
EP 0 351 074S1 Description This invention relates generally to a method for
preparing a dimethyltetralin and more particularly concerns a method for
preparing primarily a specific dimethyltetralin or a mixture of specific
dimethyl- 5  tetralins 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. Description of the Prior Art 10
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 dicarbox- ylic acid and
ethylene glycol has better heat resistance and mechanical properties than
polyethylene terephthalate and is useful in the manufacture of films and
fibers. Dimethyinaphthalenes are desirable feedstocks for oxidation to the
corresponding naphthalene dicar- i5 boxylic acids. A known conventional
process for producing a naphthalene dicarboxylic acid comprises the
oxidation of a dimethyinaphthalene 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 dimethyinaphthalenes are found in refinery or coal-derived
streams as mixtures of all of the 20  ten possible dimethylnaphthalene
isomers. However, separation of these isomers is very difficult and
expensive. Consequently, methods for producing specific
dimethyinaphthalenes or mixtures of two or three specific
dimethyinaphthalenes 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 alkenylbenzene to form
one or more 25 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 dimethylnaphthalene(s),
and (4) the K>      isomerization of the resulting dimethyinaphthalene(s)
to the desired specific dimethyinaphthalene. 30     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 dehydrogenation of the resulting
dimethyltetralin(s) in the vapor state to the corresponding 35
dimethyinaphthalene(s) in a hydrogen atmosphere at 300-500 * C and in the
presence of a solid dehydro- genation catalyst such as noble metals on
carriers and chromia-alumina, and thereafter isomerization of each of the
aforesaid dimethyinaphthalene(s) to the desired isomer within the triad of
dimethyinaphthalenes to which the isomer being isomerized belongs, at
275-500 0 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, 40 both the cyclization 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, hydrofluoric or
sulfuric 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- 45  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-phenyl-hex-2-ene to 1,4-dimethyltetralin which is then dehydroge- 



nated to 1,4-dimethyinaphthalene, which is in turn isomerized to
2,3-dimethyinaphthalene. 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 50  dehydrogenated to 1,5-dimethyinaphthalene, which is in turn
isomerized to 2,6-dimethyinaphthalene. Thompson, U.S. Patent No. 3,775,500
discloses the cyclization of 5-(p-tolyl)-pent-2-ene to 1,7-dimethyl-
tetralin, which is then dehydrogenated to 1,7-dimethyinaphthalene, which in
turn is isomerized to 2,7- dimethyinaphthalene. Shimada et al., U.S. Patent
No. 3,780,119 disclose a method for the isomerization of dimethylnaph- 55
thalene 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
aluminum. 2    EP 0 351 014 B1 Suld at al., U.S. Patent No. 3,803,253
disclose a method for the hydroisomerization of a dimethylnaph- thalene 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. JP 48-96577 A discloses a
process for producing dimethyltetralins using a Y-type zeolite, teaching
that s  gas-phase reaction conditions are preferable, but does not address
the problem of maintain catalyst life without carrying out the reaction
under conditions that reduce product yield. 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 replaced with hydrogen ions, and 1o  (b)
5-35 weight percent of catalyst selected from the group consisting of
bentonite and fuller's earth. Hedge, U.S. Patent No. 3,855,328 discloses a
method for the isomerization of dimethyinaphthalenes by the use of a Type Y
alumino silicate zeolite at 120-300 0 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
dimethylnaph- i5  thalenes 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 percent 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, dimethyl- 20  tetralins or dimethyinaphthalenes 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 dimethyinaphthalenes 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 26
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 on carriers.
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 distances, and a specific cyclohexane-to-n-hexane
adsorption ratio of at least 0.7. 30     Maki at al., U.S. Patent No.
4,556,751 disclose the isomerization of dimethyinaphthalenes 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
dimethyinaphthalene isomers and unconverted dimethyltetralin and
alkenylbenzene as impurities and by-products in the finally obtained, 35
desired specific dimethyinaphthalene isomer. The presence of such
impurities and by-products markedly reduces the utility and commercial
value of the desired dimethyinaphthalene 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 temperatures employed in vapor phase
processes. Therefore, it is highly desirable to employ relatively lower
temperature liquid phase 40  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 therefrom. In this
regard, it is known that in the presence of an acid catalyst, the
dimethyinaphthalene isomers are isomerizable within each triad of
dimethyinaphthalene isomers -- that is, within the 1,5-, 1,6- and 2,6-
dimethyinaphthalenes of triad A, within the 1,7-, 1,8-, and
2,7-dimethyinaphthalenes of triad B, and within 45 the 1,3-, 1,4- and
2,3-dimethylnaphthalenes of triad C. It is also known that the
interconversion of a dimethyinaphthalene 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
dimethyl- so  tetralin isomer, which upon dehydrogenation is converted to
the desired specific corresponding dimethyl- naphthalene isomer. It is also
highly desired to improve the selectivity and completeness of the
isomeriza- tion step in the aforesaid multistep synthesis for the formation
of the specific dimethyinaphthalene isomer desired. ss  OBJECTS OF THE
INVENTION It is therefore a general object of the present invention to
provide an improved method for manufactur- ing with an improved yield and
selectivity a specific dimethyltetralin isomer or set of dimethyltetralin 3
EP 0 351 074 B1 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
dimethyinaphthalene isomers 5  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
dimethyinaphthalene isomer or set of specific dimethyl- naphthalene isomers
by the cyclization of an alkenylbenzene to form a specific dimethyltetralin
isomer or io  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. i5  SUMMARY OF THE INVENTION 



The objects are achieved by an improved method for preparing a
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 cyclization catalyst
comprising a Y-type, crystalline aluminosilicate 20  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 the liquid 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 about 0.5 weight percent, based on the weight
of the feedstock, wherein either (a) the first feedstock comprises 25
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)-pent-1- or -2-ene and 1,7-, 1,8-, 2,7-, or
2,8-dimethyltetralin, or mixtures thereof 30  comprise at least 80 weight
percent of the mixture of dimethyltetralins formed, (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-dimethyltetralin or mixtures thereof comprise at least 80 weight
percent of the mixture of dimethyltetralins formed. BRIEF DESCRIPTION OF
THE DRAWING 35 For a more complete understanding of this invention,
reference should now be made to the embodi- ments 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 cycliza- 4o
tion 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- 45  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 5o  percent 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-dimethyinaphthalenes, which are then the
feedstock in the isomerization step of the present invention and are
converted therein to 2,6-dimethyinaphthalene. When 5-(m-tolyl)-pent-1- or
-2-ene is the feedstock to the cyclization step, 1,5- 1,6- 1,7-, 1,8- 2,5-
2,6-, 55  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-dimethylnaph- thalenes, which are then the
feedstock in the isomerization step and are converted to 2,6- and 2,7- 4
EP 0 351 014 Bi dimethyinaphthalenes. 



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 5  the dehydrogenation step to the
corresponding 1,7-, 1,8- and 2,7-dimethyinaphthalenes which are then the
feedstock and are converted in the isomerization step to
2,7-dimethyinaphthalene. When 5-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 so the
dehydrogenation step to the corresponding, 1,3-, 1,4- and
2,3-dimethylnaphthalenes, which are then the feedstock in the isomerization
step and are converted to 2,3-dimethylnaphthalene. 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. i5 The cyclization reaction is performed at a temperature in the
range of from 120  C, preferably from 150 1 C, to 250 I C, preferably to
230 IC, 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 to 132 kPa). 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, 20 preferably to 1.3 atmospheres absolute (51,
preferably 80 to 506, preferably 132. 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 IC, 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 132 kPa). Each
of the cyclization, dehydrogenation and isomerization reactions can be
performed with or without 25 a solvent for the respective feedstock.
Preferably a solvent is not employed in 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 30 alkenylbenzene
feedstock. More preferably, water is not present in the cyclization
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 35
preferred for continuous operation. The improved conversion of the
feedstock and selectivity for th'e 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 40 conditions -- that is, lower temperatures and pressures
--such that greater selectivity and reduced catalyst deactivation can be
achieved. The catalyst employed in the cyclization step of the method of
this invention comprises an acidic ultrastable -- that is, a thermally
stabilized or dealuminated --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 45 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-Y20. The zeolite is preferably
substantially free of adsorbed water. If present on the zeolite, the
adsorbed water can be removed from the zeolite by heating it in a dry
atmosphere at 250-C for 0.5-1 hour. In the 5o 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 aforesaid 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 s5 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 cyclization step is performed continuously, the cyclization
catalyst preferably contains from 0.05 to 0.5 weight percent, calculated as
elemental sodium and 5    EP0351 074B1 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. s      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,
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. 70     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 90, preferably to 80 weight percent based on the
weight of the catalyst. 15    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 K..-'   range of from 0.1, preferably
from about 1, to 10, preferably to 5, parts of alkenylbenzene feedstock per
20  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 25  preferably from
1.0, to about 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 of the noble metal component, 



calculated as the elemental noble metal and based on the weight of the
dimethyltetralin feedstock, and the 3o  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 35  zeolite or an acidic ultrastable --
that is, a thermally stabilized or dealuminated -- 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 LZ-Y20. Water is not detrimental to 40  catalytic activity or
selectivity In the isomerization process. The isomerization catalyst
preferably comprises beta zeolite. The composition, structure and prepara-
tion 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 & Engineering News, p.
23 (June 20, 1988). Beta 45 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. 50     Preferably the
isomerization catalyst comprises a hydrogenation component comprising a
Group VilI 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 55  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, 6    EP 0351 04 Bi based on the weight of the
dimethyinaphthalene 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
dimethyinaphthalene feedstock per part of zeolite component of the catalyst
by weight per hour. 5     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 1o  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 (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 alkenylben- i5  zene
in the reactor at a temperature below commencement of the cyclization of
the alkenylbenzene. The catalyst was in the form of an unsupported powder
in Examples 1-4, 7 and 8, and in the form of pellets containing 80 weight
percent of the same sieve supported on 20 weight percent of an alumina
support in Examples 5 and 6. The catalyst was maintained under dry,
moisture-free conditions prior to use in Examples 1-3 and 5-8 but was
allowed to adsorb moisture from air saturated with moisture at 30-60 * C in
20  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-dimethyltetralin in Examples 1-6, 1,7-dimethyl- tetralin in Example 7
and 1,4-dimethyltetralin in Example 8. The experimental conditions
employed, the 25  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 Table 1. For the
calculation of this percent selectivity, the desired product is the sum of
1,5- dimethyltetralin and 1,5-dimethyinaphthalene in Examples 1-6, the sum
of 1,7-dimethyltetralin and 1,7- 30  dimethylnaphthalene in Example 7, and
the sum of 1,4-dimethyltetralin and 1,4-dimethyinaphthalene in Example 8.
Comparison of the results of Examples 2 and 4 illustrates 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. 35 40 45
50 55 7    EP 0 351 074 B1 TABLE 1 Example 1            Example 2 Feed-
Feed- Reaction Conditions  stock        Product    stock    Product 10
Reaction time (hrs)       0       4      6      0       3   6.8 Temperature
(0C)                148   148             168   168 Pressure (psig) (Veok)
1.0(6.9)I. 0          16  0 o4a9l.o (6-( Feed/Catalyst (wt.)
50.1  50.1            50.1  50.1 15 Composition (wt.%) Aryl-pentene feed
98.6    3.4   1.1   98.6    1.7        0 20 Solvent                 0.1
0.6   0.4    0.1         0      0 Desired Products 



1,5-DMT                        89.2  92.5            91.2  93.5 25 1,5-DMN
0     0.           0.5   1.2 By-Products 30 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    e                       0     0               0     0
1,7-DMN                            0     0               0     0 Lights
0.1    1.3   1.0    0.1    0.1        0 Heavies                    0
0     0       0    0.3   0.4 40 Other                   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 % Conversion                    96.6  98.9           98.3 100.0 %
Selectivity                   93.7  94.9           94.6  96.0 50 55 8    EP
0 351 074 B1 TABLE 1 (Cont'd.) 5                             Example 3
Example 4 Feed-                 Feed- Reaction Conditions  stock
Product    stock    Product 10 Reaction time (hrs)       0    0.5
0    6.8  12.8 Temperature (0C)               243                  170
170 Pressure (psig) (kPf)          1.O(Z.)              0.0(2 0.0(6o) 15
Feed/Catalyst (wt.)           49.9                 43.5  43.5 Composition
(wt.%) 20  Aryl-pentene feed      93.6      0          96.1   68.3  52.5
Solvent                   0    0.7           0.3    0.0   0.0 Desired
Products 26  l,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
30 Intermediate              0      0           0.3    2.0   2.9 DMT
isomers             0.1    1.4           0.0    0.4   0.6 Aryl-pentane
0.3    4.4           0.4    0.2   0.1 35  1,4-DMN                   0
0                  0.0   0.0 1,7-DMN                   0      0
0.0   0.0 Lights                  0.2    1.5           0.5    0.4   0.5
Heavies                   0    0.1           0.0    0.0   0.0 



Other                   1.5    3.2           1.4    1.5   2.0 Total
99.9   99.8         100.1   99.8  99.9 45 % Conversion
100.0                  28.9  45.4 % Selectivity                 90.2
92.8  94.6 50 55    EP 0 361 074 BI TABLE 1 (Cont'd.) 5
Example 5           Example 6 Reaction Conditions    Feedstock Product
Feedstock Product Reaction time (hrs)            0        4          0
11 to Temperature CC)                       171                 201
Pressure (psig) (kt)                  0.0 (a)             O.0 (O)
Feed/Catalyst (wt.)                   8.3               40.0 15 Composition
(wt.%) Aryl-pentene feed           97.6      0.0       97.6      5.2
Solvent                      0.9      0.1        0.9      0.0 20 Desired
Products 1,5-DMT                      0.0    84.1         0.0    75.6 25
1,5-DMN                               2.2                 0.0 By-Products
Intermediate                 0.2      0.0        0.2      0.3 30 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
0.0 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                        0.0      7.5         0.9    10.8
40 Total                       99.7    99.7        99.7    99.9 %
Conversion                        100.0                94.7 45 %
Selectivity                        88.5                84.4 50 55 10   



EP 0 361 074 B1 TABLE 1 (Cont'd.) Example 7                Example  8
Reaction Conditions           Feedstock Product   Feedstock Product
Reaction time  (hrs)                    0       8.5              0
3 10 Temperature  (0C)                               170
170 Pressure  (psig) (k1. i.o  (                               V. IA)
i.o (Z   t(I Feed/Catalyst  (wt.)                          51.0
56.0 Composition (wt.%) Aryl-pentene  feed                  99.0        3.3
98.3        0.5 Solvent                              0.0
0.8        0.0 20 Desired Products 1,5-DMT
90.0                      92.7 1,5-DMN
0.0                      0.0 25 By-Products Intermediate DMT isomers
1.3 Aryl-pentane                                    2.9
2.5 1, 4-DMN                                        0.0
1.6 1,7-DMN                                         1.5
0.0 35 Lights Heavies Other                                1.1        1.0
1.0        2.8 Total                              100.0    100.0
100.0    100.0 % Conversion                                  96.6
99.5 45 % Selectivity                                  95.7
96.4 EXAMPLES 9-23 50 In each of Examples 9-23, a cyclization catalyst was
packed into a stainless steel reaction, and the reactor was immersed into a
fluidized sand bath at the desired reaction temperature. A mixture of
5-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
experimen- 55  tal 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.
EP 0 351 074 B1 A catalyst cycle was concluded by discontinuing the flow of
the 5-o-tolyl-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 IC and purged with air until the carbon dioxide
content of the reactor effluent was less than 0.1 weight percent. This
procedure resulted in the regeneration of the catalyst. The reactor was s
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 0.635 cm (0.25 inch), an inside diameter
of 0.457 cm (0.18 inch), a length of 13.97 cm (5.5 inch), and one gram of
the catalyst was packed into the reactor. In each of Examples 13-18, the
reactor had an outside diameter of 0.952 cm (0.375 l0 inch), an inside
diameter of 0.71 cm (0.28 inch), a length of 12.7 cm (5 inch), and 2.5
grams of the catalyst were packed into 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
milliliters of distilled water and 30 grams of an aqueous solution 75
containing 1 weight percent of H2 PtCI6 I 6H2 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 compo- 20 nents was employed. This catalyst
was prepared by crushing and screening a commercial 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 milliliters of 0.9 weight
percent of H2RPtCls, 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 25 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 2.1 in each of Examples 20-23. The
catalyst was unsupported in each 3o 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 SiC14 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 H2PtCIs
(calculated as elemental platinum) in Example 23. In each 35  of Examples
19-23, samples of the product stream were taken at several times after the
beginning of the catalyst cycle and analyzed. From 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. 40 However, the addition of both platinum and copper to the sieve
affords both substantially improved selectivity and excellent catalyst
activity maintenance. 45 50 55 12   



EP 0 361 074 B1 TABLE 2 Example Reaction Conditions         Feed      9
10    11        12-- Hours on stream                     62.5  69.0  186.5
192.75 10    since regeneration Catalyst cycle no.                     1
2      2        2 Temperature (0C)                     154   153    153
204 15  Pressure (psig)                     73.5  19.5   32.5    53.5 Space
velocity (wt. feed/           1.07  1.08   2.20    2.20 wt. catalyst/hour)
I X69 20 Composition (wt.%) Feed Aryl-pentene                97.80  0.04
0.02   6.81    0.93 25   Diluent/Aryl-pentene               2.16  2.26
2.22    2.22 mole ratio Desired Products 30  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 35 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   0.05    0.41 40
Aryl-pentane                  0.17  8.76  1.61   0.32    3.67 Totals
98.2  95.8  96.9   97.8    94.9 45 % Conversion                        99.9
99.9   93.0    99.0 % Selectivity                       88.5  97.5   95.7
91.6 50 55 13    EP 0 351 074 B1 TABLE 2 (Cont'd.) Example Reaction
Conditions         Feed   Example 13   Example 14 Hours on stream
167         421.75 1o    since regeneration Catalyst cycle no.
5              5 Temperature (OC)                        153            153
Pressure (psig) (k&J                      3 (a1l)       11 Space velocity
(wt. feed/              1.14           1.25 



wt. catalyst/hour) 20 Composition (wt.%) Feed Aryl-pentene
97.28      0.00           0.02 25  Diluent/Aryl-pentene
2.69           0.44 mole ratio Desired Products 30  1,5-DMT
0.00    94.45           94.48 1,5-DMN                      0.00      0.26
0.35 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 4  Aryl-pentane                  0.01
2.55           2.15 Totals                        97.9     97.8
97.5 45 % Conversion                            100            100 %
Selectivity                          97.4           97.5 50 55 14    EP 0
351 074 B1 TABLE 2 (Cont'd.) Example Reaction Conditions              Feed
15      16     17      18 Hours on stream                         15.00
10.50 162.25 306.27 10    since regeneration Catalyst cycle no.
1      2        5       5 Temperature (0c)                          152
154      153     163 Pressure (psig)(kfo)                         2 (I)
204)   2 (19(   2 Space velocity (wt. feed/                1.20   1.22
1.20    1.23 wt. catalyst/hour) 20 Composition (wt.%) Feed Aryl-pentene
98.30    1.01  0.00    0.00    0.00 Diluent/Aryl-pentene
2.53  2.49    2.13    2.15 25 mole ratio Desired Products 3o  1,5-DMT
0.00  81.97 93.14  95.18  94.79 1,5-DMN                          0.00
1.59  1.88    0.70    0.68 By-Products 



35 Intermediate                     0.31    1.31  0.00    0.00    0.00 D4T
isomers                      0.17    1.53  0.39    0.32    0.42 DMN isomers
0.00    0.00  0.00    0.00    0.00 40 Aryl-pentane                     0.10
10.47  2.69    2.10    2.33 Totals                           98.9    97.9
98.1    98.3    98.2 45 % Conversion                             99.0 100.0
100.0  100.0 % Selectivity                            85.9  96.7    97.5
97.1 50 EXAMPLES 24-29 In each of Examples 24-29, the liquid feed and a 5
weight percent palladium-on-carbon catalyst were 55 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 15    EP 0 351 074 BI 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. The results in Table 3 illustrate that even
with the mild temperature and pressure conditions employed s in Examples
24-29, the dehydrogenation of the method of this invention affords both
excellent conversion and selectivity. TABLE 3 10 Conditions
Feed        Example 24         Example 25 Hours on stream
2.0       4.8      6.0       8.3 15   Catalyst cycle no.
1        1         1         1 Temperature (0C)                   242
243      245       244 Pressure (psig)(I?)                1.0(o) )1.0 (6-9)
i.o(6 9) 1.06.9) 20   Feed/catalyst weight               10.0     10.0
50.0      50.0 ratio Compositions (wt.%) 1,4-DMT                   0.0
0.0       0.0      0.0       0.0 1,5-DMT                  92.0      2.2
0.0      4.2       1.9 1,6-DMT                   0.0      0.0       0.0
0.0       0.0 1,7-DMT                   0.0      0.0       0.0      0.0
0.0 30   1,8-DMT                   0.0       0.0      0.0       0.0
0.0 other DMTs                0.1      0.4       0.2      0.3       0.0
m-xylene                  0.1      0.6       0.5      0.5       0.3
non-cyclic                4.9      4.5       3.9      4.3       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 40
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 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            0.0      0.0       0.0
0.0       0.0 Lights                    0.1      1.5       1.0      1.1
0.6 Heavies                   0.1      0.0       0.0      0.0       0.0 so
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
i0o       100       101    EP0351 074B1 TABLE 3 (Cont'd.) Conditions
Feed      Ex. 26    Feed    Ex. 27 Hours on stream                  -8.5
3.0 Catalyst cycle no.                  1                  1 10
Temperature (0C)                   251                253 Pressure (psig)
0k.)             O O(8)             O. O Feed/catalyst weight
100.0               49.9 ratio Compositions (wt.%) 1,4-DMT 1,5-DMT
93.9        1.1     0.5 20    1,6-DMT                 0.6
0.8 1,7-DMT                                  89.4        0.4 1,8-DMT 25
other DfMs              1.2        0.3     0.1        0.0 m-xylene
0.1        0.3      0.0       0.0 non-cyclic             2.8        1.7
7.5        6.7 Products 30    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 35    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 2r6-
+2,7-DMNs                    0.0     0.0        0.3 40    Lights
0.7      0.0        0.1 



Heavies                           0.0      0.0       0.0 Other
0.6        0.4      0.0       0.2 4.5   Total                100.0
100.0    99.9        99.9 Total DMNs                       95.5      1.5
92.4 % Conversion                       98.8               99.5 %
Selectivity                       101                100 50 55 17    EP 0
351 074 B1 TABLE 3 (Cont'd.) Conditions              Feed      Ex. 28
Feed    Ex. 29 5 Hours on stream                    3.0                 6.3
Catalyst cycle no.                   1                   1 10
Temperature (0C)                   254                 254 Pressure (psig)
(Kil))             0.0 (P)             1.0 ((  ) Feed/catalyst weight
100.0                10.0 ratio 15 Compositions (wt.%) 1,4-DMT
92.7        0.4 K>        1,5-DMT                                     1.2
0.0 20    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        0.0 25 m-xylene
0.4 non-cyclic              5.3        5.0      3.7        2.2 Products 30
1,3-DMN                 0.2         0.6                 0.0 1,4-DMN
1.6       90.2                 0.0 1,5-DMN
1.3 35    1,6-DMN                                     0.9       58.2
1,7-DMN                                                0.6 1,8-DMN
35.6 2,6- +2,7-DMNs                                         0.2 40
Lights                  0.4                            0.3 Heavies
1.8        0.0 Other                              0.3                 0.0
Total                 100.2      100.0    99.7       100.1 



45 Total DMNs                        90.8                95.8 % Conversion
99.5                98.5 % Selectivity                       96.0
103.4 50 EXAMPLES 30-47 55 In each of Examples 30-47, the particular isomer
of dimethyinaphthalene 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 18    EP 0 351 074 Bi
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 5  Examples 30-47 are presented in Table 4.
The catalyst employed in Example 30 was a crystalline borosilicate
molecular sieve (HAMS-1iB 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 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 io and having a unit cell size
of 24.73A. The catalyst employed in Examples 33 and 34 was commercially
available Union Carbide's LZ-Y82, 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 is 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 20  a catalyst in either
the cyclization or isomerization step in the method of this invention.
1,5-dimethylnaph- thalene was the feed in Examples 30-44. The feed was
1,7-dimethyinaphthalene in Example 45 and 1,4- dimethyinaphthalene 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
25  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, which generally is 40-45 weight percent. 30 35 40 45 



50 55    EP 0 351 074 B1 TABLE 4 Conditions                     Feed   Ex.
30  Feed   Ex. 31 5 Temperature (CC)                       249
243 Pressure (psig.)                         1 ((.1 Catalyst
Amsac-3400       LZ-20 10
2% Cu Feed/catalyst wt ratio                  10               10 Hours on
stream                        7.3               13 15 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 20   1,4-DMN                        0.0
0.0    0.0      0.0 1,5-DMN                       93.4    69.3   82.6
8.7 1,6-DMN                        0.0    20.1   11.8    37.8 25   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     5.4    1.8    36.3
Lights                         6.3      2.6    1.7      1.4 30   Heavies
0.0      1.9    0.2      5.8 Naphthalene                    0.0      0.0
0.0      0.1 Methylnaphthalenes             0.0      0.2    0.6      6.5 35
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 % 40 2,6-DI4N % 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 45 50 55 20    EP 0 351 074 B1 TABLE 4 (Cont'd.) 



5 Conditions                    Feed   Ex. 32  Ex. 33  Ex. 34 Temperature
(OC)                      248     249      240 Pressure (psig) (VPO)
1 ((.03)  1 (66   ( 1i(.9) Catalyst                           LZ-Y62
LZ-Y82  LZ-Y82 10  Feed/catalyst wt ratio                10.0     9.9
9.8 Hours on stream                        12    11.8      5.5 15 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 20  1,5-DMN                       82.6    82.3
75.6      4.1 1,6-DMN                      11.8    12.1    18.3    25.4
1,7-DMN                       1.2     1.3      1.2     3.6 25  2,3-D4N
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 K>
Heavies                       0.2      0.1     0.1    16.2 30  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 35
Total                         99.6   100.1    99.8   100.1 Total DMNs
97.3    97.8    98.3    65.1 2,7-Df4N % 40 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 45 Footnotes 1 not
calcined 2 calcined 50 55 21    EP 0 351 074 Bi TABLE 4 (Cont'd.) 5
Conditions                  Ex. 35 Ex. 36 Ex. 37 Ex. 38 Ex. 39 Temperature
(C)            233    248    226    227    252 Pressure (psig)(k)
1 (5)  i((. )  1          5)9  1(((.. l  -) Catalyst                 SiO2/
Morde- LZY-72 LZY-72 US-Y5 10                            Al203  nite4
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 



15 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 20
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 25   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.C 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 30   Heavies                      1.2
0.0    0.9    1.1    1.0 Naphthalene                 0.0    0.0    0.0
0.0    0.0 Methylnaphthalenes          2.0    0.1    1.0    1.1    1.3
Other                       0.5    0.0    0.4    0.2    0.S 35 Total
100.1  100.0  100.9  100.0   99.9 Total DMNs                   95.2   98.9
96.7   96.7   95.9 40 2,7-DMN %                                     1.1
1.1 2,6-DMN % in the             30.3   27.6   32.5   35.1   37.2 15-, 1,6-
and 2,6-DMN triad 2,6-DMN selectivity          93.1   >100   99.5   99.9
97.3 45 Footnotes 13% Al203 so     4 in H form 5 ultra-stable sieve
containing 2.6% Na 55 22    EP 0 351 074 BI TABLE 4 (Cont'd.) 5 Conditions
Ex. 40 Ex. 41 Ex. 42 Ex. 43 Ex. 44 Temperature (0C)           251    248
248    249    248 Pressure (psig)(kP)          1(69)  1((.6)  1(6-5)  16(-.
'(C-9) Catalyst                LZY-72 LZY-72 LZY-72 LZY-72 LZY-72 10
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 20  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 25  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 30  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 35  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 40 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 45 50 55 23    EP 0 351 074 B1 TABLE 4 (Cont'd.) 5 Conditions
Feed  Ex. 45  Feed  Ex. 46 Ex. 47 Temperature (0C)
251             247      252 Pressure (psig) MO)                       1(<)
1(c6    i( Catalyst                   LZY-72 LZY-72 LZY-72 LZY-72 LZY-72 10
Feed/catalyst wt ratio                 50.0             44.0    44.0 Hours
on stream                         4.0             2.0      6.5 1 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
20   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 25
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 J.>      Lights                         6.6
6.3     5.2      4.3      3.6 30   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 35   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 DMN1 in its             0.3
52.2     0.6    25.1    28.0 triad Selectivity
89.0             87.5    74.8 45 1 2,7-DMN in Example 45 and 2,3-DMN in
Examples 46-47. 50 EXAMPLE 48 7.5 kilograms of distilled water, 7.5
kilograms of an aqueous solution containing 40 weight percent of
tetraethylamine hydroxide, 50 grams of sodium hydroxide and 300 grams of
sodium aluminate were stirred s5  and dissolved in a 94.6 litre (25-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 37.9
litre (10 gallon) autoclave at 150 I 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.
24    EP 0 351 074 B1 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. 5 Line d(A)   Relative Intensity 4.18
16.2 3.99         100.0 10                                   3.54
6.1 3.35          12.6 3.11           3.0 3.05          14.6 2.94
5.3 16                                   2.69            4.1 2.54
1.5 2.08          11.5 20     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 ratio and
silicon-to-aluminum atom ratio were measured as 1.14 weight percent, 68:1
and 34:1, respectively. EXAMPLE 49 25 8 kilograms of distilled water, 8
kilograms of an aqueous solution containing 40 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 kilograms of a silica sol containing 



30  40 weight percent of silica were mixed and stirred in a 10-gallon (38
1) autoclave at 150 IC for 72 hours. The resulting mixture was filtered,
and the separated solids were washed three times with distilled water,
dried at 120 e C for about 16 hours and then calcined at 538 0 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 35
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 d(A)   Relative Intensity 4.19           17.7 40
4.01           100.0 3.54        Weak 3.35           13,8 3.11        Weak
3.05           13.4 45                                   2.95
2.8 2.67        Weak 2.49            0.6 2.09            7.6 50 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. 55 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 25    EP 0 361 074 B1 stirred in a 22-liter 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
(calculated as elemental sodium), 2.43 weight percent of aluminum
(calculated as 5  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 this dry, 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
was maintained at 23 * C for 5 hours to permit liquid to evaporate from the
slurry. The slurry was io  then dried at 120 IC 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 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 unsuppor- ted catalyst in a stirred reaction
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 pressure of the contents of the
reaction vessel was maintained at about 1 pound per square inch gauge. 20
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- 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 25 the percent gain in total methyinaphthalene and
trimethyinaphthalene content in each of Examples 51-69 are presented in
Tables 5-9. The catalyst employed in Examples 51-53 was commercially
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 30 procedure of Example 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
single sample of this 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 prepared by the procedure
of Example 49, but in this instance ion-exchanged to reduce the sodium
content and supported 35 on an alumina matrix by the procedure of Example
50. 40 45 55 26    EP 0 351 074 B1 TABLE 5 5
Feed   Ex. 51  Ex. 52  Ex. 53 Conditions Catalyst
LZ-Y72  LZ-Y72  LZ-Y72 10 Temperature (0C)                         250
250      250 Hours on Stream                            1        3    4.75
15  Product Composition (wt.%) 1,5-DMN                       91.03   38.70
18.30   12.84 l,6-DMN                        3.73   36.92   40.67   40.35
2,6-DMN                            0   18.42   32.40   36.18 20 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
25  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 30 



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- 35    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 40  1,7-, 1,8- and 2,7-DI4N triad percent gain
0    0.80    1.56    2.15 M4ethylnaphthalene and trimethylnaphthalene
percent gain                     0    0.71    2.32    3.61 50 55 27    EP 0
351 074 Bi TABLE 6 Feed  Ex. 54 Ex. 55 Ex. 56 Ex. 57 5 Conditions Catalyst
from Example                48      48      48     48 10  Temperature (0C)
250    250    250    250 Hours on Stream                       1       3
5      7 5 Product Composition (wt.%) 1,5-DMN                    91.03
54.00  28.93  18.94  14.09 1,6-DZN                     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 25  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 30 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- 35    and 2,6-DMN triad            0  13.49  30.08
38.01  42.05 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 40 triad percent gain
0   0.54   0.93   0.99   1.21 



Methylnaphthalene and trimethylnaphthalene 45    percent gain
0  -0.23   0.04   0.31   0.59 50 55 28    EP 0 351 074 B1 TABLE 7 Feed
Ex. 58  Ex. 59  Ex. 60 Conditions Catalyst from Example
49      49       49 10  Temperature (0C)                         250
250     250 Hours on Stream                         1.25       3        5
15  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 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
25  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 30  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- 35    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 40 triad percent gain
0    0.08    0.39    0.37 Methylnaphthalene and trimethylnaphthalene 45
percent gain                     0    0.05    0.61    1.18 50 56 29    EP 0
351 074 Bi 



TABLE 8 5                                 Feed   Ex. 61  Ex. 62  Ex. 63
Conditions Catalyst from Example                     49      49       49 10
Temperature (0C)                         240     240      240 Hours on
Stream                            3     3.9        3 Catalyst Cycle
1st     1st      3rd 15 Product Composition (wt.%) 1,5-DMN
88.14    9.63    7.99   26.62 1,6-DMN                        3.66   39.45
39.53   35.39 20 2,6-DMN                           0   41.50   42.34
29.83 1,7-DMN                        0.74    0.66    0.69    0.57 2,7-DMN
0    1.26    1.50    1.02 25  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 K)     Total
100.00  100.00  100.00  100.00 30 1,5-, 1,6- and 2,6-D14N triad content
91.80   90.58   89.86   91.84 35  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 40 1,7-, 1,8- and
2,7-DMN triad percent gain              0    1.18    1.45    0.85
Methylnaphthalene and 45     trimethylnaphthalene percent gain
0    0.85    1.20   -0.24 s0 55 30    EP 0 351 074 B1 TABLE 8 (cont'd.) 5
Feed   Ex. 64  Ex. 65  Ex. 66 Conditions 10  Catalyst from Example
49      49       49 Temperature (OC)                         240     265
265 Hours on Stream                           45       3      4.5 



Catalyst Cycle                           3rd     4th      4th 15 Product
Composition (wt.%) K>       1,5-DMN                       88.14   17.73
11.47    8.16 20  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 25  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 K>   30  Total                        100.00
100.00  100.00  100.00 1,5-, 1,6- and 2,6-DMN triad content       91.80
92.08   90.72   90.20 35  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 40     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 45     trimethylnaphthalene
percent gain                    0   -0.05    0.18    0.55 50 55 31    EP 0
351 074 Bi TABLE 9 5                                                Feed
Ex.  67   EX.  68   Ex.  69 Conditions 10    Catalyst  from  Example
50          50          50 Temperature  (0C)
250         250         250 Hours  on  Stream
1           2           3 15    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 20    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 25    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
30 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- 35        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 40     1,7-,  1,8-.and  2,7-DMN triad
percent  gain                          0      0.76        0.65        0.84
Methylnaphthalene and trimethylnaphthalene 45        percent  gain
0       0.17        0.64        0.91 Comparison of the results in Tables
5-9 illustrates clearly that (1) the use of a beta zeolite catalyst 50
affords reduced losses of the 1.5-, 1,6- and 2,6-dimethyinaphthalene triad,
reduced formation of methyl- naphthalenes, 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-
dimethyinaphthalene and reduced losses of the 1,5-, 1,6- and
2,6-dimethylnaphthalene triad relative to the 55 use of a beta zeolite
catalyst having a relatively higher silicon-to-aluminum ratio and permits
the use of lower reaction temperatures or the use at a higher temperature
of even a partially deactivated catalyst relative to the use of a LZ-Y72
zeolite catalyst. From the above description, it is apparent that the
objects of the present invention have been achieved. 32    EP 0 351 07451
1111|1|11|||1|||1|||||| 1| * C   L   M   S * Claims 1. A method for
preparing a dimethyltetralin from 5-(o-, m-, or p-tolyl)-pent-1- or -2-ene
or 5-phenyl-hex-1- or -2-ene as feedstock (first feedstock), comprising:
contacting the first feedstock in liquid form with a 5      solid
cyclization catalyst comprising an ultrastable Y-type, crystalline
aluminosilicate molecular sieve zeolite that has a silica-to-alumina molar
ratio of from 4:1 to 10:1, pore windows provided by twelve- membered rings
containing oxygen and a unit cell size of from 24.2 x 10-10 to 24.7 x
10'10m (24.2 to 24.7 angstroms), and 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 the
liquid phase, to 10     thereby cyclize the first feedstock to form a first
liquid product comprising a mixture of dimethyl- tetralins, wherein, if
present, water is at a concentration in the first feedstock of less than
about 0.5 weight percent, based on the weight of the feedstock, wherein
either (1) the first feedstock comprises 5-(o-tolyl)-pent-1-or -2-ene, and
1,5-, 1,6-, 2,5- or 2,6-dimethyltetralin, or a mixture thereof, comprises
at least 80 weight percent of the mixture of dimethyltetralins formed, (2)
the first feedstock comprises 5- 15     (m-tolyl)-pent-1- or -2-ene, and
1,5-, 1,6-, 1,7-, 1,8-, 2,5-, 2,6-, 2,7-, and 2,8-dimethyltetralin, or a
mixture thereof, comprises at least 80 weight percent of the mixture of
dimethyltetralins formed, (3) the first feedstock comprises
5-(p-tolyl)-pent-1- or -2-ene, and 1,7-, 1,8-, 2,7- or
2,8-dimethyltetralin, or a 



mixture thereof, comprises at least 80 weight percent of the mixture of
dimethyltetralins formed, or (4) the first feedstock comprises
5-phenyl-hex-1-or -2-ene, and 1,3-, 1,4-, 2,3-, 5,7-, 5,8- or 6,7-dimethyl-
20     tetralin or a mixture thereof, comprises at least 80 weight percent
of the mixture of dimethyltetralins formed. 2. The method of Claim 1
wherein the cyclization is performed at a temperature in the range of from
150 * C to 230 C. 25 3 The method of Claim 1 or Claim 2 wherein the
cyclization catalyst contains from 0.05 up to 3.5 weight percent of sodium
calculated as elemental sodium, and based on the weight of the zeolite. 4.
The method of Claim 3 wherein the Y-type molecular sieve zeolite is in the
hydrogen form and contains 30     from 0.05 to 3 weight percent of a noble
metal component selected from the group consisting of platinum, palladium,
iridium, and rhodium, calculated as the elemental metal, and on the basis
of the weight of the cyclization catalyst. 5. The method of Claim 4 wherein
the cyclization catalyst also comprises from 0.01 to 5 weight percent of 35
a component comprising a transition 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. 6. The method of
any preceding claim wherein the cyclization catalyst is free of a support
material. 4o  7. The method of any of Claims 1 to 5 wherein the cyclization
catalyst is supported on an inert, porous refractory, inorganic oxide
support material. &  The method of any preceding claim wherein the
cyclization catalyst employed in the cyclization contains less than 15
weight percent of water adsorbed thereon based on the weight of the zeolite
45     component thereof. 9. The method of Claim 1 wherein additionally a
mixture of dimethylnaphthalenes is formed, comprising: contacting the first
liquid product from Claim 1 as a second feedstock in liquid form with a
solid dehydrogenation catalyst in a reaction vessel at an elevated
temperature and at a pressure that is 50     sufficiently high to maintain
the second feedstock substantially in the liquid phase, to thereby effect
conversion of the aforesaid first liquid product in an equilibrium
dehydrogenation reaction to form hydrogen and a second liquid product
comprising a mixture of dimethyinaphthalenes, and removing a substantial
portion of the hydrogen being formed in the dehydrogenation reaction from
the reaction vessel to thereby shift the aforesaid equilibrium toward the
formation of the mixture of dimethyinaph- 55     thalenes, wherein either
(a) 1,5-, 1,6-, 2,5-, or 2,6-dimethyltetralin or a mixture thereof
comprises at least 80 weight percent of the dimethyltetralins formed in (1)
of Claim 1 are present in the second feedstock, and 1,5-, 1,6- or
2,6-dimethyinaphthalene or a mixture thereof comprises at least 80 weight
percent of the dimethyinaphthalenes in the second liquid product, or (b)
1,5-, 1,6-, 1,7-, 1,8-, 2,5-, 2,6-, 33    EP 0 351 074 B1    .
l l!   ll jI lilt! II 1ilI C   L   M   S 2,7-, or 2,8-dimethyltetralin or a
mixture thereof comprises at least 80 weight percent of the dimethyl-
tetralins formed in (2) of Claim 1 are present in the second feedstock, and
1.5-, 1,6-, 1,7-, 1,8-, 2,6-, or 2,7-dimethyinaphthalene, or a mixture
thereof comprises at least 80 weight percent of the dimethyl- naphthalenes
in the second liquid product, or (c) 1,7-, 1,8-, 2,j- or
2,8-dimethyltetralin or a mixture 5      thereof comprises at least 80
weight percent of the dimethyltetralins formed in (3) of Claim 1 are 



present in the second feedstock, and 1,7-, 1,8- or 2,7-dimethyinaphthalene
or a mixture thereof comprises at least 80 weight percent of the
dimethylnaphthalenes in the second liquid product; or (d) 1,3-, 1,4-, 2,3-,
5,7-, 5,8- or 6,7-dimethyltetralin or a mixture thereof comprises at least
80 weight percent of the dimethyltetralins formed in (4) of Claim 1 are
present in the second feedstock, and 1,3-, 10     1,4- or
2,3-dimethyinaphthalenes or a mixture thereof comprises at least 80 weight
percent of the dimethyinaphthalenes in the second liquid product. 10. The
method of Claim 9 wherein the dehydrogenation is performed at a temperature
in the range of from 220 - C to 270 * C. 15 11. The method of Claim 10
wherein the dehydrogenation is performed at a pressure in the range of from
0.5 to 5 atmospheres absolute (51 to 507 kPa). 12. The method of any of
Claims 9 to 11 wherein the dehydrogenation catalyst comprises a noble metal
20     component supported on a substantially inert support material, with
the noble metal component employed at a level of from 0.5 to 15 weight
percent, calculated as the elemental noble metal and based on the weight of
the dehydrogenation catalyst. 13. The method of any of Claims 9 to 12
wherein additionally there is isomerized at least 20 weight percent 25
of the total of either (A) the 1,5- and 1,6-dimethyinaphthalenes in the
second liquid product in (a) of Claim 9 to 2,6-dimethyinaphthalene, (B) the
1,5-, 1,6-, 1,7- and 1,8-dimethyinaphthalenes in the aforesaid second
liquid product in (b) of Claim 9 to 2,7-dimethyinaphthalene and to
2,6-dimethylnaph- thalene, (C) the 1,7- and 1,8-dimethyinaphthalenes in the
aforesaid second liquid product in (c) of Claim 9 to
2,7-dimethyinaphthalene, or (D) the 1,3- and 1,4-dimethylnaphthalene in the
aforesaid second 30     liquid product in (d) of Claim 9 to
2,3-dimethyinaphthalene, comprising: contacting the aforesaid second liquid
product 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 about 4:1 to about 10:1, and
having pore windows provided by twelve-membered rings containing oxygen and
a unit cell size of from about 24.2 to about 24.7 angstroms, and at an
elevated temperature and at a pressure 35     that is sufficiently high to
maintain the isomerization feedstock substantially in the liquid phase. 14.
The method of Claim 13 wherein at least 25 weight percent of the total
dimethyinaphthalenes specified in alternatives (A), (B), (C) and (D) are
isomerised to the products referred to. 40  15. The method of Claim 13 or
Claim 14 wherein the isomerization is performed at a temperature in the
range of from 240 * C to 280 * C. 16. The method of any of Claims 13 to 15
wherein the isomerization catalyst employed comprises beta zeolite. 45 17.
The method of any of Claims 13 to 16 wherein the isomerization catalyst
comprises a hydrogenation component comprising a Group Vill metal. 18. The
method of any of Claims 13 to 17 wherein the isomerization catalyst
employed is free of a support 50     material. 19. The method of any of
Claims 13 to 17 wherein the isomerization catalyst is supported on an
inorganic support material. 5s  20. A method according to any preceding
claim wherein the cyclisation is performed at a temperature in the range of
from 120 0 C to 250 C. 34   
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method according to any of Claims 9 to 20 wherein the dehydrogenation is
performed at a temperature in the range of from 200 * C to 300 0 C. 22. A
method according to any of Claims 13 to 21 wherein the isomerisation is
performed at a temperature a      in the range of from 2000 C to 300G  C.
PatentansprUche 1. Verfahren zur Herstellung eines Dimethyltetralins aus
5-(o-, m- oder p-Tolyl)-pent-1- oder -2-en oder 5- 10     Phenyl-hex-1-
oder -2-en als Beschickung (erste Beschickung), welches umfalt:
Kontaktieren der ersten Beschickung in flOssiger Form mit einem festen
Zyklisierungs-Katalysator, der einen ultra-stabilen, kristallinen
Aluminosilikat-Molekularsieb-Zeolith vom Y-Typ mit einem Molverhiltnis von
Siliziumoxid zu Aluminiumoxid von 4:1 bis 10:1, durch zwolf-gliedrige,
Sauerstoff enthaltende Ringe geschaffene Porenfenster und eine
Einheitszellgroee von 24,2 x 10-10 bis 24,7 x 10-10 m (24,2 bis 24,7
Angstr6m) 15     umfaBt und im wesentlichen frei an adsorbiertem Wasser
ist, und zwar bei einer erh6hten Temperatur und elnem ausreichend hohen
Druck, um das erste Beschickungsmaterial im wesentlichen in flUssiger Phase
zu halten, wodurch das erste Beschickungsmaterial zyklisiert und ein erstes
flUssiges Produkt gebildet wird, das eine Mischung aus Dimethyltetralinen
umfaBt, wobei Wasser - sofern vorhanden - in dem ersten
Beschickungsmaterial in einer Konzentration von weniger als etwa 0,5
Gew.-%, bezogen 20     auf das Gewicht der Beschickung, vorhanden ist,
wobei entweder (1) die erste Beschickung 5-(o-Tolyl)- pent-1- oder -2-en
umfaflt und 1,5-, 1,6-, 2,5- oder 2,6-Dimethyltetralin oder Mischungen
davon wenigstens 80 Gew.% der Mischung an gebildeten Dimethyltetralinen
umfalt, (2) die erste Beschickung 5-(m-Tolyl)-pent-1- oder -2-en umfaBt und
1,5-, 1,6- 1,7-, 1,8-j 2,5-, 2,6-, 2,7- und 2,8-Dimethyltetralin oder
Mischungen davon wenigstens 88 Gew.-% der Mischung an gebildeten
Dimethyltetralinen umfaBt, 25     (3) die erste Beschickung
5-(p-Tolyl)-pent-1 - oder -2-en umfaBt und 1,7-, 1,8-, 2,7- oder
2,8-Dimethylte- tralin oder Mischungen davon wenigstens 80 Gew.-% der
Mischung an gebildeten Dimethyltetralinen umfa~t, oder (4) die erste
Beschickung 5-Phenyl-hex-1- oder -2-en umfaft und 1,3-, 1,4-, 2,3-, 5,7-
5,8- oder 6,7-Dimethyltetralin oder Mischungen davon wenigstens 80 Gew.-%
der Mischung an gebildeten Dimethyltetralinen umfaBt. Dimethyltetralinen
enthalt. 30 2. Verfahren nach Anspruch 1, worin die Zyklisierung bei einer
Temperatur im Bereich von 150  C bis 230  C erfolgt. 3. Verfahren nach
Anspruch 1 oder 2, worin der Zyklisierungs-Katalysator von 0,05 bis zu 3,5
Gew.-% 35     Natrium, errechnet als elementares Natrium, und bezogen auf
das Gewicht des Zeolith, enthalt. 4. Verfahren nach Anspruch 3, worin der
Molekularsieb-Zeolith von Y-Typ in Wasserstoff-Form vorliegt und von 0,05
bis 3 Gew.-% elner Edelmetailkomponente, ausgew~hlt aus der Gruppe von
Platin, Palladium, Iridium und Rhodium, errechnet als elementares Metall
und bezogen auf das Gewicht des 40     Zyklisierungs-Katalysators, enthalt.
5. Verfahren nach Anspruch 4, worin der Zykilsierungs-Katalysator auch von
0,01 bis 5 Gew.% einer Komponente enthalt, die ein Obergangsmetall aus der
Gruppe von Kupfer, Zinn, Gold, Blei und Silber, errechnet als elementares
Metall und bezogen auf das Gewicht des Katalysators, umfait. 45 6.
Verfahren nach einem der vorhergehenden Ansprlche, worin der
Zyklisierungs-Katalysator frei von Tr~germaterial ist. 7. Verfahren nach
einem der AnsprOch 1 bis 5, worin der Zyklisierungs-Katalysator auf einem
inerten, 50     por6s-hitzebestandigen, anorganischen Oxid-Tr~germaterial
aufgebracht ist. 



&  Verfahren nach einem der vorhergehenden AnsprUche, worin der fOr die
Zyklisierung verwendete Zyklisierungs-Katalysator weniger als 15 Gew.-%
adsorbiertes Wasser, bezogen auf das Gewicht von dessen Zeolith-Komponente,
enthalt. 56 9. Verfahren nach Anspruch 1, worin zusftzlich eine Mischung
von Dimethyinaphthalinen gebildet wird, welches umfaft: Kontaktieren des
ersten flOssigen Produkts nach Anspruch 1 als ein zweites Beschik-
kungsmaterial in flUssiger Form mit einem festen Dehydrierungs-Katalysator
in einem Reaktionskessel 35    EP O 361 074 B1                     11  him
11111 1111 II I!II bei einer erhohten Temperatur und einern ausreichenden
Druck, umr das zweite Beschickungsmaterial in flassiger Phase zu halten,
wobei die Umsetzung des genannten ersten flassigen Produkts in einer
Glsichgewichts-Dehydrierungsreaktion bewirkt und Wasserstoff und ein
zweites fllssiges Produkt gebildet wird, das sine Mischung von
Dimethyinaphthalinen umfaft, und Entfernen eines wesentlichen 5      Teils
des bei der Dehydrierungsreaktion gebildeten Wasserstoffs aus dem
Reaktionskessel, um dadurch das genannte Gleichgewicht in Richtung der
Bildung der Mischung von Dimethyinaphthalinen zu verlagem, wobei entweder
(a) 1,5-, 1,6-, 2,5- oder 2,6-Dimethyltetralin oder eine Mischung davon,
die wenigstens 80 Gew.-% der nach Anspruch 1 (1) gebildeten
Dimethyltetraline enthalt, in dern zweiten Beschickungsmaterial vorhanden
sind, und 1,5-, 1,6- oder 2,6-Dimethyinaphthalin oder eine 10     Mischung
davon wenigstens 80 Gew.-% der Dimethyinaphthaline in dem zweiten flOssigen
Produkt umfalt, oder (b) 1,5-, 1,6-, 1,7-, 1,8-, 2,5-, 2,6- 2,7- oder
2,8-Dimethyltetralin oder eine Mischung davon, die wenigstens 80 Gew.-% der
Dimethyltetraline onthalt, die nach Anspruch 1 (2) gebildet wurden, in dem
zweiten Beschikkungsmaterial vorhanden sind, und 1,5-1,6-, 1,7-, 1,8-, 2,6-
oder 2,7-Dimethyl- naphthalin oder eine Mischung davon wenigstens 80 Gew.-%
der Dimethylnaphthaline in dem zweiten 15    filissigen Produkt umfaSt,
oder (c) 1,7-, 1,8-, 2,7- oder 2,8-Dimethyltetralin oder eine Mischung
davon, die wenigstens 80 Gew.% der Dimethyltetraline enthlit, die nach
Anspruch 1 (3) gebildet wurden, in dem zweiten Beschickungsmaterial
vorhanden sind, und 1,7- 1,8- oder 2,7-Dimethylnaphthalin oder eine
Mischung davon Wenigstens 80 Gew.-% der Dimethyinaphthaline in dem zweiten
flUssigen Produkt umfaft; oder (d) 1,3-1,4-, 2,3-, 5,7- 5,8- oder
6,7-Dimethyltetralin oder eine Mischung davon, 20     die wenigstens 80
Gew.-% der Dimethyltetraline enthilt, die nach Anspruch 1 (4) gebildet
wurden, in dem zweiten Beschickungsmaterial vorhanden sind, und 1,3-, 1,4-
oder 2,3-Dimethyinaphthaline oder eine Mischung davon wenigstens 80 Gew.-%
der Dimethylynaphthaline in dem zweiten flussigen Produkt umfassen. 25  10.
Verfahren nach Anspruch 9, worin die Dehydrierung bei einer Temperatur im
Bereich von 220  C bis 270- C erfolgt. 11. Verfahren nach Anspruch 10,
worin die Dehydrierung bei elnem Druck im Bereich von 0,5 bis 5 at absolut
(51 bis 50 kPa) erfolgt. 30 12. Verfahren nach einem der AnsprUche 9 bis
11, worin der Dehydrierungs-Katalysator eine Edelmetall- Komponente auf
einem im wesentlichen inerten TrAgermaterial umfa~t, wobei die
Edelmetallkomponen- to in einer Menge von 0,5 bis 15 Gew.-%, bezogen auf
das Gewicht des Dehydrierungs-Katalysators, verwendet wird. 35 



13. Verfahren nach einem der AnsprOche 9 bis 12, worin zusitzlich
isomerisiert werden: wenigstens 20 Gew.-% von der Gesamtmenge von entweder
(A) 1,5- und 1,6-Dimethyinaphthalin in dem zweiten flOssigen Produkt nach
Anspruch 9 (a) zu 2,6-Dimethyinaphthalin, (B) 1,5-, 1,6-, 1,7- und 1,8-
Dimethylnaphthalin in dem vorher genannten zweiten flOssigen Produkt nach
Anspruch 9 (b) zu 2,7- 40     Dimethyinaphthalin und zu
2.6-Dimethyinaphthalin, (C) 1,7- und 1,8-Dimethyinaphthalin in dem vorge-
nannten zweiten flOssigen Produkt nach Anspruch 9 (c) zu
2,7-Dimethylnaphthalin, oder (D) 1,3- und 1,4-Dimethyinaphthalin in dem
vorgenannten zweiten flOssigen Produkt nach Anspruch 9 (d) zu 2,3-
Dimethyinaphthalin, wobei das Verfahren umfaft: das Kontaktieren des
vorgenannten zweiten flUssigen Produkts in flUssiger Form mit einem festen
Isomerisations-Katalysator, der entweder oenen beta-Zeolith 45     oder
einen sauren ultrastabilen kristallinen Zeolith vom Y-Typ mit einem
Molverhaltnis von Siliziumoxid zu Aluminiumoxid von etwa 4:1 bis etwa 10:1
umfaSt und durch zwdlfgliedrige, Sauerstoffenthaltende Ringe geschaffene
Porenfenster hat, die eine Einheitszellgr6Be von etwa 24,2 bis etwa 24,7
Angstr6m aufweisen, und bei einer erh6hten Temperatur und einem
ausreichenden Druck, umr das Isomerisations- Beschickungsmaterial im
wesentlichen in der flOssigen Phase zu halten. 50 14. Verfahren nach
Anspruch 13, worin wenigstens 25 Gew.-% der gesamten Dimethyinaphthaline
nach den Altemativen (A), (B), (C) und (D) zu den entsprechonden Produkten
isomerisiert werden. 15. Verfahren nach Anspruch 13 odor 14, worin die
Isomerisation bei einer Temperatur im Bereich von 55     240 * C bis 280 *
C erfolgt. 16. Verfahren nach einem der AnsprOche 13 bis 15, worin der
verwendete Isomerisations-Katalysator beta- Zeolith umfaft. 36    EP O 351
07481               I I!IIUI 11111IJ11111 II i!II 17. Verfahren nach einem
der Anspr~che 13 bis 16, worin der Isomerisations-Katalysator eine
Hydrierungs- komponente mit einem Metall der Gruppe Vil umfa~t. 18.
Verfahren nach einem der Ansprlche 13 bis 17, worin der verwendete
Isomerisations-Katalysator kein 5      Tragermaterial aufweist. 19.
Verfahren nach einem der AnsprUche 13 bis 17, wonach der
Isomerisations-Katalysator auf einem anorganischen Tragermaterial
aufgebracht lst. 1o  20. Verfahren nach einem der vorhergehenden AnsprUche,
wonach die Zykilsierung be! einer Temperatur im Bereich von 120' C bis 250
* C durchgef0hrt wird. 21. Verfahren nach einem der AnsprUche 9 bis 20,
wonach die Dehydrierung bei einer Temperatur im Bereich von 200 * C bis 300
0 C erfolgt. 15 22. Verfahren nach einem der Ansprflche 13 bis 21, wonach
die Isomerisation bei einer Temperatur im Bereich von 200- C bis 300  C
erfolgt. Revendlcations 20 1. Procede pour pr6parer une dimethyltetraline A
partir de 5-(o-, m-, ou p-tolyl)-pent-1- ou -2-ene ou 5- ph6nyl-hex-1- ou
-2-ene comme charge d'alimentation (premibre charge) comprenant les etapes
consistent: A mettre en contact la premiere charge sous forme liquide avec
un catalyseur de cyclisation solide comprenant une zeolite de tamis
moldculaire aluminosilicatee cristalline de type Y ultrastable qui 



25     possede un rapport molaire silice A alumine de 4:1 A 10:1, des
fen~tres de pores donnees par des anneaux A douze elements contenant de
l'oxygene et une taille de cellule unitaire de 24,2.10'10m A 24,7.101'm
(24,2 A 24,7 Ingstroems), et est sensiblement exempte d'eau adsorbee, et A
une temperature elev6e et sous une pression qui soit suffisamment elevee
pour maintenir la premiere charge sensiblement en phase liquide, pour
rdaliser ainsi la cyclisation de la premibre charge pour 30     former un
premier produit liquide comprenant un m6lange de dimethyltetralines, dans
lequel s'il y a de I'eau, sa concentration dans la premibre charge est
inferieure A environ 0,5 pour cent en poids, par rapport au poids de
charge, dans lequel soit (1) la premibre charge comprend du
5-(o-tolyl)-pent-1- ou -2-ene, et de la 1,5-, 1,6-, 2,5- ou
2,6-dimdthyltdtraline, ou un de leurs mdlanges, constitue au moins 80 pour
cent en poids du melange de dimrthylt6tralines formees, soit (2) la
premiere charge comprend du 35     5-(m-tolyl)-pent-1 - ou -2-Ane, et de la
1,5-, 1,6-, 1,7-, 1,8-, 2,5-, 2,6-, 2,7-, et 2,8-dimdthyltetraline, ou un
de leurs mdlanges, constitue au moins 80 pour cent en poids du melange de
dim6thyltetralines formdes, soit (3) la premibre charge comprend du
5-(p-tolyl)-pent-1- ou -2-ene, et de la 1,7-, 1,8-, 2,7- ou
2,8-dim6thyltetraline, ou un de leurs m~langes, constitue au moins 80 pour
cent en poids du mdlange de dimethyltetralines formdes, soit (4) la
premiere charge comprend du 5-phenyl-hex-1- ou -2- 40     Ane, et de la
1,3-, 1,4-, 2,3-, 5,7-, 5,8- ou 6,7-dim6thylt6traline, ou un de leurs
m6langes, constitue au moins 80 pour cent en poids du melange de
dimethyltetralines formdes. 2. Procede selon la revendication 1, dans
lequel la cyclisation est effectuee a une temperature de l'intervalle de
150 C A 230G C. 45 3. Procede selon la revendication 1 ou la revendication
2, dans lequel le catalyseur de cyclisation contient de 0,05 jusqu'a 3,5
pour cent en poids de sodium calcul4 en sodium element par rapport au poids
de zeolite. 50  4. Procede selon la revendication 3, dans lequel la zdolite
de tamis moleculaire de type Y est sous la forme hydrogenee et contient de
0,05 A 3 pour cent en poids d'un composant mdtal noble choisi dans le
groupe constitue du platine, du palladium, de l'iridium, et du rhodium,
calcul6 en mdtal ElEment par rapport au poids de catalyseur de cyclisation.
55  5. Procede selon la revendication 4, dans lequel le catalyseur de
cyclisation comprend aussi de 0,01 & 5 pour cent en poids d'un composant
comprenant un metal de transition choisi dans le groupe constitue du
cuivre, de M'etain, de l'or, du plomb et de l'argent, calcule en metal
element sur la base du poids de catalyseur. 37    L  n   S 6. Procede selon
une revendication precedente quelconque, dans loquel le catalyseur de
cyclisation est d6pourvu de materiau support. 7. Proced6 selon une
quelconque des revendications 1 a 5, dans loquel le catalyseur de
cyclisation est s      supporte par un materiau support, oxyde inorganique,
r~fractaire poreux, inerte. 8. Proced6 selon une revendication precedente
quelconque, dans loquel le catalyseur de cyclisation utilise dans la
cyclisation contient moins de 15 pour cent en poids d'eau adsorbee sur lul
par rapport au poids de composant zeolite de celui-ci. 10 9. Proc~d6 selon
la revendication 1, dans lequel on forme de plus un melange de
dimrthyinaphthalbnes, 



comprenant les etapes consistant: a mettre en contact le premier produit
liquide provenant de la revendication 1 en tant quo seconde charge sous
forme liquide avec un catalyseur de deshydrogena- tion solide dans un
reacteur & une temperature elev~e et sous une pression qui soit
suffisamment 16     Nlev~e pour maintenir la deuxieme charge sensiblement
en phase liquide, pour effectuer ainsi la transformation du premier produit
liquide precite dans une r6action de deshydrogenation 6quilibr~e pour
former de l'hydrogene et un second produit liquide comprenant un melange de
dimethyinaphtha- lenes, et a extraire du reacteur une partie substantielle
de l'hydrogbne form6 dans la reaction de deshydrogenation pour deplacer
ainsi l'equilibre precite vers la formation du melange de dimethylnaph- 20
thalenes, dans lequel soit (a) de la 1,5-, 1,6-, 2,5- ou
2,6-dimethyltetraline, ou un de leurs mdlanges, constitue au moins 80 pour
cent en poids des dimethyltetralines formees au (1) de la revendication 1
et sont presentes dans la seconde charge initiale, et du 1,5-, 1,6-, ou
2,6-dimdthyinaphthalbne, ou un de leurs melanges, constitue au moins 80
pour cent en poids des dim~thyinaphthalbnes du second produit liquide, soit
(b) de la 1,5-, 1,6-, 1,7-, 1,8-, 2,5-, 2,6-, 2,7-, ou
2,8-dimdthyltetraline, ou un de leurs 25     melanges, constitue au moins
80 pour cent en poids des dimethyltetralines formees au (2) de la
revendication 1 et sont presentes dans la seconde charge, et du 1,5-, 1,6-,
1,7-, 1,8-, 2,6-, ou 2,7- dimethyinaphthalbne, ou un de leurs melanges,
constitue au moins 80 pour cent en poids des dim6thyinaphthalbnes du second
produit liquide, soit (c) de la 1,7-, 1,8-, 2,7- ou 2,8-dimethylt6traline,
ou un de leurs melanges, constitue au moins 80 pour cent en poids des
dimethyltetralines formees au 30     (3) de la revendication 1 et sont
pr6sentes dans la seconde charge, et du 1,7-, 1,8- ou 2,7-
dimdthyinaphthalbne, ou un de leurs melanges, constitue au moins 80 pour
cent en poids des dimdthyinaphthalbnes du second produit liquide, soit (d)
de la 1,3-, 1,4-, 2,3-, 5,7-, 5,8- ou 6,7- dimethyltetraline, ou un de
leurs melanges, constitue au moins 80 pour cent en poids des dimethylt6-
tralines formees au (4) de la revendication 1 et sont pr6sentes dans la
seconde charge, et du 1,3-, 1,4- 35     ou 2,3-dimdthyinaphthalbne, ou un
de leurs melanges, constitue au moins 80 pour cent en poids des
dim~thyinaphthalbnes du second produit liquide. 10. Proc6d6 selon la
revendication 9, dans lequel la deshydrog~nation est effectuee a une
temperature de 'intervalle de 220 * C a 270  C. 40 11. Proced6 selon la
revendication 10, dans lequel la d6shydrog6nation est effectuee a une
pression de l'intervalle de 0,5 a 5 atmospheres absolues (51 & 507 kPa).
12. Procede selon l'une quelconque des revendications 9 & 11, dans lequel
le catalyseur de deshydrogena- 45    tion comprend un composant metal noble
supporte par un mat6riau support sensiblement inerte, le composant metal
noble etant utilise & un niveau de 0,5 & 15 pour cent en poids, calcul6s en
metal noble element sur la base du poids du catalyseur de d~shydrogdnation.
13. Procdd6 selon l'une quelconque des revendications 9 a 12, dans lequel
on isomerise en outre au moins 50     20 pour cent en poids du total de:
soit (A) les 1,5- at 1,6-dimethylnaphthalbnes du second produit liquide de
(a) de la revendication 9 en 2,6-dimethylnaphthalbne, soit (B) les 1,5-,
1,6-, 1,7- et 1,8- dimrthyinaphthalbnes du second produit liquide pr~cit6
de (b) de la revendication 9 en 2,7-dim6thyl- naphthalbne ot en
2,6-dimethyinaphthalbne, soit (C) les 1,7- et 1,8-dimethyinaphthalbnes du
second produit liquide precite de (c) de la revendication 9 en
2,7-dimethyinaphthalbne, soit (D) les 1,3- et 1,4- 55
dimethylnaphthalbnes du second produit liquide prdcit4 de (d) de la
revendication 9 en 2,3-dimethyl- naphthalbne, comprenant les 6tapes
consistant: a mettre en contact ledit second produit liquide sous forme
liquide avec un catalyseur solide d'isom6risation comprenant soit une
zdolite beta, soit une z~olite cristalline acide de type Y ultrastable
ayant un rapport molaire silice & alumine de 4:1 environ a 38 



EP 0 351 074 B1                 *   C  L  M  S    * 10:1 environ, et ayant
des fenetres de pores donnees par des anneaux b douze elements contenant de
I'oxygbne et une taille de cellule unitaire d'environ 24,2 A environ 24,7
angstroems, et a tempdrature 6Ievee et sous une pression qui soit
suffisamment elev6e pour maintenir la charge d'isom6risation sensiblement
en phase liquide. 5 14. Proc6de selon la revendication 13, dans lequel au
moins 25 pour cent en poids des dimdthylnaphthalb- nes totaux sp6cifies
dans les alternatives (A), (B), (C) et (D) sont isom6rises dans les
produits vis6s. 15. Proced6 selon la revendication 13 ou 14, dans lequel
I'isomrrisation est effectuee a une temperature 10     de l'intervalle de
240  C & 280* C. 16. Procede selon une quelconque des revendications 13 a
15, dans loquel le catalyseur d'isomdrisation utilise comprend de la
zeolite b~ta. is 17. Procede selon une quelconque des revendications 13 a
16, dans lequel le catalyseur d'isomerisation comprend un composant
d'hydrogenation comprenant un mdtal du groupe VilI. 1& Proc6d6 salon une
quelconque des revendications 13 a 17, dans lequel le catalyseur
d'isom6risation utilise est depourvu de mat6riau support. 20 19. Proc6d6
selon une quelconque des revendications 13 & 17, dans lequel le catalyseur
d'isom6risation a comme support un materiau support inorganique. 20.
Procede selon une revendication precedente quelconque, dans lequel la
cyclisation sst effectu6e a une 25     temperature de l'intervalle de 120 *
C a 250 * C. 21. Proced6 selon une quelconque des revendications 9 a 20,
dans lequel la deshydrogenation est effectu6e a une temperature de
l'intervalle de 200 * C a 300 * C. 30  22. Procede selon une quelconque des
revendications 13 a 21, dans loquel l'isomerisation est effectu6e a une
temperature de l'intervalle de 200 - C a 300 - C. 36 40 45 50 55 39    


