
2 5 SEP 2003 Description PROCESS FOR PREPARING 2,6-DIALKYLNAPHIHALENE OF y
Eield of the Invention; The present invention relates to a process for
producing 2,6-dialkylnaphthalene  (DAN) and, in particular,
2,6-dimethylnaphthylene (2,6-DMN) from a micture which  contains
alkylnaphthalene or naphthalene. In.the-manufacture. of high performance
polyester resins such as polyethylene  naphthalate polymer (PEN) or
polyhutyrene naphthaiate polymer (PBN), 2,6-DMN is used as  a precursor of
2,6-naphthalene dicarboxylic acid. This is because 2,6-DMN is easily
oxidized  to 2,6-naphthalene dicarboxylic acid, when compared to other
precursors such as 2,6- diisopropylnaphthalene or
2-methyl-6-isobutyrylnaphthalenes.  There are many applications  for-PEN,
e.g., films and bottles, such as long time recording type video film,
Advanced Photo  System, hot fill containers, refillable bottles and tire
codes. PEN has good physical properties  in strength, thermal resistance
and gas barrier properties. Typical PBN applications include electronics,
insulators and car parts. PEN and P)3N have heretofore been too expensive,
however, to effectively expand their markets due to the limited
commercially viable processes  for producing 2,6-DMN, There have been many
proposals for preparing 2,6-DMN. U.S. Pat No. 4,795,847  (Weitkamp et al.)
describes a process for the preparation of 2,6-diall:yinaphthalene by
alkylating naphthalene or 2-all-y1-naphthalene with an alkylating agent in
the presence of a  zeolite (specially ZSM-5) as a catalyst. U.S. Pat. No.
5,00 1,295 (Angevine et al) describes a process for preparing DMN by  using
2-monomethylnaphthalene (MMN) and naphthalene as a feedstock and a
synthetic -i 2 5 SEP 2003 



zeolite (MCM-22) as a catalyst, and it shows MCM-22 catalyst is more
effective than ZSM-5  in alkylation of 2-MMN and naphthalene. However, the
above methods provide only unit operation (i.e batch) for alkylation of
2-]V UN, which is an expensive feedstock and is not commercially available
in a large  amounts. U.S, Pat. No. 4,990,717 (Sikkenga) and 5,073,670
(Sikkenga et al.) describe a multi- step process to produce 2,6-DMN from
o-xylene and butadiene, which consists of, 1) preparation of
5-(o-tolyI)-pentene-2(OTP) by alkenylation of o-xylene  with butadiene in
the presence of a catalyst such as an alkali metal catalyst, 2) preparation
of 1,5-dimethyltetraiin (l,5-DMT) by cyclization of OTP in the  presence of
a catalyst such as platinum and copper on an ultra stable zeolite catalyst;
3) preparation of 1,5-dimethylnaphthalene (1,5-DMN) by dyhydragenation of
1,5-DMT in the presence of a catalyst such as platinum and rhenium and
gamma  alumina; and 4) preparation of DMN mixture which is rich in the
desirable 2,6-DMN, 1,6- DMN and 1,5-DMN by isomerization of 1,5-DMN in.the
presence of a catalyst such as a beta-zeolite catalyst. If a process for
separating 2,6-DMN from a DMN mixture were combined with the above steps,
a. complete process to produce purified 2,6-DUN could be provided.  As
multiple steps complicate a process plant and increase the cost, it is not
clear that  the conventional processes could provide. a process suitable
for an economical preparation of  purified 2,6-DMN. In addition, it is very
difficult to separate 2,6-DMN from other isomers by  conventional
separation methods such as distillation and cooling crystallization
because; 1) - There are very small differences in the boiling points of DMN
isomers, and, in  particular, between 2,6-DMN and 2,7-DMN wherein the
difference in boiling points is 



only 0.3 C, and it is nearly impossible to separate 2,6-D N by
distillation. 2) The cooling of DMN isomer mixture solution of 2,6-DMN
purification forms  a precipitate of very fine 2,6-DMN crystals in
suspension, and thus separation of the  2,6-DMN is extremely difficult. -2
25SEP2003 Koide et al U.S. 4,992,619 reports a method for separating a
methyl derivative of  naphthalene from a mixture of materials in high
purity by crystallization under pressure.  Moritoki et al U.S. 4,784,766
reports a pressure crystallization apparatus. Accordingly, new and more
efficient methods for commercially preparing  dialkylnaphthalenes are
sought. EP889016 is an invention related to a process to produce
2,6-Diaikylnaphtahalcne  (DAN) from naphthalene (NL) as raw material. The
availability of NL is rather limited and  NL is expensive. On the other
hand, this invention is related to a process to produce  2,6-DAN from
alkylnaphtbalenes as a mixture of NI, MMN (Mono methyl naphthalene),  DMN
and PAN (Polyalkylnaphthalenes), etc., which are much more available and
which  price is much lower. Typically, such alkylnaphthalcne stream is
available in low value  refinery streams (Typical example is light cycle
oil produced from FFC) or Ethylene Cracker  bottoms. Their typical price is
similar to fuel value. SUMMARY OF THE INVENTION  According to one object of
the invention, a method of preparing  2,6-dialkylnaphthalene is provided.
According to another object of the invention, a method of preparing
2,6-dimethylnaphthalenc is provided. These and other objects of the present
invention are made possible by a process for  producing
2,6-dialkylnaphthalene from a feedstock including hydrocarbons which
contains at  least one component selected from the group consisting of
dialkylnaphthalene isomers,  



monoalkylnaphthalcne isomers, polyalkylnaphthalenes, and naphthalene
including the  following steps: 1. separating the feedstock and/or a
product fed from step )II into a fraction  containing naphthalene, a
fraction containing monoalkylnaphthalene, a fraction  containing
dialkylnaphthalene and a fraction containing remaining products; H.
separating and purifying 2,6-dialkylnaphthalene from the dialkytnaphthalenc
fraction of step f; III. dcalkylating the feedstock and/or the fraction
containing the remaining  products of step I and feeding the product of
dealkylation to step 1; 3 2 5 S E P 2003 IV. alkylating the fractions
containing naphthalene and monoalkylnaphthalene of  step I, wherein the
feedstock is fed to step I or step III. BRIEF DESCRIPTION OF 'THE DRAWINGS
Fig. 1 shows the preferred scheme of a process in accordance with Claim 1.
Fig. 2 shows the preferred scheme of a process in accordance with Claim 2.
Fig. 3 shows the preferred scheme of a process in accordance with Claim 3.
Fig. 4 shows the preferred scheme of a process in accordance with Claim 4.
Fig. 5 shows the preferred scheme of a process in accordance with Claim 5.
Fig. 6 shows the preferred scheme of a process in accordance with Claim 6.
Fig. 7 shows the preferred scheme of a process in accordance with Claim 8.
Fig. 8 shows the preferred scheme of a process in accordance with Claim 9.
Fig. 9 shows the results of Example 7. Fig. 10 shows the results of Example
12.  Fig. 11 shows the results of Example 13. DESCRIPTION OF THE PREFERRED
EMBODIMENTS 



A more complete appreciation of the invention and many of the attendant
advantages  thereof will be readily obtained as the same becomes. better
understood by reference to the  following detailed description when
considered in connection with the accompanying  drawings, which is not
intended to be limiting unless otherwise specified. Preferably, the present
invention may be applied to any feedstock of hydrocarbons that  contains
alkylnaphthalenes such as naphthalene, MMN (monomethylnapbthalene) and DMN
isomers. The present invention provides an effective production process of
2,6-dialkylnaphthalene (DAN), in particular, 2,6-dimethylnaphthalene (DMN)
as high-value.  added product by utilizing a non-valuable feedstock. In
particular, LCO (Light Cycle Oil) and/or its heart cut fraction from FCC
(Fluid  Catalyst Cracking) or HC (Hydrocracker) is a preferable example of
a feedstock. Although  such feedstock usually contains alkylnaphthalenes at
about 20 to 45 weight % of the feed  stream, it has the following problems
and difficulties for further processing: 4 2 5 SEP 2003 1) Co-boilers For
example, LCQ usually contains many components such as light paraffins and
mono-aromatics with long chain alkyl-groups, which have similar boiling
points to  naphthalene, MMN and DMN (Co-boilers). It is very hard to
separate alkylnaphthalencs  from their co-boilers by distillation alone for
further processing such as an alkylation step. Therefore, if untreated, the
co-boilers reduce the efficiency of the reactors. In the  worst case, the
co-boilers accumulate in the recycling streams in the process. 2)
Polyalkylnaphthalenes (PAN) PANs such as tri-methylnaphthalenes,
isopropylnaphthalenes and  tetra-methylnaphthalenes are usually contained
in the feed stream at about 10 to 20 weight %  of the feed stream, i.e.,
almost one third to one half of the alkylnaphtbalene contents. PAN  is also
produced at other process steps such as alkylation and isomerization as
by-products.  



In the conventional art, no effective process to utilize PANs for the
production of  2,6-dialkylnaphthalene has been proposed. 3) Sulfur and
Nitrogen compounds The feed stream contains sulfur and nitrogen compounds,
which might poison the  catalyst for alkylation and isomerization, and
these compounds should be excluded from the  recycling streams and
products. The inventors have found that dealkylation (DA), especially
bydrodealkylation (HDA)  is (i) effective not only for cracking and/or
reforming the co-boilers to lighter fractions, which  results in much
easier separation from naphthalenes, monoalkylnaphthalenes and
diallcylnaphthalencs; but also, (ii) surprisingly effective for producing
2,6-dialkylnaphtha cne  especially 2,6-DMN by means of DA, especially HDA
of polyalkylnaphthalenes (PAN) such  as tri-methylnaphtbalenes and heavier
alkylnaphthalencs, which are contained in the feedstock and are also
produced at alkylation step as useless by-products; and, (iii) effective
for production of naphthalene and monoalkylnaphthalene which is suitable
for alkylation  feedstock. The discovery results in more effective
production of 2,6-DMN, not only at the  alkylation step but also in the
overall process because the invention provides an effective  utilization of
PAN. Although a high fccdstock conversion (e.g. Conversion of MMN) of
around 50 to 5 25SEP2003 60% provides a higher yield of 2,6-DMN, PAN
production also increases, as shown in the  TABLE 4 of the conventional
processes, U.S. Pat. No. 5,744,670 (Motoyuki et al), the entire  contents
of which are hereby incorporated by reference. (DMN and PAN content after
alkylation is 35% and 23% respectively at MMN conversion with 58.28%.).
This causes  naphthalene-ring loss and lower process yields if PAN is not
utilized again in the recycled  stream. Therefore, in order to minimize the
loss, MMN conversion is limited to around 30%  



or so, which decreases 2,6-DMN yield. As the present invention can provide
the effective utilization (an additional production  of
2,6-dialkylnaphthalene from DA of PAN) of PAN derived from the feedstock,
and  preferably from the feedstock and alkylation step, it allows much
higher feedstock conversion  at the alkylation step, of around 50% and
greater, which also results in higher production of
2,6-dialkylnaphthalene. Further, the inventors found that
2,6-lean-dialkylnaphthalene as the  remaining products of the purification
of 2,6-dialkylnaphthalene can be dealkylated and  changed to equilibrium
distributions of dialkylnaphthalene isomers or 2,6-rich  diaEkylnaphthalene
by producing naphthalene and monoalkylnaphthalene simultaneously. Although
the reaction mechanism of DA of 2,6-dialkylnaphthalene is believed to be
completely different, the results and product composition of DA are similar
to transalkylation  and isomerization. This means that DA can take over the
performance of transalkylation  shown in the conventional processes, e.g.,
U.S. Pat. No. 5,744,670 effectively. The-present invention provides an
effective production process for  2,6-dialkylnaphthalene as a high-value
added product by utilizing a non-valuable feedstock.  As a preferable
feedstock for the present process, any hydrocarbon feedstrearn containing
alkylnaphthalenes including at least one component selected from the group
consisting of dialkyInaphthalene isomers, monoalkylnaphthalene isomers,
polyalkylnaphthalencs, and naphthalene, such as light Cycle Oil (LCO)
derived from  Catalytically cracking petroleum oil may be used.
Alternatively, as raw material,  hydrocarbon feedstream such as LCO is
pre-processed, and afterwards, its product is  preferably used as a
feedstock for the present process. The pre-processing preferably  includes
distillation (e.g. heart cutting), concentration, hydrotreating (HDT) to
reform sulfur  and nitrogen compounds, which are usually contained in
feedstreams and which might poison  the catalyst, de-sulfurization,
de-nitrogenation and dc-watering. 6 25SEP2003 



In the distillation and concentration as the pre-processing, it is
preferable to separate  light components such as monoaromatic compounds and
non-aromatic light paraffins and  heavy compounds such as tri-aroma and
heavier compounds from alkylnaphthalene  components. The preferable
conditions of HDT include a temperature of about 200 to 1,000C, and  more
preferably 200 to 500C, and a pressure of 0 to 25-3 MPa and preferably
0.5066 to  5.0663 MPa, a hydrogen circulation rate of from about 89.05 to
5343 m3/m3. The reaction  is preferably accomplished utilizing a feed space
velocity of about 0.1 to 10.0 W. One preferred example of a suitable
catalyst for HDT is an activated alumina  supported catalyst bearing a
Group VIII metal oxide and a Group VIA metal oxide,  preferably nickel and
molybdenum respectively. The oxide may be preferably treated at  315.6 -
648.9` in the presence of4ulfur compounds. The feedstock can be fed to the
separation of step I and/or the dealkylation of step III.  In the case that
the feedstock is fed to step 1, separating light components and heavy
compounds from alkylnaphthalene components can be conducted in step 1. On
the other  hand, in the case that the feedstock is fed to step f, PAN
components in the feedstock can be  reduced and changed to DMN or MMN
components before separation of step L In either  case, effective
production is obtained, since the remaining products of step I are fed to
step III  and the product of step IIl is fed to step 1, as can be seen from
Fig. 1. For the separation of step 1, conventional techniques such as
distillation may be used.  In the case where the feed stream contains
non-aromatic components having boiling points  that are very similar to
naphthalene and/or MMN, conventional solvent extraction techniques  also
can be applied in addition to the above mentioned distillation in step I.
The separation and purification of step II purifies the 2,6-DAN and
separates the  2,6-lean-DAN from the DAN fraction of step I, as can be seen
from Fig. 1. Separation and purification of 2,6-dialkylnaphthalcnc of step
Ii may be conducted by  conventional methods known to those of ordinary
skill in the art such as cooling  



crystallization and/or adsorption. For example, separation and purification
may be affected  by using a method of crystallization under high pressure.
In general, a liquid mixture  containing two or more substances is
pressurized, and a certain substance in the mixture is  solidified and
separated from the residual liquid by the effect of the pressure. In other
words, -7 25SEP2003 this method involves a separating and purifying
technique wherein a liquid mixture  containing two or more substances is
placed in a tightly sealed pressure vessel, a portion of  the desired
substance, 2,6-dialkylnaphthalene, is solidified to form a solid-liquid
co-existing  state, the liquid is discharged from the co-existing system
while maintaining the pressure of  the solid-liquid co-existing system at a
higher level than equilibrium pressure of the objective  substance, then
the solid remaining in the vessel is pressed for discharging the residual
liquid  between the solid particles and integrating the solid particles.
This technique is generally  described in U.S. 5,220,098, the entire
contents of which are hereby incorporated by  reference. The method
involves injecting the slurry or liquid of the temperature of 70 to 120C,
preferably 80 to 100C, into a high pressure vessel for conducting a
crystallization under high  pressure, adiabatically pressurizing the vessel
to a pressure of from 29.42 to 392.3 MPa,  preferably 49.03 to 196.1 MPa to
increase the quantity, i.e. the amount of  2,6-dialkylnaphthalene crystals,
whereby coexistence of solid-liquid phases exist at the high  pressure
conditions; discharging the liquid phase component from the high pressure
vessel,  the discharging being conducted under pressure, to increase the
ratio of the solid phase  relative to the liquid phase within the vessel;
lowering the pressure of the residual liquid  phase so as to dissolve
partially and purify the product; discharging the residual liquid phase  by
applying pressure to the solid phase within the high pressure vessel
whereby a  2,6-dialkylnaphthalene crystal block having a high purity is
obtained within the high pressure  vessel. By this technique, a purity of
2,6 dialkylnaphthalene (e.g. 2,6-dimethylnaphthylenc)  



of 98 % by weight, preferably 99% by weight may be obtained. In the
separation and purification of step Il, prior to the cooling
crystallization and/or  crystallization under high pressure,
2,6-dialkylnaphthalcne can be pre-concentrated from  dialkylnaphthalene
mixture by fixed bed adsorptive separation system. As for the
preconcentration of 2,6-DMN, it is preferable that the adsorption includes
an adsorbent of a  zeolite Y containing alkali metal and a desorbent of an
organic solvent mainly composed of at  least one component selected from
the group consisting of hexane, octane, alkylben2ene, and  cyclohexane. As
alkylbenzene, mesitylene, o-xylene, and n-xylenc arc preferable. At the
cooling crystallization in the separation and purification step, since
2,6-DMN  and 2,7-DMN form an eutectic crystal at the weight ratio of 0.7
(=2,6-DMN/2,7-DMN), only 8 2 5 S E P 2003 the low yield of 2,6-DMN is
achieved. The theoretical 2,6-DMN separation yield is given  by the
following equations: Yield (%) = (1-0.7/k) x 100, where k=2,6-DMN/2,7-DMN
at the feed of cooling crystallizer.  Therefore, it is most especially
preferable to increase the ratio of 2,6-DMN/2,7-DMN  for the higbcr yield
of 2,6-DMN. The fixed bed adsorption can incTease the ratio from 1.0 at
the feed to 2.0 and more at output, which results in higher separation
yiSids and much lower  internal recycling amounts of the overail process.
Preferably, for more effective production, the separation and purification
of step 11 can  be separated into separation section step JI-1 and
purification section step H-2, as can be seen  from Fig. 5. In step 11-1,
the DAN fraction of stop I is separated into 2,6-rich-DAN and  2,6-lean-
DAN, and in step 11-2, 2,6-DAN is purified from the 2,6-rich-DAN fraction
from  step n-1. For example, separation of step U-1 way be preferably
conducted by using distillation,  and purification of stop 11-2 may be
conducted by using cooling crystallization and/or crystallization under
high pressure. By such a system, the 2,6-Im-DAN which contains  



little 2,7-DAN is separated by step II-1, and the 2,6-lean-DAN which
contains much  2,7-DAN is separated by step 11-2 as a remaining product of
purification. The conditions of 14DA of step HI include a temperature of
about 200 to 1,0000C, and  preferably 300 to 700*C, and a pressure of 0 to
25.3 MPa and preferably 0.5066 to 15.1988  MPa, a hydrogen circulation rate
of from about 89.05 to 534.3 mNi3- ne reaction is  suitably accomplished
utilizing a feed space velocity of about 0.1 to 10.0 lif'. One example of a
suitable catalyst for HDA, is an activated aluntiria supported  catalyst
bearing an oxide of Group VM metal, preferably, chromium. Ono more example
of a suitable catalyst for HDA, is an activated alumina supported  catalyst
bearing an oxide of Group VM metal and a Group VI metal, preferably, cobalt
and  molybdenum. The said oxide may be preferably pre-troated at a
temperature of 315.6 to  537.8'r, in the presence of organic sulfide. Other
preferred catalysts for HDA include catalysts including a metal selected
from  the group consisting of noble metal, nickel, and combinations
thereof, and a synthetic zeolite  characterized by an X-ray diffiaction
pattern including intcrplanar d-spacing and relative  intensity L% x 100 as
follows: -9 75SEP2003 1236  0.4 M-VS  11.030.2 M-S  8.83  0.14 M-VS  6.18
0.12 M-VS  6.00 0.10 W-M  4.06  0.07 W-S  3.91  0.07 M-VS  3.42  0.06 VS.
The preferable noble metal is selected from the group consisting of
platinum,  



palladium, and combinations thereof. The conditions of alkylation of step N
preferably include a temperature of about 0 to  500C, and preferably 240
and 4501C, and a pressure of between 0 to 25.3 MPa and  preferably 0.101 to
5.066 MPa. The mole ratio of alkylating agent to feed of
monalkylnaphthylene or naphthalene can be from about 20:1 to 1:20,
preferably from 10:1 to  1:10. The reaction is suitably accomplished
utilizing a feed space velocity of about 0.1 to  10.0 hf'. Preferred
alkylating agents include alcohols, olefins, aldehydes, halides, and
ethers.  For example, methanol, dim ethylether and polyalkylbenzene are
preferred. Methanol and  dimethylether are especially preferred. A suitable
catalyst for alkylation is a synthetic zcolitc characterized by an X-ray
diffraction pattern including interplanar d-spacing and relative intensity
1/1O x 100 as follows:  12.36  0.4 M-VS 11.03  0.2 M-S  8.830.14 M-VS  6.18
0.12 M-VS  6.000.10 W-M  4.06  0-07 W-S  3.91  0.07 M-VS  3.42  0_06 VS. A
suitable catalyst is MCM-22 (ExonMobil Chemical Company) having above X-ray
diffraction pattern. -10 2 5 SE P 2003 Preferably, the alkylation can be
carried out in any of the known reactors usually  employed for alkylation.
For example, a tubular reactor with a downflow of reactants over a  fixed
bed of catalyst can be employed. 



In order to maintain high feedstock conversion, the injection of methanol
to reactor  can be performed, preferably, in multiple stages, and more
preferably two stages. For  example, one reactor with top and middle
methanol feed, or two reactors in series with top  and intermediate
methanol feed are preferably used. In a preferred embodiment, the
2,6-lean-DAN fraction from step II-1 may be subjected  to isomerization
conditions to provide for a dialkylnaphthalene fraction which has a greater
content of 2,6-dialkylnaphthaiene, as can be seen from Fig. 6. Preferably,
the product of the  isomerization may be fed to step I and/or step 11-2 for
more efficient recovery. Preferred isomerization conditions are generally
disclosed in co pending application  U.S. Application Serial No.
08/661,114, and are suitable for conducting simultaneous  transallrylation
of dialkylnaphthalene and naphthalene, and isomerization of
dialkylnaphihalenes. A preferred catalyst for isomerization is a synthetic
zeolite characterized by an X-ray  diffraction pattern including
interplanar d -spacing and relative intensity I/I) x 100 as follows:  12.36
0.4 M-VS 11.030.2 M-S  8.830.14 M-VS  6.18  0.12 M-VS  6.000.10 W-M  4.06
0.07 W-S  3.91  0.07 M-VS  3.42  0.06 VS. A suitable catalyst is MCM-22
(ExonMobil Chemical Company) having above X-ray  diffraction pattern.
Preferably, isomerization is conducted at a weight hourly space velocity
(WHSV) of  dialkylnaphthalenes of 0.1 to 10, preferably 0.5 to 5 0, more
preferably 0.75 to 1.5 h-1.  Preferably, isomerization is conducted at a
temperature of from 100 to 500C, 



-11 2 5 SE P 2003 preferably 150 to 350C, more preferably 200 to 300C.
Preferably, isomerization is conducted at a pressure of atmospheric to
9.807 MPa,  atmospheric to preferably 2.942 MPa. During isomcrization it is
optionally preferable to co-feed hydrogen in an amount of  0.1 to 10
mol-HH/mol-hydrocarbons. According to the preferred embodiment of Figures 2
or 3, 2,6-dialkylnaphthalene may  be prepared from hydrocarbon feedstocks
as follows: 1. separating a feedstock and/or a product fed from step III
into a fraction  containing naphthalene, a fraction containing
monoalkynaplhthalene, a fraction  containing dialkylnaphtbalene and a
fraction containing remaining products, II. separating and purifying
2,6-dialkylnaphthalene from the dialkylnaphthalene  fraction of step I, Ma.
dealkylating a dialkylnaphthalene fraction after 2,6-dialkylnaphthalene is
separated therefrom in step II and recycling a product of dcalkylation to
step I; M. dealkylating the feedstock and/or the fraction containing
remaining products of  step I and feeding the product of dealkylation to
step I; V. alkylating the fractions containing naphthalene and
monoalkynaphthalene of  step I. In this process, 2,6-lean-DAN as remaining
product of separation/purification of step  II is dealkylated and fed to
separation of step L So, 2,6-DAN isomers in 2,6-lean-DAN may  be changed to
MMN or NL and can be alkylated in step IV. As for the preferred embodiment
in Figure 4, the product of alkylation of stop IV is  fed to separation of
step L Accordingly, PAN produced in step IV can be separated in step I  and
fed to dealkylated in step III. Therefore, it enables to provide the
effective utilization of  PAN and allows much higher feedstock conversion
at alkylation step, as already described. 



The process scheme of Figure 8 is a most preferable embodiment of the
present  invention EXAMPLES  Having generally described this invention, a
further understanding can be obtained by reference to certain specific
examples, which are provided herein for purposes of illustration .12 2 5
SEP 2003 only and are not intended to be limiting unless otherwise
specified. Example 1 Al lation of MMN and Na hthalene: A 153 g amount of
MCM-22 catalyst is charged into a tubular reactor (volume:370 cc).  As a
feedstock for alkylation,1-MMN, 2-MMN and naphthalene are used, and mixed
at a  molar ratio of 2.2 of 2-MMM/1-MMN, and a weight ratio of 3.0 of MMN's
(1-MMN+2-MMN)/naphthalene. Thereupon, the feedstock is supplied to the
reactor (254 C, 0.490 MPa) at a rate of  153.4 g/hr and 1.0 hr 1 in WHSV
with a feed of hydrogen at the rate of 0.051 m3/br. Four  hours later,
methanol, as an alkylating agent, is introduced into the reactor at 35.5
g/hr, and  alkylation is conducted for 20 hours. The product obtained is
analyzed by gas chromatography, and the results arcsummarized in Table 1.
25SEP2003 TABLE 1(Alkylation of Monomethyhnapbthalene and tlaphthalene)
Component (wt%)Before ReactionAfter Reaction dimethylnaphthalene017.19
2,6-DMN01.72 2,7-DMN01.20 other isomers014.27
monomethylnaphthalene73.6360.10 2-MMN50.5540.32 



1-MMN23.0819.78 Naphthalene25.2818.67 other component1.003.91
EvaluationBefore ReactionAfter Reaction NL conversion (%)--26.15
2-MMN/1-MMN2.22.04 MMN conversion (%)--18.37 2,6-DMN/total DMN (%)--10.02
2,6-DMN/2,7-DMN--1.44 As can be seen from Table 1, the ratio of
2,6-DMN/2,7-DMN is over 1.1 and the ratio  of 2-MMN/1-MMN is over 2.0.
Example 2 (alkylation) 153 g of MCM-22 were charged in the tubular reactor
(volume: 370 cm). As a  feedstock for alkylation, 1-MMN (purity 95.5%) and
2-MMN (purity 96.6%) were used, and  mixed at the molar ratio of 2.2 of
2-MMN/1-MMN. Feedstock was supplied in the reactor  (350C) at the rate of
76.7 g/hr and 0.5 hf' in WHSV for 4 hours. Thereafter, methanol was
started to be supplied in the reactor at the rate of 17.3 g/hr and the
reaction was proceeded for  20 hours. The obtained product was analyzed by
gas chromatography, and the result is  summarized in Table 2. -14 2 5 SEP
2003 Table 2 Alkyla i n component (wt %)before reactionafter reaction *
dimethyinaphthalene035.45 2,6-DMN05.12 2,7-DMN04.44 other isomers025.89 



* monomethylnaphthalene98.6641.16 2-MMN67.6128.84 1-MMN31.0512.32 *
naphthalene00.19 * other component (mainly PAN)1.5323.20 Evaluationbefore
reactionafter reaction 2-MMN/1-MMN2.22.3 MMN conversion (%)-58.28
2,6-DMN/total DMN (%a)-14.45 2,6-DMN/2,7-DMN-1.16 As can be seen from Table
2, the ratio of 2,6-DMN/2,7-DMN is over 1.1 and the ratio  of 2-MMN/1-MMN
is over 2.0. Example 3 (Alkylation and Distillation) Alkylation of MMN and
naphthalene has been carried out for several months in the  same manner
described in Example I and about 400kg of the product is collected.
Distillation of the product is carried out by using a batch type
distillation tower with a packed  column. A number of theoretical trays of
the tower is expected to be at least 50. The  operation pressure at the top
of the column is controlled between 2 KPa and 4.8 KPa and  distillation
proceeds at a reflux ratio of 50 to 75. The product is separated into 17
fractions by differences in boiling points as shown in Table -15 25SEP2003
3. Table 3 (Alkylation and Distillation) Amount DMN 2,6-DMN 



(kg)concentration (o)concentration (%) Fraction-1-10270.80.0not analyzed
Fraction-1130.90.5not analyzed Fraction-128.838.9not analyzed
Fraction-1311.064.811.2 Fraction-146.392.325.4 Fraction-1515.799.64.3
Fraction-164.898.70.0 Fraction-175.341.60.0 Residue21.20.00.0 Fes,. arnile
4 Hydrodealkylation) A Part of Fraction-17 and Residue shown in Table 3 are
mixed to prepare the  feedstock(Blend-A) for hydrodealkylation. A 50 g
amount of Cr2O3/A1203 type catalyst  produced by Sud-Chemie AG is charged
into a tubular reactor. The reactor is heated  gradually from ambient
temperature to 350 t to dry the catalyst while supplying hydrogen  gas.
Thereupon Blend-A is fed to the reactor at the rate of 50 g/hr and 1.0 hr'
in WHSV,  while supplying hydrogen gas at 0.034 m3/hr. Hydrodealkylation is
carried out at 475 t  and 5.99 MPa. The product is analyzed by GC and the
results of hydrodealkylation are  summarized in Table 4 below. As shown in
Table 4, Cr2O3/Al2O3 type catalyst is effective to enrich 2,6-DMN from
2,6-DMN lean feed. -16 2 5 SEP 2043 Table 4 (Hydrodealkylation) Feed
(Blond-A)HDA Product Naphthalene0.03.11 2-MN0.015.68 



I-MN0.03.71 2-EN0.00.57 1-EN0.00.26 2,6-DMN0.04.86 2,7-DMN0.04.58 1,3- +
1,7-DMN0.07.58 1,6-DMN0.02.92 2,3- + 1,4-DMN0.144.84 1,5-DMN0.00.39
1,2-DMN20.189.42 1,8-DMN0.00.12 Unknowns before first DMN0.02.50 Unknowns
between DMN1.340.39 Heavies Including 78.3439.08 Pol ymethylnaphthalenes
Total DMNs (%)20.2834.71 2,6-DMN/Total DMNs (%)0.013.20 -17 2 5 S E P 2003
Example 5 Isomerization: A 25 g amount of MCM-22 catalyst is charged into
the tubular reactor (volume: 200  cm). The reactor is heated gradually from
ambient temperature to 400C to dry the catalyst  while supplying nitrogen
gas, and the flow of nitrogen gas is ceased when the temperature  becomes
stable at 400C. Thereupon, 2.6-lean-DMN is supplied to the reactor at the
rate of  25 g/hr and 1.0 fir 4 in WHSV, and isomerization of DMN is carried
out for four hours. The  contents of the obtained product are analyzed by
gas chromatography. and the results are  



summarized in Table 5. TABLE 5 (kpmLrj;ation) Component (wt%)before
reactionAfter reaction dimethylnaphthalene98.0980.10 2,6-DMN6.2113.96
2,7-DMN8.488.66 other isomers83.4057.48 monoethylnaphthalene0.209.77
2-MMN0.036.71 1-MMN0.173.06 naphthalene00.78 other component1.719.35
evaluationbefore reactionafter reaction 2,6-DMNltotal DMN (%)6.317.4
2,6-DMN/2,7-DMN0.731.61 Example 6 Separation and Purification: (1)
Crystallization under High Pressure Crystallization A 1,505 g amount of DMN
isomers is supplied into the high pressure crystallizer  (KOBELCO 1.5L
type), and 236 g of 2,6-DNN crystals (purity 87%) are separated under the
-18 2 5 SE P 2003 condition of 196.1 MPa and 45C.  (2) Cooling
Crystallization Using a vessel for crystallization (3 liter), 2,001 g of
DMN isomers is cooled quickly  from 50 to 40C with slow stirring. Then, 0.5
g of seed crystals are charged to the vessel  which is kept at a
temperature at 40C for an hour. Thereupon, the feedstock is cooled to  10C
at 2C/min. A 360 g amount of 2,6-DMN crystals (purity 68 %) is separated by



filtration under pressure. The results of separation by both
crystallization under high pressure and cooling  crystallization are
summarized in Table 6. 25SEP2003 LE 6 (Separation and Purification
CRYSTALLIZATION UNDER HIGH PRESSURE Component (g)before
crystallizationcrystalfiltrate 2,6-DMN30120596 2,7-DMN23222-210 other
DMN9729963 TOTAL15052361269 2,6-DMN/2,7-DMN1.3--0.5 2,6-DMN/total
DMN20.0%-7.6% purity of crystal--87%- recovery of 2,6-DMN-68% ---- yield of
2,6-DMN--13.6%-- COOLING CRYSTALLIZATION Component (g)before
crystallizationcrystalfiltrate 2,6-DMN400244156 2,7-DMN30867241 other
DMN1293491244 TOTAL20013601641 2,6-DMN/2,7-DMN1.3--0.65 2,6-DMN/total
DMN20.0%--9.5% purity of crystal--68%-- recovery of 2,6-DMN61%-- yield of
2,6-DMN--12.2%-- 



"Recovery of 2,6-DMN" means the content of 2,6-DMN in the crystals against
the  content of 2,6-DMN in 'the feedstock. "Yield of 2,6-DMN" means the
content of 2,6-DMN in the crystal against the total -20 2 5 SEP 2003 weight
of feedstock. As shown in Table 6, the yield of 2,6-DMN by crystallization
under high pressure is  much higher than by cooling crystallization.
Further, the 2,6-DMN/total-DMN ratio of the  filtrate by crystallization
under high pressure is less than 8%. Therefore, the filtrate is more
effective as a feedstock for transalkylation and isomerization of
2,6-lean-DMN. Furthermore, when an attempt is made to increase the purity
of crystals by cooling  crystallization, the yield of 2,6-DMN decreases
drastically. Example 7 (Purification) Pre-condensation of 2,6-DMN from DMN
mixture (Table 7) was tried by cooling  crystallization and a 2,6-DMN rich
cake, which is to be used as feedstock for the  crystallization under high
pressure, was separated by bench scale pressure filtration unit.
Purification of 16-DMN from the 2.6-DMN rich cake was carried out by the
crystallation under high pressure method using Kobelco's HPC test machine.
Several series of experiments were performed and results arc summarized in
Figure 9.  As can be seen in Figure 9, crystallization under high pressure
achieves more effective  purification performance in separation yield and
2,6-DMN purity by single stage  crystallization than does two-stage Cooling
Crystallization. TABLE 7 Composition of DMN Mixture) DMN mixture Sulfur
(ppm)430 Nitrogen (ppm)140 2,6-DMN13.8 



2,7-DMN14.1 1,6-DMN7.1 1,3- & 1,7-DMN20.5 L,4-DMN- 1,2- & 1,5-DMN0.4
2,3-DMN0.5 Others43.6 -21 2 5 S E P 2003 Ex le 8 (Distillation) Two types
of batch distillation tower are used for the separation of
alkylnaphthalenes  from LCO. One of the distillation tower (Fractioneer-A)
has 0.167 m3 still and 9.75 m long  column with PRO-PAK (Scientific
Development Company) and the other distillation tower  (Fractioneer-B) has
27 liters still with an 11 foot long column with PRO-PAL 164 kg of  LCO is
charged into the Fractioneer-A and distillation is carried out at a reflux
ratio of 50 and  a pressure of 8.0 KPa. 80.5 liters are taken at a take off
rate of 0.7 liters per hour. 'T'hen 25 kg of the residue in the still of
Fractioneer-A is taken out after the first  distillation and charged into
Fractioncer-B. Another batch distillation is carried out at a  reflux ratio
of 50 and a pressure of 6.67 KPa. 14 liters arc taken at a takeoff rate of
125 ml  per hour. The components of the product (Blend-B) obtained from the
above-mentioned  two step distillation are shown in Table 8. Example 9
(HYdrodealkylation) A 70 g amount of Cr2O3/A12O3 type catalyst produced by
Sud-Chemie AG is charged  into a tubular reactor. The reactor is heated
gradually from ambient temperature to 500 `C  to dry the catalyst while
supplying hydrogen gas. Thereupon distillation product (Blend-B)  obtained
from Example 8 is supplied to the reactor at the rate of 70 g/hr and 1.0
hIr in WHSV, while supplying hydrogen gas at 0.028 m3/hr. The
hydrodealkylation reaction is  



carried out at 500.6 `C and 7.95 MPa. The product is analyzed by GC and the
results of  hydrodealkylation are summarized in Table 8 below. Example 10 H
odealk Cation A 70 g amount of CoO/MoO3/Al203 type catalyst produced by
Akzo Chemicals Inc. is  charged into a tubular reactor. The reactor is
heated gradually from ambient temperature to  148.9 t with nitrogen flow at
0.142 m3/hr. Then the flow gas is switched to hydrogen at  0.057 m3/hr and
pressure is increased to 3.55 MPa. Catalyst is contacted with an organic
sulfide (Kerosene with 1.0% of Dimethyldisulfide) for sulfiding while
supplying hydrogen  gas and then temperature is raised to 343.3 IC.
Thereupon distillation product (Blend-B)  obtained from Example 8 is fed to
the reactor at the rate of 70 g/hr and 1.0 be' in WHSV,  while supplying
hydrogen gas at 0.028 m3/hr. Hydrodealkylation is carried out at 500 t -22
2 5 SE P 2003 and 9.93 Mpa. The product is analyzed by GC and the results
of hydrodealkylation are  summarized in Table 8 below. As shown in Table 8,
both Cr2O3/A1203, and CoO/MoO3/A1203 type catalyst are  effective to enrich
DMN isomers from DMN lean feed. 2 5 SEP 2003 Table 8 ffiArodealkylation
Example 7Example 8Example 9 DisfiHation Product HDA ProductHDA Product
(Blend-B) CatalystL-)r2O3/Al2O3CoO/Mo%/AI203 naphthalene0.01.334.75
2-MN0.04.319.48 I-MN0-01.052.44 



2-EN0.01.562.13 1-EN0.00.360.44 2,6-DA1N0.02-463.53 2,7-DN(N0.02-563.76
1,3- + 1,7-DMN0.02.553.82 1,6-DN4N0.01.432.17 2,3- + 1,4-DMN0.01.181.44
IL,5-DMN0.00.24034 1,2-DNM0.040.40032 1,8-DMN0.040.250.47 Unknowns before
first DNIN0.08.6717-68 Unknowns between DMN0.00-540.68 Heavies including
99.9271.1146.56 polymethy1naphOmlenes Total DMNs0.0811.0715.85
2,6-DMN-Total DMNs0.022.2222-27 Example 11. (Diatillation and HvdrotireatiW
164 kg of LCO is charged into the Fractioneer-A and distillation is carried
out at a  reflux ratio of 50 and a prmure of 8 KPa. 120 liters are taken at
a take off rate of 0.7 liters  per hour and prepared for hydretreating
feedstock as Blend-C. NiO/MoO3/A]203 type -23/2 2 5 S E P 2003 catalyst
produced by Akzo Chemicals Inc. is chosen as a hydrotreating catalyst and
charged  into a tubular reactor. After drying and sulfiding catalyst, then
Blend-C is fed into the reactor at the rate of  0.43 hr 1 in WHSV and
hydrotrcating is carried out at 2.86 MPa and 385.6 `C, while  



supplying hydrogen gas at 622.5 rn3/m 3. The results of hydrotreating are
summarized in  Table 9 below. As shown in Table 9, NiO/MoO3/A1203 type
catalyst is effective to reduce the  nitrogen and/or sulfur compounds in
LCO with minimum loss of DMN isomers. Table 9 istillation and H d t eatin
Nit.Sul.API400F+400F+500F+Total ppmppm Conv.(%)Conv.(%)Conv.(%)DMNs wt%
Blend-C23038818.7---26.56 HDT Product7520.60.672121.24 Example-12
{Adsorption) 2,6-DMN and 2,7-DMN are mixed and dissolved into iso-octane at
2.0 wt% of  concentration respectively. Then DMN-isooctane solution is fed
to the adsorption column  (4.6 mm ID and 500 mmL) packed with K-Y zeolite
at the rate of 0.50 mVmin, while column  temperature is controlled at 70 t.
Time course data of the DMN concentration in the  effluent is gathered by
GC analysis and breakthrough curve in adsorption step is obtained. After
the adsorption step, liquid feed is switched to the pure iso-octane and
effluent is  also analyzed to gather the time course data of the DMN
concentration in the effluent. The results of the breakthrough curve and
desorption curve are summarized in Fig. 10.  As shown in the figure,
2,7-DMN is priorly adsorbed in zeolite compared to 2,6-DMN and it  is
obviously possible to improve 2,6-/2,7-DMN by contacting DMN isomers with
the K-Y type zeolite. Exam 1e-13 Another adsorption test is carried out in
the same manner described in Example 12 - 2313  25SEP2003 except that
mesitylene is used as a solvent. The results of the breakthrough curve and



desorption curve are summarized in Figure 11. Obviously, numerous
modifications and variations of the present invention are  possible in
light of the above teachings. It is therefore to be understood that within
the  scope of the appended claims, the invention may be practiced otherwise
than as specifically  described herein. 2 5 SEP 2003 Claims 1. A process
for producing 2,6-dialkylnaphthalene from a hydrocarbon feedstoclc
comprising at least one component selected from the group consisting of
diallcylnaphthalene  isomers, monoalkylnaphthalene isomers,
polyalkylnaphthalenes, and naphthalene, comprising  the following steps: I.
separating the hydrocarbon feedstock and/or a dealkylation product fed
from step III into a fraction comprising naphthalene, a fraction comprising
ronoakylnaphthalene, a fraction comprising dialkylnaphthalene and a
fraction comprising remaining products; H. separating and purifying
2,6-dialkylnaphthalene from the  dialkylnaphthalene fraction of step 1; M.
dealkylating the hydrocarbon feedstock and/or the remaining products
fraction of step I and feeding the deallcylation product to step 1; IV.
alkylating'the naphthalene and monoalkylnaphthalene fractions of step I;
wherein the hydrocarbon feedstock is fed to step I or step III, 2. The
process ,of Claim 1, farther comprising dealkylating the,
dialkylnaphthalene  fraction after 2,6-dialkylnaphthalene is separated
therefrom in step 11 and recycling the  dealkylation product obtained
therefrom to step 1. 3. The process of Claim 1, wherein deallylating the
dialk inaphhhalene fraction after  2,6-diaikylnaphthalene is-separated
therefrom in step 'n is conducted in step 111 together with  deallcylatin;
the hydrocarbon feed stock and/or the remaining products fraction of step
I. 



4, The process of claim 1, wherein the product of step IV is fed to step I.
5. The process of claim 1, wherein step TI comprises the following
sub-steps:  II-1. separating the dialkylnapbthalene fraction of step I into
a 2,6-rich- diaikylnaphthalene fraction and a 2,6-lean-diclkylnaphthalene
fraction; _2.4r. 25SEP2003 11-2. purifying 2,6dialkylnaphthalene from the
2,6-rich-diallcyIuaphthalene  fraction from step II-1. 6. The process of
claim 5, further comprising isomerizing at least a part of the 2,6-
lean-dialkylnaphthalene fraction from step II-1, wherein at least a part of
the isomerization  product is fed to step I and/or step II-2. 7.: The
process of claim. 6, wherein the isomerizing is conducted in the presence
of a  catalyst composition comprising a synthetic zeolite characterized by
an X-ray diffraction  pattern including interplanar d--spacing (A) 12.360.4
11.03-+0.2  8.830.14  6.180.12  6.000.10  4.060.07  3.910.07  3.420.06. 8.
The process of claim 6, wherein at least a part of the product remaining
after the  2,6-dialkylnaphthalene is purified in step 11-2 is fed to step
III. 9. The process of claim 6, wherein at least a part of the product from
step IV is fed to  step I, and Wherein at least a part of the product
remaining after the 2,6-dialkylnaphthalene is  purified in step II-2 is fed
to step M. 



10, The process of claim 1, wherein the hydrocarbon feedstock is product of
pre processing raw material, -25 2 5 SEP 2003 11. The process of claim 10,
wherein the pre-processing comprises at least one  treatment selected from
the group consisting of distillation, concentration, hydrotreating, de-
sulfurization, de-nitrogenation and de-watering. 12. The process of claim
11, wherein the hydrotreating comprises contacting said raw  material with
a catalyst composition comprising an activated alumina catalyst support
comprising an oxide of a Group VIII metal and a Group VI-A metal. 13. The
process of claim 12, wherein the Group VIII metal is nickel. 14. The
process of claim 12,'wherein the Group VI-A metal is molybdenum. 15. The
process of claim 12, wherein the oxide of metal is pre-treated at
600-120.0F  in the presence of a sulfur compound, 16.-. The process of
claim 1, wherein the dealkylation in step I is hydrodealkylation. 17. The
process. of claim 16, wherein the hydrodealkylation comprises contacting
hydrocarbon feedstock with a catalyst composition comprising an activated
alumina catalyst  support comprising an oxide of a Group VI-A metal. 18.
The process of claim 17, wherein the Group VI-A metal is chromium. 19. The
process of claim 16, wherein the hydrodealkylation comprises contacting the
hydrocarbon feedstock with a catalyst composition comprising an activated
alumina catalyst  support comprising an oxide of a Group metal, and a Group
VI-A metal. 20. The process of claim 19, wherein the Group VIII metal is
cobalt. 21. The process of claim 19, wherein the Group VIA metal is
molybdenum. -26 2 5 SEP 2003 22. The process of claim 19, wherein the oxide
of metal is pre-treated at 600-1000F  



in the presence of organic sulfide. 23. The process of claim 16, wherein
the hydrodealkylation is conducted in the  presence of a catalyst
composition comprising at least a metal selected from the group  consisting
of noble metal, niclcel, combination thereof, and a synthetic zeolite
characterized  by a X-ray diffraction pattern including inter planar
d-spacing (A) 12.360.4  11.030.2  8.830,14  6.18E0.12  6.00=0.10  4.060.07
3.9110.07  3.42=0.06 24. The process of claim 1, wherein the akylating is
conducted in the presence of a  catalyst composition comprising a synthetic
zeolite characterized by an X-ray diffraction  pattern including inter
planar d-spacing (A} 12.360.4  11.43 .2  8,83 E0.14  6.1$0.12  6.00*0,10
4.060.07  3.910.07  3.42b:0.06. 25. Thy prate4 of claim 1, wherein the
allcylsting agent for the alkylatiag is -27. 25SEP2003 



26. The process of claim 5, wherein the purifying comprises at least one
means  selected from the group consisting of crystallization under high
pressure, cooling  crystallization, and fixed bed adsorptive separation,
27. The process of claim 26, wherein the fixed bed adsorptive separation
comprises  an adsorbent of a zeolite Y containing alkali metal and a
desorbent of an organic solvent  comprising at least a component selected
from the group consisting of hexane, octane,  allcylbenzene, and
cyclohexane. .28. 


