5.0
#1

effl 0.55 450 11.7 28.5 0.38 44.1 381 10.7
45h ' '



are listed, e.g., . anisol, 2-nethylanisol, 2-ethylphenol,

~2,4,6-trimethylanisbl, etc. Exanple 1 illustrates the opportunity of
recycling nesitol (2,4, 6- trimet hyl phenol) together with a normnal
feed stream of phenol, nethanol and 5 water. Exampl e 2 The

feed consists of 48.0 weight % nethanol and 16.7 weight % water with the
remai ni ng percentage as the phenols (i.e. phenol and 2,4,6-TMP) in the
specified ratio. Listed in the table are ddty the phenol products in the
effluent 10 at the specified tine.

Tabl e 2. VWHSV  Tenp. Phenol o-cresol p-cresol 2,6-DW
2,4-DVP 2,4, GeaTMP o055 sdheed 24 165 0.04 %330 1.39 10.3
5.0 #1 ef fl 0.55 460 7.1 10.1 0. 03 71.52
.49 9.0k  50p effl 0.55 460 15.0  10.4 0.02
65. 8 .23 Feed 7.9 362000 Feed 100.0
#2 ef fl g 055 460 8.5 10. 6 0. 03 69.5 0.41
9.6 50h ef fl 0.55 460 19.3 20.7 . 0.19 50. 2
1.22 7. 1 effl 08%2h 450 83 28\ ref @%nce %€acti cABwas rtHP at the
same tinme in tge sane sand bath to ensure a good conparison with the
sane tenperature profile. : :

effl 0.55 450 95 17.8 011 58.7 1.49 11.0

170h

This reaction shows this technique is not limited -to - 24,6-
trimethylphenol but can be applied for other alkylated phenols as well. In
this example the same procedure is used for 24-dimethylphenol showing

5 again good suppression. Moreover, there was no net formation of 2,4-xylenol
which is considered an unwanted by-product in some alkylation reactions.

Although the above Examples have shown various modifications of the
present invention, further modifications are possible in light of the above
techniques by one skilled in the art without departing from the scope and

10  spirit of this invention.



15 The reacti.on with 5% nesitol in the feed from the start

showed a sonmewhat suppressed 2, 6-xylenol formation during the first 50
hours but on the other side it also did produce_significantly |ess
mesitol. After this period _

-12-. the formation of 2,6-xylenol became nor malThisiSHeeENR Bech Rebilidel €

hi gher then the ref erence reacti on. Thii finally rﬁl“";,m" "t

formati on of 505 granms of 2, 6- xyl enol"Versus 372 Gyl enol
fromthe reference reaction. The anmount of nesit

effluent after 362 hours was 76 grans and 5 of the reference reaction 78
grams whi ch wasCLAdMSane. But during this tinme the reaction with 5 %
mesitol in the %ea?#gﬁdf the reactor with 35 grans of mesitol which
neans that all AMEGansformed to ot her substances. This | eads

to the conclusion that appiReth lt&Is\dﬁgpggsﬁfn (t,merfeﬁinhﬁbnf&wggg%k}lﬁted

suppressed since the net nesitol forfrati on was now 41 grans t e net 10

mesi tol product phencbiduring anedlkyletior reastion byremayingSontramsposingiong drimorearre
a0 of 13 MkyLragicaka eRbee bara- pasigongL I BaRaret i B BHEtecTle; g
s oeL1anel 20, ARl el i acob B LGSR 3 1
the table ar® ophendl hRatilsratilesst ofle position dviailablefih dkebrtho- or para- position

with respect to the hy&roxyl radical in the presence of a catalyst comprising a

metal oxide selected from the group consisting of Mg, Zn, Fe, V, Ce, Cs, Mn,

or combination thereof at a temperature in the range of about 400° to 675° C,,

said alkylated phenols having at least one alkyl radical either ortho-

10 positioned or para-positioned to the hydroxyl radical, the alkyl radicals of

said alkylated phenols having from 1 to about 6 carbon atoms.

2. The method of claim 1, further comprising an oxidizing
atmosphere that is selected from the group consisting of air and oxygen.

3. The method of claim 1, wherein the flow rate of alkylated
phenols is within the range of 0.1 to 3.0 grams/hour/gram of catalyst.

4. The method of claim 1, wherein the weight ratio of alkylated
phehol to phenol that has at least one position available in the ortho- or para-
position with respect to the hydroxyl radical is in the range of about 1:100 to
100:1.

5. The method of claim 1, wherein the reaction takes place under a
pressure within the fange of about 1 to 5 atmospheres. | '

6. The method of claim 1, wherein the catalyst is comprised of
about 60 to 100 weight % magnesium oxide, about 0 to 40 weight %
manganese oxide and about 0 to 20 weight % of an organic binder, with or
without a small amount of a promoter of up to 5 weight %, wherein all the

weights are based upon the weight of the catalvst.

._ THIS SHEET HAS BEEﬂ'
L L T e




at the specified ti.ne.

-13-

Tenp.

95.0
0. 55
50h

4.51

0. 55
50h
0. 06

Phenol

450
effl
98h

450
ef fl
98h

Tabl < VWHSV
o-cresol p-cresol 2,6-DMP 2,4-DMP 2,4,6-TMP _”_“Feed
5. 0  This Sheetfas Been R
- 33.7 47. 2 0. 10 13. 7
0.55 453 56.9 f;é-') 2 Hmlu "' m} 'r'ﬁ,’
Feed . 100 0 fl
41.9 - 51.7 0.10 0. 33 0 06
0.55 453 58. 2 35. 7 0.11 . 19
7. The method of claim 6, wherein the organic binder is
polyphenylene oxide.

8. The method of claim 6, wherein the ratio of phenol that has at
least one position available in the ortho- or para- pdsition with respect to the
hydroxyl radical to alkylated phenols is within the range of 1:100 to 100:1.

9. The method of claim 6, wherein the temperature is maintained

within the range of about 425° to 550° C. and the pressure is maintained at

~ about 1 atmosphere.

10

10. The method of claim 6, wherein the flow rate of alkylated phenols is
within the range of about 0.1 to 3.0 grams/hour/gram of catalyst.

11. The method of claim 1, wherein the alkylated phenols are
selected from the group consisting of o-cresol, p-cresol, 2,4-xylenol, 2,6-
xylenol, 2,5-xylenol, 2,3-xylenol, 3/4-xylenol, 24 6-trimethylphenol, 2,3,5-
trimethylphenol, 2,3,6-trimefhylphenol, 2,34-trimethylphenol and 34,5-
trimethylphenol. '

12. The method of claim 1, wherein the alkylated phenols are
dissolved in a solvent.

- 13.  The method of claim 12, wherein the solvent is water, methanol,
or a combination thereof. "

' 14.  The method of claim 12, wherein the solvent is selected from the
group consisting of benzene, toluene, hexane, and heptane.

15. A method of transalkylating alkylated phenols selected from the
group consisting of 2,4-xylenol, 2,6-xylenol, 2,4,6-trimethylphenol, o-cresol
and p-cresol, said method comprising reacting one or more of said alkylated
phenols with an unreacted phenol or phenols with at least one position -
available in the ortho- or para- position with respect to the hydroxyl radical in

the presence of a catalyst comprising about 60 to about 100 weight %

-

[




The ef fl uent conposition contained al nost over the whole run | ess
than 5 weight % nesitol, which is less than was present in the feed even if

t he 5 anount |'ﬂns(shéaﬁggcgneg, ﬁéﬁcgdhe nol ecul ar wei ght gai n. Exanpl e

4 The feed co wei ght % et hanol and 16.7 wei ght % wat er
wi th-the remai as the phenols (i.e. phenol and 2, 4- DVP)
in the 10 specif

ed I n th able are only the phenol

products in the effl uent at the speC| d tinme.

Tabl e 4. VWHSV  Tenp. Phenol o-cresol p-cresol 2,6-DW
2,4-DMP 2,4, 6-TW Feed 95.0

5.0 #1 magidsium oxﬁieSSbout 04b@bout 40 weight % B@nganese oxideadd abouti4. 1
3.84 10.7

0 to about 510 weight % polyphenylene oxide, with or without a small amount
of a promoter up to 5 weight %, at a temperature in the range of about 425° to
550°C., the ratio of total phenols to steam falling within the range of about

5 102to15. _

16.  The method of claim 15, wherein the flow rate of reactants falls
within the range of about 0.1 to 3.0 grams/hour/gram of catalyst.

17. The method of claim 15, wherein the organic binder is
polyphenylene oxide.

18. A method of reducing the formation of 24,6-trimethylphenol by
transalkylating 2,4,6-trimethylphenol with substantially no dehydroxylation
wherein 2,4,6-trimethylphenol is reacted with steam in the presence of a
catalyst comprised of about 60 to about 100 weight % magnesium oxide,
about 0 to about 40 weight % manganese oxide and a polyphenylene oxide
organic binder, said flow rate of 2,4,6-trimethylphenol falling within the range
of about 0.1 to 1.5 WHSV, said ratio of steam to phenol falling within the
range of about 0.5:1 to 15:1, said temperature range falling within the range of
about 425° to 550 °C. and said pressure being at about 1
atmosphere.

19. A method of reducing the formation of 2 4-dimethylphenol by
transalkylating 2 4-xylenol with substantially no dehydroxylation, wherein
2,4-xylenol is reacted with steam and methanol in the presence of a catalyst

10 comprised of about 60 to about 100 weight % magnesium oxide, al;out Oto
about 40 weight % manganese oxide, and about 0 to about 20 weight % of a
polyphenylene oxide organic binder, with or without a small amount of a
promoter in an amount up to about 5 weight %, said flow rate of 2,4-xylenol
falling within the range of about 0.1 to 3.0 grams/hour/ gram of catalyst, said |

15  phenol to steam ratio falling within the range of about 1:0.2 to 1:15, said
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-12- _effl 0.5 450 2.4 16.5 0. 04 68. 3

_1];?9 10.3 170h Feed 100.0
effl’  0.55 450 8.3 28.1 0. 27 46. 6 1.9
49h effl 0.55 450 9.5 17.8 0. _ﬁ”’“S}“"’”%"c’&?"’"R‘e'm‘iL \
11. O 170h This reaction shows thi m H|l1u
not limted to 2,4,6- tri met hyl phenol but can be llm] ther
al kyl ated phenols as well. In this exganple the sane procedure is used
for 2,4-di nethyl phenol showing 5 agai n good suppression. Mreover, there
was no net formation of 2, 4-xylenol whi ch is considered an unwant ed

b d y o
BXanpl s have ERFAGAT FOHRBAGIR e RgRef syt das” o 55 EC ghEpal 0 TP 00

further mdlfli,?%g ﬁaﬁb%%t@'a&nb@ﬂ&élht of the above t echni ques by
one skilled in“the art thout departing fromthe scope and 10  spirit of
this invention. 20. AiniéthSd of reducing the formation of certain alkylgted phenols

by transalkylating ortho and para positioned alkyl radicals of alkylated
5 phenols to phenols having at least one ortho or para position vacant, said
process comprising reacting in the vapor phase an alkyl radical donator
consisting of an alkylated phenol having at least one alkyl radical at an ortho
or para position with an alky] radical acceptor consisting of a phenol having
at least one ortho or para position vacant and a catalyst at a temperature in
10 the range of about 400°-550° C., said alkyl radical having from 1 to 6 carbon
atoms and said catalyst coﬁprhmg a metal oxide, from the group consisting
of Mg, Zn, Fe, V, Ce, Cs, Mn, or combination thereof, about 60 to about 100
weight % magnesium oxide, about 0 to about 40 weight % ntangaxiese oxide
and about 0 to about 20 weight % organic binder with or withou_t a small
15 amount of a promoter in an amount up to about 5 weight %. '
21.  The method of claim 20, wherein the alkyl radical is a methyl
group.
22. The method of claim 20, wherein the organic binder is
polyphenylene oxide.
23. The method of c[axm 20, wherein said alkyl radical donator is
selected from the group consisting of 2,4,6-trimethylphenol, 2,4-xylenol, 2,6-
xylenol, o-cresol and p-cresol and said alkyl radical acceptor is selected from
the group consisting of phenol, o-cresol, p-cresol, 24-xylenol and 2,6-xylenol.
24. The method of claim 23, wherein said alkyl radical acceptor is
. different from said alkyl radical donator and the molar ratio of said alkyl
radical acceptor to alkyl fadical donator is within the range of 1:100 to 100:1.

- e —
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What irs.clainmed is: 1. A met hod of suppression of the formation of highly
al kyl at ed phenol, conpri sing: introducing a feed streamto a netal
oxi de catalyst,. said feed stream conprising phenol having at | east one
position available in the ortho- or para- position with respect to the

hydr oxyl radical; producing a first effluent stream conprising
al kyl ated phenol having at |east one al kyl radical either ortho- or para-
positioned to the hydroxyl radical; -19t roduci ng at | east a portion

of said first SUPPRESHIONt PEaHLGHLY ;AEKYEATER: PBENOLG N THE CATAR¥TIQg sai d
phenol with said al kyl at ed AHETATEON REMFIION, Qe WAt £ | uent stream 2.
A nmethod as in daim1l, wherein the pgpgephege of al kyl ated phenol in said
first effluent -streamis substantially equal to the percentage of alkyl ated
phenol in said secorBéleetiie watalytit reclantion 8f the formettiondofaalkylated phendls by

| east a portion of sajd second effl uent

further conprising introduci ng at '

stream t he cat atFﬁ%ﬁaile@F.wn Qprﬁ%daﬂg i RRTEPeFiRORs %e‘ﬁk)’ﬁtﬁﬂ oPhenals nisof
2,4,6-nesitol i a X ] vy % _ 0 ' aim
1, wherein pr oo%§§#%§2§$§g%-%%%g§%ﬁéeno%ﬁ°§ ?Uupap?lgggg%ﬁr%%%tgnamﬁ%O%
6. A nethod agnreacted aikpldted phiehdls in tppresdrics of 8 ntdallokidigsetettall R6LME I N a

solvent prior to introduction to said cat alést, wherein said solvent is
met hanol , wé ergroupxopsisting of Mg ZmEec¥i Ce, Gs, Mn, greembirptionsitherephi Fhis,

e o omP" Skt 59 b MBI, kol Bl AR Bl o the

normal feed stream of the alkylation reactor.




q%gkso-l_
t ol uene, hexane, or heptane SI;LQDN’

- 8. A nethod as in Caiml, wherein said first effluent streaman
sai d second effluent streamconprise 2,4,6-nesitol, and wherein the percent
of 2,4,6-nmesitol in said second effluent streamis about equivalent to or

| ess than the percent of 2,4, 6-nesitol #g said first effluent stream 9.
A nmet hod as ChATMSai m 1, V\/nerel n said first effluent stream and sai d second
ef f | uent str@&ﬁt@@nﬁlﬂJSEdZLMdl met hyl phenol, :and wherein the percent of
2, 4-di met hyl1. phenAImeﬂnodauf@ug mmtmedomamomaﬁhigﬁlm&ulatmpheanbnt to
or less than the percent of 4-di nmet hyl phenol in said first effluent
stream 10.COMRPESIASH as in Claim 1, wherein the catal yst is conprised of

about 60 to 100 v . ganese
vte and abeny OTHSRUHPAAF IR dinelBiadbdiand sl g damiosice,
wherein all ¢dvap man%ph‘en@! Ravingegt legstoneiposiiroavaitable inethecddigrsor parad. A
nmethod as in d al wherei n-'the catal yst is maintained at a tenperature
of about 425pesitipn mﬂw@p@ct to the hydroxyl radical;
producmg a first effluent stream compnsmg alkylated phenol havmg at
least one alkyl radical either-ortho- or para- positioned to the hydroxyl radical;
introducing at leasta portion of said first effluent stream to said feed
stream; and _
(U reacting said phenol with said alkylated phenol to produce a second

effluent stream.

2. A method as in Claim 1, wherein the percentage of alkylated phenol in
said first effluent stream is substantially equal to the percentage of alkylated
phenol in said second effluent stream.

3.  Amethod as’in Claim 1, fuither comprising introducing at least a
portion of said second effluent stream the catalyst.

4. Amethod as in Claim 1, wherein production of 2,4,6-mesitol is
suppressed approximately 50%.

"\_/ 5. A method as in Claim 1, wherein production of 2,4-dimethyl phenol is
suppressed more than 50%.

6.  Amethod as in Claim 1, further comprising dissolving sald phenol in a
solvent prior to introduction to said catalyst, wherein said solvent is methanol,
water or a combination thereof.

7. A method as in Claim 1, further comprising dissolving said phenol in a
solvent prior to introduction to said catalyst, wherein said sol\}ent is benzene,

toluene, hexane, or heptane.
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12. A nethod as in Caim 10, wherein said al kylated phenol has a flow rate
of about 0.1 to 3.0 grans/hour/gram of catalyst. 13. A nethod as in dai-m
1, wherein said al kyl ated phenol is o-cresol, p-cresol, 2,4-xylenol,

2, 6-xyl enol; 2,5-xylenol, 2,3-xylnol, 3,4-xylenol, 2,4,6- trimethyl phenol,
2,3,5-trinmethyl phenol, 2,3,6-trinethyl phenol, 2,3,4- trinethyl phenol,
3,4,5-trinmethyl phenol, or a conbinationjghereof. 14. * A nethod for
produci,ng 2, 6-xyl enol, conpri sing: i ntroduci ng phenol to a netal

oxi de catal yst, said phenol having at |east one position available in the
ortho- or parg- positi ] _ id. lefeEnt stapibhnd said

- 17 - émai n?aﬁ??n%d{\%%g‘ @g‘yﬁﬁh???.ﬂycat aln;/:s't at about’ .
400[err] C to ghewtid efthient sir€am comprise2dd-niesifol ahidrwherein theepercent ehim
conprising al kyl ated phenal having at | east. ong 3l I@{I radi cal, -ei ther .ort ho-
or para- posi Rikbeauesitolinsaidseend effiugntsiream is abo eﬂHN%ﬁéPrﬁ' leskiffabnal

phenol and at,l east a,pouLtj Qn Of« Sai ISt Rl streamto the
catal yst: andihe Pefceﬂf8324-ﬁd“§%‘@ﬂgﬁﬁtf{'§§ﬁ%§%%"€m th said al kyl at ed
phenol to produce a second effluent stream 15. A nethod as in Caim 14,

further conprigsi ng A FdtREY &isiA Glaim ¢awherimsaitifiest effluswti stream and s#id | uent
streamthe catal yst. '

second effluent stream comprise 2 4-dimethyl phenol, and wherein the

percent of 2,4-dimethyl phenol in said second effluent stream is about
equivalent to or less than the percent of 2,4-dimethyl phenol in said first
effluent stream.

10. A method as in Claim 1, wherein the catalyst is comprised of abaut 60
to 100 weight % magnesium oxide, about 0 to 40 weight % manganese oxide
and about 0 to 20 weight % of é__n.dr’_éanic binder, and 0 to 5 weight %,
‘wherein all the weights are based upon the weight of the catalyst.

11. A method as in Claim 10, wherein the catalyst is maintained at a
temperature of about 425° to 550° C.

12. A method as in Claim 10, wherein said alkylated phenol has a flow rate
of about 0.1 to 3.0 grams/hour/gram.of catalyst.

13. A method as in Claim 1, wherein said alkylated phenol is o-cresol,
p-cresol, 2,4-xylenol, 2,6-xylendl, 2,5-xylenol. 2,3-xyinol, 3,4-xylenol, 2,4,6-
trimethylphenol, 2,3,5-trimethylphenal, 2,3,6-trimethylphenoal, 2,3,4-
trimethylphenol, 3,4,5-trimethylphenol, or a combination thereof.

14. A method for producing 2;6-xylenol, comprising:
introducing phenol to a metal oxide catalyst, said phenol having at

least one position available in the ortho-or para: position with respect to the
hydroxyl radical;

REPLACEMENT SHEET

05 NOV 1999
A .




16. A nethod as in Caim 14, wherein production of nmesitol is suppressed
apprOX| mately 50% 17. A nmethod as in Caim 14, wherein production of

4-di methyl phenol is suppressed nore than 50% 18. A nethod as in Claim
14 f urt-her conprising dissolving said phenol in a solvent prior to
introduction to said cat al yst, wherein said solvent is nethanol, water or a

conbi nat i on t her eof . A met hod as- id7 € ai m 14, further conprising

di ssol wvi ng sai d phe ol ve r ot catal yst,
wherei n said ol mpi’a'@ g o F e e

met hod as i Iim14, wherein said first effluent streamand said second

ef fl uent stream borrprl se 2,4,6-nesitol and 2, 4-di net hyl -phenol. 21. A
net hod as in C alpmddcmgﬁaeﬂretefﬂeentlstfeambomprnsmlkylategbphm hexing afecond

ffl 6- | d wh th
4 bomes t nadtonernlyluaeisaliether o ot paBmROSansdfo e tEPOhadials: | ese
”‘ig the percent gl niding SEAiOR g £e skt s%hmf S f¥fffuent

stream to the catalyst and
reacting sald addmonal phenol with said alkylated phenol to produce a
second effluent stream.

15. A method as in Claim 14, futher comprising introducing at least a

~ portion of said second effiuent etteam:-the-.eatalyst.
16. A method as in Claim 14, wherein production of,_rﬁeeito! is suppressed
approximately 50%.
17.  Amethod as in Claim 14, wherem productton of2 4-d|methyl phenol is
suppressed more than 50%
18. A method asin Claim 14, further cdmprising dissol\}ing said phenoi ina
solvent prior to' mtroductlon to said catalyst. ‘whereln said solvent is methanol,
water or.a combination thereof '

Y 19. A method as in Claim 14,_furtﬁer oomprieing dfssolv_ing said phenol in a

solvent prior to introduction to said catalyst, wherein said solvent is benzene,
toluene, hexane, or heptane.

20. A method as in Claim 14, wherein said first effluent stream and said
second effluent stream comprise 2,4,6-mesitol and 2,4-dimethyl phenol.

21. A method as in Claim 14, wherein said first effiuent siream and said
second effluent stream comprise 2,4,6-mesitol, and wherein the percent of
2,4,6-mesitol in said second effluent stream is about equivalent to or less than
the percent of 2,4,6-mesitol in said first effluent stream.
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22. A nmethod as in Claim 14, wherein said first effluent streamand said
second effluent stream conprise- 2, 4-di nethyl phenol, and wherein the
percent of 2,4-dinethyl phenol in.said second effluent streamis about

equi val.ent "'to or less than the percent of 2,4-dimethyl phenol in said first
effluent stream 23. A nethod as in CI-alSn-14 wherein the catalyst is
conpri sed of about 60 to 100 weight % nagnesi um oxide, about 0 to 40 wei ght
%rranganese oxi de and about 0 to 20 wei ght % of an organic binder, and 0 to

5 wei ght % \ﬁzer eig n?éthoa g «wusxh{ $4 A ereiessld fipst refmhmvwam aptl deie

cat al yst. A‘nethod” as i'n O'ai m23, wherein the catalyst is maintained
at a terrperatslecendfef&mttstn@ﬂﬂ com nseZB!SéMh}'kpher@Ix andwhereiodhes in daim

a1 A hour | o PRI at'%f%@@wﬁaﬁem Al Y T Palel - 2 o
o vl o0 DMRgRhenCrrraass td nlRiedne f ge-Shatp] phand v st

235tr|netrgfﬂmuimﬂ'earﬁ,36tr|rrethylphenol 2,3,4- trinethyl phenol,
3,4,5-tri met hyl phenol, or a conbination thereof.

23. A method as in Claim 14, wherein the catalyst is comprised of about 60
to 100 weigﬁt_%__; magnesium oxide, about 0 to 40 weight % manganese oxide
and about 0 to 20 weight % of é\n_orgahic binder, and 0 to 5 weight %,

U wherein all the weights are based upon the weight of the catalyst.

24, Amethod as in Claim 23, wherein the catalyst is maintained at a
temperature.of-about 425° to 550° C.-

25. A method as in Clalm 23,  wherein said alkylated phenol has a flow rate
of about 0. 1103.0 gramslhourlgram of catalyst

‘ 26. A method asin Clalm 23, wherein'said alkylated phenol is o-cresol, p-
creso! 2 4—xy|enol 2 6—xylenol 2,5-xylenol 2,3-xylnol, 3,4-xylenol, 2,4,6-
tnmethylphenol 2, 3 S—mmethylphenol 2.3.6-trimethylphenol, 2,3,4-
trimethylphenal, 3,4,5-trimethylphenal, or a combination thereof.
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