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\Napht hal ene di car boxylic acids are nononers t 1at ﬂEkac((pE\D $HEE€I'SJS€fSG for
the preparation of a vari-ety of polyners. For|exanple, poly(et yl ene

2, 6-napht hal ate) prepared from 2, 6- napht hal eh® Rescéntibox paded -aci-do apged B
et hyl ene glycol has better heat resi sta.ng_e_andmf‘mg.h@)l cabadwopértm@agddha.ﬁ.-
polyethylene sterephthalate and is useful "in th ﬁ @?tp&% of—f|$ﬁgequ:
fi bres. D nethyl napht hal enes are desirable feg¢ ;QOC xidati o %o the
cor respondi ng napht hal ene dlcarboxyllc aci ds. ﬁﬁ coH@Eﬂtron ?Fﬁﬁ cess
f-or produci ng a napht hal pIMETHYZLNAPHTHI ; : a '

di met hyl napht hdl ene with oxygen I n fhe Ilqufd phase in an acetlc aC|d
*solvent at an _

This invention relates.generally to a method for preparing a
dimethyltetralin and more particularly concerns a method for
preparing primarily a specific dimethyltetfalin or a mixture
of specific dimethyltetralins from either 5-(o-, m-, or p-
tolyl)- pent-1- or -2-ene or 5-phenyl-héx-1- or -2-ene in the
presence of a Y-type crystalline aluminosilicate

molecular,sieve zeolite.

Naphthalene dicarboxylic acids are monomers that are known to
be useful for the preparation of a variety of polymérs. For
example, poly(ethylene 2,6-naphthalate) prepared from 2,6-
naphthalene dicarboxylic acid and ethylene glycol has better
heat resistance and mechanical propq;ties than polyethylene
terephthalate and is useful in the manufacture of films and

fibres.

Dimethylnaphthalenes are desirable feedstocks for oxidation to
the corresponding naphthalene dicarboxylic acids. A known
conventional process for producing a naphthalene dicarboxylic
acid comprises the oxidation of a dimethylnaphthalene with
oxygen in the liquid phase in an acetic acid solvent at an
elevated temperature and pressure and in the presence of a

catalyst comprising cobalt, manganese and bromine components.

Typically dimethylnaphthalenes are found in refinery or coal-
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el evated tenperature and pressure and in the presence of a catalyst
canprising cobalt, manganese and brom ne components. Typically
dlnethylnaphthalenes are found in refinery or coal - -2- derived streans
~as'mxtures of all of the ten possible dinmethyl napht hal ene isoners.
However, separation of these isoners is yery difficult and expensive.
Cbnsequqntly nmet hods for produci ng specific dinethyl napht hal enes or

mi xtures @érivedosttbaie agemiktardsnethulnapht Baketesi pBsBiBlepurity and

quality are highly desirable. One type of such nethod is a multistep

synt hesi sdimethylnaphthalénef dsomersn Hbwawer, separation of these
isomers is very difficult and expensive. Consequently, methods
for producing specific dimethylnaphthalenes or mixtures of two
or three specific dimethylnaphthalenes in high purity and
quality are highly desirable. One type of such method is a
multistep synthesis involving (1) the formation of an
alkenylbenzene by the reaction of o-, m- or p-xylene or
ethylbenzene with butadiene, (2) the cyclization of the
resulting alkenyl-benzene to form one or more
dimethyltetralins belonging to one or two of three groups of
three isomeric dimethyltetralins - that is, either group A
containing the 1,5-, 1,6-, 2,5- and 2,6—dimethy1tetralihs;
group B containing the 1,7-, 1,8-, 2,7- and 2,8-
dimethyltetralins, or group C containing the 1,3-, 1,4-, 2,3-,
5,7-, 5,8~ and 6,7-dimethyltetralins, (3) the dehydrogenation
of the dimethyltetralin(s) to form the corresponding dimethyl
naphthalene(s), and (4) the isomerization of the resulting
dimethylnaphthalene(s) to the desired specific

dimethylnaphthalene.

For example, Thompson,.U.S. Patents Nos. 3,775,496; 3,775,497;
3,775,498; 3,775,500 disclose processes:for the cyclization of
. specific alkenylbenzenes to one or more specific
dimethyltetralins at 200-450°C in the presence of any suitable
solid acidic cyclization catalyst such as acidic crystalline
zeolites as well as silica-alumina, silica-magnesia and

silica-alumina-zirconia and phosphoric acid, followed by the
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al kenyl.benzene by the reaction of o-, m or p-xylene or ethylbenzene with
butadlene (2) the cyclization of the resulting al kenyl -benzene to form one
or‘nore dinethyltetralins belonging to one or two of three groups of three
isoneric dinmethyltetralins - that is, either group A containing the 1,5-,

- 1,6-, 2,5- and 2,6-dinethyltetralins, grgqup B containing the 1,7-, 1, 8-,
2,7- and, 2,8-- dinethyltetralins, or group C containing the 1,3-, 1,4-,

2,3-, 5, 7aenyato tlofr N Irediuldings dimdthylt etaaadm@gnain ahef the

dinmethyltetralin(s) to formthe correspondi ng di nmet hyl naphthal ene(s), and
(4) the | vapeurzatate do tthe cerrdsponding: idipethylnaphtha(lend (s) him a

desired specific dinethyl napht hal ene. For exanple, Thonpson, U.S. Patents

Nos. - 3, 77hydeegen Atmosphere at 300-500°C and in the presence of a soliad
dehydrogenation catalyst such as noble metals on carriers and
chromia-alumina, and thereafter isomerization of each qf the
aforesaid dimethylnaphthalene(s) to the desired isomer within
the triad of dimethylnaphthalenes to which the isomer being
isomerized belongs, at 275-500°C in the presence of a solid
acidic isomerization catalyst of the same type as described in
respect of the cyclization disclosed therein. In the
alternative, both the cyc;ization and isomerization reactions
can be performed in the liquid phase, in which case the |
cyclization is performed at 200-275°C with a solid phosphoric
acid catalyst, at 70-140°C with an acidic ion exchange resin,

an acidic crystalline zeolite, hydro-fluoric or sulphuric acid

as the catalyst or a siliceous cracking catalyst.

More specifically, Thompson, U.S. Patent No. 3,775,496
discloses the cyclization of 5-(m-tolyl)-pent-2-ene to 1,6~
and 1,8-dimethyltetralins, which are then dehydrogenated to
1,6- and 1,8-~dimethylnaphthalenes, which in turn are
isomerized to 2,6- and 2,7-dimethylnaphthalenes, respectively.
Thompson, U.S. Patent No. 3,775,497 discloses the cyclization
of 5-pheny1-hex-2-ene.to 1,4-dimethyltetralin which is then
dehydrogenated to 1,4-dimethylnaphthalene, which is in turn
isomerized to 2,3-dimethy1naphthalene. Thompson, U.S. Patent
No. 3,775,498 discloses the cyclization of 5-(o-tolyl)-pent-2-

ene to 1,5-dimethyltetralin, which is then dehydrogenated to

Sheet Has Been R laced

i



3,775,498; 3,775,500 disclose processes for the cyclization of specific

al kenyl benzenes to one or nore specific dinethyltetralins at [err] in the
pr%sence_of any suitable solid acidic cyclization catalyst such as acidic
crystalline zeolites as well as silica-alumna, silica-mgnesia and
sitica-alum na-zirconia and phosphoric_agid, followed by the - 3- -

- dehydr ogenati-on of the resulting dinethyltetralin(s) in the vapour state to
t he corregpgndingtdiyrhbprutRanehdsal Ghechslis Anathyrdr agenestizedariter @ & [err]

and in the presence of a solid dehydrogenation catal yst such as noble
nmet al s ondimethglaaphthalene. Thompson, U.S. Patent No. 3,775,500
discloses the cyclization of 5-(p-tolyl)-pent-2-ene to 1,7~
dimethyltetralin, which is then dehydrogenated to 1,7-
- dimethylnaphthalene, which in turn is isomerized to 2,7-

dimethylnaphthalene.

Shimada et al., U.S. Patent No. 3,780,119 disclose a method
for the isomerization of dimethylnaphthalene by the use at a
temperature above 260°C of a mordenite catalyst in which a
metal form of mordenite is in excess of 20 weight percent of
the mordenite, with the metal being selected from the group
consisting of lithium, sodium, potassium, magnesium, calcium,

strontium, barium, zinc and aluminium.

Suld et al., U.S. Patent No. 3,803,253 disclose a method for
the hydroisomerization of a dimethylnaphthalene by the use of
a combination of a hydrogenation catalyst and a calcium-
containing zeolite catalyst, such as a calcium-exchanged

synthetic faujasite, for example, a Y-type molecular sieve.

Shima et al., U.S. Patent No. 3,806,552 disclose a method for
the isomerization of dimethylnaphthalenes in the gas phase by
the use of a mixed catalyst consisting of (a) 65-95 weight
percent of a hydrogen form of mordenite in which above 80
weight percent of the metal cations are reﬁlaced with hydrogen
ions, and (b) 5-35 weight percent of catalet selected from

the group consisting of bentonite and fuller’s earth.

This Sheet Has Been Rei

[T




cpronia-alunina, and thereafter isonerization of each of the aforesaid
di.met hyl napht hal ene(s) to the desired isomer within the triad of

di'met hyl napht hal enes to which the isomer being isonerized belongs, at [err]
in the presence of a solid acidic isonerization catalyst of the sanme type
ag described in respect of the cyclizatign disclosed therein. In the
alternative,.both the cyclization and isomerization reactions can be

per f or metkéd?# hey ls Jpgt e sfoe. | ), 8%5 CIn s asbsdIvséy Ca iRethen for pené or med
at [err] a 'solid phosphoric acid catalyst, at [err] with an acidic ion

exchange jdtdrization Bf dinetlyinaphticdléenes by dehe fuserof arTypep¥iuric
acid as the catalyst or a siliceous cracking catalyst More specifically,
Thonpson,alirindad ¥icdbe BedTitel St d12e+380°C tine thec Ligmyidophese. The
5-(mtolyl)-pent-2-ene to 1, 6-
catalysts have alum1num—to-s1llcon atomic ratios of 0.1-1.0.
Ogasawara et al., U.S. Patent No.3,888,938 disclose a method
for the isomerization of dimethylnaphthalenes in the liquid
phase by the use of a mixed catalyst consisting of (a) 70-95
weight percent of a hydrogen form of mordenite in which above
80 weight percent of the metal cations are replaced with
hydrogen ions, and (b) 5-30 weight pef cent of a promoter
selected from the group consisting of bentonite and fuller’s

earth.

Hedge et al., U.S. Patent No. 3,928,482 disclose the
isomerization of either dimethyldecalins, dimethyltetralins or
dimethylnaphthalenes in the presence of an alumino silicate
zeolite containing polyvalent metal cations in exchange

positions, such as a rare earth-exchanged Type Y zeolite.

Yokayama et al., U.S. Patent No. 3,957,896 disclose the
‘selective isomerization of dimethylnaphthalenes in the
presence of any kind of natural or synthetic, solid acid
catalyst, such as Y-type zeolite as well as silica-alumina,
silica-magnesia, silica-zirconia, silica-alumina~-zirconia,
fuller’s earth, natural or synthetic mordenite, X-type
zeolite, A-type zeolite and L-type zeolite. These catalysts
may be substituted partly or wholly by hydrogen or metal.

Furthermore, these catalysts can be unsupported or supported
_ -
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and 1,8-dinethyltetralins, which are then dehydrogenated to 1,6- and

1,8- dlnethylnaphthalenes which in turn are isonerized to 2,6- and

2_7 di met hyl napht hal enes, respectively. Thonpson, U S. Patent No. 3,775,497
discl oses the cyclization of 5-phenyl-hex-2-ene to 1,4-dinethyltetralin
wWhich is then dehydrogenated to 1, 4-dingethylnaphthalene, which is in turn
i sonmerized to 2, 3-di net hyl napht hal ene. ?ﬁonpson U S. Patent No. 3,775,498

di scl ose tgation of 5-(o-tolyl)-pent-2- ene to
1,5fdine§%yltetr£% which is then dehydrogenated to -4-

1,5-dinethy|naphthalene which is in turn isonerized to 2, 6-
Onodera et al., U.S. Patent No. 4,524,055 disclose a
crystalline aluminosilicate zeolite that is useful in the
isomerization of dimethylnaphthalenes and has a silica-to-
alumina mole ratio of 10 to 100, specific x-ray lattice
distances, and a specific cyclohexane-to-n-hexane adsorption

ratio of at least 0.7.

Maki et al., U.S. Patent No. 4,556,751 disclose the
isomerization of.dimethylnaphthalenes in the presence of a
crystalline aluminosilicate having a pentasil structure and a
silica-to-alumina molar structure of 12 or higher. In
addition, the aluminosilicate may contain some other metals as

non-exchangeable metals.

A problem in all such prior art methods is the presence of
other dimethylnaphthalene isomers and unconverted
dimethyltetralin and alkenylbenzene as impurities and by-
products in the finally obtained, desired specific

dimethylnaphthalene isomer.

The presence of such impurities and by-products markedly
reduces the utility and commercial.value of the desired
dimethylnaphthalene isomer, especially as a precursor for the
formation of a naphthalene dicarboxylic acid for use as a
monomer in the manufacture of a polymer. In addition,

catalysts tend to deactivate relatively rapidly at the high
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di-met hyl napht hal ene. Thonpson, U.S. Patent No. 3,775,500 discloses the
cyclization of 5-(p-tolyl)-pent-2-ene to 1, 7- dimethyltetralin, which is

t hen dehydrogenated to 1, 7- di met hyl napht hal ene, which in turn is

i somerized to 2,7- dinethyl napht hal ene. Shimada et al., U S. Patent No.
3,;780, 119 dlsclose a method for the isonerdzation of dinethylnaphthal ene by
t he use,at a tenperature above [err] of a nordenite catalyst in which a

met al f OrgR e rREEESE: tEmb Foy éd CIE SoEpiir haek G odesses! Therssore; dibi te,
with the metal being selected fromthe group consisting of lithium sodium

pot assi Unis NeHIEEy Udées DPakle nto sémphdy Lreldtively Yower abempénaturem Sul d
et al:, U. S. Patent No. 3,803,253 disclose a nethod for the

. hydr oi sonkiquid iphasé processeées| andtoainprove the completeness of each
step in the aforesaid multistep synthesis and the selectivity

of each step therein for the production of the desired product

therefrom.

In this regard, it is known that in the presence of an acid
catalyst, the dimethylnaphthalene isomers are isomerizable
within each triad of dimethylnaphthalene isomers - that is,
within the 1,5-, 1,6- and 2,6-dimethylnaphthalenes of triad'A,
within the 1,7-, 1,8-, and 2,7-dimethylnaphthalenes of triad
B, and within the 1,3-, 1,4- and 2,3-dimethylnaphthalenes of
triad C. It is also known that the intercqnversion of a
dimethylnaphthalene isomer within one of the aforesaid triads
to a dimethylnaphthalene isomer within another of-the
aforesaid triads occurs to a relatively lesser extent.
Consequently, it is highly desired to improve the selectivity
of the cyclization step in the aforesaid multistep synthesis
for the formation of dimethyltetralin isomers that belong to
the same triad to which also belongs the specific desired
dimethyltetralin isomer, which upon dehydrogenation.is
converted to the desired specific corresponding
dimethylnaphthalene isomer. It is also highly desired to
improve the selectivity and completeness of the isomerization
step in the aforesaid multistep synthesis for the formation of

the specific dimethylnaphthalene isomer desired.
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a :conbi.nati on of a hydrogenation catalyst and a cal cium containing zeolite
catalyst such as a cal ci umrexchanged synthetic faujasite, for exanple, a
Y—type nol ecul ar sieve. Shinma et al., U S. Patent No. 3,806,552 disclose a
met hod for the isonerization of dinethylnaphthal enes in the gas phase by
the use of a m xed catal yst consisting.gf {a) 65-95 weight percent of a
hydrogep form of nordenite in which above 80 weight percent of the netal

cations afe ILRRGesrdFé Na NYSHEBRD oBfect ot (e préSemei ghVep'Eioantoof

catal yst selected fromthe group consisting of bentonite and fuller’

earth. prdvide an improved method for manufacturing with an 1mproved
yield and selectivity a specific dimethyltetralin isomer or
set of dimethyltetralin isomers by the cyclization of an

alkenylbenzene which meets the aforementioned requirements for

selectivity and completeness and catalyst activity.

It is a related object'of the present invention to provide an
improved method for manufacturing with an improved yield and
selectivity a specific dimethylnaphthalene isomer or set of
dimethylnaphthalene isomers by the cyclization of an
alkenylbenzene to form a specific dimethyltetralin isomer or
set of dimethyltetralin isomers and then dehydrogenating the

dimethyltetralin(s).

It is another related object of the present invention to
provide an improved method for manufacturing with an improved
yield and selectivity a specific dimethylnaphthalene isomer or
set of specific dimethylnaphthalene isomers by the cyclization
of an alkenylbenzene to form a specific dimethyltetra;in
isomer or set of dimethyltetralin isomers and then
dehydrogenating the dimethyltetralin(s) and isomerizing the

resulting dimethylnaphthalene(s).

Other objects and advantages of the method of the present
invention will become apparent upon reading the following
detailed description and appended claims.

I
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Hedge, .U. S. Patent No. 3,855,328 discloses a nethod for the isonerization
of di met hyl napht hal enes by the use of a Type Y alumno silicate zeolite at
[err] in the liquid phase. The catalysts have alum numto-silicon atomc
ratios of 0.1-1.0. Cgasawara et al., U S. Patent No. 3,888,938 disclose a
method for the isonerization of dinethylgaphthalenes in the |iquid phase by
t he use, of a m xed catal yst consisting of (a) 70-95 wei ght percent of a

hydr ogen gy 819 e s deFé t£ch Tevdd by ab9VEmSFoved ohétiped ceot pfeparingtal
cations are replaced with hydrogeﬁb¥ons, Jﬁgo(b) 5-30 meightpgée ceﬁ? of a
pronot er ik Prt €104 1 ef B0 UP- (651 18+ ) Ngr op-behy by pentnti-f ot | e2-ene

earth. Hedge et al., U S. Patent No. 3,928,482 disclose the isonerization

of eit heroxlisphenybandxFE- of re2+vehe cas athesfirst feedstock,
comprising: contacting the first feedstock in liquid form
with a solid cyclization catalyst comprising a Y-type,
crystalline aluminosilicate molecular sieve zeolite that is
substantially free of adsorbed water, and at an elevated
temperature and at a pressure that is sufficiently high to
maintain the first feedstock substantially in thé ligquid
phase, to thereby cyclize the first feedstock to form a first
liquid product comprising a mixture of dimethyltetralins,
wherein, if present, the concentration of water in the first
feedstock is less than 0.5 weight percent, based on the weight
of the feedstock, wherein either (a) the first feedstock
comprises 5-(o-tolyl)-pent-1- or -2-ene and 1,5-, 1,6-, 2,5~
or 2,6-dimethyltetralin or mixtures thereof comprise at least
80 weight percent of the mixture of dimethyltetralins formed,
(b) the first feedstock comprises 5-(m-tolyl)-pent-1- or -2-
ene and 1,5-, 1,6-, 1,7-, 1,8-, 2,5-, 2,6-, 2,7-, or 2,8~
dimethyltetralin, or mixtures thereof comprise at least 80
weight percent of the mixture of dimethyltetralins formed, (c)
the first feedstock comprises 5-(p-tolyl)-pen£—1- or -2-ene
and 1,7-, 1,8-, 2,7-, or 2,8-dimethyltetralin, or mixtures .
thereof comprise at least 80 weight percent of the mixture of
dimethyltetralins formed, or (d) the first feedstock comprises
5-phenyl-1- or -2-hexene and i1,3-, 1,4-, 2,3-, 5,7-, 5,8- or
6,7-dimethyltetralin or mixtures thereof comprise at least 80

weight percent of the mixture of dimethyltetralins formed.
-
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disret hyl napht hal enes in the presence of an alumno silicate zeolite
contai ni ng pol yval ent netal cations in exchange positions, such as a rare
earth-exchanged Type Y zeolite. Yokayana et al., U S Patent No. 3,957,896
di scl ose the selective isonerization of dinethylnaphthal enes in the
pr.esence of any kind of natural or syatRhgticc, solid acid catal yst, such as
Y-type zeolite as well as silica-alumna, silica-magnesia, silica-zirconia,
si‘l i ca- al g e - BREERTPATON UbF eTHE PRAWINGNnatural or synthetic nordenite,
X-type zeolite, A-type zeolite and L-type zeolite. These catal ysts may be
subst i t utEsk pRrbhdye ocompbéty Undéystandingroficthis fovehtion; eyeférence
catal ysts can be unsupported or supported
P should now be made to the embodiments illustrated in greater

detail by the results presented in the accompanying drawing
and described below by way of examples of the invention. In
the drawing, FIG. 1 is a series of plots of the yields of 1,5-
dimethyltetralin from the cyclization of 5-o-tolyl-2-pentene

in Examples 19-23 involving 5 different cyclization catalysts.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Suitable feedstocks for use in the cyclization of the method
of the present invention are 5-(o-, m-, or p-tolyl)-pent-1- or
-2-ene or 5-phenyl-hex-1- or -2-ene. In the method of the
present invention, the cyclization step is followed preferably
by a dehydrogenation step and more preferably by first a

dehydrogenation step and second an isomerization step.

When 5-(o-tolyl)-pent-1- or -2-ene is the feedstock to the
cyclization step of the present invention, 1,5-, 1,6-, 2,5-,
or 2,6-dimethyltetralin or a mixture thereof comprises at
least 80, preferably at least 85 weight per cent of the
dimethyltetralins produced therefrom, which resulting
dimethytetralins are in turn the feedstock and are converted_
in the dehydrogenation step of the present invention to the
corresponding 1,5-, 1,6~ and 2,6- dimethylnaphthalenes, which
are then thé feedstock in the isomerization step of the
present invention and are converted therein to 2,6-

dimethylnaphthalene.
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-6z on carriers. Onodera et al., U S Patent No. 4,524,055 disclose a
crystalline alumnosilicate zeolite that is useful in the isonerization of
dimet hyl napht hal enes and has a silica-to- alumna nole ratio of 10 to 100,
specific x-ray lattice distances, and a specific cycl ohexane-to-n-hexane
adsorption ratio of at least 0.7. Maki_ef,al., U S. Patent No. 4,556,751
di scl ose the-isonerization of dinethylnaﬁhthalenes In the presence of a

crystal i gReql 8(BAt1yA3LpMRLING i ROUGAY 15 ithie ifdeRsAi¥tI@ to the

silica-to-alumna nolaf structure of 12 or higher. In addition, the

al um nosi kbiyeatigafdwnC etlep,n 15+ 19lghen et alige3s 2,5- 2,6-, 2,7- or 2,8-
dimethyltetralin or a mixture thereof comprises at least 80,
preferably at least 85 weight percent of the dimethyltetralins
produced therefrom, which dimethyltetralins are in turn the
feedstock and are converted in the dehydrogenation step .to the -
corresponding 1,5-, 1,6-, 1,7-, 1,8- 2,6~ and 2,7~
dimethylnaphthalenes, which are then the feedstock in the

isomerization step and are converted to 2,6~ and 2,7~

dimethylnaphthalenes.

When 5-(p-tolyl)-pent-1- or -2-ene is the.feedstock to the
cyclization step, 1,7-, 1,8-, 2,7- or 2,8-dimethyltetralin or
a mixture thereof comprises at least 80, preferably at least
85 weight percent of the dimethyltetralins produced therefrom,
which dimethyltetralins are in turn the feedstock and are
converted in the dehydrogenation step to the corresponding
1,7-, 1,8- and 2,7-dimethylnaphthalenes which are then the
feedstock and are converted in the isomerization step to 2,7-

dimethylnaphthalene.

When S-phenyl-1l- or -2-hexene is the feedstock to the
cyclization step, 1,3-, 1,4~-, 2,3-, 5,7, 5,8-, oOor 6,7-
dimethyltetralin or a mixture thereof cbmprises at least 80,
preferably at least 85 weight percent of the dimethyltetralins
produced therefrom, which dimethyltetralins are in turn the
feedstock and are converted in the dehydrogenation step to the

corresponding, 1,3-, 1,4- and 2,3-dimethylnaphthalenes, which
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non- exchangeabl e nmetals. A problemin all such prior art nethods is the

. presence of other dinethyl naphthal ene i somers and unconverted
dinethyltetralin and al kenyl benzene as inpurities and by- products in the
final ly obtained, desired specific dinmethyl naphthal ene isonmer. The presence
of ;such inmpurities and by-products marke by_reduces the utility and
commerci.al value of the desired di nethyl napht hal ene i soner, especially as a

Precursor £ i adBd bt m%&%%ﬂiﬂmyéﬁéb 9&1{&' d1¢ Use as a

nmononer in the manufacture of a polyner. In addition, catalysts tend to
deact i vat edriiteriiad|to raE-Himéthye dighHthalene.

In the method of the present invention, each of the aforesaid
cyclization, dehydrogenation and isomerization reactions is
performed in the liquid phase at an elevated temperature and
at a sufficiently high pressure to ensure that the feedstock
for the particular step is maintained substantially in the
liquid phase. The cyclization reaction is performed at a
temperature in the range of 120°C, preferably from 150°C, to
250°C, and generally at a pressure in the range of from 0.1,
preferably from 0.3, to 5, preferably to 1.3, atmospheres
absolute (30.4 to 506, preferably 132kPa). The dehydrogenation
reaction is performed at a temperature in the range of from
200°C, preferably from 220°C, to 300°C, preferably to 270°C, and
generally at a pressure in the range of from 0.5, preferably
from 0.8 to 5 preferably to 1.3 atmospheres absolute (51,
preferably 80 to 506, preferably to 132 kPa). The
isomerization reaction is performed at a temperature in the
range of from 200°C, preferably from 240°C, to 300°C
preferably to 280°C, and generally at a pressure in the range
of from 0.5, preferably from about 0.8, to 5, preferably to
1.3 atmospheres absolute (51, preferably 80 to 506, preferably

to 132 kPa).

Each of the cyclization, dehydrogenation and isomerization
reactions can be performed with or without a solvent for the

respectiﬁe feedstock. Preferably a solvent is not employed in
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-7¢ tenperatures enployed in vapour phase processes. Therefore, it is

- highly desirable to enploy relatively |ower tenperature |iquid phase
pracesses and to i nprove the conpl eteness of each step in the aforesaid
mul ti step synthesis and the selectivity of each step therein for the
production of the desired product therefypra In this regard, it is known
that in.the presence of an acid catal yst, the dinethyl napht hal ene isoners

are i sonethaablreréshiian staps .t R y IstARjEntal gD @rys GFerfthe T hat
is, within the 1,5-, 1,6- and 2, 6- dlnéﬁkylnaphthalenes of 9f|ad A within

t he 1,7-, afo&esad.ﬂd s%,ebsd mﬁm)timam&'ltahmw @he doadl it iond empglvyed he
1,3-, 1,4- and 2, 3-di net hyl napht hal enes of
’ and suitably comprise a paraffin such as a tetradecane, or an
aromatic hydrocarbon such as anthracene, or mixtures thereof,
which preferably boils-abbve 270°C. In the cyclization step, if
water is present, its concentration is less than 0.5 weight
percent, preferably less than 0.1 weight percent, based on the
weight of the alkenylbenzene feedstock. More preferably water
is not present in the éyclization reaction medium. Each of the
cyclization, dehydrogenation and isomerization steps of the
method of the present invention can be performed either
batchwise or continuously. The reaction apparatus to be used
in each aforesaid step can be of any known type such as a
fixed bed, moving bed, fluidized bed, liquid phase suspended
bed or a solid-liquid mixture in a stirred tank. Generally,

however, the use of a fixed bed is commercially preferred for

continuous operation.

The improved conversion of the feedstock and selectivity for
the production of the desired product or set of products for
each of the cyclization,dehydrogenation and isomerization
steps of the method of this invention are the result of the
temperature and pressure conditions employed and the high
activity and selectivity of the catalysts employed in each
aforesaid step, which in turn permits the use of less severe
conditions -- that is, lbwer temperatures and pressures --
such that greater selectivity and reduced catalyst

deactivation can be achieved.
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triad C. is also known that the interconversion of a dinethylnaphthal ene
i somer mﬁthln one of the aforesaid triads to a dinethyl napht hal ene i soner
Wi thin another of the aforesaid triads. occurs to a relatively |esser
extent. Consequently, it is highly desired to inprove the selectivity of
~the cyclization step in the aforesai danylstistep synthesis for the formation
of dinmethyltetralin isoners that belong to the sane triad to which al so

bel ongs tfige Speaiyst denplegedi iRt ENbt eyERlEaticANBtepWbECBhepmethod of
dehydrogenation is converted to the desired specific corresponding

- di met hyl neshé htheertionneomprises ahsachdgbl wlteastableo-+thatvésyhe
selectivity and conpl eteness of the isonerization step in the aforesaid
nultlsteptbgnmhbkysstabllhaedoonadeohuminahedspecrtYped¢nESh?ﬂhapﬁthaIene

i somer desired.
' aluminosilicate zeolite having a silica-to-alumina molar ratio

of from 4:1, preferably from 5:1, to 10:1, preferably to 6:1,
and having pore windows provided by twelve-membered rings.
containing oxygen, and a unit cell size of from 24.2,
preferably from 24.3, to 24.7, preferably to 24.6 angstroms. A
suitable such zeolite is marketed by Union Carbide under the

name LZ-Y72 or LZ-¥20.

The zeolite is preferably substantially free of absorbed
water. If present on the zeolite, the absorbed water can be
removed from the zeolite by heating it in a dry atmosphere at
250°C for 0.5-1 hour. In the alternative, and less preferably,
the presence of absorbed water at a concentration of up to 15
weight percent of the catalyst can be tolerated if a reaction
temperature in the foresaid range of at least 180°C is

employed.

The aforesaid zeolite employed in the catalyst for the
cyclization step of the method of this invention is in the
hydrogen form and contains from 0.05, up to 3.5 weight percent
of sodium, calculated as elemental sodium and based on the
weight of the zeolite. If the cyclization step is performed
batchwise, the cyclization catalyst preferably contains from 1
to 3.5 weight percent of sodium, calculated as elemental

sodium and based on the weight of the zeolite. If the
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Accordi.ngly, the invention provides a nethod for isonerizing at |east 20
- wei ght percent of the total of at |east one di nethyl naphthal ene isoner to
- form at |east one desired other dinethylnaphthal ene isoner in the sane
triad of dinethyl napht hal ene isoners to which the isonmer being isonerized
- kel ongs conprising: contacting each af ggesai d di net hyl napht hal ene i soner
to be isonerized in liquid formwth a solid isonerization catal yst

;gg?[{;'ﬂngﬁiﬁﬁflgﬁtété?oiétﬁeﬁfo?ﬁeécbdhﬁlﬂhbﬁéi?abhﬁe*b?ﬁmizﬁtiﬁhal|ine
g a silica-to-alumna nolar ratio of from4:1 to 10:1, and
havi ng poggtalpsdevprererabig byntutheefpofibolo8 tongss weight percent,
calculated as elemental sodium and based on the weight of the
zeolite. Preferably, the cyclization catalyst contains from
0.01, preferably from 0.05, to 3, preferably to 1.5 weight
- percent of a component comprising a first metal selected from
the group consisting of platinum, palladium, iridium and
rhodium, calculated as the elemental metal and based on the

weight of the catalyst. Most preferably this metal component

comprises platinum.

More preferably, especially when the cyclization is performed
continuously, the cyclization 6ata1yst also contains from
0.01, preferably from 1, to 5, preferably to 3 weight percent
of a component comprising a second metal selected from the
group consisting of copper, tin, gold, lead and silver,
calculated as the elemental metal and based on the weight of
the catalyst. More preferably this second metal component

comprises copper, tin or gold.

The aforesaid zeolite can be employed either unsupported or
supported on a porous réfractory, inorganic oxide that is
inert under the conditions employed, such as silica, alumina,
siliéa-alumina, magnesia, bentonite or other such clays. If a
support is employed, preferably the support comprises silica,
alumina, or silica-alumina. When a support is employed, the
zeolite comprises from 10, preferably from 20, to 90,

preferably to 80 weight percent based on the weight of the
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cont ai ni ng oxygen and a unit cel
at an elevated tenperature and at a pressure that

mai ntain

the isomerization feedstock substantially in the Iiquid phase.

: di met hyl napht hal ene i soners being isonerized conprise, in an enbodi ment
the invention, (a) 1,5- and 1,6- dimethylgnaphthal ene, (b) 1,5-, 1,6-, 1,

and 1, 8-

1, 3- and éaéa
tenperature 1's

dlnethylnaphthalenes (c) 1,7- and 1, 8- dlnethylnaphthalenes or
t hyl napht hal enes. -9- A convenient isonerisation
fgrr].
If the cyclization is'performed on a batch basis, the catalyst
is employed at a level in the range of from 0.1, preferably
from 1.0, to 5, preferably to 3 weight percent of the zeolite
component of the. catalyst, based on the weight of the-
alkenylbenzene feedstock, and the reaction time is from 0.5,
preferably from 2, to 10, preferably to 6 hours. If the
cyclization is performed on a continuous basis, the space
velocity is in the range of from 0.1, preferably from about 1,
to 10, preferably to 5, parts of alkenylbenzene feedstock per

part of zeolite component of the catalyst by weight per hour.

The catalyst employed in the dehydrogenation step of the
method of this invention is any solid dehydrogenation catalyst
that is capable of effecting the dehydrogenation .and
exhibiting a reasonable lifetime under the conditions
employed, including catalysts such as noble metals on carriers
such as reforming catalysts. Preferably, palladium on an
active carbon or alumina support containing from 0.5, more
preferably from 1.0, to 15, more preferably to 10 weighﬁ
percent of palladium, calculated as elemental palladium and
based on the weight of the catalyst, is employed as the

dehydrogenation catalyst.

If the dehydrogenation is performed on a batch basis, the
catalyst is employed at a 'level in the range of from 0,005,

preferably from 0.01, to 1.0, preferably to 0.2 weight percent

size of from24.2 to 24.7 angstrons and
Is sufficiently high to

The
of
7_
(d)
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Furt her. details of the invention are described bel ow and in the Exanpl es.

- The isonerization of the invention is suitable for use in a three stage
process conprising cyclization, dehydrogenation and isonerisation for the
formati on of di nethyl napht hal enes. References to cyclisation and
dehydrogenation are retained bel ow when jgescri bing the present

| someri sati on invention. - 10 - BRI EF DESCRI PTI ON OF THE DRAW NG For a
nmore conpbet ehenAsbiéaidtal ebmpbhénthr ealehagtedr agcthe eémentag shoul d

now be made to the
noble metal and based on the weight of the dimethyltetralin
feedstock, and the reaction time is from about 1, preferably
from 2, to 20, preferably to 10 hours. If the dehydrogenation
is performed on a continuous basis, the space velocity is in
the range of from 0.1, preferably from 10, to 100, preferably
to 50 parts of the dimethyltetralin feedstock per part of the
noble metal component (calculated as the elemental noble
metal) of the catalyst by weight per hour.
The catalyst employed in the isomerization step of the method
of this invention comprises either beta zeolite or an acidic
ultrastable -- that is, a thermally stabilized or delaminated
-- Y-type crystalline aluminosilicate zeolite having a silica-
to-alumina molar ratio of from 4:1 preferably from 5:1, to
10:1, preferably to 6:1, and having pore windows provided by'
twelve-membered rings containing oxygen, and a unit cell size
of from 24.2, preferably from 24.3 to 24.7, preferably to 24.6
angstroms. A suitable such zeolite is marketed by Union
Carbide under the name LZ-Y72 or L2Z-Y20. Water is not
detrimental to catalytic activity or selectivity in the

isomerization process.

The isomerization catalyst préferably comprises beta éeolite.
The composition, structure and preparation of beta zeolite are
described in Wadlinger et al., U.S. patent No. 3,308,069 which
in its entirety is specifically incorporated herein by
reference. The structure of beta zeolite is also reported in

J. Haggin, "Structure of Zeolite Beta Determined," in Chemical
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results. .presented in the acconpanying draw ng and described bel ow by
way of exanples of the invention. In the drawing, FIG 1 is a series of

- plfots of the yields of 1,5- dinethyltetralin fromthe cyclization of
5-0-tolyl-2-pentene in Exanples 19-23 involving 5 different cyclization
catal ysts. DETAILED DESCRI PTI ON OF THE RREEERRED EMBCDI MENTS Suit abl e
feedst ocks for use in the cyclization [err] Wen 5-(o-tolyl)-pent-1- or

- 2-ene i sgthggiRedpiRGkNERs! h?.02§| (3ahkopost €988).5Beta, Beoldts- isor
2,6-dinmethyltetralin or a mxture thereof conprises at | east 80, preferably

at | east Sps@ecéahihepialift athillibldi FebhyPQecoporationduced therefrom
which resulting dinethytetralins are in turn the feedstock and are
The aforesaid ultrastable Y-type zeolite which can be employed
in the catalyst for the isomerization step of the method of
this invention is in the hydrogen form and contains from 0.01,.
preferably from 1, up to 5, preferably up to 3, weight percent
of sodium, calculated as elemental sodium and based on the

weight of the zeolite.

Preferably the isomerization catalyst comprises a
hydrogenation component comprising a Group VIII metal, which

more preferably is palladium, platinum or nickel.

The aforesaid zeolite of the isomerization catalyst can be
employed either unsupported or supported on a porous
refractory, inorganic oxide that is inert under the conditions.
employed, such as silica, alumina, silica-alumina, magnesia,
bentonite or other such clays. If a support is employed,
preferably the support comprises silica, alumina or silica-'
alumina. When a support is employed, the zeolite comprises
from 10, preferably from 20 to 90, preferably to 80 weight

percent based on the weight of the catalyst.

If the isomerization is performed on a batch basis, the
catalyst is employed at a level in the range of from 0.1,
preferably from 1.0, to 5, preferably to 3 weight percent of

the zeolite component of the catalyst, based on the weight of
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~convert.ed in the dehydrogenation step to the corresponding 1,5-, '1,6- and
2, 6- di net hyl napht hal enes, which are then the feedstock in the

i Sonerization step of the present invention and are converted therein to
2, 6- di net hyl napht hal ene. When 5-(mtolyl)-pent-1- or -2-ene is the
feedstock to the cyclization step, 1,% 16 1,7-, 1,8- 2,5- 2,6-, 2,7- or
2,8- dipethyitetralin or a mxture thereof conprises at |east 80,

pref er abl yh@t aigechy BhapRtHAL eREr £€88sBbckcafldneh8yreattabhngineodsced

therefrom which dinethyltetralins are in turn the feedstock and are

convert ederomt bes dphgdepaphgt £pomsReptoboldhepreferably to 6 hours. If
the isomerization is performed on a continuous basis, the
space velocity is in the range of from 0.1, preferably from
0.5 to 10, preferably to 5 parts of dimethylnaphthalene
feedstock per part of zeolite component of the catalyst by

weight per hour.

The present invention will be more clearly understood from the

following specific examples.
EXAMPLES 1-8

In each of Examples 1-8, 20-1000 grams of an alkenylbenzene
were introduced into a stirred giass reactor, and dry nitrogen
gas was employed to continuously purge the reaction medium to

preclude moisture therefrom.

The alkenylbenzene employed was 5-(o-tolyl)-pentene-2 in
Examples 1-6, 5-(p-tolyl)-pentene-2 in Example 7 and 4 -
phenyl-pentene-2 in Example 8. Unsupported ultrastable Y-type
crystalline aluminosilicate molecular sieve catalyst (Uﬁion
Carbide’s LZ-Y72) having a unit cell size of 24.51A and
containing 2.5 weight percent of sodium (calculated as sodium
oxide) were added slowly to the alkenylbenzene in the reactor
at a temperature below commencement of the cyclization of the
alkenylbenzene. The catalyst as in the form of an unsupported

powder in Examples 1-4, 7 and 8, and in the form of pellets
e
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corresponding 1,5-, 1,6-, 1,7-, 1,8- 2,6- and 2,7- dinethyl naphthal enes,
- which are then the feedstock |n the |soner|zat|on step and are converted to
2,6- and 2, 7- di met hyl napht hal enes. When 5-(p-tolyl)-pent-1- or -2-ene is
the feedstock to the cyclization step, 1,7-, 1,8-, 2,7- or
2,,8-dinmethyltetralin or a mxture the—e@lp conprises at | east 80, preferably
at |l east 85 weight percent of the dinethyltetralins produced therefrom
whi ch di neshiyairingl 8osweightnpencentheff ehdssamé aibdver supportetedni 20t he
dehydr ogenation step to the corresponding 1,7-, 1,8- and
2, 7- di netweighbhpértentsofhanhaluninaesupperteirsExanpied arandofivelThed in
the isomeri zati on step to 2,7- dinmethyl naphthal ene. Wen 5-phenyl -1- or
-2- hexenecagalﬁgtfggdgggnka@gedhgnder dry, moisture-free conditions
prior o use in Examples 1-3 and 5-8 but was allowed to adsorb
moisture from air saturated with moisture at 30-60°C in example
4. The catalyst employed in Example 4 contained 10-20 weight

percent of water.

The temperature of the reaction medium was then raised quickly
to the desired reaction time; Samples of the resulting
reaction product were withdrawn from the reactor at various
reaction times and analyzed to monitor the reaction. The
desired cyclized product was 1,5-dime£hy1tetralin in Examples
1-6, 1,7-dimethyltetralin in Example 7 and 1,4-
dimethyltetralin in Example 8. The experimental conditions
employed, the compositions of the feedstock employed and of
the resulting products containing up to 13 carbon atoms and
the percent conversion of the alkenylbenzene feedstock, and
the percent selectivity of the formation of desired product
from the total amount of alkenylbenzene converted for each of
Examples 1-8 are presented in Teble 1. For the calculation of
this percent electivity, the desired product is the sum of
1,5-dimethyltetralin end 1,5-dimethylnaphthalene in Examples
1-6, the sum of 1,7-dimethyltetralin and 1,7-
dimethylnaphthalene in Example 7, and the sumn of 1,4-

dimethyltetralin and 1,4-dimethylnaphthalene in Example 8.

Comparison of the results of Examples 2 and 4 illustrates
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cyclization step, 1,3-, 1,4-, 2,3-, 57, 5,/8-, or 6,7- dimethyltetralin or
~a mxture thereof conprises at |east 80, preferably at |east 85 weight

~ percent of the dinethyltetralins produced therefrom which
dinmethyltetralins are in turn the feedstock and are converted in the
dehydrogenation step to the correspondlaq A1,3-, 1,4- and

2, 3-di met hyl-napht hal enes, whi ch - 127" are then the feedstock in the

i soneriz
t he afor

cycl1 zati on, rogenation and i sonerization reactions i

perfornedij "efffple 4, the presence of a large concentration of water

therein resulted in substantially reduced percents conversion,

even after a reaction time of about 12 hours.

EXAMPLES 9-23 -

In each of Examples 9-23, a cyclization catalyst was packed
into a stainless steel reaction, and the reactor as immersed
into a fluidized sand bath at the desired reaction
temperature. A mixture of S-o-tolyl-2-pentene in the liquid
phase and nitrogen was passed continuously through the
reactor. At least once during at least one catalyst cycle, the
resulting product stream was sampled and analyzed. The
experimental conditions employed, the compositions. of the

feedstock employed and of the resulting products containing up

~to 13 carbon atoms, the. percent  conversion of - the

alkenylbenzene feedstock, and the percent selectivity of the
formation of desired product from the total amount of
alkenylbenzene converted in each of examples 9-23 are

presented in Table 2.

A catalytic cycle was concluded by discontinuing the flow of
the 5-6—toly1-2-pentene into the reactor and then purging the
reactor at the reaction temperature with nitrogen to remove
the hydrocarbons. The reactor was.next heated to 500°C and
purged with air until the carbon dioxide content of the

reactor effluent was less than 0.1 weight percent. This

2%%% Sé@?nagé €hé %8%5&&8%6%21:&195&%8{1;111:”38{&&8&5&@&0 ygach of
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| i-qui d .phase at an el evated tenperature and at a sufficiently high pressure
. to ensure that the feedstock for the particular step is maintained :
supstantially in the liquid phase. The cyclization reaction is perforned at
a tenperature in the range of [err], preferably from[err], to [err], and
generally at a pressure in the range of gflram 0.1, preferably fromO0.3, to
5, preferably to 1.3, atnospheres absolute (30.4 to 506, preferably

132kPa) . gbscéem‘éreagﬁatéanmeenbi pagefepationned theacatapysttulhei n the
range of Trom([err], preferably from/[err], to [err], preferably to [err],
and generﬂéhytat wapr thenr eoblletiheor angedesltednreastlpnetsmpsmtur@m 0.8
to 5 preferably to 1.3 atnospheres absolute (51, preferably 8Q tq 506,
- pr ef er abl gn@othén tﬁe)mlihuresoﬁebr@atpdwlréapﬁnﬁﬁnﬁs1peﬁh6r#QHN&@ a

tenperature in the
phase and nltrogen was passed continuously into the reactor.

In each of Examples 9-12 and 19-23, the reactor had an outside
diameter of 0.25 inch, an inside diameter of 0.18, a length of
5.5, and one gram of the catalyst was packed into the reactor.
In each of Examples 13-18, the reactor had an outside diameter
of 0.375 inch, an inside diameter of 0.28, a length of 5, and

2.5 grams of the catalyst were packed ihto the reactor.

In each of Examples 9-14, an unsupported ultra-stable Y-sieve
containing platinum and copper components was employed. This
catalyst was prepared by adding to 30 grams of the commercial
ultra-stable Y-sieve (Union Carbide’s LZ-Y20) 15 millilitres
of distilled water and 30 grams of an aqueous solution
containing 1 weight percent of H,PtCl,.6H,0, calculated as
platinum, and 2 weight percent of copper in the form of cupric
nitrate and calculated as elemental copper. The resulting
slurry was mixed until it was uniform and then dried. The
resulting solid was calcined at 500°C in air for 4 hours,
crushed and screened to obtain 0.0164-0.0278 inch (24-40 mesh)

particles.

In each of Examples 15-18, a supported ultra-stable Y-sieve
containing platinum and copper components was employed. This

catalyst was prepared by crushing and screening a commercial
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range of .fromf[err], preferably from[err], to 3000C preferably to [err],

. and generally at a pressure in the range of fromO0.5, preferably fron1about
0’8, to 5, preferably to 1.3 atnospheres absolute (51, preferably 80 to
506, preferably to 132 kPa). Each of the cyclization, dehydrogenation and

i soneri zation reactions can be perfornedg4vdth or without a solvent for the
respective feedstock. Preferably a solvent is not enployed in - 13 - the

af or esai dgghpe. off paRlicies centalindiy 80 ¥eight pescenty eFamhivireps nust

be inert under the conditions enpl oyed
Carbide’s LZ-Y20 supported on 20 weight percent of alumina to
yield particles in the range of 24-40 mesh. To 10 grams of the
supported sieve was added 11 millilitres of 0.9 weight percent
of H,PtCl,, calculated as platinum, and 1.8 weight percent: of
copper in the form of cupric.nitrate, calculated as elemental -
copper. The resulting slurry was mixed until it was uniform

and then dried. The resulting solid was calcined at 500°C in

air for 4 hours.

Each of Examples 19-23 was performed using the apparatus and
procedure of Examples 9-12 at a reaction temperature of 154°C
and a space velocity of 1.1. The diluent gas was helium in
Examples 19 and 20, hydrogen in Examples 21 and 22 and
nitrogen in Example 23. The molar ratio of diluent-to-5-o-
tolyl-2-pentene was 1.3 in Example 19 and.é.ljin each of
Examples. 20-23. The catalyst: was unsupported in each example,
and was ultra-stable Y-sieve (Union Carbide’s LZ-Y20) in
Example 19, ultra-stable Y-sieve containing 2 weight percent
of copper in the form of cupric nitrate, (calculated as
elemental copper) in each of Examples 20 and 21, ultra-stable
Y-sieve treated with SiCl, in Example 22 and ultra-stable Y-
sieve containing 2 weight percent of copper in the form of
cupric nitrate (calculated as elemental copper) and 1 weight
percent of platinum in the form of H,PtCls; (calculated as
elemental platinum) in Example 23. In each of examples 19-23,
samples of the product stream were taken at several times

after the beginning of the catalyst cycle and analyzed. From
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and sui.tably conprise a paraffin such as a tetradecane, or an aromatic _
~ hydrocarbon such as anthracene, or m xtures thereof, which preferably boils
- abpve [err]. In the cyclization step, if water is present, its

concentration is less than 0.5 weight percent, preferably less than 0.1

wei ght percent, based on the weight of_ thye _al kenyl benzene feedstock. Mre
preferably water is not present in the cyclization reaction medium Each of

the cycligpbse nmeQSﬁi‘an@ﬂEQaEhQnyindbs BFER, Bahi ABthTRELEAN ihe wReEf or med
ei ther batchw se or continuously. The reacti on apparatus to be used in each

af or esai dcaleplatadbanal ianyigaeenit spe plokted wersuedthednumberngtbed,
fluidized bed, liquid phase suspended bed or a solid-liquid mxture in a

stirred thoursCeincel the bempeetiveheatadyst hafli beénbregenerated.ci al | y

preferred for
The results indicate that. the addition of copper to the sieve
or the treatment of the sieve with silicon tetrachloride.
improves the selectivity of the catalyst but that the
catalytic activity decreases with time. However, the addition
of both platinum and copper to the sieve affords both
substantially improved selectivity and-excellent catalyst

activity maintenance.

EXAMPLES 24-29

In each of Examples 24-29, the liquid feed and a 5 weight-
percent palladium-~on-carbon catalyst were charged to a flask
and nitrogen was. continuously passed through the reaction
mixture to remove oxygen. The temperature of the reaction
mixture was raised to the reaction temperature, and
periodically samples were removed from the flask and analyzed.
Hydrogen generated by the reaction was permitted to vent from
the flask during the reaction. The experimental conditions
employed, the compositions of the feedstock employed and of
the resulting products containing up to 13 carbon atoms, the
percent conversion of the feedstock, and the percent
selectivity of the formation of desired product from the total
amount of feedstock converted in each of Examples 24-29 are

presented in Table 3.
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conti nuous operation. The inproved conversion of the feedstock and

- selectivity for the production of the desired product or set of products

- fdr each of the cyclization, dehydrogenation and isomerization steps of the
met hod of this invention are the result of the tenperature and pressure
~conditions enployed and the high actiyjtg and selectivity of the catal ysts
enpl oyed in each aforesaid step, which in turn permts the use of |ess

severe cofidbti@B831ts ihHatable BOYRIubEPREEALHARSePEA WitASYhE@Smilgsuch that
greater selectivity and reduced catal yst deactivation can be achi eved.
temperature and pressure conditions employed in Examples 24-
29, the dehydrogenation of the method of this invention

affords both excellent conversion and selectivity.
EXAMPLES 30-47 . ..

In each of Examples 30-47, the particular isomer of
dimethylnaphthalene employed as the feed was mixed in liquid
form with unsupported catalyst in a stirred reaction vessel
with a continuous nitrogen purge to preclude oxygen from the
system. The temperature of the reaction vessel was raised to
the reaction temperature and samples were withdrawn at various
times after commencement of the reaction and analyzed. The
conditions. employed, the: compositions: of: the: feedstock.
employed and of the resulting products. containing up: to 13
carbon atoms, the percent conversion: of the feedstock, and the
percent selectivity of the formation of desired product from
the total amount of feedstock converted in each of Examples

30-47 are presented in Table 4.

The catalyst employed in Example 30 was a crystalline
borosilicate molecular sieve (HAMS-1B from Amoco Chemical).
.The catalyst employed in Example 31 was Union Carbide’s LZ-Y20
ultra-stable Y-type sieve, qontaining 2 weight percenf of
copper, calculated as elemental copper. The catalyst employed
in Example 32 was Union Carbide’s LZ-Y62, a non-ultra-stable,

Y-type sieve in the ammonia-exchanged form and having a unit
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- 14 - The catal yst enployed in the cyclization step conprises an acidic-
ultrastable --that is, a thermally stabilized or dealum nated -- -type
“crystalline alunminosilicate zeolite having a silica-to-alunina nolar ratio
of from4:1, preferably from5:1, to 10:1, preferably to 6:1, and having
pare wi ndows provi ded by twel ve-rrenber_ed‘,feri_ngs cont ai ni ng oxygen, and a
unit cell size of from?24.2, preferably Trom24.3, to 24.7, preferably to

24.6 angstpPiBgilesHict 2, 93§UCE'hée%E'tE§y’s% P’i%&r%é By Eatpledr Biadanander
the name LZ-Y72 or LZ-Y20. The zeolite is preferably substantially free of

absorbed 34t gas tbmhegedal19navidlagdlel UniohhCarbiaeled ngstya? ,Cam be
rennved fromthe zeolite by heatlng it in a dry atnosphere at
' ultra-stable molecular sieve having a unit cell size of 24.56A
and a sodium content of less than 0.2 weight percent. In
Example 33, the sieve was in the ammonia form and had not been.
caléined. In Example 34, the sieve had: been calcined to form
the hydrogen form. The catalyst employed in Example 35 was a
commercially available amorphous silica-alumina containing 13
weight percent of alumina. The catalyst employed in Example 36
was commercially available mordenite in the acid form. The
catalyst employed in Examples 37, 38, 40-45 was commercially
available Union Carbide’s LZ-Y72 in the hydrogen form as
received from the manufacturer. The catalyst employed in
Example 39 was commercially available Grace USY sieve
containing 2.6 weight percent of sodium:and:has. chemical and
physical. properties: that are very similar. to those of Union
Carbide!s'LZéY727.and.is:alsovsuitableifon'use as a catalyst.
in either the cyclization or isomerization step in the method
of this invention. 1,5-dimethylnaphthalene was the feed in
Examples 30-44. The feed was 1,7-dimethylnaphthalene in
Example 45 and 1,4 dimethylnaphthalene in Examples 46 and 47.
For the purposes of Table 4, the concentration of 2,7-DMN in
the product is taken to be approximately equal to the
concentration of 1,7-DMN and is subtracted from the sum of
2,6-DMN and 2,7-DMN (which are determined together) for the
purpose of determining the concentration of 2,6-DMN alone. The
effective maximum concentrations of a particular desired DMN

in its triad is its equilibrium concentration in the triad,
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[err] for 0.5-1 hour. In the alternative, and less preferably, the presence
~of absorbed water at a concentration of up to 15 weight percent of the
catal yst can be tolerated if a reaction tenperature in the foresaid range
of at least [err] is enployed. The aforesaid zeolite enployed in the
catalyst for the cyclization step is.igy 1he hydrogen form and
contains fromO0.05, up to 3.5 weight percent of sodium calcul ated as

eIenentaIwﬁgdhugéﬁagamg§edsoaoth weﬁght ggrbbgtzeollte If the cyclization
step is perforned batchw se, the cyclization catalyst preferably contains

from1l to 3.5 weight percent of sodium calculated as el enental sodi um and
based on the weight of the zeolite. If the
' EXAMPLE 48

7.5 kilograms of distilled water, 7.5 kilograms.of.an aqueous
solution-containing”40-weightrpercent:6f'tetraethylamine
hydroxide, 50 grams of sodium hydroiide and 300 grams of
sodium aluminate were stirred and dissolved in a 5-gallon
stainless steel tank. The resulting solution and 12.2
kilograms of a silica sol containing 40 weight percent of
silica were mixed and stirred in a 10-gallon autoclave at
150°C for 72 hours. The resulting mixture was filtered, and
the separated solids were washed three times with distilled

water, dried at 120°C and then calcined at 538°C for 4 hours.

The resulting dried powder: contained 0.37 weight percent of
sodium, calculated as elemental sodium, and x-ray'diffraction-
analysis indicated that the powder had the x-ray diffraction
pattern of beta zeolite. The following is the x-ray
diffraction pattern of the powder product, showing only the

lines that are common to all 4 sources of beta zeolite in U.S.

Patent No. 3,308,069.

Line Relative
d(A) Intensity
4.18 ~16.2 “
3.99 100.0 _ ||
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- .15 - cyclization step is performed continuously, the cyclization catalyst
~preferably contains fromO0.05 to 0.5 wei ght percent, calcul ated as

el emental sodi um and based on the weight of the zeolite. Preferably, the
cyclization catalyst contains fromO0.01, preferably fromO0.05, to 3,

- preferably to 1.5 weight percent of a_cegpqnent conprising a first netal
sel ected fromthe group consisting of platinum palladium iridiumand

r hodi um nd based on the weight of the
cat al yst .|| Most Br&f#erably this m&.d conpongnt conprises platinum Mre
preferablly, especially whén the cyclization}is perforned
3.35 12.6
n 3.11 3.0
“ 3.05 14.6
2.94 5.3
2.69 4.1
2.54 1.5
2.08 11.5

The powder was employed as the catalyst without being ion-
exchanged. Some powder was ion-exchanged using the procedure

of Example . 50 to reduce the sodium content, and after being
ion-exchanged, the powder’s alumina content, silica-to-alumina
molE-ratioﬂand:silicon#to-aluminumaatomtratio:were'measured asw

1.14 weight percent, 68:1 and 34:1, respectively.

EXAMPLE 49

8 kilograms of distilled water, 8 kilograms of an agueous
solution containing 46 weight percent of tetraethylamine
hydroxide, 3.81 kilograms of an aqueous solution containing 20
weight percent of tetraethylamine hydroxide, 0.6 kilogram of
sodium aluminate, and 12.2 kilogréms of a silica gel

containing 40 weight percent of silica were mixed and stirred
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cont.i nuously, the cyclization catalyst also contains fromO0.01, preferably
~froml, to 5, preferably to 3 weight percent of a conponent conprising a
sécond netal selected fromthe group consisting of copper, tin, gold, |ead
and silver, calculated as the elenental netal and based on the wei ght of
the catalyst. Mre preferably this secongy netal conponent conprises copper,
tin or gold.* The aforesaid zeolite can be enpl oyed either unsupported or

suppor t edjAnaa1pcgallohchuteclaye af0NGRE CEOX T2 hbaEs| SThéeréstl€ehgt he
conditions enployed, such as silica, alumna, silica-alum na, nagnesi a,

bent oni t em@itairécvasuEi ltleded, handa thieppeparated @oliad werel eadhed t he
support conprises silica, alumna, or silica-alumna. When a support is
enpl oyed, thieez tdimese widkhp distd 1ledwhterpr dirdedblay 1200C 20ortab&@t 16

hours and then calcined at 38°C for 6 hours.

The resulting dried powder contained 0.17 weight percent of
sodium, calculated as elemental sodium. X-ray diffraction
analysis indicated that the powder had the x-ray diffraction
pattern of beta zeolite. The following is the x-ray
diffraction pattern of the powder product, showing only the
lines that are common to all 4 sources of beta zeolite in U.S.

Patent No. 3,308,069,

Relative

Intensity

17.7
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preferably to 80 weight percent based on the weight of the - 16 -

. catalyst. If the cyclization is performed on a batch basis, the catalyst is
enpl oyed at a level in the range of fromO0.1, preferably fron11.0, to 5,
preferably to 3 weight percent of the zeolite conmponent of the catalyst,
based on the weight of the al kenyl benzengp feedst ock, and the reaction tine
iIs fromO.5, preferably from2, to 10, preferably to 6 hours. If the

cycli zat i vhei popa@etrowasd emplaoyednaisnthes catalyst! kdthpate bednociilon-i s i n
the range of fromO.1, preferably from about 1,
exchanged. After being ion-exchanged using the procedure of
Example 50 in order to reduce the sodium content, the powder’s
silica-to-alumina mole ratio and silicon-to-aluminum atom

ratio were measured as 30:1 and 14.8:1, respectively.

EXAMPLE 50

2.3 kilograms of the un-ion-exchanged catalyst powder produced
in Example 49, 4 kilograms of distilled water, and 12
kilograms of an aqueous solution containing 19 weight percent
of ammonium nitrate were stirred in a 22-litre flask at 72°C
for 4 hours. The mixture was then cooled; the liquid was
removed by decantation, and the resulting ion-exchanged
catalyst was then washed with water. The catalyst was then
dried at 120°C and calcined at 538._"CSfor 3 hours. The ion-
exchanged catalyst contained 0.01 weight percent of sodium
(calculated as elemental sodium), 2.43 weight percent of
aluﬁinum (calculated as elemental aluminum), and a silica-to-
alumina mole ratio and a silicon-to-aluminum atomic ratio of

30:1 and 14.8:1, respectively.

163 grams of thisldry, ion-exchanged beta zeolite powder, 454
grams of an alumina sol containing 8.8 weight percent of
solids, and 123 grams of distilled water were blended to
obtain a smooth, uniform slurry. The slurry as maintained at

23°C for 5 hours to permit liquid to evaporate from the
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.+ zeolite component of the catal yst by wei ght per hour. The catal yst enpl oyed
i n-the dehydrogenation step is any solid dehydrogenati on catal yst that

tqQ 10, preferably to 5, parts of al kenyl benzene feedstock per part of

capabl e of effecting the dehydrogenation and exhibiting a reasonable
lifetime under the conditions enpl oyed. quiuding catal ysts such as noble
a

netals en carriers such as reform ng cat
active caghafrg. aTheMsia

1.0,

as the dehydrogenation catal yst.

bat ch basg®, welilght percent of beta zeolite and 20 weight percent of

alumina, which were then ground and sieved to form particles

having a 20-40 mesh size.
EXAMPLES 51-69

In each of Examples 51-69, the particular feedstock employed
was mixed.in liquid form with unsupported catalyst in a
stirred reaction vessel with a continuous nitrogen purge to
preclude oxygen from the system. The weight fatio of the
feedstock-to-zeolite component of the catalyst was 49:1 in
each case. The pressure of the contents of the reaction vessel

was maintained at about 1 pound per square inch gauge. The

temperature of the reaction vessel was raised to .the reaction -

temperature and samples: were, withdrawn at various times after
commencement of the reaction and analyzed. The conditions
employed, the compositions of the feedstock employed and of

the resulting products, the percent of the 1,5-, 1,6~ and 2,6-

is

ysts. Preferably, palladiumon an
Iy then Ariiedd attl 20°€- for r@b@uer g6chafiky from
to 15, nore preferably to 10 wei ght percent of palladium calculated

as el emenanld palllcdtiedmatn@3Bocefopn2 theure) gbd HfLf6re £61bdyseontainimboyed
I f the dehydrogenation is performed on a

DMN triad in each thereof, the percent of 2,6-DMN in each such

1,5-, 1,6- and 2,6-DMN triad, the percent decreases in each
1,5-, 1,6- and 2,6-DMN triad, the percent gains in each 1,7-,
1,8- and 2,7-DMN triad and the percent gain in total
methylnaphthalene and trimethylnaphthalene content in each of

Examples 51-69 are presented in Tables 5-9.

The catalyst employed in examples 51-53 was commercially
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catalyst -is enployed at a level in the range of from 0.005, preferably from
- 0.01, to 1.0, preferably to 0.2 weight percent - 17 - of the noble netal
~ component, cal culated as the el enental noble nmetal and based on the weight
of the dinmethyltetralin feedstock, and the reaction tine is from about 1,
~preferably from2, to 20, preferably to g hours. |If the dehydrogenation is
perfornmed on*a continuous basis, the space velocity is in the range of from

0.1, prefggabhubieomnion carbiQe wr & orted I2-¥art Srofthehtydrogen

dinmethyltetralin feedstock per part of the noble netal conponent

(cal cul at gdras asheeckedved fromithe manufacturer. The catalyst employed
in Examples 54-57 was an unsupported beta zeolite having a
relatively high silicon-to-aluminum ratio and prepared by the
procedure of Example 45. The catalyst employed in Examples 58-
66 was an unsupported beta zeolite having a relatively low
silicon-to-aluminum ratio and prepared by the procedure of
Example 49. A single sample of his catalyst was used for four
cycles in Examples 61-66. The catalyst employed in Examples
67-70 was also the beta zeolite having the relatively low
silicon-to-aluminum ratio and prépared by the procedure of
Example 49, but in this instance ion-exchanged to reduce the

sodium content and supported on an alumina matrix by the

procedure of example 50.

Comparison of the results in Tables 5-9 illustrates clearly

that (1) the-ﬁse of a beta zeolite catalyst affords reduced

losses of the 1,5-, 1,6~ and 2,6-dimethylnaphthalene triad,

reduced formation of methylnaphthalenes, trimethylnaphthalenes

and the 1,7-, 1,8- and 2,7-dimethylnaphthalene triad relative

to the use of the LZ-Y72 zeolite catalyst; and (2) the use of

a beta zeolite catalyst either unsupported or supported on a

base material and having a relatively lower silicon-to-

aluminum ratio affords greater formation of 2,6-

dimethylnaphthalene and reduced losses of the 1,5-, 1,6~ and

2,6-dimethylnaphthalene triad relative to the use of a beta

zeolite catalyst having a relatively higher silicon- to-

aluminum ratio and permits the use of lower reactigf____—__—__——______
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metal ) of. the catal yst by wei ght per hour. The catal yst enployed in the

. isonerization step of the method of this invention conprises either beta
zeolite or an acidic ultrastable -- that is, a thernally stabilized or

del ami nated -- Y-type crystalline alum nosilicate zeolite having a silica-
toralumna nolar ratio of from4:1 prefesgqbly fromb5:1, to 10:1, preferably
to 6:1, .and having pore wi ndows provi ded by twel ve-nmenbered rings

cont ai ni ngemprgartureayd or thd Rl latsiaz ditfhdy demperatureefics ablen fa om 24. 3
to 24.7, preferably to 24.6 angstrons. A suitable such zeolite is marketed
by Uni on @artiidd lyndeactivatead datalistordlatide tthttre iusenaf dethi3¥IR al
-to catalytic activity or selectivity in the isonerization process. The

i soner i zazeod itet slaralystef er ably conprises beta zeolite.

From the above description, it is apparent that the objects of
the present invention have been achieved. While only certain
embodiments have been set forth, alternative embodiments and
various modifications will be apparent from the above ,
description to those skilled in the art. These alternatives

are considered equivalents and are within the spirit and scope

of the present invention.
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The .conmpaosi ti on,
~MWadl i nger et al.,
"specifically incorporated herein by reference.
. zeol'ite is also reported in J.
. Determ ned, "
i zeolite.is al so comercially avail able from PQ Corporati on.
ultrastable Y-type zeolite which can
i sonmeri zation step of the nmethod of t

in Chem ca

Haggi n,
& Engi neeri

g,

"Structure of Zeolite Beta

™ News, p. 23 (June 20, 1988).
The aforesaid
oyed in the catalyst for the
ention is in the hydrogen form

The structure of beta

preferably up to 3,

Example 2

and contains from 0. 01, preferably from1, up to 5,
wei ght percent Example 1
Feed-

Reaction Conditions stock Product
Reaction time (hrs) 0 4 6
Temperature (°C) 148 148
Pressure (psiq) 1.0 1.0
Feed/Catalyst (wt.) 50.1L 50.1
Composition (wt.%)
Aryl-pentene feed 98.6
Solvent 0.1 .
Desired Products
1,5-DMT 89.2 92.5
1,5-DMN 0 0
By—Broducts _
Intermediate 3.2 2.5
DMT isomers 0.4 0.4
Aryl-pentane 0.2 0.3 0.5
1, 4-DMN . 0 0
1,7-DMN 0 0
Lights 0.1 1.3 1.0
Heavies 0 0 0
Other 1.0 1.5 1.5
Total 100.0 99.9 100.0
$ Conversion '96.6 98.9
% Selectivity 93.7 94.9

structure and preparation of beta zeolite are described in
U S. patent No. 3,308,069 which in its entirety is

Bet a

Feed-—
stock Product
0 3 6.8
168 168
1.0 1.0
50.1 5Ss0.1
98.6 1.7
0.1 0
91.2 93.5
0.5 1.2
2 . 5 0
0.6 0.6
0.2 0.9 2.0
0 0
0 0
0.1 0.1 0
0 0.3 0.4
1.0 2.3 2.2
100.0 100.0 100.0
98.3 100.0
g4.6 96.0
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of. sodi um cal cul ated as el enental sodi um and based on the weight of the
zeolite. Preferably the isonerization catalyst conprises a hydrogenation
: whi ch nore preferably is
paltadi um platinumor nickel. The aforegggg‘geolite of the isonerization

! coiypenent conprising a Goup VIl netal,

catal yst can be enpl oyed either unsupporte

or supported on a porous

‘refractory, 1 norganic oxide that is inert under the conditions enpl oyed,

such as silica, alum na, silica-

a bentonite or

ot her such

clays. If a support is enployed, pr rab y t e support conprises silica,

alumna or.silica- alumna. When a support

conprises from 10, preferably from 20 tg,

i s enployed, the zeolite
gﬁbléwfferably to BPaeighly

percent based on the wei ght of theTararyst:

Feed-

Reaction Coﬁditions stock

Reaction time (hrs) ‘0
Temperature (°C)

Pressure (psig)
Feed/Catalyst (wt.)

Composition (wt.%)
Aryl-pentene feed 93.6
Solvent 0

Desired Products
1,5-DMT 4.1
1,5-DMN 0.1

By-Products
Intermediate

DMT isomers

o o

Aryl-pentane
1,4-DMN
1,7-DMN
Lights
Heavies
Other

Q
[
i O N O O W K~ O

|

(Yo ]
0
(Vo]

Total

% Conversion
% Selectivity

Product

0.5
243
1.0
49.9

86.2
2.3

[
L]

w o
. . *
N O O & b O

(Yo}
(Vs ]
.

[o4]

100.0
90.2

Feed-
stack Product
0 6.8 12.8
170 170
0.0 0.0
43.5 43.5
96.1 68.3 52.5
0.3 . 0.0 0.0
1.1 26.8 41.0
0 0.1 0.3
2.0 2.9
0.4 0.6
. 0.2 0.1
0.0 0.0_
0.0 0.0
- 004 0.5
. 0.0 0.0
o los 2'0
100.1 99.8 99.9
28.9 45.4
92.8 94.6
This Sheet Has Been Re

N

]

|| fIII



If the isonerization is pefforned on a batch basis,
in the range of fromO0.1, preferably from1.0,

-enpl oyed at

a |l evel

the catalyst is

to 5,

pr.eferably to 3 wei ght percent of the zeolite conponent of the catalyst,

based on th

e wei ght of -

reaction tine is fromO0.5 preferably frog%
If the .sonmerization is perforned on a cC t7n
is in the range of fromO0.1, preferably fromO0.5 to 10, preferably to 5

parts of di methyl naphthal ene feeggaogks pefoR@rd. pf zeolite conponent of the

catal yst by

Reaction Conditions

Reaction time (hrs)
Temperature (°C)
Pressure (psig)
Feed/Catalyst (wt.)

Composition (wt.%)
Aryl-pentene feed

Solvent

Desired Products

By—Products

Intermediate

_ DMT isomers

Aryl-pentane
1,4-DMN
1,7-DMN
Lights
Heavies
Other

Total

$ Conversion
% Selectivity

19 - the dinethyl napht hal ene feedstock, and the

to 10, preferably to 6 hours.

uous basi s,

Example 5

the space velocity

Example 6

FPeedstock Product

97.6

99.7

171
0.0
8.3

99.7

100.0
88.5

Feedstock Product

0 11
201

0.0

40.0

87.6 5.2
0.9 0.0
0.0 75.6
0.0

0.2 0.3
0.1 1.3
0.1 3.9
0.0

2.4

0.1

. 0.3
0.9 10.8
99.7 99.9
94.7

84.4

-
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wej ght per

hour .

The present
‘the follow ng specific exanple of which Exanples 1 to 29 relate to

invention wll

be nore clearly understood from

cyectization and dehydrogenati on procedures which may be enpl oyed to produce
di met hyl napht hal ene-cont ai ni ng feedstock ghich may be subjected to

i sonerization in accordance with the invention.
conparati ve exanpl es and Exanples 30-47 illustrate the invention.
1-8 In each of Exanples 1-8, 20-409
introduced into a stirred gl ass reactor

giaPEo§E

Exanpl es 30-36 are
EXAMPLES
an, al kenyl benzene were

dry nitrogen gas was enpl oyed

to continuously purge the reaction nmediumto preclude noisture therefrom
The al kenyl benzene enpl oyed was 5-(o-t@tyhprpentene-2 in gxample 8

Reaction Conditions

Reaction time (hrs) )

Temperature (°C)

Pressure (psig)
Feed/Catalyst (wt.)

Composition (wt.%)

Aryl-pentene feed

Solwvent

Desired Products

1,5-DMT
1,5-DMN

By—-Products

Intermediate

~ DMT isomers

Aryl-pentane
1,4-DMN
1,7-DMN
Lights
Heavies
Other

Total

% Conversion
% Selectivity

99.0
0.0

100.0

Feedstock Product

Feedstock Product

8.5 0 3
170 170
1.0 1.0
51.0 56.0
3.3 98.3 0.5
0.8 0.0

0.0 92.7
0.0 0.0
- 2.5

- .6

L] .0
1.0 1.0 2.8
100.0 100.0 ;00.0
96.6 99.5
95.7 96.4
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Exanpl es 1-6, 5-(p-tolyl)-pentene-2 in Exanple 7 and 4 - phenyl - pentene- 2

.t n, Exanpl e 8. Unsupported ultrastable Y-type crystalline alumnosilicate
nol’ecul ar sieve catal yst (Union Carbide's LZ-Y72) having a unit cell size
of 24.51A and containing 2.5 wei ght percegd _of sodi um (cal cul ated as sodi um
oxide) were added slowy to the al kenyl benzene in the reactor at a

t enper atsur e bel ow conmencenent of the cyclization of the al kenyl benzene.
The catalyst as in the formof an unsgppprt ed powder in Exanples 1-4, 7 and
8, and in the formof pellets - 20 - containing 80 weight percent of the

sanme sieve supported on 20

. Example
Reaction Conditions Feed 9 10 1L 12
Hours on stream 62.5 69.0 186.5 192.75
since regeneration
Catalyst cycle no. 1 2 2 2
Temperature (°C) 154 153 153 204
Pressure (psig) 73.5 19.5 32.5 53.5
Space velacity (wt. feed/ 1.07 1.08 2.20 2.20
wt. catalyst/hour)
Composition (wt.%)
Feed
Aryl-pentene 97.80 0.04 0.02 6.81.. 0.93
Diluent/Aryl-pentene 2.16 2.26 2.22 2.22
mole ratio
Desired Products
- 1,5-DMT 0.0 83.99 94.36 - 87.02 84.53
1,5-DMN ' ) 0.0 2.54 0.95 0.10 4.18
By—-Products .
Intermediate 0.11 0.00 0.00 3.02 0.36
DMT isomers ' 0.11 0.39 0.03 0.55S 0.86
DMN isomers 0.0 0.11 0.00 0.05 0.41
Aryl—-pentane 0.17 8.76 1l.61 0.32 3.67
Totals 98.2 95.8 96.9 97.8 94.9
% Conversion | 99.9 99.9 93.0 99.0
% Selectivity - 88.5 97.5 95.7 91.6
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wei ght percent of an alumna support in Exanples 5 and 6. The catal yst as

‘mai nt ai ned under dry, noisture-free conditions prior o use in Exanples 1-3
~and .-5-8 but was allowed to adsorb noisture fromair saturated with noisture

~at [err] in exanple 4. The catal yst enployRd_in Exanple 4 contai ned 10-20
. wei ght percent of water. The tenperature of the reaction nediumwas then

rai sed quickty to the desired reaction tinme. Sanples of the resulting
reaction product were w thdrawn t he tgr ,at various reaction tines
and anal yzed to nonitor the reac%é%g% ?héégggi?éa cyclized product was
1,5-dinethyltetralin in Exanples 1-6, 1,7-dinethyltetralin in Exanple 7 and
1,4- dinethyltetralin in Exanple 8. The experinental cendjtigns enployed,

t he conpositions of the feedstock enpl oyed and—of

Reaction Conditions Feed Example 13 Example 14

Hours on stream 167 _ 421.75
since regeneration

Catalyst cycle no. _ 5 5

Temperature (°C) 153 153

Pressure (psig) . 3 - 11 g

Space velocity (wt. feed/ 1.14 1.25

wt. catalyst/hour)

Composition {(wt.%)

Feed
Aryl-pentene 97.28 0.00 0.02
Diluent/Aryl-pentene 2.69 0.44

mole ratio

Desired Products .
1,5-DMT 0.00 .94.45 94.48

1,5~DMN ‘ 0.00 0.26 0.35

By—-Products

Intermediate 0.32 0.47 0.13
DMT isomers 0,25 0.03 ©0.30
DMN isomers 0.00 0.00 0.02
Arvyl-pentane 0.01 2.55 2.15
Totals . 97.9 97.8 97.5
% Conversion ' 100 100
% Selectivity 87.4 _ 97.5
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the resul.ting products containing up to 13 carbon atons and the percent
.-conversion of the al kenyl benzene feedstock, and the percent selectivity of
t Re~f ormati on of desired product fromthe total amount of al kenyl benzene
converted for each of Exanples 1-8 are prgsented in Table 1. For the
calculation of this percent electivity, the desired product is the sum of
1,5-dinethyltetralin and 1, 5-di net hyl napht hal ene in Exanples 1-6, the sum
of 1,7-dimethyltetralin and 1, 7ppgirebhyiceaphtdial ene in Exanple 7, and the
sumof 1,4- dinmethyltetralin and 1, 4-di nethyl napht hal ene in Exanpl e 8.

Conmparison of the results of Exanples 2 and 4 illustrates
Example
Reaction Conditions Feed 15 16 17 18
Hours on stream 15.00 10.50 162.25 306.27
since regeneration )
Catalyst cycle no. 1 2 S 5
Temperature (°C) 152 154 153 163
Pressure (psig) 2 2 2 2
Space velocity (wt. feed/ 1.20 1.22 1.20 1.23

wt. cétalyst/hour)

Composition (wt.%)

Feed
Aryl-pentene 98.30 1.01 0.C0 0.00 0.00
Diluent/Aryl-pentene 2.53 2.49 2.13 2.15

mole ratio

Desired Products
1,5-DMT |  0.00° 8L.97 93.14 95.18 94.79

1,5-DMN : 0.00 1.59 1.88. 0.70 0.68

- By-Products

Intermediate - 0.31 1.31 4@.00 0.00 0.00
DMT isomers 0.17 1.53 0.39 0.32 0.42
DMN isomers : 0.00 0.00 0.00 0.00 0.00
‘Aryl-pentane 0.10 10.47 2.69 2.10 _2.33
Totals 98.9 97.9 98.1 98.3 98.2
% Conversion _ 99.0 100.0 100.0 100.0
% Selectivity 85.9 96.7 97.5 97.1
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- 21, - that, even at the |ow feed-to-catal yst weight ratio enployed in
Exanpl e 4, the presence of a large concentration of water therein resulted
"infswbstantially reduced percents conversion, even after a reaction tine of
~about” 12 hours. EXAMPLES 9-23 I n each of. Exanpl es 9-23, a cyclization

. catal yst was packed into a stainless stéeflféaction, and the reactor as

i mersed into a fluidized sand bath at the desired reaction tenperature. A
m xture of 5-o0-tolyl-2-pentene in theThh%% % phase and nitrogen was passed
continuously through the reactor. At Fe&st—o6hce during at |east one

catal yst cycle, the resulting product streamwas sanpled and anal yzed. The

experi ment al cgondi tisqas enpl oyed, EE4COMPOSIE AR L2 he  pyample 25

Hours on stream 2.0 4.8 6.0 8.3
Catalyst cycle no. : 1 1 1 1
Temperature (°C) 242 243 245 244
Pressure {(psig) 1.0 1.0 1.0 . 1.0
Feed/catalyst weight 10.0 10.0 50.0 50.0
ratio
Compositions (wt.%)
1,4-DMT 0.0 0.0 0.0 ag.
1,5-DMT 92.0 2.2 4.2 1.
1,6—-DMT 0.0 Q.0 0.0 Q.
1,7-DMT 6.0 0.0 0.0 0
1,8-DMT 0.0 0.0 0.0 .
other DMTs 0.1 0.4 0.3
m—-xylene 0.1 0.6 0.5 .
non—-cyclic 4.9 4.5 . 4.3 .
Products '
1,3-DMN 0.0 0.0 0.0 0.0° 0.0
1,4-DMN 0.0 0.0 0.0 0.0 0.0
‘1 ,5~DMN 0.9 89.8 93.2 88.4 92.5
1l,6-DMN 0.0 0.5 0.5 0.4 0.0
1,7-DMN 0.0 0.0 0.0 0.0 0.0
1,8-DMN : 0.0 0.0 0.6 0.2 0.0
2,6—- +2,7-DMNs g.0 0.0 g.0 0.0 6.0
Lights 0.1 1.5 1.0 1.1 0.6
Heavies 0.1 0.0 0.0 0.0 0.0
Other 1.8 0.5 0.1 0.5 0.4
Total ~ 100.1 100.0 100.0 100.0 100.0
Total DMNs 90.3 94.3 89.0 92.5
% Conversion _ 97.6 100.0 95.4 98.0
% Selectivity ' 99 100 100 101
' T




f eedst ock enpl oyed and of the resulting products containing up to 13 carbon
atons, the percent conversion of the al kenyl benzene feedstock, and the

- pércent selectivity of the formati on of desired product fromthe total
~anmount of al kenyl benzene converted in eay» of exanples 9-23 are presented
'in Table 2. A catalytic cycle was concl uded by discontinuing the flow of
‘the 5-o0-tolyt-2-pentene into the reactor and then purging the reactor at
the reaction tenperature with ni phagen st QcharPwe jt he hydrocarbons. The
reactor was next heated to [err] —andpurgedwtih air until the carbon

di oxi de content of the reactor effluent was | ess than 0.1 weight percent.

This Conditions Feed Ex. 26 Feed Ex. 27
Hours on stream 8.5 3.0
Catalyst cycle no. 1 1

. Temperature (°C) 251 ' 253
Pressure (psig) ' 0.0 0.0
Feed/catalyst weight 100.0 - 49.9

‘ratio
Compositions (wt.%)
1,4-DMT
1,5—-DMT 93.9 - 1.1 0.5
1,6-DMT - 0.6 . 0.8
1,7-DMT . . 89.4 0.4
1,8-DMT '
other DMTs 1.2 . 0.3 0.1 - 0.0

m—-xylene 0.1 0.3 0.0 c.

non-cyclic 2.8 - 1.7 7.5 .

Products '

1,3-DMN ' " 0.0 0.0 0.0
1, 4-DMN : 0.0 0.0 0.2
1,5-DMN ' 0.7 94.3 0.0 0.5
1,6~DMN ' 0.8 0.0 0.8
1,7-DMN 0.1 1.5 90.5
1,8-~DMN ' 0.4 0.0 0.1
2,6- +2,7-DMNs 0.0 0.0 0.3
ﬁights | | 0.7 0.0 0.1

Heavies 0.0 0.0 0.0
Other 0.6 0.4 0.0 0.2
Total 100.0 100.0 99.9 99.9
Total DMNs 95.5 1.5 92.4

% Conversion 98.8 99.5
3 Selectivity 101 100
This Sheet Has Been Replaced
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- 22 - procedure resulted in the regeneration of the catal yst. The reactor
was then cooled to the desired reaction tenperature, and then the m xture

. of"’5=0-tol yl -2-pentene in the |iquid phase and nitrogen was passed
‘continuously into the reactor. In each of ,Exanples 9-12 and 19-23, the

' reactor had an outside dianeter of 0.25 |nch an inside dianeter of 0.18, a
“length qf 5.5, and one gram of the catal yst was packed into the reactor. In
each of Exanples 13-18, the reac%gﬁgc& E@&Wﬁi ﬁ di aneter of 0.375 inch,
an inside dianeter of 0.28, ale grans of the catal yst
were packed into the reactor. In each of Exanples 9-14, an unsupported

ul tra-stabl eCXnﬁ'Let LGNt ai ni ng pl z_a-ttéemjm andaé:opp&er cqug:glent SEY@S; g
enpl oyed. Thts-

Hours on stream 3.0 6.3
Catalyst cycle no. : 1 1
Temperature (°C) 254 254
Pressure (psig) 0.0 1.0
Feed/catalyst weight 100.0 10.0
ratio

Compositions (wk.%)
1,4-DMT 92.7 0.4
1,5-DMT 1.2 0.0
1,6-DMT : 55.2 0.0
1,7-DMT '
1,8-DMT 36.0 1.4
other DMTs. 0.0 3.6 1.0 6.0
m—xylene o.
non—-cyclic 5.3 5.0 3.7 2.2

Products
1,3-DMN 0.2 "~ 0.6 0.0
1,4-DMN . . 90.2 _ 0.0
1,5-DMN o : 1.3
1,6-DMN 0.9 58.2
1,7-DMN _ 0.6
1l,8-DMN 35.6
2,6— +2,7-DMNs 0.2
Lights - 0.4 0.3
Heavies ' 1.8 0.0
Other 0.3 . 0.0
Total 100.2 100.0 99.7 100.1
Total DMNs 90.8 ' 95.8

% Conversion ' 99.5 98.5

96.0 103.4

$ Selectivity
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hum and copper .conponents was
enpl oyed. This catal yst was prepared by crushin

catal.yst was prepared by addihg to 30 grans of the comerci al

ial ultra- stablé'.i
Y-sieve (Union Carbide's LZ-Y20) 15 nmillilitres of distilled water and 30 |
grans of an aqueous sol ution containing 1 weight percent of [err],

cal cul ated as platinum and 2 weight percent of copper in the forn1of -;
cupric nitrate and cal cul ated as_ejjgnental copper. The resulting slurry was:.
n1xed untll it was uni formand then dried. The resultlng solid was cal ci ned
at [err] in air for 4 hours, crushed and screened to obtain 0.0164-0.0278
inch (24-40 nmesh) particles. |

R @h gof Exanpl es 15-18, a supported
ultra-stabl e Y-sieve contalnlng—gghrT‘

I

\

d scregpi ngia connerC|aIi
Feed EX. 3§ ag 3 £R1. N9« K
Conditions —_— —f‘zz 243 {.
‘pemperature ( °C) ‘o 1 ((_9) 1(6 5) .
pregsure (psig) ( T) . : "'Amsac43400 L2-20 =
Catalyst _ 2% Cu
. 10
Feea/catalyst wt ratio _ 4.3 . 13
Hours on stream

Product Composition (wt.%) o . 0.0 o1
l ? Z-DMN ’ . ’ *

0.0 0.0 - 000 . 202
o 0.0 0.0 0.0 3.7
S 93.4 9.3 82.6 .8
o ) | 0.0  20.1 11.8 37.5
e 0.0 0.0 1.2 t.o-
. 0.0 0.0 0.0 35.3
2'3_DMN . 5 4 1.8 .
j-D | ' 0.0 .
. +2{7fDMNS . 6.3 2.6 1.7 :.:
e 0.0 1.9 . 0.2 >
'Heavies e 02 .
0.0 »
e e 0.0 0.2 0.6 6.5
Methylnaphthalenes . 0.2_ . e .1.9
e ' | " 399.9 100.0 99.9 loo.t
' 84.
o N 93.4 94.8 97.3
Total DMNsS _ : :
2, 6—DMN % in the _ _ . | . :
1,5=, 1+ 6= and 2, 6—DMN triad 00 g
' .
2 ,6-DMN selectivity ( .

[

i




123 - ‘'sanpl e of particles containing 80 wei ght percent of Union Carbide's
LZ Y20 supported on 20 wei ght percent of alumna to yield particles in the

- range of 24-40 mesh. To 10 grans of the supported sieve was added 11
mllilitres of 0.9 weight percent of [err],

- weight percent of copper in the form,gf.cupric nitrate, calculated as
.enmental copper. The resulting slurry was m xed until it was uniform and
nen dried. The resulting solid was calcined at [err] in air for 4 hours.

cal cul ated as platinum and 1.8

ach .of Exanples 19-23 was

erf e Qhe apparatus and procedure of
canpl es 9-12 at a reaction% ch%

. .
s Feed [ >

Temperature ( °) 66} 1(6 9)
Pitssure (ps:.g) (Kpo\) 1(<9) l(

1
LZ-Y62 LZ—YBZ LZ—YSZ
- catalyst | _ : s s
i ' 10.0 9.
Feed/catalyst wt ratio

| 12 11.8 5.5
Hours on stream ' '

Product Comnosition.(wt.%)

N : ) 0.0 0.0 0.0 0.4
;’BTDﬁz o 0.0 0.0 - 0.0 o.l
- | 82.6 82.3 75.6 4.4
. 11.8 12.1 18.3 2S.
e ' 1.2 1.3 1.2 3.2.
1'7—232 | 0.0 0.0 0.0 z.é-
1 : : 1.8 2.1 .
2t6- i 1.7 1.8 1.2 lfz
| e ' 0.2 0.1 0.1 12.7
) Heavies ( 0 .
! ' 0.0 0.0
; Naphthalene _ - - - 12'7
ﬁ | Methylnaphthalenes 0.0 - - e
S 99.6 100.1 99.8 100.1
Total
1 DMN 97.3 97.8 98.3 65.1
Tota s _ . |
ey | | 0.6 0.9 ° 2.1 47.7
2,6-DMN % in the . .
1,5—, 1,6— and 2, 6-DMN trlad | ‘o5
2,6—-DMN selectivity
Footnotes

1 not calcined

2 calcined
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| tra-stable Y-sieve (Union Carbide 4 EZ- Y20)

-stabl e Y-sieve containing 2 weight percent of copper
Cc nitrate, (calculated as el enenta

copper)

te (calculated as el enenta

iOf exanpefgetitdde (°c)

Pressure (psig)(k&ﬁ
Catalyst

'eve containing 2 weight percent of copper

space velocity of 1.1. The diluent gas was heliumin Exanples 19 and
ydrogen in Exanples 21 and 22 and nitrogen in Exanple 23. The nvol ar

- of dil-uent-to-5-0- tolyl-2-pentene was 1.3 in Exanple 19 and 2.1 in
of Exanpl es 20-23. The catal yst was unsupported in each exanpl e,
I n Exanple 19,

and

in the form of
in each of Exanples 20 and
| tra-stable Y-sieve treatmmanﬂfu[@nddpim.Exanple 22 and ultra-stable

In the formof cupric

copper) and 1 weight percent of platinum .
e foréerditdeng (cal cul-ated as EXemntEg. Q&tEnuﬂ7|WijE§ 239 In

Feed/catalyst wt ratio 10.1

Hours on stream

Product Comnos1t10n (wt.%)

1,2-DMN
1,3-DMN
1,4-DMN
1,5-DMN
l,6—-DMN
1,7-DMN

2, 3~DMN

2,6- +2,7-DMNs
Lights
Heavies
Naphthalene
Methylnaphthalenes
Other '
Total

Total DMNs
2,7-DMN %
2,6-DMN % in the

1,5-, 1,6~ and 2,6-DMN triad

2,6-DMN selectivity

Footnotes

3 133 AL,0,
4

in B form
5

233 248 226 227 252
1¢3) 1(cy 1(¢y 15 1(9)
510,/ Morde- LZ¥-12 L71-72 us-y°
A1203 nite | “
9.8  50.4 50.4 50.8
13 11.5 19.5 23.3 11.5
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
21.9 41.2 24.0 21.3 17.5
42.8 29.4 39.9 40.3 41.5
1.2 0.7 1.0 0.9 1.0
6.0 0.0 0.0 0.0 0.0
29.3 27.6 31.8 34.2  35.9
1.2 1.0 1.9 0.9 1.2
1.2 0.0 0.9° 1.1 1.0
0.0 0.0 0.0 0.0 0.0
2.0 0.1 1.0 1.1 1.3
0.5 0.0 0.4 0.2 0.5
100.1 100.0 100.9 100.0 99.9
' 95.2 98.9 96.7 96.7 95.9
| 1.1 _ 1.1
30.3 27.6 32.5 35.1 37.2
93.1 99.5 99.9 97.3

>100

ultra-stable sieve containing 2.6% Na

_—
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s of the product stream were taken at several tinmes after the

sa
begig@ni ng of the catalyst cycle and- ‘anal yzed. From This is the replacenent
shedm Dat e: - 24 - these neasurenents the yields of 1,

5-difgethyltetralin were calculated and in Figure 1 are plotted versus the
r of .hours since the respective cauwalyst had been regenerated. The
's indicate that the addition of copper to the sieve or the treatmnment

TABLE 4 (Cont'd.)

Conditions ' Ex: 40 Ex. 41 Ex. 42 Ex. 43 Ex. 44

' Temperature (°C) 251 248 248 249 248

'~ Pressure (psig)(kp'a.) 1(¢-9) l((%) 1(6-6) l((‘]) | l((-ﬁ)
Ccatalyst L2Y-72 LZY-72 LZY-72 LI¥~72 LZY-72
Feed/catalyst wt ratio 50.6 50.6 50.6 50.6 50.6
Hours on stream 3.0 4.8 6.8 8.5 10.5

Product Composition (wt.%)

1,2-~DMN 0.0 0.0 0.0 0.0 0.0
1,3~DMN 0.0 0.0 0.0 0.0 0.0
1,4~DMN 0.0 0.0 0.0 0.0. 0.0
1,5-DMN 20,9 15.1 12.2 9.6 8.7
1,6-DMN 41.6 41.6 41.6 40.0  39.7
1,7-DMN 0.9 1.0 1.0 1.2 1.2
2, 3-DMN - 0.0 0.0 0.0 0.0 0.0
2,6~ +2,7-DMNs '32.9  37.6 40.0. 43.0 43.3
Lights 1.6 1.6 1.2 1.0 1.1
Heavies 0.8 1.1 1.6 2.1 2.2
Naphthalene 0.0 0.0 0.0 0.0 0.0
Methylnaphthalenes 1.1 1.5 1.7 2.6 2.8
Other 0.3 0.5 0.7 0.5 0.9
Total 100.1 100.0 100.0 100.0 99.9

Total DMNs 96.3 95.2 - 94.8 93.9 93.0

2,7-DMN % 1.6

2,6-DMN % 33.8 39.2 42.0 45.7 46.5

the 1,5~-, 1,6~ and 2,6-DMN triad

2,6-DMN selectivity _ 98.4 95.6 94.6 92.3 80.5
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ytic activity decreases with tine. However, the addition of both

aum and copper to the sieve affords both substantially inproved

i vity and-excell ent catal yst activity mai ntenance. EXAMPLES 24-29 In
pf Exanples 24-29, the liquid feed and a 5 wei ght percent _

Hi um on- carbon catal yst were charged to a flask and nitrogen was
huously passed through the reactiem&i-xture to renove oxygen. The
fature of the reaction mixture was raised to the reaction tenperature,
eriodically sanples were renoved fromthe flask and anal yzed. Hydrogen
At ed by the reaction was pBABLE dd (tIGonked. X rom the flask during the

f on. The experinental conditions enployed, the conpositions of the

t ock eppl oyed and of .
j ég%égkfbns . Feed Ex. 45 Feed Ex. 46 Ex. 47

Temperature (°C) 251 247 252
Pressure (psig) (kp«) _ 1(05} l((-@) 1((6)
Catalyst ' LZY-72 LZY-72 L2Y-72 LZY~72 LZY-72
Feed/catalyst wt ratio 50,0 44.0 . 44.0

Hours on stream : 4.0 _ 2.0 6.5

Product Composition {(wt.%) : ;
1,2~DMN : " 0.0 0.0 0.0 0.1 0.4

1,3-DMN - 0.0 0.0 0.6 50.8 51.0
1, 4~DMN | 0.0 0.0 90.6 15.1 3.0
1,5-DMN 0.5 0.2 0.0 0.0 0.0
1,6-DMN - 0.7 1.4 0.0 0.0 0.0
1,7-DMN '90.4 40.5 0.0 0.0 0.1
2,3-DMN . _ 0.0 0.0 0.0 22.1 23.3
2,6-DMN 0.0 1.3 0.0 0,0 0.3
2,7-DMN 0.3  44.7 0.0 0.0 0.1
L Lights : 6.6 6.3 5.2 4.3 3.6
Heavies . 0.0 0.7 0.0 1.8 3.8
Naphthalene - 0.0 2.0 3.3
Methylnaphthalenes 0.2 1.7 3.6 3.9 4.8
Other - 1.3 2.8 0.0 0.0 0.3
 Total 100.0 .99.6 100.0 100.1 100.0
Total DMNs © 92.0 88.4 91.1 88.1 84.2
§ desired DMN® in its 0.3 52.2 0.6 25.1 28.0
tr;ad o
Selectivity 89.0 87.5 74.8

1 2,7-DMN inIExample 45 and 2,3-DMN in Examples 46-47.

_
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sul ting products containing up to 13 carbon atons, the percent

@& sion of the feedstock, and the percent selectivity of the formation
/@i red product fromthe total ambunt of feedstock converted in each of
es 24-29 are presented in Table 3, - 25 - The results in Table 3
rate that even with the mld tenpggature and pressure conditions

jed in Exanples 24- 29, the dehydr ogenation of. the method of this

i on affords both excellent conversion and selectivity. EXAMPLES 30-47

TABLE S

Feed Ek.‘51 Ex. 52 Ex. 53

Conditions _

‘Ccatalyst - . LZ-Y72 -LZ-Y72 LZ-Y72
Temperature (°C) 250 250 250
Hours on Stream - | 1 3 4.75
Product Composition (wt. %)

1,5-DMN - 91.03 38.70 18.30 12.84
1,6~DMN - 3.73  36.92: 40.67  40.35
2, 6-DMN 0 18.42 32.40 36.18
1,7-DMN 0.74  0.81  0.93 1.08
2,7-DMN . | 0 ' 0.73 1.37  1.81
Methylnaphtuulenes 0.06 0.62 ©1.43 2.03
Trimethylnaphthalenes 0.44 ° 0.53 1.33  2.02
Other " 4.00 3.27 3.57 3.69

Total ’ : 100.00 100.00 100.00 100.00

1,5"", 115" and

2,6-DMN triad content 94.76 94.04 91.37  89.37
2,6-DMN percent in 1,5-, 1,6- o |

and 2,6-DMN triad 0 .19.59 35.46 40.49
1,5-, 1,6—- and 2,6-DMN

triad percent loss - 0 0.72 3.39. 5.39
i,7-, 1,8~ and 2,7-DMN

triad percent gain S 0 0.80 1.56 2.15
Methylnaphthalene and |

trimethylnaphthalene

percent gain - 0 0.71 2.32 3.61°

\
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n of Exanpl es 30-47, the particul ar
d as the feed was n1xed in ligquid formw th unsupported catal yst
ed reaction vessel with a continuous nitrogen purge to preclude
fromthe system The tenperature of the reaction vessel
@ reaction tenperature and sanpl es wgre wthdrawn at various tines
'onnencenent of the reaction and ~anal yzed. The conditions enpl oyed,

-

i somer of di net hyl napht hal ene

in

was rai sed

3 hlng up to 13 carbon at ons, t heppBLEEBt conversion of the feedstock,

Conditions

Catalyst from Example
Temperature (°C)
Hours on Stream

je percent selectivity of the formation -of desired product fromthe
‘anpbunt of feedstock converted in each of Exanples 30-47 are presented

Product Composition (wt.%)

1,5-DMN

1,6-DMN.

2,6-DMN

1,7-DMN

2,7-DMN
Methylnaphthalene=
Trimethylnaphthalenes
Other

Total

. 1,5", 116- and
2,6-DMN triad content

2,6~DMN percent in 1,5-,

and 2,6~-DMN triad
1,5-, 1,6- and 2,6-DMN
‘triad percent loss
1,7-, 1,8- and 2,7-DMN
triad percent gain
' Methylnaphthalene and
trimethylnaphthalene
percent gain

48 .48 48 48
250 250 250 250
1 3 5 7
© ' 91.03 S4.00 28.93 18.94 14.09
3.73 28.76 37.62 39.70 40.41
0 0 12.91. 28.63 35.96
0.74 0.61 0.58 0.60 0.67
0 0.67 1.09 -1.13 1.28
0 - 0.12 0.29 0.41 0.57
0.44 0.10 0.19 0.34 0.46
4.06 2.83 2.67 2.92 2.97
100.00 100.00 100.00 100.00 100.00
94.76 95.67 95.18 94.60 94.05
116— )

0 13.49 30.08 38.01 42.05
0 -0.91 -0.42 0.16 0.71
0 0.54 0.93 0.99 1.21

0 -0.23 0.04 0.31
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i cate nol ecul ar sieve (HAMS- 1B from Anoco Chemical). The catal yst .
ofed in Exanple 31 was Union Carbide's LZ-Y20 ultra-stable Y-type
cl:cont ai ning 2 wei ght percent of copper, calcul ated as el enental

. The catal yst enployed iin Exanple 32 was Union Carbide's LZ-Y62, a
tra-stable, Y-type sieve in'the anwo8ii & exchanged formand having a .

. -"26 - cell size of 24.73A. The catal yst enployed in Exanples 33
was connerC|aIIy avai l abl e Union Carbide's LZ-Y82, an ultra-stable

| ar sieve having a unit cell siZBABBEZ2A. 56A and a ‘sodi um content of
ghan 0.2 weight percent. In '

Feed Ex. 58 Ex. 59 Ex. 60

Conditions

Catalyst from Example - - - 49 49 49
Temperature (°C) - 250 250 250
Hours on Stream . 1.25 3 7 5

Product Composition (wt.%)

1,5-DMN ' 91.03 21.94 10.79 8.20

1, 6-DMN ~ 3.73 38.62 40.89  41.20

! '2,6-DMN - 0 35.59 43.28 44.94
f 1,7-DMN | 0.74  0.52  0.60  0.64
j 2,7-DMN ) - 0 - 0.30  0.53  0.47
| Methylnaphthalenes . 0 .0.33 0.59 0.84
' Trimethylnaphthaleneés 0.44 0.16 0.46 0.78
Other | ) 4.06 _ 2.54 _ 2.86 _ 2.93

Total _ S 100.00 100.00 100.00 100.00

1,5-, 1,6~ and

2,6-DMN triad content 94.76 96.15 94,96 94,34
2,6-DMN percent in 1,5-, 1,6-

and 2,6-DMN triad . 0 37.02 45.58 47.63
1,5-, 1,6~ and 2,6-DMN

triad percent loss 0 -1.39 -0.20 . 0.42
1,7-, 1,8~ and 2,7-DMN o |

triad percent gain -0 0.08 0.39° 0.37

Methylnaphthalene and
trimethylnaphthalene
percent gain 0 0.05 0.61 1.18

_—
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bl e Grace USY sieve containing

ation or isonerization step in the™metnhod

Conditions

33, the sieve was ifi the ammonia form and had not been cal ci ned.
b 34, the sieve had been calcined to formthe hydrogen form The
5t enpl oyed in Exanple 35 was a comercially avai | abl e anor phous
tal umi na containing 13 wei ght percent of alumna. The catal yst
2d in Exanple 36 was comercial ly ayail able nordenite in the acid
The catal yst enployed in Exanples §? 38, 40-45 was commercially .
bl e Union Carbide's LZ-Y72 in the hydrogen formas received fromthe
cturer. The catal yst enployed iapExgngl € 39 was comercially
g—gimerght percent of sodi.um and has
chem @al and physical properties that are very simlar to those of Union
i @e's LZ-Y72, and is also suitable fopedde agxa &t alys) 61 ex heg3t he

Catalyst from Example 49 . 49 49
Temperature (°C) 240 . 240 240
Hours on Stream 3 3.9 3
Catalyst Cycle 1st 1st 3rd
Product Comnosiﬁion (wt.%)

. 1,5~DMN |  88.14  9.63  7.99  26.62
1,6~DMN ' 3.66 . 39.45 -39.53 35.39
2,6~DMN : 0 41.50 42.34  29.83
l,7-DMN . 0.74 0.66 0.69 0.57
2,7~DMN | . 0 - 1.26 1.50 . 1.02
Méthylnaphthalenes . 0.13 0.99 1.17 0.26
Trimethylnaphthalenes 0.54 0.53 0.70 0.17
Other o §.79 _ 5.98 _ 6.08 _ 6.14
Total 100.00 100.00 100.00 100.00
1,5-, 1,6~ and | _

2,6—-DMN triad content 91.80 90.58 89.86 91.84
2,6-DMN percent in 1,5-, 1,6-

and 2,6-DMN triad 0 45.82 47.12 32.48
1,5-, 1,6~ and 2,6-DMN |

triad percent loss 0 1.22 1.94 -0.04
1,7-, 1,8- and 2,7-DMN

triad percent gain 0 1.18 1.45 0.85
Methylnaphthalene and |

trimethylnaphthalene

percent gain 0. 0.85 1.20 -0.24
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i nventi on.

dlnet ylnaphthalene in Exanpl es 46 and’ 47 For t he purposes of Table 4,

conceftration of 2,7-DW in the product

1,5 dinerhylnaphthalene was the feed in Exanples.30-44.

t he

is taken to be approxi mately equal

concentratlon of 1,7-DWN and is subtsgacted fromthe sumof 2, 6-DW
and 2§ 7-DWN (mhlch are detern1ned toget her) for the purpose of detern1n|ng
The effective maxi nrum concentrations of

the c ncentrat|on of 2,6-DW al one.

a par
the t

icular desired DW in its tfigdeis t&éngqalh}brlun1concentrat|on in

i ad,

- 27 -

Conditions .
Catalyst from Example
Temperature (°C)

- Hours on Stream

Catalyst Cycle

Product Composition (wt.

1,5~DMN
1,6~DMN
2,6~DMN
1,7-DMN
2,7~-DMN

" Methylnaphthalenes

Trimethylnaphthalenes
Other
Total

1,5-, 1,6- and
- 2,6-DMN triad content

+ 2,6-DMN percent in 1,5-,

and 2,6-DMN triad
1,5-, 1,6~ and 2,6-DMN
triad percent loss
1,7-, 1,8~ and 2,7-DMN
triad percent gain
Methylunaphthalene and
trimethylnaphthalene
percent gain

Feed Ex. 64 Bx. 65 BEx. 66
49 49 49
240 265 265
45 3 4.5
3rd 4th 4th
3)

88.14 . 17.73  11.47 8.16
3.66 38.10 .39.23 39.73
0 36.25 40.02 42.31
0.74 0.59 0.66 0.72
0 0.97 1.20 1.13
0.13 0.33 0.48 0.70
0.54 0.29 0.37  0.52
6.79 5.74 -  6.57 6.73
'100.00 100.00 100.00 100.00
91.80 92.08 90.72 90.20

1,6- _ .
0 39.37 44.11 46.91
0 -0.28 1.08 1.60
0 0.82 1.12 1.11
0 -0.05 0.18 0.55

—_— "
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ess st eel

peneral ly is 40-45 weirght percent.
'ed water,
t of tetraethylan1ne hydr oxi de,
of sodium alunmnate were stirred and dissolved in a 5-gallon
tank. The resulting solution and 12.2 kil ograns of a silica
Nt ai ni ng 40 wei ght percent of silitd*ere nixed and stirred in a
1l on autoclave at [err] for 72 hours.
ed,
- dried at [err] and then calcin
‘jpowder contai ned 0.37 wei ght percent of sodium calcul ated as
t al

EXAMPLE 48 7.5 kil ograns of
7.5 kil ograns of an aqueous sol ution containing 40 wei ght
50 granms of sodi um hydroxi de and 300

The resulting m xture was

and the separated solids megggﬁgfgid three tines with di stilled

rr] for 4 hours.

Sheet Has Been R laced

T L

sodium and x-ray diffraction peed Ex. 67 Ex. 68 Ex. 69

Conditions
Catalyst from Example Sb 50 50
Temperature (°C) 250 250 250
Hours on Stream 1 2 3
Product Composition (wt.%)
1,5-DMN : 88.14 16.50 11.20 9.23
1, 6-DMN 3.66 38.10 39.30 39.70
2,6-DMN | 0 -37.42 41,07  42.15
1,7-DMN | 0.74  0.53 . 0.55  0.58
2,7-DMN X 0 0.97 0.84  1.00
Methylnaphthalenes 0.13 0.52  0.69 0.83
Trimethylnaphthalenes ' 0.54  0.32 0.62  0.75
Other _ __6.79 5.64 5.73 5.76
Total _ 100.00 100.00 100.00 100.00
1,5-, 1,6~ and _

2,6-DMN triad content . 91.80 92.02 91.57 91.08
2,6-DMN percent in 1,5-, 1,6-

and 2,6-DMN triad 0 40.67 44.85 46.28
1,5-, 1,6- and 2,6-DMN

triad percent loss 0 -0.22 0.23 0.72
1,7-, 1,8- and 2,7-DMN |

triad percent gain 0 0.76 0.65 0.84
Methylnaphthalene and ' '

trimethylnaphthalene'

percent gain 0 0.17 0.64 0.91

The resulting



anal ysis indicated that the powler had the x-ray diffraction pattern of
beta zeolite. The following is the x-ray diffraction pattern of the powder
‘product, showing only the lines that are conmon to all 4 sources of beta

‘zeolite in U S. Patent No. 3,308,069. Line Rel ative d(A)
Intensity 4. 18 16.2 3.99 -1 - 100.0 =28 -354
6.1 - Sheet Has Been Replaced

claine - R

1. A method for isomerizing at least 20 weight percent of
the total of at least one dimethylnaphthalene isomer to form
at least one desired other dimethylnaphthalene isomer in the
same triad of dimethylnaphthalene isomers to which the isomer
being isomerized belongs comprising: contacting each aforesaid
dimethylnaphthalene.isomer to be isomerized in liquid form
with a solid isomerization catalyst comprising either beta
zeolite or an acidic ultrastable Y-type crystalline zeolite.
having a silica-to-alumina molar ratio of from 4:1 to 10:1,
and having pore windows provided by twelve-ﬁembered rings
containing oxygen and a unit cell size of from 24.2 to 24.7
angstroms and at an elevated temperature and at a pressure
that is sufficiently high to maintain the isomerization

feedstock substantially in the liquid phase.

2. A method according to Ciaim 1 wherein the
dimethylnaphthalene isomers being isomerized comprise (a) 1,5-
and 1,6-dimethylnaphthalene, (b) 1,5-, 1,6-, 1,7- and 1,8-
dimethylnaphthalenes, (c) 1,7- and 1,8-dimethylnaphthalenes or
(d) 1,3- and 1,4-dimethylnaphtha1enes.

3. A method according to Claims 1 or 2 wherein the

isomerization catalySt employed comprises beta zeolite.

[



3.35 , 12.6 3. 11 . 3.0 3.05 14.6 2.94

5.3 2.69 4.1 2.54 - 1.5 2.08 11.5 The

| pewder was enpl oyed as the catalyst w thout being ion- exchanged. Sone
powder was i on-exchanged using the procedure of Exanple 50 to reduce the
soflium content, and after being ion-exchgnged, the powder's alum na
content, silica-to-alumna nole ratio and silicon-to-alumnumatomratio

were measyred 35 wkehbd ' ir e WY aff e Wbk - SHGR N e BAWLE
isomerization cataifst comprises a hydrogenation component

comprising a Group VIII metal.

5. A method according to any of Claims 1-4 wherein the

isomerization catalyst employed is free of a-Support material.

6. A method according to any of Claims 1-4 wherein the
isomerization catalyst is supported on an inorganic support

material.

7. A method according to any of Claims 1-6 wherein the
i isomerization is performed at a temperature of from 200°C to

300°C.

This Sheet Has Been Reﬂlaced
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8 ki)ograms of distilled water, 8 kilograns of an aqueous sol ution

contai ning 40 wei ght percent of tetraet hyl am ne hydroxide, 3.81 kil ograns

| ofz*an aqueous sol ution contai ning 20 wei ght percent of tetraethylam ne
“hydroxide, 0 .6 kilogram of sodium aluminate, and 12.2 kil ograns of a
si4ica gel containing 40 wei ght percent_ gf silica were m xed and stirred
-29 - i.n a 10-gallon autoclave at [err] Tfor 72 hours. The resulting
;mxture was filtered, and the separated solids were washed three tinmes with
:diStiIIed/mater drled at [err] for about 16 hours and then cal cined at

[err] for" 6 hours. DIMETHYLNAPHTHALENE ISOMERIZATTION

STRACT

A dimethylnaphthalene is_isomerised by contact in liquiad form
with a solid isomerization catalyst comprising either beta
zeolite or an acidic ultrastable Y-type crystalline =zeolite
| having a silica-to-alumina molar ratio of 4:1 to 10:1 and pore
windows provided by twelve-membered rings containing oxygen and
a unit cell size of from 24.2 to 24.7 angstroms (10'%m). The
isomerization is performed at elevated temperature and a pressure

sufficiently high to maintain the feedstock in the liquid phase.

7
Has Been RTlaced
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The resultlng dried powder contained 0.17 wei ght—p

NOgHERES  SG
cal cul af -ray| di ffract |?0 %ﬁﬂgﬁgt QGBdCMﬁﬁpagmlt...ﬂ'
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This invention relates generally to a method for preparing a

dimethyltetralin and more particularly concerns a method for
preparing primarily ‘a specific diﬁethyltetralin or a mixture
of specific dimethyltetraliné from either 5-(o-, m~, or p-
tolyl)~- pent-1~ or -2-ene or 5-phenyl-hex-1- or -2-ene in the
presence of a Y-type crystalline aluminosilicate

molecular,sieve zeolite.

Naphthaleﬁe didarboxylic acids are monomers ﬁhat are knowﬂ to
be useful for the preparation of a variety of polymers. For
example, poly(ethylene 2,6-naphthalate) prepared from 2,6-
nai:hthalene dicarboxylic acid and ethylene glycol has better
heat resistance and mechanical properties than polyethylene

terephthalate and is useful in the manufacture of films and

fibres.

Dimethylnaphthalenes. are desirable feedstocks for oxidatxon to |
' the corresponding naphthalene dicarboxylic acids. A known f; j% f;
' conventional process for producing a naphthalene dicarboxyllc.

acid comprises the oxidation of a dimethylnaphthalene with

oxygen in the liquid phase in an acetic acid solvent at an

elevated temperature and pressure and in the presence of a

catalyst comprising cobalt, manganese and bromine coinpo’nents.

Typically dimethylnaphthalenes are found in refinery or coal-

This is the replacement sheet
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3.05 13.4 2.95 2.8 2.67 Weak 2.49
0.6v2.09 - 7.6 - 30 - The powder was enployed as the catal yst

wi t hout being ion- exchanged. After being ion-exchanged using the procedure
of Exanple 50 in order to reduce the sodiumcontent, the powder's

silfca-to-alumina nole ratio and silicon-to- alun1nun1aton1rat|o wer e
measured as 30:1 and 14.8:1, respectively.

-2 -

‘derived streams as mixtures of all of the ten possible
dimethylnaphthalene isomers. However, separation of these
isomers is very difficult and expensive. Consequently, methods
for producing specific dimethylnaphthalenes or mixtures of two
or three specific dimethylnaphthalenes in high purity and
quality are highly desirable. One type of such method is a
multistep synthesis involving (1) the formation of an |
élkenylbenzene by the reaction of o-, m- or p-xylene or
ethylbenzene with butadiene, (2) the cyclization of the
resulting alkenyl-benzene to form one or more
dimethyltetralins belonging.to one or two of three groups of
three isomeric dimethyltetralins - that is, either group A
containing the 1,5-, 1,6~-, 2,5~ and 2,6-dimethyltetralins,
group B containing the 1,7-, 1,8~, 2,7~ and 2,8-
dimethyltetralins, or group C containing the 1,3-, 1,4-, 2,3-,
5,7-, 5,8~ and 6,7-dimethyltetralins, (3) the dehydrogenation
of the dimethyltetralin(s) to form the corresponding dimethyl
naphthalene(s), and (4) the isomerization of the resulting
dimethylnaphthalene(s) to the desired specific
dimethylnaphthalene.

For example, Thompson, U.S. Patents Nos. 3,775,496; 3,775,497;

3,775,498; 3,775,500 disclose processes for the cyclization of

specific alkenylbenzénes to one or more specific
dimethyltetralins at 200-450°C in the presence of any suitable
solid acidic cyciization catalyst such as acidic crystalline
zeolites as well as silica-alumina, silica-magnesia and

silica-alumina~-zirconia and phosphoric acid, followed by the

This is the replacement sheet
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EXAMPLE 50 2.3 kil ograns of the un-ion-exchanged catal yst powder produced
i n Exanple 49, 4 kilograns of distilled water, and 12 kil ograns of an
aqueous, sol ution containing 19 wei ght percent of ammniumnitrate were
stirred in a 22-litre flask at [err] for 4 hours. The m xture was then
coofed; the liquid was renoved by decantation, and the resulting

| on- exchanged catal yst was then washed with water. The catal yst was then
dried at [err] and calcined at [err] fars3-hours. The ion- exchanged
catal yst contained 0.01 weight percent of sodium (cal cul ated as el enental
sodi um, JAelydmogariatiorof tie alesulting dimedhyllécetaaldndsntial the
alumnum, and a silica-to- alumna nole ratio and a silicon-to-al um num
atom ¢ r atvapoyr Jtate kp 1the.cornespangding: dimethylnaphthalene(s) in a

. hydrogen atmosphere at 300-500°C and in the presence of a solid
dehydrogenation catalyst such as noble metals on carriers and
chromia-alumina, and thereafter isomerization of each of the
aforesaid dimethylnaphthalene(s) to the desired isomer within
the triad of dimethylnaphthalenes to which the isomer being
isomerized belongs, at 275-500°C in the presence of a solid
acidic isomerization catalyst of the same type as described in
respect of the cyclizaﬁion disclosed therein. In the
alternative, both the cyc;ization and isomerization reactions
can be performed in the liquid phase, in which case the
cyclization is performed at 200~-275°C with a solid phosphoric
acid catalyst, at ')0-14o°c with an acidic ion exchange resin,
an acidic crystalline zeolite, hydro-fluoric or sulphuric acid

as the catalyst or a siliceous cracking catalyst.

More specifically, Thompson, U.S. Patent No. 3,775,496
discloses the cyclization of 5-~(m-tolyl)-pent-2-ene to 1,6~
and 1,8-dimethy1tetra1ins; which are then dehydrogenated- to
1;6- and 1,8-dimethylnaphthalenes, which in turn are
isomerized to 2,6~ and 2,7-diﬁethy1naphthalenes, respectively..
Thompson, U.S. Patent No. 3,775,497 discloses the cyclization
of 5-phény1-hex—2-ene to 1,4-dimethy1tetralin which is then
dehydrogenated to 1,4~-dimethylnaphthalene, which is in turn
isomerized to 2,3-dimethylnaphthalene. Thompson, U.S. Patent
No. 3,775,498 discloses the cyclization of 5-(o-tolyl)-pent-2-
ene to 1,5-dimethyltetralin, which is then dehydrogenated to

This is the replacerment shest
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163 grans of this dry, ion-exchanged beta zeolite powder, 454 grans of an
al upi na sol containing 8 8 weight percent of solids, and 123 grans of
distilled water were bl ended to-obtain a snmooth, uniformslurry. The slurry
as maintained at [err] for 5 hours to permit liquid to evaporate fromthe

- 3% - slurry. The slurry was then dried at [err] for about 16 hours and
calcined at [err] for 2 hours, to afford solids containing 80 wei ght

percent of beta zeolite and 20 wei ght pergent of alum na, which were then
ground and sieved to formparticles having a 20-40 nesh size.

1,5-dimethylnaphthalene, which is in turn isomerized to 2,6-
dimethylnaphthalene. Thompson, U.S. Patent No. 3,775,500
discloses the cyclization of 5-(p-tolyl)-pent-2-ene to 1,7~
diﬁethyltetralin, which is then dehydrogehated to 1,7~

dimethylnaphthalene, which in turn is isomerized to 2,7-
dimethylnaphthalene.

- Shimada et al., U.S. Patent No. 3,780,119 disclose a method
for the'isomerization of dimethylnaphthalene by the use at a
temperature above 260°C of a mordenite catalyst in which a
metal form of mordenite is in excess of 20 weight percent of
ﬁhe mordenite, with the metal being selected from the group
consisting of lithium, sodium, potaésium, magnesium, calcium,

strontium, barium, zinc and. aluminium.

Suld et al., U.S. Patent No. 3,803,253 disclose.a method for
the hydroisomerization of a dimethylnaphthalene by the use of
a combination of a hydrogenation catalyst and a calcium-
containing zeolite catalyst, such as a calcium-exchanged

synthetic faujasite, for example, a Y-type molecular sieve.

Shima et al., U.S. Patent No. 3,806,552 disélose a méthod for
the isomerization of dimethylnaphthalenes in the gas phase by
the use of a.mixed catalyst consisting of (a) 65-95 weight
percent of a hydrogen form of mordenite in which above 80
weight percent of the metal cations are replaced with hydrogen
ions, and (b) 5-35 weight percent of catalyst selected from

the group consisting of bentonite and fuller’s earth.

This is the replacement sheet
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EXAMPLES 51-69 In each of Exanples 51-69, the particul ar feedstock enpl oyed

was: m xed in liquid formw th unsupported catalyst in a stirred reaction

vessel with a continuous nitrogen purge to preclude oxygen fromthe system

The_wei ght ratio of the feedstock-to-zeolite conmponent of the catal yst was

. 49:1 in each case. The pressure of the contents of the reaction vessel was
mai nt ai ned at about 1 pound per square inch gauge. The tenperature of the
reaction vessel was raised to the reaction tenperature and sanples were

wi thdrawn at various tinmes after conmencenrent of the reaction and anal yzed.

The COnclt Bassy. By “Rarhle SOTDSTbE508A 14btoksg s atoSIPEGY e O

each ther eqgomezAei6ANbLOGiRethyPhhphEh88eReS B the use of a Type Y
alumino silicate zeolite at 120-300°C in the liquid phase. The
catalysts have aluminum-to-silicon atomic ratios of 0.1-1.0.
Ogasawara et al., U.S. Patent No.3,888,938 disclose a method
for the isomerization of dimethylnaphthalenes in the liquid
phase by the use of a mixed catalyst consisting of (a) 70-95
weight percent of a hydrogen form of mordenite in which above
aolweight percent of the metal cations are replaced with

hydrogen ions, and (b) 5-30 weight per cent of a promoter

" selected from the group consisting of bentonite and fuller’s

earth.

Hedge et al., U.S. Patent No. 3,928,482 disclose the
isomerization of either dimethyldecalins, dimethyltetralins or
dimethylnaphthalenes in the presence of an alumino silicate
zeolite containing polyvalent metal cations in exchange

positions, such as a rare earth-exchanged Type Y zeolite.

Yokayama et al., U.S. Patent No. 3,957,896 disclose the
selective isomerization of dimethylnaphthalenes in the
presence of any kind of.natural or synthetic, solid acid
catalyst, such as Y-type zeolite as well as silica-alumina,
silica-magnesia, silica-zirconia, silica-alumina-zirconia,
fuller’s earth, natﬁral or synthetic mordenite, X~type
zeolite, A-type zeolite and L-type zeolite. These catalysts
may be Substituted partly or wholly by hydrogen or metal.

Furthermore, these catalysts can be unsupported or supported
This is the replacement sheet
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1,5-, 1,6- - and 2,6-DWN triad, the percent decreases in each 1,5-, 1,6- and
2,6-DWN triad, the percent gains in each 1,7-,. 1,8- and 2,7-DW triad and
the percent gain in total nethyl naphthal ene and tri et hyl napht hal ene
content in each of Exanples 51-69 are presented in Tables 5-9. The catal yst
enpk¥oyed in exanples 51-53 was commercially . - 32 --available Union
Car bi de' s unsupported LZ-Y72 in the hydrogen formas received fromthe

manuf acturer. The catal yst enpl oyed in‘§x€nples 54-57 was an unsupported
beta zeolite having a relatively high silTcon-to-alum numratio and

prepared byntBgrriers.

Onodera et al., U.S. Patent No. 4,524,055 disclose a
crystalline aluminosilicate zeolite that is useful in the
isomerization of dimethyinaphthalenes and has a silica-to-
alumina mole ratio of 10 to 100} specific x-ray lattice

disfances, and a épecific cyclohexane-to-n-hexane adsofption

ratio of at least 0.7.

Maki et al., U.S. Patent No. 4,556,751 disclose the
isomerization of dimethylnaphthalenes in the presence of a
crystalline aluminosilicate having a pentasil structure and a
silica-to-alumina molar structure of 12 or higher. In |

addition, the aluminosilicate may contain some other metals as

non-exchangeable metals.

A problem in all such prior art methods is the presence of
other dimethylnaphthalene isomers and unconverted
dimethyltetralin and alkenylbenzene as impurities and by-

products in the finally obtained, desired specific
dimethylnaphthalene isomer.

The presence of such impurities and by-products markedly
reduées the utility and commercial value of the desired
dimethylnaphthalene isomer, especially as a precursor for the
formation of a naphthalene dicarboxylic acid for use as a
monomer in the manufacture of a polymer. In addition,

catalysts tend to deactivate relatiﬁely rapidly at the high

This is the replacemsnt sheet
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procedure of Exanple 48. The catal yst enpl oyed in Exanpl es 58- 66 was an
unsupported beta zeolite having a relatively low silicon-to-alumnumratio
and prepared by the procedure of Exanple 49. A single sanple of his

catal yst -‘was used for four cycles in Exanples 61-66. The catal yst enpl oyed
I n Exanpl es 67-70 was al so the beta zeolite having the relatively | ow
silicon-to-alumnumratio and prepared by the procedure of Exanple 49, but
in this instance ion-exchanged to reduceythe sodi um content and supported
on an alumna matrix by the procedure of exanple 50. Conparison of the

resul ts i gehperatube8 employedt £f vhpoulyphigé procédeesseriérefdd A it
zeolite catalyst affords reduced |osses of the 1,5-, 1,6- and

2, 6- di net hel hdghljallesérablaedtor enplioy telatively clower hyémperatatenes,
tri met hyl napht hal enes
liquid phase processes and to improve the completeness of each
step in the aforesaid multistep synthesis and the selectivity

of each step therein for the production of the desired product

therefronm.

In this regard, it is kndwn that in the presence of an acid
catalyst, the dimethylnaphthalene isomers are isomerizable
within each triad of dimethylnaphthalene isomers ~ that is,
within the 1;5-, 1,6~ and 2,6-dimethy;naphtha1enes of triad a,
within the 1,7-, 1,8-, and 2,7-dimethylnaphthalenes of triad
B, and within the 1,3~, 1,4~ and 2,3-dimethylnaphthalenes of
triad C. It is also known that the interconversion of a
dimethylnaphthalene'isoﬁer'within one of the aforesaid triads
to a dimethylnaphthalene isomer within another of the
aforesaid triads. occurs to a relatively lesser extent.
Consequently, it is highly desired to improve the selectivity
of the cyclization étep in the aforesaid multistep synthesis
for the formation of dimethyltetralin isomers that belong to
the same triad to which also belongs the specific desired
dimethyltetralin isomer, which upon dehydrogenation is
converted to the desired specific corresponding
dimethylnaphthalene isomer. It is also highly desired to
improve the selectivity and completeness of the isomerization
step in the aforesaid multistep synthesis for the formation of
the specific dimethylnaphthalene isomer desired.

This is the replacenrent sheet

Date: - 4 0CT 13%



and the 1,7-, 1,8- and 2,7-di nmet hyl naphthal ene triad relative to the use of
the LZ-Y72 zeolite catalyst; and (2) the use of a beta zeolite catal yst

ei ther unsupported or supported on a base material and having a relatively
| ower silicon-to- alumnumratio affords greater formation of 2, 6-

di net hyl napht hal ene and reduced | osses of the 1,5-, 1,6- and

2, 6-di met hyl napht hal ene triad relative to the use of a beta zeolite

catal yst having a relatively higher silicon- to- alumnumratio and permts
t he use of |ower reaction - 33 - tenp&atures or the use at a higher

tenperatuqi(g %l dkore a general object of the present 1nvention to
provide an improved method for manufacturing with an improved
yield and selectivity a specific dimethyltetralin isomer or
set of dimethyltetralin isomers by the cyclization of an
alkenylbenzene which meets the aforementionéd requirements for

selectivity and completenéss and catalyst activity.

It is a related object of the present invention to provide an
improved method for manufacturing with an iﬁproved yield and
selectivity a specific dimethylnaphthalene isomer or set of
dimethylnaphthalene isomers by the cyclization of an
alkenylbenzene to form a specific dimethyltetralih isomer or

set of dimethyltetralin isomers and then dehydrogenating the
dimethyltetralin(s). '

It is another related object of the presenﬁ invention to
provide an improved method for manufacturing with an improved
yield and selectivity a specific dimethylnaphthalene isomer or
set of specific dimethylnaphthalene isomers by the cyclization
of an alkenylbenzene to form a specific dimethyltetralin
isomer or set of dimethyltetralin isomers and then
dehydrogenating the dimethyltetralin(s)'and isomerizing the
resulting dimethylnaphthalene(s). '

Other objects and advantages of the method of the present

invention will become apparent upon reading the following

detailed description and appended claims.

This Sheet Has Been Rerlaced This is the replacement sheet
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partially deactivated catalyst relative to the use of a LZ-Y72 zeolite

catalyst. Fromthe above description, it is apparent that theobjeets—ef
t he present invention have been achieved. Wiile only certain di

A nts
have been set forth, alternative enbodi ments and vari ous nodi [ ﬁﬂgﬁ)ﬁ“ﬁi‘,ﬁ“

be apparent fron1the above description to those skilled in the
The objects are achieved by an improved method for preparing a

alternatives are considered equivalents and are wthin the spi
of the present invention. -34 - TABLE d _

dimethyltetralin from 5-(o-, m-, or p-tolyl)-pent-1- or -2-ene
or 5-phenyl-hex-1- or -2-ene as the first feedstock,
comprising: contacting the first feedstock in liquid form
with a solid cyclizaﬁioh catalyst comprising a Y-type,
crystalline aluminosilicaﬁe molecular sieve zéolite that is
substantially free of adsorbed water, and at'an elevated
temperéturé and at a pressure that is sufficiently high to
maintain the first feedstock substantially in the liquid
phase, to thereby cyclize the first feedstock to form a first
liquid product comprising a mixture of dimethyltetralins,
wherein, if present, the éoncentration of water in the first
feedstock is less than 0.5 weight percent, based on the weight
of the feedstock, wherein either (a) the first feedstock
comprises S-(o—tolyl)-pent¥1- or -2-ene and 1,5-, 1,6~, 2,5~
or 2,6~-dimethyltetralin or mixtures thereof comprise at least
80 weight percent of the mixture of diﬁethyltetralins formed,
(b) the first feedstodk comprises 5-(m-tolyl)-pent-1- or =-2- °
ene and 1,5-, 1,6-, 1,7~, 1,8~, 2,5-, 2,6~, 2,7-, or 2,8-
dimethyltetralin, or mixtures ﬁhereof comprise at least 80
weight percent of the mixture of dimethyltetralins formed, (c)
the first feedstock comprises 5-(p-tolyl)-~pent-i- or -2-ene
apd i,7-, 1,8-, 2,7-, or 2,8-dimethyltetralin, or mixtures
thereof comprise at least 80 weight percent of the mixture of
dimethyltetralins formed, or (d) the first feedstock comprises
5-phenyl-1- or -2-hexene and 1,3-, 1,4-, 2,3-, 5,7-, 5,8~ or
6,7-dimethy1tetralin or mixtures thereof comprise at least 80

weight percent of the mixture of dimethyltetralins formed.
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Exanpl e 1 ' _Exanple 2 Feed- | Feed- Reaction

CDndlthﬂS sfock Pr oduct st ock Product Reaction tinme (hrs)
0 6ThxsSheet(?lasBeenRe Beed 6. 8 Tenperature [err] _ 148-
148

, ' ure (psig) 1.0 1.0
1.0% 1.0 Feed/ 50.1 50.1 50.1 50.1
Conposition (wt. pentene feed 98. 6 3.4 1.1 98. 6

1.7
0 Sol vent 0.6

6 0 O Desired
Products 1, 5- DM -38,m o5z 91.2 93.5
1, 5- DWN EF DESCRIPTION O RAW 0.5 1.2 By-Products

For a more complete understanding of this invention, reference
should now be made to the embodiments illustrated in greater
detail by the results presented in the accompanying drawing
and described below by way of examples of the invention. In
the drawing, FIG. 1 is a series of plots of the yields of 1,5~
dimethyltetralin from the cyclization of 5-o-tolyl-2-pentene

in Examples 19-23 involving 5 different cyclization catalysts.

ETAYL, DESCRIPTION OF THE EF. ED EMBOD S
Suitable feedstocks for use in the cyclization of the method

of the present invention are $-(o-, m-, or p-tolyl)-pent-l1- or |
-2-ene or S-phenyl-hex-1- or -2-ene. In the method of the
present invention, the cyclization'step is folloﬁed'preferably
by a dehydrogenation step and more preferably by first a

dehydrogenation step and second an isomerization step.

When 5-(o-tolyl)-pent-1- or -2-ene is the feedstock to the
cycliéation step of the Eresent invention, 1,5-, 1,6-, 2,5~,
or 2,6-dimethyltetralin or a mixture thereof comprises at

- least 80, preferably at least 85 weight per cent of the.
dimethyltetralins produced therefrom, which resulting
dimethytetralins are in turn the feedstock and are converted
in the dehydrogenation step of the present invention to the
corresponding 1,5-, 1,6~ and 2,6- dimethylnaphthalenes, which
are then the feedstock in the isomerization step of the
present invention and are converted therein to 2,6~

dimethylnaphthalene. This is the replacém‘é’n! sheat
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| nt er medi at e . . 3.2 2.5 2.5 O DM i soners

0 < 0.4 0.4 0 0.6 0.6 Aryl -pentane 0.2 0.3
0.5 0.2 0.9 2.0 1, 4- DWN -0 0

0 01,7 -DWN 0 0 0 0.

Li ghts 0.1 1.3 1.0 0.1 0.1 0 Heavi es

0 0 0 0 0.3 0.4 O her 1.0 1.5
1.5 1.0 2.3 2.2 Total 100.0 99.9 100.0 100.0
100. 0 100.0 % Conver si on - 11g93.6 98.9 98.3 100.0

% Sel ect | \ﬂﬂéh 5- (m-tolyl)-pen@-fij 0194-'2(lene is the f%%d@ta%@c Qo the
cyclization step, 1,5- 1,6- 1,7-, 1,8- 2,5~ 2,6-, 2,7- or 2,8~
dimethyltetralin or a mixture thereof comprises at least 80,
preferably at least 85 weight percent of the dimethyltetralins
produced therefrom, which dimethyltetralins are in turn the
feedstock and are converted in the dehydrogenation step to the
correspénding 1,5~-, 1,6-, 1,7-, 1,8~ 2,6- and 2,7~
dimethylnaphthalenes, which are then the feedstock in the
isomerization step and are converted to 2,6~ and 2,7~

dimethylnaphthalenes.

When 5-(p-tolyl)-pent-i- or -2-ene is the feedstock to the
cyclization step, 1,7-, 1,8-, 2,7- or 2,8-dimethyltetralin or
. a mixture thereof comprises at least 80, préferably at least

85 weight percent of the dimethyltetralins produced therefrom,
which dimethyltetralins are in turn the feedstock and are
converted in the dehydrogenation step to the corresponding
1,7-, 1,8- and 2,7-dimethy1naphtha1enes which are then the
feedstock and are converted in the isomerization step to 2,7~

dimethylnaphthalene.

When S-phenyl-1- or -2-hexene is the feedstock to the
cyclization step, 1,3-, 1,4-, 2,3-, 5,7, 5,8-, Or 6,7~
dimethyltetralin or a mixture thereof comprises at least 80,
preferably at least 85 weight percent of the dimethyltetralins
produced therefrom, which dimethyltetralins are in turn the
feedstock and are converted in the dehydrogenation step to the

corresponding, 1,3-, 1,4- and 2,3-dimethylnaphthalenes, which

This is the replacement sheat
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- 35 - TABLE 1 (Cont'd.) Exanple 3 Exanpl e 4 Feed-

Feed- Reaction Conditions stock Pr oduct StTKWF__“f?UdUtf“FbaetiOn
time (hrs) 0 0.5 0 6.8 12.8 # :
243 170 170 Pressure (psiQ) THESRETA Bt “

0.0® 0.0 Feed/Catal yst (wt.) 49.9 “II,II”"HH
- Conposition (w.% Aryl-pentene feed 93.6 68 3
52.5 Sol vent 0 . 0.0 EESlred
Products 1, 5- DMT 4.1 8- 1.1 26.8 41.0

are then the feedstock in the isomerization step and are

converted to 2,3-dimethyl~- naphthalene.

In the method of the present inven‘l';ion, each of the aforesaid
cyclization, dehydrogenation and isomerization reactions is
performed in the liquid phase at an elevated temperature and
at a sufficiently high pressure to ensure that the feedstock
for the particular step is maintained substantially in the
liquid phase. The cyclization reaction is performed at a
temperature in the range of 120°C, preferably from 150°C, to
250°C, and generally at a pressure in the range of from 0.1,
preferably from 0.3, to 5, preferably to 1.3, atmospheres
absolute (30.4 to 506, preferably 132kPa). The dehydrogenation
reaction is performed at a temperature in the range of from
200°C, preferably from 220°C, to 300°C, prefefably to 270°C, and
generally at a pressure in the range of from 0.5, preferably
from 0.8 to 5 preferébly to 1.3. atmospheres absolute (51,
preferably 80 to 506, preferably to 132 kPa). The |
isomerization reaction is performed at a temperature in the
range 'of from 200°C, preferably from 240°C, to 300°C
preferably to 280°C_, and generally at a pressure in the range
of from 0.5, preferably from about 0.8, to 5, preferably to

1.3 atmospheres absolute (51, preferably 80 to 506, preferably
to 132 kPa). |

Each of the cyclization, dehydrogenation and isomerization
reactions can be performed with or without a solvent for the -
respective feedstock. Preferably a solvent is not employed in

This is the replacement sheet
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1, 5- DIWN 0.1 2.3 0 0 0.3 B)L-EI’_Qd_U_CLS__
| nt er nedi at e 0 0 0.3 2. 2.9 DMI |soners
0.1 1.4 0.0 0.4 0.6 Aryl-pentane Tthh Bﬁm

0.4 0.2 0.1 1, 4- DWN . 0 0

0.0-1, 7- DWN 0 0

0.2 1.5 0.5 0.4 0.5 Heavi es

0.0 0.0 0.0 O her 1;5 3.2

2.0 Total 99.9 99.8~ 13 100.1 99.8 99. 9 %
ggn;ers'onthe aforesaigzsgepégogg employed, a solveft ¥n 4dny“oftthbectivity

aforesaid steps must be inert under the conditions employed
and suitably comprise a paraffin such as a tetradecane, or an
aromatic hydrocarbon such as anthracene, or mixtures thereof,
which preferably boils above 270°C. In the cyclization step, if
water is present, its concentration is less than 0.5 weight
percent, preferably less than 0.1 weight percent, based on the
weight of the alkenylbenzene feedstock. Mbre preferably water
is not present in the cyclization reaction mediunm. Each of the
cydlization, dehydrogenation and isomerization steps of the
method of the present invention can be performed either
batchwise or continuously. The reaction apparatus#to be used
in each aforesaid step can be of any known type such as a
fixed bed, moving bed, fluidized bed, liquid phase suspended
bed or a solid-liquid mixture in a stirred tank. Generally,

however, the use of a fixed bed is commercially preferred for

continuous operation.

The improved conversion of the feedstock and selectivity for
the production of the desired product or set of products for
each of the cyclization,dehydrogenation and isomerization
steps of the method of this invention are the result of the
temperature and pressure conditions employed and the high
activity and selectivity of the catalysts employed in each
aforesaid step, which in turn permits the use of less severe
conditions -- that is, iower temperatures and pressures --
such that greater selecfivity and reduced catalyst

deactivation can be achieved. This is the replacement sheet
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- 36 - TABLE 1 (Cont'd.) Exanple 5 Exanpl e 6 Reaction Conditions

Feedst ock ProducL__EeedsLock_Emgduct Reaction tinme (hrs) 0

4 11 Tenperature [err] 171

201 Pressure (p@lﬂ‘ﬁe"tHaSBeenRe 0.0 - 0.0

Feed/ Cat al yst ( I ““l”"l 8.3 40. 0 Conposition
(w.% Aryl-pent 97.6 0.0 97.6 5.2

Sol vent ' 0. _ 0.9 0.0 Desired
Product s - 14

The catalyst employéd in the cyclization step of the method of
this invention comprises an acidic ultrastable --that is, a
thermally stabilized or dea;uminated -~ ~type crystalline
aluminoéilicate zeolite having a silica-to-alumina molar ratio
of from 4:1, preferably from 5:1, to 10:1, preferably to 6:1,
and having pore windows providéd by twelve-membered rings
containing oxygen, and a unit cell size of from 24.2,
preferably froﬁ 24;3, to 24.7, preferably to 24.6 angstroms. A

suitable such zeolite is marketed by Union Carbide under the
name LZ-Y72 or LZ-Y20.

The zeolite is preferably substantially free of absorbed
water. If present on the zeoiite, the absorbed water can be
removed from the zeolite by heating it in a dry atmosphere at
250°C for 0.5-1 hour. In the alternative, and less preferably,
the presence of absorbed watér at a concentration of up to .15
weight percent of the catalyst can be tolerated if a reaction

temperature in the foresaid range of at least 180°C is

employed.

The aforesaid zeolite émployed in the catalyst for the
cyclization step of the method of this invention is in the
hydrogen form_and contains from 0.05, up to 3.5 weight percent
of sodium, calculated as elemental sodium and based on the
weight of_the.zeolite. If the cyclization step is performed
batchwise, the cYclization catalyst.preferably contains from 1
to 3.5 weight percent of sodium, calculated as elemental

sodium and based on the weight of the zeolite. If the

This is the replacement sheet
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0.0 By-Products Internedi ate ' 0.2
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r 0.0 7.8 0.9  10.8 Total
99¢¢c1ization st

% Sel eCtivity

catalyst preferably contains from 0.05 to 0.5 weight percent,
calculated as elemental sodium and based.on the weigﬁt of the
zeolite. Preferably, the cyclization catalyst contains from
0.01, preferably from 0.05, to 3, preferably to 1.5 weight
percent of a component comprising a first metal selected from
the group consisting of platinum, palladium, iridium and
rhodium, calculated as the elemental metal and based on the

weight of the catalyst. Most preferably this metal component

comprises platinum.

More preferably, especially when the cyclization is'performed
continuously, the cyclization catalyst also contains from
0.01, preferably from 1, to 5, preferably to 3 weight percent
of a component comprising a second metal selected from the
group consisting of copper, tih, gold, lead and silver,
calculated as the elemental metal and based on the weight of

the catalyst. More preferably this second metal component

comprises copper, tin or gold.

The  aforesaid zeolite can be employed either unsupported or
supported on a porous refractory, inorganic oxide that is
inert under the conditions employed, such as silica, alumina,
silica~alumina, magnesia, bentonite or other such clays. If a
support is employed, preferably the support comprises silica,
alumina, or silica-alumina. When a support is employed, the
zeolite comprises from 10, preferably from 20, to 920,

preferably to 80 weight percent based on the weight of the

This is the replacement sheet
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- 37 - TABLE 1 (Cont'd.) Example 7 Exanpl e 8 Reaction Conditions

Feedst ock Product Feedstock Product Reaction time (hrs) 0
8.5 o 0 3 Tenperature [err] 170

170 Pressure (psiQ) : _ 1.0 1.0
Feed/ Cat al yst (wt.) 51.0 56. 0_Conposi-ti-on

(w.% Aryl-pentene feed 99.0 3.3 98 3 0.5 Sol vent .
0.0 .0.8 0.0 is Sheet Has Been Rzilace

- T

If the cyclization is performed on a batch basis, the catalyst

is emploYed at a level in the range of from 0.1, preferably
from 1.0, to 5, preferably to 3 weight percent of - the zeolite
component ot the catalyst, based on the weight of the
alkenylbenzene feedstock, and the reaction time is from 0.5,
preferably grom 2, to 10, preferably to 6 hours. If the
cyclization is performed on a continuous basis, thé space
velocity.is in the fange of from 0.1, preferably from about 1,
to 10, preferably to 5, parts of alkenylbenzene feedstock per

part of zeolite component of the catalyst by weight per hour.

The catalyst employed in the dehydrogenation step of the
method of this invention is any solid dehydrogenation cétalyst
that is capable of effecting the dehydrogenation and
exhibiting a reasonable lifetime under the conditions
employed, includinéucatalysts such as noble metals on cafriers
such as reforming catalysts. Preferably, palladium on an
active carbon or alumina supporﬁ'containing from 0.5, more
preferably from 1.0, to 15, more preferably to 10 weight
percent of palladium, calculated as elemental palladium and

based on the weight of the catalyst, is employed as the
dehydrogenation catalyst.

If the dehydrogenation is performed on a batch basis, the
catalyst is employed at a ‘level in the range of from 0.005,

preferably from 0.01, to 1.0, preferably to 0.2 weight percent
This is the replacement sheet
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Desired Products 1,5-DMI 90.0

92.7 1, 5-DWN 0.0

0.0

By- Products I nternediate DMI i soners 1.3

Aryl - pent ane 2.9

0. 0

0.0 Lights Heavies O her

2.8 Tot al

: : 2.5 1, 4-DW
1.6 1, 7-DWN 1.5

' 1.1 1.0 1.0
100.0 _100.0 ~ 100.0 100.0 %

Conver si on 96. 6 99.5

of the noﬁle metal component, calculated as the elemental
noble metal and based on the weight of the dimethyltetralin
feedstock, and the reaction time is from about 1, preferably
from 2, to 20, preferably to 10 hours. If the dehydrogenation
is performed on a continuous basis, the space velocity is in
the range of from 0.1, preferably from 10, to 100, preferably
to'solparts of the dimethyltetralin feedstock per part of the

‘noble metal component {(calculated as the elemental noble

metal) of the catalyst by weight per hour.

The catalyst employed in the isomerization step of the method
of this invention comprises either beta zeolite or an acidic
ultrastable -- that is, a thermally stabilized or delaminated
- Yétype crystalline aluminosilicate zeolite having a silica-
to-alumina molar ratio of from 4:1 preferably from 5:1, to
10:1, preferaply to 6:1, and having pore windows provided by
twelve-membered rings containing oxygen, and a unit cell size
of from 24.2, preferably from 24.3 to 24.7, preferably to 24.6
angstroms. A suitéble such zeolite is marketed by Union
Carbide under the name LZ-Y72 or LZ-Y20. Water is ﬁot

detrimental to catalytic activity or selectivity in the

isomerization process.

The isomerization catalyst preferably comprises beta zeolite.
The composition, structure and preparation of beta zeolite are
described in Wadliﬂger et al., U.S. patent No. 3,308,069 which
in its entirety is specifically incorporated herein by '
reference. The structure of beta zeolite is also reported in

J. Haggih, "Structure of Zeolite Beta Determined," in Chemical

This is the replacement sheet
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% Sel ectivity 95.7 96. 4

- 38 -
TABLE 2 Exanpl e Reaction Conditions Feed 9 10 11
12 Hours on stream 62.5 69.0 186.5 192.75 since
regeneration Catal yst cycle no. 1 2 2 2
Tenperature [err] 154 153 153 204 Pressure
(psi Q) 73.5 19.5 32.5 53.5 Space velocity (w.
feed/ 1.07 1.08 2. 20 2% -

& Engineering News, p. 23 (June 20, 1988). Beta zeolite is

also commercially available from PQ Corporation.

The aforesaid ultrastable Y-type zeolite which can be employed
in the catalyst for the isomerization step of the method of

this invention is in the hydrogen form and contains from 0.01,
preferably from 1, up to 5, preferably up to 3, weight percent

of sodium, calculated as elemental sodium and based on the.

weight of the zeolite.

Preferably the isomerization catalyst comprises a
hydrogenation component comprising a Group VIII metal, which

more preferably is palladium, platinum or nickel.

The aforesaid zeolite of the isomerization catalyst can be
employed either unsupported or supported on a porous
refractory, inorganic oxide that is inert under the conditions
employed, such as silica, alumina, silica-alumina, magnesia,
bentonite or other such clays. If a support is emplﬁyed,
preferably the support comprises silicg, alumina or silica-
alumina. When # support is employed, the zeolite comprises
from 10, preferably from 20 to_Qd, preferably to 80 weight
percent based on the weight of the catalyst.

If the isomerization is performed on a batch basis, the
catalyst is employed at a level in the range of from 0.1,
preferably from 1.0, to 5, preferably to 3 weight percent of

the zeolite component of the catalyst, based on the weight of

Thiz is the replanement sheet
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wt. catal yst/hour) Conposition (Wm.% Feed Aryl-pentene 97 80
0.04 0.02 6.81.. 0.93 Diluent/Aryl-pentene

2.22 2.22 nole ratio Desired Products 1, 5-DMI

83.99 94.36 87.02 84.53 1,5-DWN i

0. 10 4.18 By-Products Internediate - 0.

3.02 0. 36 DM isoners 0.11 O. 39 0! 0 86
DWN i soners - 0.0 0.;1190;00 0. 05 0,41 AryI pent ane
0.17 8.76 1.61 0. 32 3.67 :

the dimethylnaphthalene feedstock, and the reaction time is
from 0.5 preferably from 2, to 10, preferably to 6 hours. If
the isomerization is performed on a continuous basis, the
space velocity is in the range of from 0.1; preferably from
0.5 to 10, preferably to 5 parts of dimethylnaphthalene

feedstock per part of zeolite component of the catalyst by
weight per hour.

The present invention will be more clearly understood from the

following specific examples.

EXAMPLES 1-8

In each of Examples 1-8, 20-1000 grams of an alkenylbenzene
were introduced into a stirred glass reactor, and dry nitrogen

gas was employed to continuously purge the reaction medium to

preclude moisture therefrom.

The alkenylbenzene employed was 5-(o-tolyl)-pentene-2 in
Examples 1-6, 5-(p-tolyl)-pentene—2 in Example 7 and 4 -
phenyl-pentene-2 in Example 8. Unsupported ultrastable Y-type
crystalline aiuminosilicate molecular sieve catalyst (Union
Carbide’s LZ-~Y72) having a unit cell size of 24.51A and
containing 2.5 weight percent of sodium (calculated as sodium
oxide) were added slowly to the alkenylbenzene in the reactor
aé a temperature below commencement of the cyclization of the

alkenylbenzene. The catalyst as in the form of an unsupported

powder in Examples 1-4, 7 and 8, and in the form of pellets :
This is the replacement sheet
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Total s '98.2 95.8 96.9 97.8  94.9 % Conversion .
99.9 99.9 93.0  99.0 % Sel ectivity

88.5 97.5
95.7 91.6 - 39 - TABLE 2 (Cont'd.) Exanple Reaction Conditions
Feed Exanol e 13 Exanpl e 14 Hours on stream . 167
421:75 since regeneration Catal yst cycle no. 5
5 Tenperature [err] _ 153 153
-20-

containing 80 weight percent of the same sieve supported on 20
weight percent of an alumina support in Examples 5 and 6. The
catalyst as maintained under dry, moisture-free conditions
prior o use in Examples 1~3 and 5-8 but was allowed to adsorb
moisture from air saturated with moisture at 30-60%:in.éxample

4. The catalyst-emplo&ed in Example 4 contained 10-20 weight

percent of water.

The'temperature of the reaction medium was then raised quickly
to the desired reaction time. Samples of the resulting
reaction product were withdrawn from the reactor at various.
reaction times and anaiyzed to monitor the reaction. The
desired cyclized product was 1,5-dimethyltetralin in Examples
1-6, 1,7-dimethyltetralin in Example 7 and 1,4~
dimethyltetralin in Example 8. The experimental conditions
employed, the compositiohs of the feedstock employed and of

- the resulting products containing up to 13 carbon atoms and
the percent conversion of the alkenylbenzene feedstock, and
the percent selectivity of the formation of desired product
from the total amount of alkenylbenzene converted for each of
Examples 1-8 are presented in Table 1. For the calculation of
this percent electivity, the desired product is.the sum of
1,5~-dimethyltetralin and 1,5-dimethylnaphtha1ene in Examples
1-6, the sum of 1,7-dimethyltetralin and 1,7~
dimethylnaphthaleﬁe in Example 7, and the sum of 1,4-

dimethyltetralin and 1,4-dimeth91naphtha1ene in Example 8.

Comparison of the results of Examples 2 and 4 illustrates

This is the replacement sheet
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Pressure (psiQ) 3

11 Space velocity
(wt. feed/ 1.14 1.25 wt. catal yst/hour) Conposition
(W.% Feed Aryl-pentene 97. 28 0. 00 0.02
Di | uent/ Aryl - pent ene 2. 69 0.44 nole ratio Desired
Prqoducts 1, 5- DM 0. 00 94. 45 94.48 1, 5- DWN
0. 00 0. 26 0. 35 By-Products Internedi ate 0. 32
0. 47 0.13 DM i soners - 0.25 0.03
0. 30 -2-

that, even at the low feed-to-catalyst weight ratio employed
in Example 4, the presence of a large concentration of water
therein resulted in substantially reduced percents conversion,

even after a reaction time of about 12 hours.

EXAMPLES 9-23

In each 6f Examples 9~-23, a cyclization catalyst was packed
into a stainless steel reaction, and the reactor as immersed
into a fluidized sand bath at the desired reaction
temperature. A mixture of 5-o-toly1—2-pentene in the liquid
phase and nitrogen was passed continuously through the
reactor. At least once during at least one catalyst cycle, the
resulting product stream was sampled and analyzed. The
experimental conditions employed, the compositions of the
feedstock employed and of the resulting products containing-up

. to 13 carbon atoms, the percent conversion of the |

' alkenylbenzene feedstock, and the percent selectivity of the
formation of desired product from the total amount of
alkenylbenzene converted in each of examples 9-23 are

presented in Table 2.

A catalytic cycle was qoncluded by discontinuing the flow of
the 5-o-tolyl-2-pentene into the reactor and then purging the
reactor at the reaction femperature with nitrogen to remove
the hydrocarbons. The reactor was next heated to 500°C and
purged with air until the carbon dioxide content of the

reactor effluent was less than 0.1 weight percent. This

This is the replacement sheet
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DIVN fsoners 0. 00 0. 00 0. 02 Aryl - pent ane

0.01 2.55 2.15 Total s 97.9 97.8
97.5 % Conver si on 100 100 %

Sel ectivity 97. 4 97.5 40 TABLE 2
(Cont'd.) Exanpl e Reaction Conditions Feed 15 16 17

18 Hours on stream : 15.00 10.50 162.25 306. 27 since

regeneration - 22 -

procedure resulted in the regeneration of the catalyst. The
reactor was then cooled to the desired reaction temperature,
and then the mixture of 5-o-tolyl-2-pentene in the liquid

phase and nitrogen was passed continuously into the reactor.

In each of Examples 9-12 and 19-23, the reactor had an outside
diameter of 0.25 inch, an inside diameter of 0.18, a length of
5.5, and one gram of the catalyst was packed into the reactor.
In each of Examples 13-18, the reactor had én outside diametér
of 0.375 inch, an inside diameter of 0.28, a length of 5, and

2.5 grams of the catalyst were packed into the reactor.

In each of Examples 9-14, an unsupported ultfa-stable Y-sieve
containing platinum and copper components was employed. This
catalyst was prepared by adding to 30 grams of the commercial
ultraQstable Y-sieve (Unioh Carbide’s LZ-Y20) 15 millilitres
of distilled water and 30 grams of an agueous solution
containing 1 weight percent of II,PtCl,.GIﬁO, calculated as
platinum, and 2 weight percent of copper in the form of cupric
nitrate and calculated as elemental copper. The resulting
slurry was mixed until it was uniform and then dried. The
resulting solid was calcingd at 500°C in air for 4 hours,

crushed and screened to obtain 0.0164-0.0278 inch (24-40 mesh)
particles.

In each of Examples 15-18, a supported ultra-stable Y-sieve
containing platinum and copper components was employed. This
catalyst was prepared by cruéhing and screening a commercial

This is the replacement sheet
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Cat al yst
[err]

2 2

1.23 wt.

98.30 1.
2.49 2.
0.00 81.

1.88 0.70 0. 68 By-Products

cycl e no. _ '. 1 2 5
152 154 153 163 Pressure (psig)

2 2 Space velocity (w. feed/ 1.20 1.22 1

catal yst/ hour) Conposition (w.% Feed Aryl-pentene

01 0.00 0.00 0.00 Diluent/Aryl-pentene 2.53
13 2.15 nole ratio Desired Products 1,5-DMI

97 93.14 95.18 94.79 1,5-DWN 54 _ ' 0. 00 1.59

sample of particles containing 80 weight percent of Union
Carbide’s LZ-Y20 supported on 20 weight percent of alumina to
yield particles in the range of 24-40 mesh. To 10 grams of the
supported sieve was added 11 millilitres of 0.9 weight percent
of H,PtCl;, calculated as platinum, and 1.8 weight percent of
copper in the form of cupric nitrate, calculated as elemental
copper. The resulting slurry was mixed until it was uniform

and then dried. The resulting solid was calcined at 500°C in

air for 4 hours.

Each of Examples 19-23 was performed using the apparatus and
procedure of Examples 9-12 at a reaction temperature of 154°C
and a séace velocity of 1.1. The diluent gas was helium in
Examples 19 and 20, hydrogen in Examples 21 and 22 and
nitrogen in Example 23. The molar ratio of diluent-to-5-o-
tolyl-2-pentene was 1.3 in Example 19 and 2.1 in each of

- Examples 20~23. The catalyst was unsupported in each example,
and was ultra-stable Y-sieve (Union Carbide’s L2-Y20) in
Example 19; ultra-stable Y-sieve containing 2 weight percent
of copper in the form of cupric nitrate, (calculated as
elemental copper) in each of Examples 20 and 21, ultra-stable
Y-sieve treated with SiCl, in Example 22 and ultra-stable Y-
sieve containing 2 weight percent of copper in the form of
cupric nitrate (calculated as elemental copper) and 1 weight
percent of platinum‘in the form of H,PtCl (calculated as
elemental platinum) in Example 23. In each of examples 19-23,
samples of the product stream were taken at several times

after the beginning of the catalyst cycle and analyzed. From

5 Tenperature

. 20
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Intermediate 0.31 1.31 0.00 0.00 0.00 DM i SONers

0.17 1.53 0.39 0.32 0.42 DWN i soners 0.00 0.00
0. 00 0. 00 0. 00 Aryl -pentane 0.10 10.47 2.69 2.10
2.33 Total s 98.9 97.9 98.1 98. 3 98.2 %
Conver si on 99.0 100.0 100.0 100.0 % Sel ectivity
85.9 096.7 97.5 97.1 -41- TABLE 3 Conditions Feed
Exanpl e 24 Exanpl e 25 Hours on stream 2.0 4.8
6.0 8.3 : )

these measurements the yields of 1,5-dimethyltetralin were
calculated and in Figure 1 are plotted versus the number of

hours since the respective catalyst had been regenerated.

The results indicate that the addition of copper to the sieve
or the treatment of the sieve with silicon tetrachloride
improves the selectivity of the catalyst but that the
catalytic activity decreases with time. However, the addition
of both platinum and copper to the sieve affords both

substantially improved selectivity and-excellent catalyst

activity maintenance.
EXAMPLES 24-29

In each of Examples 24~-29, the liquid feed and a 5 weight
percent palladium-on-carbon catalyst were charged to a flask
and nitrogen was continuously passed through the reaction
mixture to remove oxygen. The temperatufé of the reaction
mixture was raised to the reaction temperature, and
periodically samples were removed from the flask and analyzed.
Hydrogen generated by the reaction was permitted to vent from
the flask during the reaction. The experimental-conditions
employed, the compositions of the feedstock employed and of
the resulting products containing up to 13 carbon atoms, the
percent conversion of the feedstock, and the percent
selectivity of the formation of desired product from the total
amount of feedstock converted in each of Examples 24-29 are

presented in Table 3.
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Cat al yst cycl e no. _ 1 1 1 1 Tenperature

[err] 242 243 245 244 Pressure (psiQ)

1.0 .1.0 1.0 1.0 Feed/catal yst wei ght 10.0 10.0
50.0 50.0 ratio Conpositions (wt.% 1, 4-DMr 0.0 0.0
0.0 0.0 0.0 1,5-DMr 92.0 2.2 0.0 4.2
1.9 1, 6-DMI 0.0 0.0 0.0 0.0 0.0 1, 7- DMr
0.0 0.0 0.0 0.0 0.0 1, 5% DMT 0.0 0.0
0.0 0.0 0.0 ot her DMIs 0.1 0.4 0.2 0.3
gog (r:r‘;/i;yl e results in '1‘atp.le1 3 111&t@ate that even Qii5:h the @&ida

temperature and pressure condltions employed in Examples 24-
29, the dehydrogenation of the method of this'invention

affords both excellent conversion and selectivity.
EXAMPLES 30-47 .

In each of Examples 30-47, the particu;ar isomer of
dimethylnaphthalene employed as the feed was mixed in liquid
form with unsupported catalyst in a stirred reaction vessel
with a continuous nitrogen purge to preclude oxygen frem the
system. The temperature of the reaction vessel was raised to
the reaction tempetature and samples'were withdrawn at various
times after commencement of the reaction and analyzed. The
conditions employed, the compositions of the feedstock
employed and of the resulting products containing up to 13
carbon atoms, the percent conversion of the feedstock, and the -
percent selectivity of the formation of desired product from
the total amount of feedstock converted in each of Examples

30-47 are pfesented in Table 4.

The catalyst employed in Exaﬁple 30 was a crystalline
borosilicate molecular sieve (HAMS-1B from Amoco Chemical)

The catalyst employed in Example 31 was Union Carbide’s LZ-Y20
ultra-stable Y-type sieve, containing 2 weight percent of
copper, calculated as e;emental copper. The catalyst employed
in Example 32 was Union Carbide’s LZ-Y¥62, a non-ultra-stable,

Y-type sieve in the ammonia-exchanged form and having a unit

Tris ip (g ;-g;;i_at‘;ﬁm&ﬂi‘ sneet
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0 0.0 0.0 0.0 0.0 0.0

4. DWN 0.0 0.0 0.0 0.0 0.0 1, 5-DIW

9 89. 8 93.2 88. 4 92.5 1, 6- DWN 0.0 0.5

5 0.4 0.0 1, 7- DW- 0.0 0.0 0.0 0.0
0 -1, 8- DWN 0.0 0.0 0.6 0.2 0.0 2, 6-

, 7- DIMNs 0.0 0.0 0.0 0.0 0.0 Lights

1 1.5 1.0 1.1 0.6 H%%VIGS 0.1 0.0
0 0.0 0.0 O her 0.5 0.1 0.5
.4 Total 1 0] 0 ohal

3 %11 s%@e of 2329gA/6%%%V€?g?%%§9 eﬂploﬁga 9n EﬁQﬂerE §§ aﬁ&“so
4

983@ was commercially available Union Carbide’s LZ—YBZ, an
ultra-stable molecular sieve having a unit cell size of 24.56A
and a sodium content of less than 0.2 weight percent. In
Example 33, the sieve was in the ammonia form and had not been
calcined. In Example 34, the sieve had been calcined to form
the hydrogen form. The catalyst employed in Example 35 was a
commercially available amorphous silica-alumina containing 13
weight percent of alumina. The catalyst employed in Example 36
was commercially available mordenite in the acid form. The
catalyst employed in Examples 37, 38, 40-45 was commercially
available Union Carbide’s LZ~Y72 in the hydrogen form as
received from the manufacturer. The catalyst employed in
Example 39 was commercially available Grace USY sieve
containing 2.6 weight percent of sodium and has chemical and
physical properties that are very similar to those of Union
Carbide’s LZ-Y72, and is also suitable for use as a catalyst
in either the cyclization of isomerization step in the method
" of this invention. 1,5-dimethylnaphthalene was the feed in
Examples 30-44. The feed was 1,7-dimethylnaphthalene in
Example 45 and 1,4 dimethylnapﬁthalene in Eiamples 46 and 47.
For the purposes of Table 4, the concentration of 2,7-DMN in
the product is taken to be approximately equal to the
concentration of 1,7-DMN and is subtracted from the sum of
2,6-DMN and 2,7-DMN (which are determined together) for the
purpose of determining the concentration of 2,6-DMN alone. The
effective maximum concentrations of a particular desired DMN

in its triad is its equilibrium concentration in the triad,
This is the replacement sheet
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% Sel ectivity 99 100 100 101 -42-

TABLE 3 (Cont'd.) Conditions Feed Ex. 26 Feed Ex. 27
Hours on stream 8.5 3.0 Catal yst cycl e no.
1 1 Tenperature [err] 251 .
~ 253-Pressure (psig) 0.0 0.0 Feed/cat al yst
wei ght 100. 0 49.9 ratio Conpositions (Wm.%
- 27 =

which generally is 40-45 weight percent.

LE 48

7.5 kilograms of distilled water, 7.5 kilograms of an agqueous
solution containing 40 weight percent of tetraethylamine
_hydroxide, 50 grams of sodium hydroxide and 300 grams of
sodium aluminate were stirred and dissolved in a 5-gallon
stainless steel tank. The resulting solution and.12.2
kilograms of a silica sol containing 40 weight percent of
silica were mixed and stirred in a 10-gallon autoclave at
150°C for 72 hours. The resulting mixture was filtered, and
the separated solids were washed three times with distilled

water, dried at 120°C and then calcined at 538°C for 4 hours.

The resulting dried powder contained 0.37 weight percent of
sodium, calculated as elemental sodium, and x~ray diffraction
analysis indicated that the pbwder had the x-ray diffraction
pattern of beta zeolite. The following ié'the X-ray
diffraction pattern of the powder product, showing only the

lines that are common to all 4 sources of beta zeolite in U.S.

Patent No. 3,308,069.

Relative

Intensity

l6.2
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1,4-DMI 1, 5- DM 93.9 1.1 0.5 1, 6-DMr
0.6, ' 0.8 1,7-DMr - 89.4
0.4 1,8-DMI ot her DMIs 1.2 0.3 0.1 0.0
‘m xyl ene 0.1 0.3 0.0 0.0 non-cyclic
8- - 1.7 7.5 6.7 Products 1, 3-DWN
0 0.0 0.0 1, 4- DWN : 0.0 0.0
2 1, 5- 0.7 94.3g - 0.0 0.5 1, 6-
8 0.0 0.8 1, 7- DWN ' 0.1 1.5
0.5
3.54 6.1
3.35 12.6
3.11 3.0
3.05 14.6
2.94 5.3
2.69 4.1
2.54 1.5
[ 2.08 11.5

The powder was employed as the catalyst without being ion-
exchanged. Some powder was ion—-exchanged using the procedure
of Example 50 to reduce the so_di.u;n content, and after being
ion-exchanged, the powder’s alumina content, silica-to-alumina
mole ratio and silicon-to-aluminum atom ratio were measured as

1.14 weight percent, 68:1 and 34:1, respectively.

EXAMPLE 49

8 kilograms of distilled water, 8 kilograms of an aqueous
solution cbntaining 40 weight percent 61:‘ tetraethylamine
hydroxide, 3.81 kilograms of an aqueous solution containing 20
vieight_ pefcent of tetraethylamine hydroxide, 0. 6 kilogram of
sodium aluminate, and 12.2 kilograms of a silica gel

containing 40 weight percent of silica were mixed and stirred

This is the replacement sheet
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- DIWN 0.4 0.0 0.1

1,8 2,6- +2,7-DWNs
0.0 0.0 0.3 Lights 0.7 0.0

0.1 Heavi es 0.0 0.0 0.0 O her

0.6 0.4 0.0 0.2 Total 100.0 100.0
99..9 99.9 Total DWNs 95.5 1.5 92.4 %
Conver si on 98. 8 99.5 % Sel ectivity

101 100 - 43- TABLE 3 £Cmt-=d.)

in a 10-gallon autoclave at 150°C for 72 hours. The resulting
mixture was filtered, and the separated solids were washed
three times with distilled water, dried at 120°C for about 16

houi:s and then calcined at.38°c for 6 hours.

' The resulting dried powder contained 0.17 weight percent of
sodium, calculated as elemental sodium. X-ray diffraction
analysis indicated that the powder had the x-ray diffraction -
pattern of beta zeolite. The following is the x-ray
diffraction pattern of the powder product, showing only the

lines that are common to all 4 sources of beta zeolite in U.S.

Patent No. 3,308,069.

Relative

Intensity

17.7 “
100.0

Weak

13.8 h

Weak -
¢ 13.4
2.8
' Weak
0.6 _
7.6
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Condi ti ons . Feed Ex. 28 Feed Ex. 29 Hours on stream

3.0 ' 6.3 Catal yst cycle no. 1

1 Tenperature [err] 254 254 Pressure (psig) .
0.0 1.0 Feed/catal yst wei ght 100.0

10.0 ratio Conpositions (w.% 1,4-DMr 92.7 0.4 1,5-DMr
1.2 0.0 1, 6- DMr _ 55.2 0.0

1, 7-DMr 1, 8- DMr - 30 - 36.0 1.4 other DMs.
0.0 3.6 1.0 - 0.0

The powder was employed as the catalyst without being ion-
exchanged. After being ion-exchanged using the procedure of
Example 50 in order to reduce the sodium content, the powder’s
silica~to—-alumina mole ratio and silicon-to-aluminum atom

ratio were measured as 30:1 and 14.8:1, respectively.

EXAMPLE S50

2.3 kilograms of the un-ion-exchanged catalyst powder produced
in Example 49, 4 kilograms of distilled water, and 12
kilograms of an aqueous solution containing 19 weight percent
of ammonium nitrate were stirred in a 22-litre flask at 72°C
for 4 hours. The mixture was then cooled; the liquid was
removed by decantation, and the resulting ion-exchanged
catalyst was then washed with water. The catalyst was then
dried at 120°C and calcined at 538"c for 3 hours. The ion-
exchanged catalyst contained 0.01 weight percent of sodium
(célculated-as elemental sodium), 2.43 weight percent of
aluminum (calculated as elemental aluminum), and a silica—fo-

alumina mole ratio and a silicon-to-aluminum atomic ratio of

30:1 and 14.8:1, respectively.

163 grams of this Ary, ionfexchanged beta zeolite powder, 454
grams of an alumina sol containing 8.8 weight percent of
solids, and 123 grams of distilled water were blended to
obtain a smooth, uniform slurry. The slurry as maintained at
23°C for 5 hours to permit liquid to eévaporate from the

This is the replacement sheet
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m xyl ene 0.4 non-cyclic-

5.3 5.0 3.7 - 2.2 Products 1, 3- DWN 0.2

0.6 0.0 1, 4- DWN 1.6 90. 2

0.0 1,5-DWN . 1.3 1, 6- DWN

0.9- 58.2 1, 7-DWN ' _ 0.6

1, 8- DWN 35.6 2,6- +2,7-DWNs

0.2 Lights 0.4 ' . - 31 - 0.3 Heavies .

1.8 0.0 O her 0.3 0.0 Total
100. 2

804rPy. THE. €1urry #A8. then dried at 20°C for about 16 hours
‘and calcined at 538°C for 2 hours, to afford solids containing
80 weight percent of beta zeolite and 20 weight percent of -

alumina, which were then ground and sieved to form particles

havihg a 20-40 mesh size.
EXAMPLES 51-69

In each of Examples 51-69,-the particular feedstock employed
was mixed in liquid form with unsupported catalyst in a
stirred'readtion.vessel with a continuous nitrogen purge to
preclude oxygen from the system. The weight ratio of the
feedstock-to~-zeolite component of the catalyst was 49:1 in
each case. The préssure of the contents of the reaction vessel
was maintaiﬁed at aboﬁt 1 pound per square inch gauge. The
temperature of the reaction vessel was raised to the reaction
temperature and samples were withdrawn at various times after
commencement of fhe reaction and analyzed. The conditions
eﬁployed, the compbsitions of the feedstock employed and of
the resulting-products, the percenf'of the 1,5-, 1,6~ and 2,6~
DMN triad in each thereof, the percent of 2,6-DMN in each such
1,5-, 1,6~ and 2,6-DMN triad, the percent aecreases in each
1,5-, 1,6- and 2,6-DMN triad, the percent gains in each 1,7-,
1,8- and 2,7-DMN triad and the percent gain in total
methylnaphthalene and trimethylnaphthalene content in each of

Examples 51-69 are presented in Tables 5-9,

The catalyst employed in examples 51-53 was commercially
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“Total DMNs 90. 8 95. 8 % Conver si on

99.5 98.5 % Sel ectivity 96. 0
103 4 - 44 - TABLE 4 Conditions Feed Ex. 30 Feed
Ex. 31 Tenperature [err] 249 243 Pressure
- (psig) 1 Catal yst
- Ansac- 3400 LZ-20 2% Cu Feed/catalyst w ratio’ ) 10

10 . - 32 -

' available Union Carbide’s unsupported LZ-Y72 in the hydrogen
form as received from the manufacturer. The catalyst employed
in Examples 54-57 was an unsupported beta zeolite having a
relatively high silicon-to-aluminum ratio and prepared by the
procedure of Examplé 48. The catalyst employed in Examples 58-
66 was an unsupported beta zeolite having a relatively low
silicon-to-aluminum ratio and prepared by the procedure of
Example 49. A singlé sample of his catalyst was used for four
cycles in Examples 61—66. The catalyst employed in Examples
67-70 was also the beta zeolite having the relatively low
silicon-to-aluminum ratio and prépared by the procedure of
Example 49, but in this instance ion-exchanged to reduce the

sodium content and supported on an alumina matrix by the

procedure of example 50.

Comparison of the results in Tables 5-9 illustfates clearly
that (1) the use of a beta zeolite catalyst affords reduced
losses of the 1,5-, 1,6~ and 2;6-dimethy1naphthalene triad,
reduced formation of methylnaphthalenes, trimethylnaphthalenes
and the 1,7-, 1,8- and 2,7-dimethylnaphthalene triad relative
to the use of the Lz-Yiz zeolite catalfst; and (2) the use of
a beta zeolite catalyét either unsupported or supported on a
base material and having a relatively lower silicon-~to-
aluminum ratio affords greater formation of 2,6-
dimethylnaphthalene and reduced losses.of the 1,5-, 1,6- and
2,6-dimethy1naphfhalene triad relative to the use of a beta
zeolite catalyst having a relatively higher silicon- to-

aluminum ratio and permits the use of lower reaction
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Hours on stream 7.3 13 Product -

.1,

Conmposition (wm.% 1,2-DWN 0.0 0.0 0.0

0.1 1, 3- DW 0.0 0.0 0.0 0.0 1, 4- DW
0.0 - 0.0 0.0 0.0 1, 5- DW ' 93.4 69. 3
82.6 8.7 1, 6- DW ' 0.0 20.1 11.8 37.8

7- DWN 0.0 1.2 1.5 2, 3-DWN

0.0 0.0 0.0 0.0 2,6- +2,7- Dwyg 0.0 5.4
1.8 36. 3 Lights 2.6 1.7 1.4
Heavi es NQHQ{ | ene
0.0 6empexéafoures or 1.:he ﬁy?tr:l a?) hltl t?exr-] et‘éé'hq?\ara\t:\:lreIS - ha 0. 2
0.6 6p5rtia11y deactivated catalyst relative to the use of a L2-Y72

zeolite catalyst.

From the above descripﬁion, it is apparent that the objects of
the present invention have been achieved. While only certain
epbodiments have been set forth, alternative embodiments and

. various modifications will be apparent from the above '
description to those skilled in the art. These alternatives
are considered equivalents and are within the spirit and SCope

of the present invention.
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Clher

0.2 0.5 0.0 1.9 Total
99.9 100.0 99.9 100. 1 Total DWNs 93.4 94.8
97.3 84.4 2,7-DWN % 2,6-DW % in the 0.0 5.7 0.6
42.8 1,5-, 1,6- and 2,6-DW triad 2,6-DW selectivity '
100 - 71.7 - 45 - TABLE 4 (Cont'd.) Conditions
Feed- Ex. 32 Ex. 33 Ex. 34 Tenperature [err] 248
249 240 ~34 -
TABLE 1
Example 1 Example 2
Feed- Feed-
Reaction Conditions stock - Product stock Product
Reaction time (hrs) 0 4 6 0 3 6.8
Temperature (°C) 148 148 168 168
Pressure (psigqg) 1.0 1.0 1.0 1.0
Feed/Catalyst (wt.) S0.1 50.1 S0.1 S0.1
Composition (wt.%)
Aryl-pentene Eeed 98.6 3.4 1.1 98.6 1.7 0
Solvent 0.1 0.6 0.4 0.1 0
Desired Products _
1,5-DMT 89.2 92.5 91.2 93.5
1,5-DMN 0 0. Q.5 1.2
By—-Broducts ]
Intermediate 3.2 2.5 2.5 0
DMT isomers 0 0.4 0.4 0 0.6 0.6
Aryl-pentane 0.2 0.3 0.5 0.2 0.9 2.0
1,4-DMN . o o o 0
1,7-DMN 0 0 0 0
* Lights 0.1 1.3 1.0 0.1 0.1 Q
Heavies 0 0 0 0 0.3 0.4
Other 1.0 1.5 1.5 - L.0 2.3 2.2
Total 100.0 99.9 100.0 100.0 100.0 100.0

% Conversion
% Selectivity

96.6 98.9
93.7 94.°9

98.3 100.0
94.6 96.0
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Pressure (psigQ) 1 1 1 Catal yst

LZ-Y62 [err] [err] Feed/catalyst w ratio 10.0 9.9
9.8 Hours on stream 12 11. 8 5.5 Product
Conposition (w.% 1, 2-DW 0.0 0.0 0.0
0.4 1, 3- DW 0.0 350.0 _ 0.0 0.0 1, 4- DWN
0.0 0.0 0.0 0.0 1,5-DW ~ - 82.6 82.3
75.6 4.1 1, 6- DW 11. 8 12.1 18.3 25. 4
1, 7- DWN 1, . .2 3.6 2,3-DW
0.0 0.0 0.0 1.2 2Féﬁq5}7kﬁaéf a.} 18 2.1
3.2 30.4 Lights . 1.7 1.8 1.2 1.3
Example 3 Example 4
Feed- Feed-
Reaction Conditions stock Product stock Product
Reaction time (hrs) ) 0.5 0 6.8 12.8
Tgmperature (°C) 243 170 170
Pressure (psiqg) 1.0 0.0 0.0
Feed/Catalyst (wt.) 49.9 43.5 43.5

Composition (wt.%)
Aryl-pentene feed 93.6 0 96.1 68.3 52.5
Solvent 0 0.7 0.3 0.0 0.0

Desired Products _
1,5-DMT 4,1 86.2 1.1 26.8 41.0
1,5-DMN 0.1 2.3 ' 0 0.1 0.3

By—-Products

Intermediate 0 0 0.3 2.0 2.9
DMT isomers 0.1 1.4 - . 0.4 0.6
Aryl-pentane 0.3 4.4 Q. 0.2 .
1,4-DMN 0 0 0. 0.0
1,7-DMN 0 0 0.0 .0
Lights 0.2 1.5 0.5 0.4 0.5
Heavies 0 0.1 0.0 0.0 0.
Other 1.5 3.2 . 1.5 2.0
. Total 99.9 99.8 100.1 99.8 99.9
%¥ Conversion 100.0 28.9 45.4
% Selectivity 90.2 92.8 94.6
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Heavi es 0.2 0.1 0.1 16. 2 Napht hal ene

0.0, 0.0 0.0 . 0.7 Methyl napht hal enes 0.6 0.3
0.2 12.7 O her 0.0 0.0 0.0 3.9
Tot al 99. 6 100.1 99. 8 100.1 Total DWVNs

97.3 97.8 98. 3 .65.1 2,,7-DWN % 2,6-DWN % in the 0.6
0.9 2.1 47.7 1,5-, 1,6- and 2,6-DWN triad 2,6-DW selectivity

40.5 Footnotes [err] not cal cined 2 catd®ed

TABLE 1 (Cont'd.)

Example S Example 6

Reaction Conditions : Feedstock Product Feedstock Product
Reaction time (hrs) ‘o 4 . 0 11
Temperature (°C) 171 201
Pressure (psiqg) 0.0 0.0
Feed/Catalyst (wt.). . 8.3 40.0
Composition (wt.%) _
'Aryl-pentene feed 97.6 0.0 87.6 5.2
Solvent ' ¢.9 9.1 0.9 0.0
Desired Products _
1,5~DMT 0.0 84.1 0.0 75.6
l,S5-DMN 2.2 0.0
) By—-Products o
‘Intermediate 0.2 0.0 0.2 0.3
_ DMT isomers 0.1 1.2 0.1 1.3
Aryl-pentane 0.1 4.0 - 0.1 3.9
1'4-DMN ' 0.0 O-O
1,7-DMN - 0.0. 2.4
~Lights _ 0.0 0.1 0.0 0.1
Heavies 0.0 0.4 | 0.0 0.3
* Other i 0.0 7.5 0.9 10.8
Total 99.7 99.7 0 99.7 99.9
¢ Conversion , 100.0 : 94,7
% Selectivity , 88.5 84.4
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- 46 - TABLE 4 (Cont'd.) Conditions

Ex. 38 Ex. 39 Tenperature [err]

Pressure (psig)

233

1 1 1 1 1 Catalyst

Ex. 35 Ex. 36 Ex. 37

248

rat

i o
11.5

0.0

226

227

[err]

10.1

oNal

Morde- LZY-72 LZY-72 [err] [err] Feed/catal yst wt

50.4 50.4 50.8 Hours on stream _ g7 _ - 13
11.5 Product Conposition (w.% 1, 2-DWN

0.0 0.0 0.0 1, 3- DWN 0.0

0.0

Reaction Conditions

Reaction time (hrs)
Temperature (°C)
Pressure (psig)
Feed/Catalyst (wt.)

Composition (wt.%)

Aryl-pentene feed
Solvent

Desired Products
1,5-DMT
1,5-DMN

By—-Products

Intermediate
DMT isomers
Aryl-pentane
1, 4-DMN '
1,7-DMN
Lights
Heavies
Other

Total

%.Conversibn
$ Selectivity

TABLE 1 (Cont'd.)

Example 7

9.5

.0
.0

9

. 8
23.3

0.0
0.0

Example 8

Feedstock Product Feedstock Product

0 8.5
170
1.0
51.0

99.0
0.0

3.3

50.0
0.0

1.1 100

100.0 100.0

96.6
95.7

88.3
0.8

100.0
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1, 4- DWN 0.0 0.0 0.0 0.0 0.0 1,5-DWN

21.9 41.2 24.0 21.3 17.5 1, 6- DWN 42.8 29. 4
39.9 40. 3 41.5 1, 7- DW ' 1.2 0.7 1.0 0.9
1.0 2,3-DWN 0.0 0.0 0.0 0.0 0.0 2, 6-
+2, #- DMNs 29.3 27.6 31.838 34.2 35.9 Lights
1.2 1.0 1.9 0.9 1.2 Heavies 1.2 0.0
0.9 1.1 1. 0 Napht hal ene 0.0 0.0 .0.0 0.0
0. 0 Met hyl napht hal enes 2.0 TARLE 2 1.0 1. 1 1.3 O her
0.5 0.0 0.4 0.2 0.5 Tot al 100.1 100.0
100.9 100.0 99.9 Total DMNs 95. 2 98.9 96. 7 96. 7
95.9 2,7-DW % . 1.1 Example - 1.1
Reaction Conditions Feed 9 10 11 12
Hours on stream | 62.5 69.0 186.5 192.75
since regeneration
Catalyst cycle no. 1 2 2 2
Temperature (°C) 154 153 153 204
Pressure (psig) : 73.5 19.5 32.5 53.5
Space velocity (wt. feed/ 1.07 1.08 2.20 2.20
wt. catalyst/hbur) '
Composition (wt.$)
Feed
Aryl-pentene 897.80 0.04 0.02 6.81. 0.93
Diluent/Aryl-pentene 2.16 2.26 2.22 2.22
mole ratio
Desired Products
1,5-DMT 0.0 83.99 94.36 - 87.02 84.53
1,S5-DMN . 0.0 2.54 0.95 0.10 4.18
By—-Products
‘Intermediate 0.11 0.00 0.00 3.02 0.36
DMT isomers 0.11 0.39 0.03 0.55 0.86
DMN isomers 0.0 0.11 0.00 0.0S 0.41
Arvl—-pentane _ . 0.17 8.76 1l.61 0.32 3.67
Totals 98.2 95.8 96.9 97.8 94.9
% Conversion ' 99.9 99.9 93.0 99.0
% Selectivity 88.5 97.5 95.7 91.6

This is thé replacemerit sheet
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2,6-DW %.in the : 30.3 27.6 32.5 35.1 37.2 1,5-, 1,6-

and 2,6-DW triad 2,6-DWN selectivity 93.1 >100 99.5 99.9
97.3 Footnotes .13% A1203 4 in a formultra-stable sieve containing 2.61 Na
This is the replacenent sheet Date s _ 47 - TABLE 4 (Cont'd.)

: - : -39 -

TABLE 2 (Cont'd.)

Example
Reaction Conditions Feed Examople 13 Example 14
Hours on stream 167 421;75.
since regeneration
Catalyst cycle no. S 5
Temperature (°C) 153 153
Pressure (psig) 3 - 11
Space velocity (wt. feed/ 1.14 1.25
wt. catalyst/hour)

Composition (wt.%)

Feed o

Aryl-pentene : 97.28 0.00 0.02
Diluent/Aryl-pentene 2.69 0.44

mole ratio '

Desired Products

1,5-DMT ' g.00 94.45 94.48
1,5~DMN 0.00 0.26 0.35
By—-Products :

Intermediate 0.32 0.47 0.13
DMT isomers . 0.25 0.03 © 0.30
DMN isomers 0.00 0.00 0.02
Aryvl—-pentane 0.01 2.55 2.15
Totals . 97.9 97.8 97.9
¢ Conversion 100 - 100
% Selectivity 97.4 97.5

This is the replacement sheet

Date: - 4 OCT 199



Condi ti ons Ex. 40 Ex. 41 Ex. 42 EX. 43 Ex. 44 Tenperature

(OC) 251 - 248 248 249 248 Pressure (psig)(kkP)
1(6.9) 1 (6ab) i (6t) 1 ((CVv i(6) Catalyst LZY-72 LZY-72
LZY-72 LZY-72 LZY-72 Feed/catalyst wt ratio 50. 6 50. 6 50.6 50.6
:50.6 Hours on stream 3.0 4. 30 - 6.8 8.5 10.5 Product
Conposition (w.% 1, 2-DVA ' 0.0 0.0 0.0 0.0
0.0 1, 3-Df 4N : 0.0 0.0 0.0. 0.0 0.0 1, 4- DWN
0.0 0.0 0.0 0.0 0.0 TTABLRE 4N (Cont'd.) 20.9 15.1
12. 2 9.6 8.7 1, 6- DW 41.6 41. 6 41.6 40.0
39.7 1, 7- DW 0.9 1.0 1.0 1.2 1.2 2, 3-DW
0.0 0.0 0.0 0.0 0.0 . Example
Reaction Con@itions Feed 15 16 17 18
Hours on stream 15.00 10.50 162.25 306.27
since regeneration )
Catalyst cycle no. | 1 2 5 5
Temperature (°C) 152 154 153 163
Pressure (psiqg) 2 2 2 2
Space velocity (wt. feed/ 1.20 1.22 1.20 1.23

wt. catalyst/hour)

Composition (wt.$%)

Feed
Aryl-pentene : 2g8.3¢ .1.01 0.00 0.qa0 0.00
Diluent/Aryl~pentene 2,53 2.49 2.13 2.15

mole ratio

Desired Products
1,5-DMT 0.00 81.97 93.14 95.18 94.79
1,S-DMN . Q.00 1.59 1.88. 0.70 0.68

By—-Products _ _
Intermediate 0.31 1.31 0.00 0.00 0.00

- DMT isomers 0.17 1.3 0,39 0.32 0.42
DMN isomers ‘ 0.00 0.00 0.040 0.400 0.00
Arvl—-pentane 0.10 10.47 2.69 2.10. _2.33
Totals 98.9 97.9 98.1 98.3 98.2
% Conversion 99.0 100.0 100.0 100.0
% Selectivity 85.9 96.7 97.5 87.1

m'"

This is the replacement sheet
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DO OWOOoOOO,

- +2,7-DWNs 32.9 37.6 40.0 3.0 43 Li ghts
. 1.6 1.2 1.0 1.1 Heavies 0.8 1.1
2.1 2. 2 Napht hal ene 0.0 0.0 0.0 0.0
Met hyl napht hal enes 1.1 1.5 1.7 2.6 2.8 O her
0.5 0.7 0.5 0-9 Total = 41 - 100.1 100.0
.0 100.0 99.9 Total DM s 96. 3 95. 2 94. 8 93.
0 2,7-DW % 1.6
- DW % 33.8 TBIE 342.0 45.7 46.5 the 1,5-,
- and 2,6-DNN triad 2,6-DW selectivity 98.4 95.6 94. 6
90.5 This is the replacenent sheet Date: - 4 OCT tO
Conditions Feed Example 24 Example 25
Hours on stream 2.0 4.8 6.0 8.3
Catalyst cycle no. 1. 1 1 1
Temperature (°Cj 242 243 245 244
Pressure (psig) 1.0 1.0 1.0 1.0
Feed/catalyst weight 10.0 10.0 50.0 50.0
ratio
Compositions (wt.%)
1,4~-DMT 0.0 0. . . 0.0
1,5-DMT 92.0 2. . . .
1,6-DMT 0.0 0. . . .
1,7-DMT 0.0 0. . . .
1.,.8-DMT 0.0 Q. . . .
other DMTs 0.1 0. . . .
m—-xylene 0.1 q. . - 0.3
non-cyclic 4.9 4.5 3.9 . 4.3
Products
1,3-DMN 0.0 0.0 0.0 0.0° 0.0
1,4-DMN 0.0 0.0 0.0 ¢.0 0.0
1,5-DMN 0.9 89.8 93.2 88.4 92.5
 1,6-DMN 0.0 0.5 0.5 0.4 0.0
l,7-DMN 0.0 g.0 0.0 0.0 0.0
1,8-DMN 0.0 0.0 0.6 0.2 0.0
- 2,6— +2,7-DMNs 0.0 0.0 g.0 0.0 g.0
Lights 0.1 1.5 1.0 1.1 0.6
Heavies 0.1 0.0 0.0 0.0 0.0
Other 1.8 0.5 0.1 0.5 0.4
Total 100.1 100.0 100.0 100.0 100.0
Total DMNs 90.3 94.3 89.0 92.5
% Conversion 97.6 100.0 95.4 98.0
% Selectivity 99 100 100 101

9

This is the replacement sheet
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- 48 - TABLE 4 (Contd.) Conditions Feed Ex. 45 Feed Ex.

46 Ex. 47 Tenperature (CC _ 251 , 247 252
Pressure (psig) ked) ((" 5J)) 1 6.v Catal yst

'LZY-72 LZY-72"LZY-2z72 UZY-72 LZY-72 Feed/catalyst wt ratio 50.0
440, 44.0 Hours on stream -42- 4.0 2.0 6.5
Product Conposition (w.% 1, 2-DW 0.0 0.0 0.0
0.1 0.4 1, 3-DWN 0.0 0.0 0.6 50. 8 51.0

TABLE 3 (Cont'd.)

Conditions - Feed Ex. 26 Feed Ex. 27
Hours on stream 8.5 3.0
Catalyst cycle no. 1 1

- Temperature (°C) 251 253
Pressure (psig) . 0.0 0.0
Feed/catalyst weight 100.0 49.9

ratio

‘Compositions (wt.%)

1,4-DMT
1,5-DMT 93.9 1.1 0.5
1,6-DMT | 0.6 | 0.8
1,7-DMT | . 89.4 0.4
1,8-DMT
other DMTs 1.2 0.3 0.1 g.0
m~xylene - 0.1 0.3 0.0 0.0
non-cyclic : 2.8 1.7 7.5 6.7
Products '
1,3-DMN " 0.0 0.0 0.0
1,4-DMN : 0.0 0.0 0.2
1,5-DMN - 0.7 94.3 0.0 ~ 0.5
1,6-DMN _ 0.8 0.0 0.8
1,7-DMN S e.d 1.5 90.5
1,8-DMN 0.4 0.0 0.1
2,6- +2,7-DMNs 0.0 0.0 0.3
Lights a.7 0.0 0.1
 Heavies 0.0 0.0 0.0
Other 6.6 0.4 0.0 _0.2
Total 100.0 100.0 99.9 © 99.9
Total OMNs . 95.5 1.5 92.4
% Conversion 98.8 99.5

% Selectivity _ 101 100

This is the replacement sheet
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, 4- DWN 0.0 0.0 90. 6 15.1 9.0 1, 5-DWN
5 0.2 0.0 0.0 0.0 1, 6-DWN 0.7 1.4
0 0.0 0.0 1,7-DW 90.4 40.5 0.0 0.0
1 2, 3- DUN 0.0 0.0 0.0 22.1 23.3 2, 6- DW
0. 1.3 0.0 0.0 0.3 2, 7- D\N 43 0.3 44.7
0 0.0 0.1 Lights . 6.6 6.3 5.2 4.3
6 Heavi es 0.0 0.7 0.0 1.8 3. 8 Napht hal ene
0 2.0 3.3 Met hyl napht halraBeg 3 (Cont'd.J 1.7 3.6 3.9
.8 Ot her ' 1.3 2.8 0.0 0.0 0.3 Tot al
00.0 99.6 100.0 100.1 100.0 Total DWNs 92.0 88.4
1.1 88. ICondit2ons Feed Ex. 28 Feed Ex. 29
Hours on stream 3.0 6.3
Catalyst cycle no. 1 1
Temperature (°C) . 254 254
Pressure (psig) 0.0 1.0
Feed/catalyst weight 100.0 10.0
ratio
Compositions (wt.%)
1, 4-DMT 92,7 0.4
1,S5-DMT 1.2 0.0
1,6-DMT ' 5.2 0.0
1,7-DMT
1,8-DMT 36.0 1.4
other DMTs. - 0.0 3.6 1.0 0.0
m—-xylene 0.4
non-cyclic 5.3 . 5.0 3.7 2.2
Products
1, 3-DMN 0.2 " 0.6 0.0
1,4-~DMN . 1.6 90.2 § 0.0
1,5~DMN o : | 1.3
1,6-DMN 0.9 58.2
1,7~DMN | 0.6
1,8-DMN 35.6
2,6~ +2,7-DMNs ' _ 0.2
Lights - © 0.4 0.3
Heavies ' © 1.8 0.0
Other 0.3 0.0
Total _ 100.2 100.0 99.7 100.1
Total DMNs 90.8 95.8
$ Conversion ' 99.5 98.5
% Selectivity 96.0 103.4

| . This is the replacemeni sheset
’ - - 4 OCT O
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% desired DMN1 in its 0.3 52.2 0.6 25.1 28.0 triad

Selectivity : 89.0 87.5 74.8 1 2,7-DWN in
Exanpl e 45 and 2,3-DWN in Exanples 46-47. This is the replacenent sheet
" Dat e: oct 6 49 - TABLE 5 Feed Ex. 51 Ex. 52 Ex. 53
Condi ti ons Catal yst . . LZ-Y72 -LZ-Y72 LZ-Y72
- 44 -~
TABLE 4
Conditions Feed Ex. 30 Feed Ex. 31
Temperature (°C) 249 243 ,
Pressure (psig) (Wa) 1 (¢.9) 1(6‘3)
Catalyst ) Amsac-3400 LZ-20
2% Cu
Feed/catalyst wt ratio 10 10
Hours on stream ' 7.3 13

Product Composition (wt.$%)

1,2-DMN 0.0 0.0 0.0 0.1
1,3-DMN 0.0 0.0 0.0 0.0
1,4-DMN | 0.0 0.0 0.0 0.0
1,5-DMN i 93.4 69.3 82.6 8.7
1,6-DMN 0.0 20.1 11.8 37.8
1,7-DMN - 0.0 0.0° 1.2 1.5
2,3-DMN 0.0 0.0 0.0 0.0
2,6- +2,7-DMNs . 0.0 ~ S.4 1.8 36.3
Lights ) 6.3 2.6 1.7 1.4
Heavies ' 0.0 1.9 0.2 5.8
Naphthalene 0.0 0.0 0.0 0.1
Methglnaphtbalenes ' a.0 0.2 0.6 6.5
Other - . 0.2 0.5 0.0 1.9
Total 99.9 100.0 99.9 100.1

Total DMNs 93.4 94.8 97.3 84.4

2,7-DMN % ' '

2,6-DMN % in the 0.0 5.7 0.6 42.8

1,5-, 1,6= and 2,6~-DMN triad

2,6-DMN selectivity 100 71.7

This is. thé replacement sheet
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Tenperature (0C) .

Footnotes
1 not calcined
2 caLcined

250 250 250 Hours on
Stream 1 3 4.75 Product Conposition
(wt.9% 1,5-DWN 91. 03 38.70 18. 30 12.84 1, 6- DUN
-3.73  36.92 40. 67 40. 35 2, 6- DWN 0 18. 42
32. 40 36.18 1, 7- DWN : 0.74 0.81 0. 93 1.08
2, 7- DWN : 0 0.73 1.37 1.81
Met hyl napht hal enes 0. 06 0. 62 1.43 2.03
Tri met hyl napht hal enes 0.44 _ 450,53 1.33 2.02 O her
4. 00 3. 27 3.57 3.69 Tot al : 100. 00 100.00
100.00 100.00 1,5-, 1,6- and 2,6-DWN triad content 94.76  94.04
91.37  89.37 TABLE 4 (Cont'd.)
Conditions Feed Ex. 32 Ex. 33 Ex. 34
Temperature (°C) 248 249 240
Pressure (psig) (KPO\) l(‘-ﬂ) 1 (6-5/ 1(63}
Catalyst LZ-¥62 Lz-¥82 0 Lz-yg2?
Feed/catalyst wt ratio 10.0 9.9 9.8
Hours on stream 12 11.8 5.5
Product Composition (wt.$%)
1,2-DMN 0.0 0.0 0.0 0.4
1,3-DMN 0.0 0.0 0.0 0.0
1,4-DMN 0.0 0.0 0.0 0.0
1,5~DMN 82.6  82.3  75.6 4.1
1l,6-DMN 11.8 12.1 18.3 25.4
1,7-DMN 1.2 1.3 1.2 3.6
2,3-DMN 0.0 0.0 0.0 1.2
2,6—- +2,7-DMNs 1.8 2.1 3.2 30.4
Lights 1.7 1,8 1.2 1.3
Heavies 0.2 0.1 0.1  16.2
' Naphthalene 0.0 0.0 0.0 0.7
Methylnaphthalenes 0.6 "0.3 0;2 12.7
Other 0.0 0.0 0.0 3.9
Total 99.6 100.1 99.8 100.1
Total DMNs 97.3 97.8 98.3 65.1
2,7-DMN & , |
2,6-DMN % in the . 0.6 0.9 2.1 47.7
1,5-, 1,6— and 2,6-DMN triad )
'2,6-DMN selectivity 40.5

This is the replacement sheet
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2,6-DWN percent in 1,5-, 1,6- and 2,6-DWN triad 0 19. 59
.35. 46 40.49 1,5-, 1,6- and 2,6-DWN triad percent | oss 0

0. 72 3.39 5.39 1,7-, 1,8- and 2,7-DWN triad percent gain

0 0. 80 1.56 2. 15 Met hyl napht hal ene and tri net hyl napht hal ene
percent gain - 0 0.71 2.32 3.61 - 50 - TABLE

6 ' . - a6 -

TABLE 4 (Cont'd.)

Conditions Ex. 35 Ex. 36 Ex. 37 Ex. 38 Ex. 39
Temperature (°C) 233 248 226 227 252
Pressure (psig)(ﬁf’o) 1(8) 1(c9) 16y 1(9) 1 (¢9)
Catalyst $i0,/ Morde- LZY-72 LZY-72 US-Y°

-A1203 n.i.l:e'4 '
Feed/catalyst wt ratio 10.1 9.8 50.4 50.4 50.8
Hours on stream 13 11.5 19.5 23.3 11.5

Product -Composition (wt.%)

1,2-DMN 0.0 0.0 0.0 0.0 0.0
1, 3-DMN 0.0 0.0 0.0 0.0 0.0
1,4-DMN 0.0 0.0 0.0 0.0 0.0
1,5~DMN , 21.9 41.2 24.0 21.3 17.5
1,6~DMN 42.8 29.4 39.9 40.3 41.5
1,7-DMN 1.2 0.7 1.0 0.9 1.0
2,3~DMN 0.0 0.0 0.0° 0.0 0.0
2,6~ +2,7-DMNs 29.3 27.6 31.8 34.2 35.9
Lights 1.2 1.0 1.9 0.9 1.2
Heavies 1.2° 0.0 0.9 1.1 1.0
Naphthalene. 0.0 0.0 0.0 0.0 0.0
Me't:hylnaphéhalenes 2.0 0.1 1.0 1.1 1.3
Other | 0.5 _ 0.0 _ 0.4 _0.2 . 0.5
Total 100.1 100.0 100.9 100.0 99.9

Total DMNs 95,2 98.9 96.7 96.7 95.9.

2,7-DMN % 1.1 ' 1.1

2,6-DMN % in the . 30.3 27.6 32.5 35.1 37.2

1,5-, 1,6- and 2,6-DMN triad

2,6-DMN selectivity 93.1 >100 99.5 99.9 97.3
Footnotes
3 13% a1,0,
4
. in H form

ultra~stable sieve containing 2.63% Na

This is the replacement sheet
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Feed Ex. 54 Ex. 55 Ex. 56 Ex. 57 Conditions Catal yst from Exanple

48 48 48 48 Tenperature [err] 250 250
250 250 Hours on Stream 1 3 5 7

"~ Product Conposition (wt.% 1,5-DWN 91.03 54.00 28.93
18.94 14.09 1,6-DW 3.73 28.76 '37.62 39.70 40.41
- 2, 6- DW 0

: 0 12.91 28.63 35.96 1, 7- DW
0.74 0.61 0. 58 0. 60 0.67 2, 7-DWN

0 0.67
1.09 1.13 1. 28 Met hyl napht hal enes 0 0.12 0. 29 0.41
0.57 Tri nmet hyl napht hal enes 0.44 0.10 0.19 0. 34 0.46 O her
4. 06 2.83 2. 67 2.92 2.97 - 47 -

TABLE 4 (Cont'd.)

Conditions Ex. 40 Ex. 41 Ex. 42 Ex. 43 Ex. 44
Temperature (°C) -251 ‘248 248 249 248
Pressure (psig)(kpﬁ) 1(€-9) 1(¢9) 1(6-6) 1(‘6} 1((.9)
Catalyst LZY-72 LZY-72 LZY-72 LZY-72 LZY-72

Feed/catalyst wt ratio 50.6 50.6 S50.6 50.6 50.6
Hours on stream 3.0 4.8 6.8 8.5 10.5

Product Composition (wt.%)

1,2-DMN . 0.0 0.0 0.0 0.0 0.0
1,3-DMN - 0.0 0.0 0.0 0.0 0.0
1,4-DMN - 0.0 0.0 0.0 0.0 0.0
1,5-DMN ' 20.9 15.1  12.2 9.6 8.7
1,6-DMN . 41.6 41.6 41.6 40.0  39.7
1,7-DMN ' 0.9 1.0 1.0 1.2 1.2
2, 3-DMN ' 0.0 © 0.0 0.0 0.0 0.0
2,6- +2,7-DMNs 32.9 37.6 40.0 43.0 43.3
Lights ) 1.6 1.6 1.2 1.0 1.1
Heavies 0.8 1.1 1.6 2.1 2.2
Naphthalene - 0.0 0.0 0.0 0.0 0.0
Methylnaphthalenes 1.1 1.5 1.7 2.6 2.8
Other 0.3 0.5 0.7 0.5 0.9
Total | 100.1 100.0 100.0 100.0 99.9
Total DMNs 96.3 95.2 94.8 93.9 93.0
2,7-DMN % 1.6
2,6-DMN % 33.8  39.2 42.0 45.7 46.5
the 1,5-, 1,6- and 2,6-DMN triad '
2,6-DMN selectivity 98.4 95.6 94.6 92.3 90.5

This is the replacement sheet
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Tot al

2,6-DWN triad content
1,5-,

100. 00 100. 00 100.00 100.00 100.00 1, 5-

94.76 95.67 95.18 94.60 94.05 2, 6-DW bercent
1,6- and 2,6-DWN triad

~1,6- and 2,6-DWN triad percent

| oss

0

-0.91

1, 6- and
in

0 13.49 30.08 38.01 42.05 1,5-,

1 5,7-DMN in Example 45 and 2,3-DMN in Examples 46-47.

-0.42- 0.16 0.71
- 1,7-, 1,8- and 2,7-DWN triad percent gain 0O 0.54 0.93 0.99
1.21 N@thylnaphthalene and tri nmet hyl napht hal ene percent gain
0O -0.23 0.04 0.31 0.59 - 48 ~
TABLE 4 (Cont'd.)

Conditions Feed Ex. 45 Feed Ex. 46 Ex. 47
Temperature (°C) 251 247 252
Pressure (psig) (kl’c\) 1((-‘,\} 1((-6) 1 ((ﬁ)
Catalyst " LZY-72 LZY—?Z"LZY;72 LZY-72 LZY-72
Feed/catalyst wt ratio 50.0 44.0 . 44.0
Hours on stream ' 4.0 2.0 6.5

Product Composition (wt.%)
1,2-DMN ' 0.0 0.0 0.0 0.1 0.4
1,3-DMN 0.0 0.0 0.6 50.8 51.0
1,4-DMN 0.0 0.0 90.6 15.1 9.0
1,5-DMN 0.5 0.2 0.0 0.0 0.0
1,6-DMN 0.7 1.4 0.0 0.0 0.0
1,7-DMN 90.4  40.5 0.0 0.0 0.1
2,3-DMN 0.0 0.0 0.0 22.1 23.3
2,6-DMN 0.0 . 1.3 0.0 0,0 _ 0.3
2,7-DMN 0.3 44,7 0.0 0.0 0.1
Lights 6.6 6.3 5.2 4.3 3.6
Heavies 0.0 0.7 0.0 1.8 3.8
Naphthalene 0.0 2.0 3.3

- Methylnaphthalenes 0.2 1.7 3.6 3.9 4.8
Other ' 1.3 2.8 0.0 _0.0 _ 0.3
Total 100.0 99.6 100.0 100.1 100.90

Total DMNs 92.0 88.4 91.1 83.1 84.2

% desired DMN! in its 0.3 52.2 0.6 25.1 28.0

triad

Selectivity 89.0 87.5 74.8

This is the replacement sheet
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- 51 - TABLE 7 Feed Ex. 58 Ex. 59 Ex. 60 Conditions Catal yst from

Exanpl e _ 49 49 49 Tenperature [err]
250 250 250 Hours on Stream 1.25 3
5 Product Conposition (wt.% 1,5-DWN 91. 03 21.94
10. 79 8.20 1,6-DW 3.73 38.62 40. 89 41. 20
2, 6- DWN ' 0 35.59 43. 28 44.94 1, 7- DWN
0.74 0. 52 0. 60 0.64 2, 7-DWN ' 0 0. 30
0.53 0. 47

- 43 -

TABLE 5

Feed Ex._Sl Ex. 52 Ex. 53

Conditions

Catalyst LZ-Y72 -LZ-Y72 LZ-Y72

Temperature (°C) - 250 250 250

Hours on Stream 1 3 '4.75'

Product Composition (wt.$%)

1,5-DMN ; 91.03 38.70 18.30 12.84
1,6-DMN 3.73 36.92- 40.67 40.35
2,6-DMN 0 18.42 32.40 36.18
1,7~-DMN 0.74 0.81 0.93 1.08
2,7-DMN . 0 0.73 1.37 1.81
Methylnaphthalenes 0.06 0.62 1.43 2.03
Trimethylnaphthalenes 0.44 0.53 1.33 2.02
Other - "~ 4.00 3.27 3.57 3.69
Total - 100.00 100.00 100.00 100.00

1,5-, 1,6~ and

2,6-DMN triad content 94.76 94.04 91.37 89.37
2,6-DMN percent in 1,5-, 1,6-

and 2,6-DMN triad ' 0 19.59 35.46 40.49
1,5~-, 1,6~ and 2,6-DMN _

triad percent loss 0 0.72 3.39 - 5.39
1,7-, 1,8- and 2,7~-DMN

triad percent gain 0 0.80 1.56 2.15
Methylnaphthalene and

trimethylnaphthalene

percent gain 0 0.71 2.32 3.61

This is the repiacemeni sheet
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Met hyl napht hal enes
Tri met hyl napht hal enes
4. 0% 2.54 2. 86
100.00 100.00 1, 5-,

2.93 Total
1,6- and 2,6-DWN triad content

0
0. 44

0.33
0.16

0. 59
0. 46

0.84

94.76
1,6- and 2,6-DWN triad
1,6- and 2,6-DWN triad percent

-0.78 O her
100. 00 100.00

96. 15

| oss

6

1,8- and .2, 7-DWN triad percent gain
0.37 Methyl napht hal ene and trimet hyl napht hal ene

Feed Ex. 54 Ex. 55 Ex. 56 Ex. 57

94. 96 94.34 2,6-DWN percent in 1,5-,
0 37.02 45.58 47.63 1, 5-,
0 -1.39 -0.20 0.42 1,7-,
0 0. 08 0. 39
- 50 -
TABLE 6
Conditions

Catalyst from Example

48 48 48 48
Temperature (°C) 250 250 250 250
Hours on Stream 1 3 S 7
Product Composition (wt.$%) :
1,5-DMN © 91.03 S54.00 28.93 18.94 14.09
1,6-DMN 3.73 28.76 37.62 39.70 40.41
. 2,6-DMN 0 0 12.91. 28.63 35.96
1,7-DMN 0.74 0.61 0.58 0.60 0.67
2,7-DMN . 0 0.67 - 1.09 1.13 1.28
Methylnaphthalenes 0 0.12 0.29 0.41 0.57
Trimethylnaphthalenes 0.44 0.10 0.19 0.34 0.46
Other ' 4.06 2.83 2.67 2,92 2.97
Total 100.00 100.00 100.00 100.00 100.00
1,5-, 1,6- and
2,6-DMN triad content 94.76 95.67 95.18 94.60 94.05°
2,6-DMN percent in 1,5-, 1,6-
and 2,6-DMN triad 0 13.49 30.08 38.01 42.0S
1,5-, 1,6- and 2,6-DMN ‘
‘triad percent loss 0 -0.91 -0.42 0.16 0.71
1,7-, 1,8- and 2,7-DMN
triad percent gain 0 0.54 0.93 0.99 1.21
Methylnaphthalene and '
trimethylnaphthalene
percent gain 0 -0.23 0.04 0.31 0.59
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percent gain 0

0. 05 0.61 1.18 - 52 - TABLE 8
Feed Ex. 61 Ex. 62 Ex. 63 Conditions Catalyst from Exanpl e
49+ 49 49 Tenperature [err] 240 240
240 Hours on Stream 3 3.9 3 Catal yst
Cycl e 1st 1st 3rd Product Conposition
(Wm.9% 1,5-DWN 88.14 - 9.63 7.99  26.62
- 51 -
TABLE 7
Feed Ex. 58 Ex. 59 Ex. 60
Conditions
"Catalyst'from Example 49 49 49
Temperature (°C) 250 250 250
Hours on Stream 1.25 3 S
Product Composition {(wt.$%)
_l,S-DMN 91.03 21.94 10.79 8.20
1,6-DMN -3.73 38.62 40.89 41.20
2,§~DMN ' 0 35.59 -43.28 44,94
1,7-DMN 0.74 0.52 0.60 0.64
2,7-DMN ) 0 0.30 0.53  0.47
Methylnaphthalenes . 0 0.33 0.59 0.84
Trimethylnaphthalenes 0.44 0.16 0.46 0.78
Other ) 4.06 2.54 2.86 2.93
Total 100.00 100.00 100.00 100.00
1,5, 1,6- and
2,6-DMN triad content 94.76 96.15 94.96 94.34
2,6-DMN percent in 1,5-, 1, 6-
and 2,6~DMN triad "0 37.02 45.58 47.63
1,5-, 1,6~ and 2,6~DMN
triad percent loss : 0 -1.39 -0.20 0.42
1,7, 1,8~ and 2,7-DMN
triad percent gain 0 0.08 0.39 0.37
Methylnaphthalene and
trimethylnaphthalene
percent gain 0 0.05 0.61 1.18
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1, 6- DWN ' 3.66 39.45 39.53 35.39 2,6-DNN

0 .41.50 42. 34 29.83 1, 7- DW ' 0.74 0. 66

0. 69 0.57 2,7-DW 0 1.26 1.50 1.02
Met hyl napht hal enes 0.13 0.99 1.17 0. 26 ,
Tri get hyl napht hal enes 0. 54 0.53 0.70 0.17 O her

6.79 5.98 6. 08 '6.14 Tot al 100. 00 100.00
100. 00 100.00 1,5-, 1,6- and 2, 6- DWN t%gad cont ent 91. 80 90. 58
89.86 . 91.84 2,6-DWN percent in 1,5-,”£%> and 2, 6-DWN tri ad

0 45. 82 47.12 32.48 1,5-, 1,6- and 2,6-DWN triad percent |oss
0 1.22 1.94 -0.04 TABLE 8

Feed Ex. 61 Ex. 62 Ex. 63

Conditions
" Catalyst from Example - 49 49 49
Temperature (°C) 240 240 240
Hours on Stream 3 3.9 3
Catalyst Cycle 1st 1lst 3rd

Product Composition (wt.$)

1,S-DMN ~ 88.14 9.63 7.99 26.62
1, 6-DMN 3.66 . 39.45 -39.53  35.39
2,6-DMN 0 41.50 42.34 29.83
1,7-DMN N 0.74 0.66 0.69 0.57
2,7~DMN 0 1.26 1.50 1.02
Methylnaphthalenes 0.13 0.99 1.17 0.26
Trimethylnaphthalenes 0.54 0.53 0.70 0.17
Other . 6.79 5.98  6.08  6.14

Total 100.00 100.00 100.00 100.00

1'5-' i,ﬁ- and

2,6-DMN triad content 91.80 90.58 -89.86 . 91.84
2,6-DMN percent in 1,5-, 1,6- , :

and 2,6-DMN triad 0 45.82 47.12 32.48
1,5-, 1,6~ and 2,6-DMN '

triad percent loss 0 1.22 1.94 -0.04
1,7-, 1,8~ and 2,7-DMN ' _
 triad percent gain 0 1.18 1.45 0.85
Methylnaphthalene and

trimethylnaphthalene

percent gain _ 0 0.85 1.20 - -0.24
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1,7-, 1,8- and 2,7-DWN triad percent gain 0 1.18 1.45
0. 85 Met hyl napht hal ene and tri net hyl napht hal ene percent gain
0O ° 0.85 1.20 -0.24 - 53 - TABLE 8 (cont'd.) Feed Ex. 64 Ex. 65
Ex. 66 Conditions Catal yst from Exanple 49 49
.49 Tenperature [err] 240 265 265
- 53 =

TABLE 8 (cont'd.)

Feed Ex. 64 Ex. 65 Ex. 66

Conditions

Catalyst from Example 49 49 49
Temperature (°C) 240 265 265
Hours on Stream 45 3 4.5
Catalyst Cycle 3rd 4th 4th

Product Composition {wt.$%)

1,5~DMN 88.14 17.73  11.47 8.16
1,6-DMN 3.66 38.10 .39.23 39.73
' 2,6-DMN 0 36.25 40.02 42.31
1,7=DMN : 0.74 0.59 0.66 0.72
2,7-DMN | 0 0.97 1.20  1.13
Methylnaphthalenes 0.13 0.33 0.48 0.70
Trimethylnaphthalenes 0.54 0.29 0.37 0.52
Other ' 6.79 5.74 - 6.57 6.73
Total | 100.00 100.00 100.00 100.00

1,5", l" 5- and

2,6-DMN triad content = 91.80 92.08 90.72 90.20
2,6-DMN percent in 1,5~-, 1,6-

and 2,6-DMN triad "0 39.37 44.11 46.91
1,5-, 1,6~ and 2,6-DMN | :

triad percent loss 0 -0.28 1.08 1.60
1,7-, 1,8- and 2,7-DMN -

triad percent gain 0 0.82 1.12 1.11
Methylnaphthalene and

trimethylnaphthalene .

percent gain . 0 -0.05 0.18 0.55
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Hours on Stream 45 3 4.5 Catal yst

Cycl e - 3rd 4t h 4t h Product Conposition
(m.9% 1,5-DW 88. 14 17.73 11. 47 8.16 1, 6- DWN
3.66 38.10 39. 23 39.73 2, 6-DW 0 36. 25
40.02 42.31 1,7-DWN _ 0.74 0. 59 0. 66 0.72
2, 7- DWN 0 _Q,97 1.20 1.13

Met hyl napht hal enes 0.13 .33 0. 48 0.70

Tri met hyl napht hal enes 0. 54 0. 29 0. 37 0.52 O her .
6.79 5.74 6. 57 6.73 Total paABLE 9 . 100. 00 100. 00
100.00 100.00 1,5-, 1,6- and 2,6-DVNTTTad content 91. 80 92.08

90.72 90. 20
' Feed Ex. 67 BEx. 68 Ex. 69

Conditions
Catalyst from Example . 50 50 50
Temperature (°C) 250 - 250 _ 250
Hours on Stream . 1 2 3
Product Composition (wt.%) _
1,5-DMN . 88.14 16.50 11.20 9.23
1,6-DMN 3.66 38.10 39.30 39.70
2,6~DMN 0 37.42 41.07  42.15
1,7-DMN 0.74 0.53 0.55 0.58
2,7~DMN . 0 0.97 0.84 1.00
Methylnaphthalenes 0.13 0.52 0.69 0.83
Trimethylnaphthalenes 0.54 0.32 0.62 0.75
Other ' 6.79 5.64 5.73 5.76
Total . 100.00 100.00 100.00 100.00
1,5-, 1,6~ and _

2,6-DMN triad content . 91.80 92.02 91.57 91.08
2,6-DMN percent in 1,5-, 1,6- | _

and 2,6-DMN triad 0 40.67 44.85 46.28 .
1,5-, 1,6- and 2,6-DMN

triad percent loss 0 -0.22 0.23 0.72
1,7-, 1,8- and 2,7-DMN | ;

triad percent gain 0 0.76  0.65 = 0.84
Methylnaphthalene and . '

trimethylnaphthalene _

percent gain 0 0.17 0.64 0.91
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2,6-DWN percent in 1,5-, 1,6- and 2,6-DWN triad

44,11 46.91 1,5-, 1,6- and 2,6-DW triad percent |oss

-0.28 1.08 1.60 1,7-, 1,8- and 2,7-DWN triad percent gain
0 0. 82 1.12 1.11 Met hyl napht hal ene and tri et hyl napht hal ene

0 39.37
0

- percent gain 0 -0.05 0.18 0.55 -54 - TABLE 9
? ‘ -55-
Claims

1. A method for isomerizing at least 20 weight percent of
the total of at least one dimethylnaphthalene isomer to form
at least one desired other dimethylnaphthalene isomer in the
same triad of dimethylnaphthalene isomers to which the isomer
being isomerized belongs comprising: contacting each aforesaid
diméthylnaphthalene isomer to be isomerized in liquid form
with a solid isomerization catalyst comprising either beta
zeolite or an acidic ultrastable Y-type crystalline zeolite
having a silica-to-alumina molar ratio of from 4:1 to 10:1,
and having pore windows provided by twelve-membered rings
containing oxygen and a unit cell size of from 24.2 to 24.5
angstroms and at an elevated temperature and at a pressure
that is sufficiently high to maintain the isomerization

feedstock substantially in the liquid phase.

2. A method according to Claim 1 wherein the
dimethylnaphthalene isomers being isomerized comprise (a) 1,5-
and 1,6~-dimethylnaphthalene, (b) 1,5;, 1,6-, 1,7- and 1,8-
dimethylnaphthalenes, (c) 1,7- and 1,8-dimethylnaphthalenes or
(d) 1,3- and 1,4-dimethylnaphthalenes. |

3. A method according to Claims 1 or 2 wherein the

isomerization catalyst employed comprises beta zeolite.

-
[
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Feed Ex. 67 Ex. 68 Ex. 69 Conditions Catal yst from Exanple

50 50 50 Tenperature [err] 250 250

. 250° Hours on Stream 1 2 3 Product

- Conposition (w.% 1,5-DW 88. 14 16. 50 11. 20
9.23 1, 6- DW 3. 66 38.10 39. 30 39.70 2, 6- DWN
0 37.42 41. 07 42.15 1,7-DWN 0.74 0. 53
0.55 0.58 2, 7- DWN _55_ 0 0. 97 0. 84 1.00
thhylnaphthalenes 0.13 0.52

Tri net hyl nepht Haimekhod accordimgsho any) ab Cla’ew%zl-?’ Ybe/lse’al Hehe
6.79 5.64
isomerfgation ghzglyst comprises a hydrogenation component

comprising a Group VIII metal.

5. A method according to any of Claims 1-4 wherein the

isomerization catalyst employed is free of a support material.

6. A method according to any of Claims 1~-4 wherein the
isomerization catalyst is supported on an inorganic support

material.

7. A method according to any of Claims 1-6 wherein the

isomerization is performed at a temperature of from 200°C to

300°C.
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Tot al '100.00 100.00 100.00 100.00 1,5-, 1,6- and

2,6-DWN triad content 91. 80 92. 02 91. 57 91. 08 2, 6- DIWN per cent
in31,5-, 1,6- and 2,6-DWN triad 0 40.67 44.85  46. 28

1,5-, 1,6- and 2,6-DWN triad percent | oss 0 -0.22 0. 23
8. gg 1,7-, 1,8- and 2,7-DWN triad percent gain 0 0.76

0. 84 Met hyl napht hal ene and tri nmet hyl napht hal ene percent gain
0 0.17 0. 64 0.91 -57-

DIMETHYLNAPHTHALENE ISOMERIZATION

ABSTRACT

A dimethylnaphthalene is isomerised by contact in liquid form
with a solid isomerization catalyst comprising either beta
zeolite or an acidic ultrastable Y-type crystalline zeolite
having a silica-to-alumina molar ratio of 4:1 to 10:1 and pore
windows provided by twelve-membered rings containing ‘oxygen and
a unit cell size of from 24.2 to 24.7 angstroms (10'%m). The
isomerization is performed at elevated temfaerature and a pressure

sufficiently high to maintain the feedstock in the liquid phase.

Figure 1
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-55- Cainms 1. A nethod for isonerizing at | east 20 wei ght percent of the
.total of at |east one dinethyl naphthal ene isoner to format |east one
destred ot her di net hyl napht hal ene i sonmer in the sane triad of

di met hyl napht hal ene i sonmers to which the isomer being isonerized bel ongs
conprising: contacting each aforesaid di methyl napht hal ene i soner to be

I sonerized in liquid formwth a solid isonerization catal yst conprising
either beta zeolite or an acidic ultrastable Y-type crystalline zeolite
-having a silica-to-alumna nmolar ratio of from4:1 to 10:1, and having pore
Wi ndows provided by twel ve-nmenbered rings rtntaining oxygen and a unit cel
'size of from24.2 to 24.7 '
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Ao <t#8ns .and at an el evated tenperature and at] %ggﬁfgéﬂﬁ%ﬂﬁﬂ%ﬁﬁﬁiﬁguum§§L”q
sufficiently high to maintain the isomerization gseringions pagYdant FaPREEY -n- |
the liquid phase. 2. A method according to C & i Claimédei rpegad .= to paged .. -
di net hyl napht hal ene i soners being isonerized conit Dsewingfs) 1 pagedandto paged .=
1, 6- di met hyl napht hal ene, (b) 1,5-, 1,6-, TI,¥ ~adndl AbSwact :paged..= to paged..l.
di met hyl napht hal enes, (c) 1,7- and 1, 8-di net hyljnapht hal enes or (d) 1,3- and

1, 4-di met hyl napht hal enes. 3. A nethod accordi ng pATE GF REGERT 20478 n

the isonerization catal yst I £8 bfg fz.hl oN - 00"

This invention relates to a method of iscmerizing

dimethylnaphthalene.

Naphthalene dicarboxylic acids are monomers that are known to
be useful for the preparation of a variety of polymers. For
example, poly(ethylene 2,6-naphthalate) prepared from 2,6~
naphthalene dicarboxylic acid and ethylene glycol has better
heat resistance and mechanical properties than polyethylene
terephthalate and is useful in the manufacture of f£ilms and

fibres.

Dimethylnaphthalenes are desirable feedstocks for oxidation to
the corresponding naphthalene dicarboxylic acids. A known
conventional process for producing a naphthalene dicarboxylic
acid comprises the oxidation of a dimethylnaphthalene with
oxygen in the liquid phase in an acetic acid solvent at an
elevated temperature and pressure and in the presence of a

catalyst comprising E:obalt, manganese and bromine components.

Typically dimethylnaphthalenes are found in refinery or coal-
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4. A nethod according to any of Clains 1-3 wherein the isonerization
catal yst conprises a hydrogenati on conponent conprising a Goup VIII netal.
. 5. A nethod according to any of Cains 1-4 wherein the isomerization

catal yst enployed is free of a support naterlal 6. A nethod according to
any of Claims 1-4 wherein the |soner|zat|6n catal yst is supported on an

| norgani ¢ support_pateri al nmet hod a cordln to any of Cains 1-6
wher ei n theﬁ@ﬁﬁﬁﬂ%&%}Yonth§ ﬁEVFBF&EH EF°H’9€§pér difar disquerizing
lLerr]. ThlS;ésféggéegaagggeEL gegggnt of the total of at least one

dimethylnaphthalene isomer to form at least one desired other
dimethylnaphthalene isomer in the same triad of
dimethylnaphthalene isomers to which the isomer being

. isomerized -belongs comprising: contacting each aforesaid
dimethylnaphthalene isomexr to be isomerized in liquid form
with a solid isomerization catalyst comprising either beta
zeolite or an acidic ultrastable Y-type crystalline zeolite
having a silica-to-alumina molar ratio of from 4:1 to 10:1,
and having pore windows provided by twelve-membered rings
containing oxygen and a unit cell size of from 24.2 to 24.7
angstroms and at an elevated temperature and at a pressure
that is sufficiently high to maintain the isomerization
feedstock substantially in the liquid phase. The
dimethylnaphthalene isomers being isomerized comprise, in an
embodiment of the invention, (a) 1,5- and 1,6~
dimethyinaphthalene, (b) 1,5~, 1,6-; 1,7- and 1,8-
dimethylnaphthalenes, (c) 1,7- and 1,8—dimethylnaphthalenes or

(d) 1,3~ and.1,4-dimethy1naphtha1enes.
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A convenient isomerisation temperature is-200°C — 300°¢cC.

Further details of the invention are described below and in
the Examples. The isomerization of the invention is suitable
for use in a three stage process comprising cyclization,
dehydrogenation and isomerisation fof the formation of
dimethylnaphthalenes. References to cyclisation and
dehydrogenation are retained below when describing the present

isomerisation invention.
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BRIEF DESCRIPTION OF THE DRAWING
For a more complete understanding of this three stage

process, reference should now be made to the-

results. presented. in the accompanying - drawing

and described below by way of examples of the invention. In
the drawing, FIG. 1 is a series of plots of the yields of 1,5-
dimethyltetralin from the cyclization of 5-o-tolyl-2-pentene

in Examples 19-23 involving § different cyclization catalysts.

DETAILED DESCRYPTION OF THE PREFERRED EMBODIMENTS
Suitable feedstocks for use in the cyclization

are 5-(o-, m-, or p-tolyl)-pent-1- or -2-ene or

5-phenyl-hex-1- or -2-ene.

When 5-(o-tolyl)-pent—~-1- or -2-ene is the feedstock

to the c¢yclization step, 1,5-, 1,6-, 2,5-,

or 2,6-dimethyltetralin or a mixture thereof comprises at

- least 80, preferably at least 85 weight per cent of the
dimethyltetralins produced therefrom, which resulting
dimethytetralins are in turn the feedstock and are

converted in the dehydrogenation step to the
corresponding 1,5~, 1,6- and 2,6~ dimethylnaphthalenes, which
are then the feedstock in the isomerization step of the

present invention and are converted therein to 2,6~

dimethylnaphthalene.
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_12_
are then the feedstock in the isomerization step and are

converted to 2,3-dimethyl- naphthalene.

Each of the aforesaid -'cyclization, dehydrogenation

and isomerization reactions is performed in the

liquid phase at an elevated temperature and

at a sufficiently high pressure to ensure that the feedstock
for the particular step is maintained substantially in the
liquid phase. The cyclization reaction is performed at a
temperature in the range of 120°C, preferably from 150°C, to
250°C, and generally at a pressure in the range of from 0.1,
preferably from 0.3, to 5, preferably to 1.3, atmospheres
absolute (30.4 to 506, preferably 132kPa). The dehydrogenation
reaction is performed at a temperature in the range of from
200°C, preferably from 220°C, to 300°C, preferably to 270°C, and
generally at a pressure in the range of from 0.5, preferably
from 0.8 to 5 preferably to 1.3 atmospheres absolute (51,
preferably 80 to 506, preferably to 132 kPa). The
isomerization reaction is performed at a temperature in the
range of from 200°C, preferably from 240°C, to 300°C
preferably to 280%; and generally at a pressure in the range

of from 0.5, preferably from about 0.8, to 5, preferably to

1.3 atmospheres absolute (51, preferably 80 to 506, preferably
to 132 kPa).

Each of the cyclization, dehydrogenation and isomerization
reactions can be performed with or without a solvent for the

respective feedstock. Preferably a solvent is not employed in

This is. the replacement sheet
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the aforesaid steps. If employed, a solvent in any of the
aforesaid steps must be inert under the conditions employed
and suitably comprise a paraffin such as a tetradecane, or an
aromatic hydrocarbon such as anthracene, or mixtures thereof,
which preferably boils above 270°C. In the cyclization step, if
water is present, its concentration is less than 0.5 weight
percent, preferably less than 0.1 weight percent, based on the
weight of the alkenylbenzene feedstock. More preferably water
is not present in the cyclization reaction medium. Each of the
cyclization, dehydrogenation and isomerization steps

can be . performed either batchwise or continuously.

The reaction apparatus to be used in each aforesaid

step can be of any known type such as .a

fixed bed, moving bed, fluidized bed, liquid phase suspended
bed or a solid-liquid mixture in a stirred tank. Generally,

however, the use of a fixed bed is commercially preferred for

continuous operation.

The improved conversion 6f the feedstock and selectivity for
the production of the desired product or set of products for
each of the cyclization,dehydrogenation and isomerization
steps of the method of this invention are the result of the
temperature and pressure conditions employed and the high
activity and selectivity of the catalysts employed in each “
aforesaid step, which in turn permits the use of less severe
conditions -- that is, lower temperatures and pressures —-

such that greater selectivity and reduced catalyst

deactivation can be achieved;
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The catalyst employed in the cyclization step
comprises an acidic ultrastable --that is, a

thermally stabilized or dealuminated —- -type crystalline
alunminosilicate zeolite having a silica-to-alumina molar ratio
of from 4:1, preferably from 5:1, to 10:1, preferably to 6:1,

and having pore windows provided by twelve-membered rings

containing oxygen, and a unit cell size of from 24.2,

preferably froﬁ 24.3, to 24.7, preferably to 24.6 angstroms. A

suitable such zeolite is marketed by Union Carbide under the

name LZ-Y72 or LZ-Y20.

The zeolite is preferably substantially free of absorbed
water. If present on the zeolite, the absorbed water can be
removed from the zeolite by heating it in a dry atmosphere at
250°C for 0.5-1 hour. In the alternative, and less preferably,
the presence of absorbed water at a concentration of up to 15
weight percent of the catalyst can be tolerated if a reaction

temperature in the foresaid range of at least 180°C is

emnployed.

The aforesaid zeolite employed in the catalyst for the

cyclization step 1is in the hydrogen form and

contains from 0.05, up to 3.5 weight percent

of sodium, calculated as elemental sodium and based on the
weight of the zeolite. If the cyclization step is performed
batchwise, the cyclization catalyst preferably contains from 1

to 3.5 weight percent of sodium, calculated as elemental

sodium and based on the weight of the zeolite. If the
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catalyst.

If the cyclization is performed on a batch basis, the catalyst
is employed at a level in the range of from 0.1, preferably
from 1.0, to 5, preferably to 3 weight percent of the zeolite
component of the catalyst, based on the weight of the
alkenylbenzene feedstock, and the reaction time is from 0.5,
preferably from 2, to 10, preferably to 6 hours. If the
cyclization is performed on a continuous basis, the space
velocity is in the range of from 0.1, preferably from about 1,
to 10, preferably to 5, parts of alkenylbenzene feedstock per

part of zeolite component of the catalyst by weight per hour.

The catalyst employed in the dehydrogenation step

is -any :solid dehydrogenation catalyst

that is capable of effecting the dehydrogenation and
exhibiting a reasonable lifetime under the conditions
employed, including catalysts such as noble metals on carriers
such as reforming catalysts. Preferably, palladium on an
active carbon or alumina support containing from 0.5, more
preferably from 1.6, to 15, more preferably to 10 weight
percent of palladium, calculated as elemental palladium and

based on the weight of the catalyst, is employed as the
dehydrogenation catalyst.

If the dehydrogenation is performed on a batch basis, the
catalyst is employed at a ‘level in the range of from 0.005,

preferably from 0.01, to 1.0, preferably to 0.2 weight percent
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the dimethylnaphthalene feedstock, and the reaction time is
from 0.5 preferably from 2, to 10, preferably to 6 hours. If
the isomerization is performed on a continuous basis, the
space velocity is in the range of from 0.1, preferably from
0.5 to 10, preferably to S parts of dimethylnaphthalene
feedstock per part of zeolite component of the catalyst by

weight per hour.

The present invention will be more ciearly understood from the
following specific example of which Examples 1 to 29 relate to
cyclization and dehydrogenation procedures which may be
employed to produce dimethylnaphthalene-containing feedstock
which may be subjected to isomerization in accordance with the
invention. Examples 30-36 are comparative examples and
Examples 30-47 illustrate the invention.

EXAMPLES 1-8

In each of Examples 1-8, 20-1000 grams of an alkenylbenzene
were introduced into a stirred glass reactor, and dry nitrogen
gas was employed to continuously purge the reaction medium to
preclude moisture therefrom.

The alkenylbenzene employed was 5-(o-tolyl) -pentene~2 in
Examples 1-6, S-(p-tolyl)-pentene-2 in Example 7 and 4 -
phenyl-pentene-2 in Example 8. Unsupported ultrastable Y-type
crystalline aluminosilicate molecular sieve catalyst (Union
Carbide’s LZ-Y72) having a unit cell size of 24.51A and
containing 2.5 weight percent of sodium (calculated as sodium
oxide) were added slowly to the alkenylbenzene in the reactor
at a temperature below commencement of the cyclization of the
alkenylbenzene. The catalyst as in the form of an unsupported
powder in Examples 1-4, 7 and 8, and in the form of pellets
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