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(57) Abstract

The present invention relates to a process of preparing 2,6-dialkylnaphthalene comprising steps of alkylating monoalkylnaphthalene

with an alkylating agent in an alkylation zone and transalkylating naphthalene with dialkylnapthalene other than 2,6-dialkylnaphthalene in
a transalkylation zone.




physical properties in strength, thermal resistance and gas barrier
property. kypewioess PBN s mai n applications are for el ectPCEUSS$/20929

i nsul ators and car parts. However, PEN and PBN have her et of ore been too
expensive to expand its market cleanly because of few effective processes
for the 2,6-DVN commercialization. There have been many proposal s
concerning the process for preparing the 2, 6- DM\ U S Pat. No.

4,795,847 (Weitkanp et al. g descri bes a process for the preparation of
2,6-dia kyl ati ng napht hal ene or 2-al kyl - napht hal ene
with an al kylating agent in the presence of a zeolite (specially ZSM5) as
a catal yst. PROCESS FoR PREPARINGG 2, 2DPALKYUNAPKTHALENE descri bes a
process for preparing DMN by using 2-nononet hyl napht hal ene (MW) and

napht hal ene as a feedstock and a synthetic zeolite (MM 22) as a catalyst,
and it shows MCM 22 is =-,.J- = UI@ﬁlkylatlon of 2-MWN
and napht hal ene. FOVE: Y e only unit operation
(i.e batch) for alkylation of 2- MW, which is an expensive feedstock and
I S not 19%ail able in a | arge anounts. U S. Pat. No.
4,990, 717 (Si kkenga) and 5,073,670 (Si kkenga et al.) describes a nulti-

st ep process The poesenkineentios rédames fo @ processyibeproducing bud abkaimng 2,6/ ch consi sts
of ; 1) preparation of 5-(o-tolyl)-pentene-2 (OIP) by

al keny| afidioyinaphetateny (BAN), in particular 2,6-dimethylnaphthylene (2,6-DMN) from a mixture

which contains at least one of dialkylnaphthalenes, monoalkyinaphthalenes or naphthalene.

Discussion of the Background:

The compound 2,6-DMN is used as a precursor of 2,6-naphthalene dicarboxylic acid in
the manufacture of high performance polyester resins such as pé;i-ygthylene naphthalate polymer
(PEN) or polybutyrene naphthalate polymer (PBN), because 2,6-DMN is easily oxidized to
2,6-naphthalene dicarboxylic acid compared with other precursors such as 2,6-
diisopropylnaphthalene or 2-methyl-6-isdbutyrylnaphthalenes. There have been many expected
PEN's applications to film and bottle uses, such as long time recording type video film,
Advanced Photo System, .hot fill containers, refillable bottles and tire codes because of its good
physical properties in strength, thermal resistance and gas barrier property. Expected PBN's
main applications are for electronics, insulators and car parts. However, PEN and PBN have
heretofore been too expensive to expand its market cleanly because of few effective processes
for the 2,6-DMN commercialization. |

There have been many proposals conéeming the process for preparing the 2,6-DMN.

U.S. Pat. No. 4,795,847 (Weitkamp et al.) describes a process for the preparation of



Wi th butadiene in a presence of cat al yst such as an alkali netal catalyst;

2) preparation of 1,5-dinmethyltetralin (1, 5-DMI) by cy f orp
in a WO 99/19278 presence of catal yst such as plati nunﬂ’a{]ﬁéﬁcopper on an
ultra stable zeolite cataly

pr epar &, 6-dialkyinafhthialenierhytatiglating inapithaleme c(rﬂ,—ﬂkibmlphthglenkywyb mglésmlatmment
of 1,5-DMI in a presence of catalyst such as platinumand rheni umand gamma

al um ngy ytesence ofazeollte (specnaﬂ}ZSM-sy E@QE&EZ@“ of DWN mixture which is rich
in the desirable 2, DI\/N DWN -and -1, 5--DIMN- -by---

R ke G DA,
gﬁ: ,ef fgg?é%%&g{]gafph Mij ezf%?xthalene asa ng.dsioac Rnd% sey%ﬁlegtc zgole uce
- 2- As mul ti pI es ste Cps rrallges 2 r ocsss pl ant_ conpl i l%at‘)% and
in a hi@ECMe22),as atcatalyst) andiit showsyICM22 is mase pifective than 25N+ inadkydation
comerci al process for an econom cal preparation of purified 2,6-DWN
Fur t'herZIRININ dnld nkphthifténe. di fficult to separate 2,6-DWMN from other isoners by
However these methods provide only unit operation (i.e batch) for alkylation of 2-
MMN, which is an expensive feedstock and is not commercially available in a large amounts.
U S. Pat. No. 4,990, 717 (Sxkkenga) and 5 073,670 (Slkkenga etal. ) describes a multi-
step process to produce 2, 6-DMN from o-xylene and butadlene which consists of;

1) preparation of 5-(o-tolyl)-pentene-2 (OTP) by alkenylation of o-xylene

with butadiéné'ih a presence of catalyst such as’.ixi alkali metal catalyst;

2) preparation of 1,5-dimethyltetralin (1 ,S-DMT) by cyélizatidn of OTPina

presence of c_:'_ia't_'?,lyst such as platinum and copp_éy on an ultra stable zeolite

catalyst; | | | .

3) preparation of 1,5-dimethylnaphthalene (1,5-DMN) by dyhydrogenation

of 1,5-DMT in a presence of catalyst such as platinum and rhenium and gamma

alumma and

4) preparatxon of DMN mixture wl'uch is nch in the desnrable 2, 6-DMN

1,6-DMN and 1,5-DMN by isomerization of 1,5-DMN in a presence of catalyst

such as a beta-zeolite catalyst.

If a 2,6-DMN separation from DMN mixture were combined with the above multi-steps,

a complete process to produce purified 2,6-DMN could be provided.



conventional separation nmethods such as distillation and cooling

crystalliz Pﬁcause 1) -~ There are vepgrasys/10929

differences 1n 80|I|ng poi nts of DWN isoners, es
the difference between 2,6-DWN and 2,7-DW is only 0.3 . C where.

pecial ly
it

i s nearly i npAssmbtiples Sepsapakene prozess phwi copplicase and imd kjgh cost, it is hard to say
2) The cooling of DWN isoner mxture solution of 2,6-DWN purification
f or mes athpt theippior atteprovidesamya dommeerélaliprobdss ﬁumtaebmthhalqnsgaathimnf,pmiﬁed e

separation of the 2,6-DW is extrenely difficult. Koi de
4,992, 619¢6ippANt s a method of separating a nethyl derivative of
naphthal ene froma mxture material in a high purity, by crystal

Crystal || zati SRagTmerig velY ditiitto %@%@ s SV ol

preparing dial kyl napht hal enes, are sou
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lization
a pressure
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SUMVARY €gnventional gepagatioy methods such a5 dig %ng and,cooliag spistallization besause;

invention is a nethod of preparing 2,6- dial kyl napht hal ene.

According to anot hd) enﬂwemVemBMd@mwmhMMMmofEWmmew of

preparai ng 2, 6-di net hyl napht hyl ene. According to anoth
enbodi ment of the RmeRY tHedifuténceBeivween 20EDMI afd 2/TEDNEN isiolye0.3
resin. These and ot her objects of the present invention

possible by a nmet hqgdyQhiy impossible to separate 2,6-DMN by distillation.

er

0, ihefd ier

are nmade

2) The cooling of DMN isomer mixture solution of 2,6-DMN purification

formes a precipitate of very fine 2,6-DMN crystals in suspension, where

separation of the 2,6-DMN is extremely difficuit.

Koide et al U.S. 4,992,619 reports a method of separating a methyl derivative of

naphthalene from a mixture material in a high purity, by crystallfzhtion under a pressure.

Moritoki et al U.S. 4,784,766 reports a pressure crystallization apparatus.

Accordingly, method of commercially preparing dialkylnaphthalenes are sought.

SUMMARY N

According to one embodiment of the invention is a method of preparing 2,6-

dialkylnaphthalene.

According to another embodiment of the present invention is a method of preparaing

2,6-dimethylnaphthylene.

According to another embodiment of the present invention is a method of preparing a

polyester resin.

These and other objects of the present invention are made possible by a method of

producing 2,6-dialkylnaphthalene from a feedstock which contains at least one component

-3~



produci ng 2, 6-di al kyl napht hal ene from a feedstock whi ch contains at |east
one conponent -3

sel ected fWBAMNE group consisting of dial kynapht hal ene i 58%4115,989720929
nonoal kyl napht hal ene i sonmers and napht hal ene conprising the foll ow ng

st eps: selected from the group consistmg pSdialkymaghthalene itomarsk monbalkyinaphthaleheisomers

nnnoalkynaphthalene, o di al kyl napht hal ene fracti ons:
11 R8P Aiphthaléheothpeising thd followinf stéba! Kyl napht hal ene from said _
di al kyl napht'hl ane fraction of step I, I11. alkylating said

nonoal kyl napht hal gne f rﬁ%&%“gﬁ"%‘%‘é& ito'¥ ﬁaghﬁ%eﬁk,m%@ﬂl&ﬂ?phthale

agent to produce dially ransgfkyl ating
sai d napht hal ene fraction of step.l and a di al kyl napht hal ene
fraction, after 2,%‘%‘1@9’14?85%&&“&% is separated therefrom

in step Il, to produce nonoal kyl napht hal ene, and isonmers of
di al kyl napht hal endl. ~  separating and purifying 2,6-dialkyl@mpheirleesom sid ON OF -
THEDRAW NGS A nore gonpl ete appreciation of the invention and nmany

of the attendant Wﬁﬁ@ﬁﬁdnetﬁaeﬁ@péfmﬂ I; be readi'ly obtained as the sane
becone better understood by reference to the
- II.  alkylating said monoalkylnaphthalene fraction of step I with an alkylating
agent to produce dialkylnaphthalene;
IV.  transalkylating said naphthalene fraction of step [ and a
dialkylnaphthalene fraction, after 2,6-dialkylnaphthalene is separated therefrom

in step II, to produce monoalkylnaphthalene, and isomers of dialkylnaphthalene.

EF DESC WINGS

A more compiete_appr_eciation of the invention and many of the attendant advantages
thereof will be readily obtained as the same become better understood by reference to the
following detailed description when considered in connection with the accompanying drawings,
wherein:

Figure 1, illustrates a separation, purification and reaction scheme according to the
present invention; and

Figure 2, illustrates a separation, purification and reaction scheme wherein a
dialkylnaphthalene fraction is enriched in 2,6-dialkylnaphthalene, according to the present
invention; and |

Figures 3, 4, 5, 6, 7 8 and 9 illustrate separation, puﬁﬁcation and reaction scﬁemes-_

according to preferred embodiments of thé' present invention, i« i ri s e

-l



fol l owi ng detailed description when considered in connection with the

acconpanyi Rgp 9g/pehg19s, Wherei n: Figure 1, ill ustr atpesnss98/20929
separation, pur I cation and reaction scheme according to the present
i nvention; and Figure 2, illustrates a separation, purification and

reaction scheme wherein a dialkylnaphthalene fraction is enriched in

2, 6-di al kyl napht hal ene accordrno to the cresent I nvention:; and

Figures 3, 4, 5, 6, 2&a(Rlagd % g NSad. SVl gl cati on and
reacti on schenes accordrng to preferred enbodrnents of t he present

i nventi on. The present invention may be applied to any feed streams of hydrocarbons that/contains
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The present invention may
be appl i ?ﬁ%lh?pme&?%g eabt' R BT naphthMeled nBHﬁ%hyﬁ%@nﬁial%ﬁe ) and D

al kyl napht enes | east one of napht hal ene onet hyl napht hal ene)

15 W **rsrﬁf@a%ﬁiﬂr?ﬁ iiRd DR SN Y %ﬁ?#%é-w“éﬁﬂvrﬁe

Cr acki k
ackl ng},C(())r (Light %;%ler(ﬁ%rﬁ%%l %& (Ffurd Catalyst Cracking) or HC (Hydrocracker) is a

preferable example of a feed stream.

As for the separation of LCO into each fraction of naphthalene, MMN and DMN
conventional method such as distillation can be utilized. However, LCO usually contains many
kinds of components such as light paraffins and mono-aromatics with long chain aikyl-group,
which have similar boiling points to boiling points of naphthalene, MMN and DMN (Co-boilers).
It is very hard to separate alkylnaphthalenes from their co-boilers only by distillation.

In such case, they can be separated from their co-boileré‘-li;' conventional solvent
extraction method in step (I). However, this present invention, including utilization of MCM-
22 catalyst charged in reactors (alkylator, transalkylator and isomerizer) can reduce the load of
extraction or eliminate it. If hydrogen is co-fed to the reactors, MCM-22 catalyst can effect a
cracking reaction to convert co-boiler components into components having a higher vapor
pressure than each of naphthalene, MMN and DMN.

Therefore, as the co-boilers can be reformed and changed to components having a higher
vapor pressure at the outlet of alkylator, transalkylator and isomerizer and the product from the
reactors are recycled to step (I) Distillation, it is possible to perform further separation and
concentration of each of naphthalene, MMN and DMN in step (I) as the preferable feed stream
of each reactor.

Altemnatively co-boilers may be reformed by a combination with a conventional

hydrodealkylation technique. In this case, the following advantages can be achieved;
~5—



preferabl e exanple of a feed stream As for the separation of LCO
into each fraction of naphthal ene, MW and DW conventional  net Q’%}?imh as
distillatiWR%a%™e utilized. However, LCO usually contai n® GHHY ds of
conponents such as |ight paraffins and nono-aromatics with |ong chain

al kyl - group, i)Wo-milelsaontaiedin the fesistock garDid 3ty élfanfed drid 10 maRes ¥asiePfo

napht hal ene, MW and DWN (Co-boilers). It is very hard to separate
al kyl napiphaterhes b rdi%ﬂllidbﬂiffoﬁﬂafhﬁﬁil&ﬁ heH Jefiil gon. In
such case? t hey cag be separate fromet’hel romggl}ﬁgé}tﬁiel%és%&aconventional

sol vent . | O thod in step (}). However,--t-hi's-present invention,
I ncl udi n%ﬁi&{/l?\?@]&%ﬂ?\gﬂebf MCM 22 catal yst charged in reactors (al kylator,

transal kyl at of, .and_.i soneri zer) can reduce the | oad of extraction or

el i minate it.DHarafinsangdmpnosarematies it long shainscan beseformed tousefll BEXt can
effect a cracking reaction to convert co-boiler conponents into conponents
havi ng btmaghe rtoluene xylene) @s 8 gasoline fraciarch of napht hal ene, "MWN and DWN\.
Therefore, as the co-boilers can be reforned and changed to conponents

havi ng a hi ghiy AlkyRaghithslérs Sachalins pdlmaphmmeﬂés, Which!agé eéntainedihhb KY! at or

and isonerizer and the product f'rom he reactors are recycled to step (1)
D et kel BRI b Sl (IS R0 AR e,

A ERE R AR A o RGO
'E gf:hni qupi&el‘a%léf@ééto%ﬁsfgf thg ?;czing.l owi ng advant ages can be achi eved;

iv) In case the feed stream contains 5ulﬁ1r and hitrogeti-bompoﬁ'nas,:"v'i)hiéli nﬁghf:'b'é"
caté_lyst poisons, these compounds can be excluded from the rgéy;ling ﬁtremﬂs and products.

Refinery plants u'sually have FCC or HC for gasoline recovery from residues of
atmospheric distillation unit. LCO is a by-product and its main' Gse is as a diluent of A-heavy oil
and/or C-heavy oil by being mixed with them. Théréfo‘fé, LCO ts é#ﬂhaté& as having fuel value.
However, LCO usually contains naphthalene and alkylnaphthalenes such as MMN and DMN
fraction at about 20 to 35 weight %. (alkylnaphthalenes/LCO)

The present invention provides an effective production process of 2,6-DMN as high-
value added product by _utilizing a non valuable feed stream.

As a feed stream for the present process, any hydrocarbon feedstream containing at least
one of naphthalene, MMN or DMN, such as Light Cycle Oil (LCO) derived from Catalytically
cracking petroleum oil may be used.

.. For the separation and concentrat'ic;n of step (I), conventional techniques such as

distillation can be applied to step (I) may be used. In the case were the feed stream contains

non-aromatic components which boiling points are very similar to naphthalene and/or MMN,

.




1) Co-boilers contained in the feedstock can be easily changed and it nakes

easier to eﬁzlg'%tse t hem by distillation from naphthal enes, pcTns98/20929
nonoal kyl n!& enes and di al kyl napht hal enes. ii) Parafflins and

mono-aronmatics with long chains can be refornmed to useful BTX (benzene,
t ol uene, conyersinmnl siveat greastiontechniguesialse. can be applied ipjagditinn tg theabAVSal enes
I ncl udi ng pol yal kyl napht hal enes, which are contained in the feedstock
and/ or whestioned distillationdn step(Bact i ons (al kyl ati on and/or transal kyl ati on
and/or isonerization), can be reforned to pure naphthal enes and

monoal kyl nap hﬁ@&&{&fons‘wMﬁﬁa@éﬁnplﬂﬂ@ﬁ%ﬁﬁérﬁm?@ BEisHoREl td 900 Chénd prasdrally-

Iv) In case the feed stream contains sulf and nitrogen conpounds, which
m ght be at i sQns, .t QMo s.can - r e '
ecycl | e ERIEANEE, A AP E Rt BRI PRt Fes i pHAB T S0
or HC for gasoline_recaovery fr resi dues qf t nospheric distil.lation :
uni t. LCsmospherss,-Thegnele ratiged aﬁcv"@tm&a&eqsé%gqeé oggwadfsvlnmsﬂw Of raRbfnglens |
and/or G heavy oil by being mxed with them Therefore, LCOis evaluated as
havi ng f canl be/fadmabout:3aktoct:20, IpDeferablyfirom 10ohtcal 0. The reactiorcissuisably

al kyl napht hal enes such as MW and DW fraction at about 20 to 35 weight %
(al Kyl nagliohigsasitigiak a feed space VB oFSa¥ut DIVRNTO,®R'pr ovi des an ef fective

production process of 2, as hi gh-

Preferred alkylating agents include alcohols, olefins, aldehydes, halides, and ethers. For
example, methanol, dimethylether and polyalkylbenzene are preferred. Methanol and
dimethylether are especially preferred.

A suitable catalyst for alkylation, is a synthetic zeolite characterized by an X-ray
diffraction pattern including interplanar d-spacing and relative intensity I/L, x 100

1236+ 04 M-VS
11.03£02 M-S
8.83+£0.14 M-VS
6.18£0.12 M-VS
6.00£0.10 W-M
406007 W-S
391£0.07 M-VS
342+£0.06 VS,
A suitable catalyst is described in U.S. 5,001,295, as MCM-22.

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.

The conditions of transalkylation include a temperature of about 0 to 500 C, and

preferably 200 to 450 C, and a pressure of 0 to 250 atmospheres and preferably 1to 25

atmospheres. The mole ratio of naphthalene to DMN can be from about 10:1 to 1:10, preferably



val ue added product by utilizing a non valuable feed stream

feed stream for the present process, any hydrocarbon fee&%‘?@ﬁ@sﬁg%al ni ng
at | east Yh¥8#8napht hal ene, MW or DWN, such as Light

derived from Catal ytically cracking petroleumoil nmay be used. For
t he sefombilow lafid The reaetion i suitablydccomplishéd htiliing u feedi space! veloelt) 6f sboe such
as distillation can be applied to step (I) may be used. In the case were
t he feeﬁlﬁd[@ambont ains non- arorratlc conmponents which boiling points are
very simlar to naphthal ene and/ or

[ addi ti on PR SRRYst T4 E*"&ﬁﬁé “Sﬁ PRBREF BRI Epded B r % AP 10

condi ti QAs of al n |nc t epper ture of about O to 500 C, and
preferéﬁ@? t‘&ﬁ'&im& ing intg %‘r‘ dPaBlfﬁWé%ﬁ“Y)V{od‘@O at nospher es
and preferably 1 to 50 atnospheres. The nole ratio of alkylating agent to
feed of nonal kyl napht hiA.3w 0dr Mp¥S hal ene can be from about 20:1 to 1:20,
preferably from10:1 tH.Q34£0.2 THM-§ eaction is suitably acconplished
utilizing a feed space.g®ekaci4 y Mivsbout 0.1 to 10.0 hr[err].

Preferred al kyl ati ng agegk®, 12nclpogs al cohol s, ol ef i ns, al dehydes, hali des,
and et hers. For exarrrgggirﬁeltd'uarwlM di nmet hyl et her and pol yal kyl benzene are

preferred. Methanol angdpgsioo7 w.s
391007 M-VS
342006 VS.

A suitable catalyst is described in U.S. 5,061,295, as MCM-22.

Separation of 2,6-dialkylnaphthalene.mybe conducj:gt_ﬂ by _conve_qtiqn_al_ methods of
separation known to those of ordinary skill in the art such as cooling cryst_alli@tiqn or
adsorption. i*';)r exarﬂpié se;iaﬁﬁdn tt.:ay- be aifected by uéiﬁg 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, this method involvés .a geparating a'n.d 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 c.o-exisﬁng system while maintaining
the pressure of the solid-liquid co-existing system at a .higher level than equilibrium pressure of
the objective substance, then thg 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 method involves injecting the slurry or liquid of the temperature of 70 to 120°C,

preferably 80 to 100°C, into a high pressure vessel for conducting a crystallization under high

-8



di met hyl ether are especially preferred. A suitable catal yst for
al kyl ati onyydh gosfyae/Nt hetic zeolite characterized by an X-raypcrvissosraeesi on
pattern including interplanar d-spacing and relative intensity I/I[err] X

éog \PEessure; adiabatically_pressuﬁz}gg t%@ gegigf'tlo earll"l\#f%@T sz ﬁ-qw g,go to 4,000 kgf/cmz, 11.03

6. 18 0,12 M V. 6. 00 0. WM

4. 06 [glr;{g]qferab%gsgo to 2,0%0 kgf/em® to increase the quantity, i @lye[fztrx#gl\ygi’%&

3.42 [err] 0.06 VS. A suitable catalyst is described in U S. 5,001,295,
as MCM 2italkylnaphthalene qystals| whersby coexistemceef solid-linuid phasesienishat\thehigh pressunewn
reactors usually enpl oyed for al kyl ati on. For exanple, a tubular reactor

with a %‘x‘lﬂﬁibﬂ%’dﬁéh@rﬁﬁg tieliquidpiedse dothporiedt 68 thé high présalitéSlesseh thde

enpl oyed. e conditions of transal kylation include a tenperature
of about &HE@J - C : : el : 0to
250 at rmdsfp e élgq%ﬁ'g °|8?e e?%gl?d;ei‘ ?Fe?%lrggaq&é%aﬁ%g%ﬁ'g%g ?H%}%hﬁgﬁgs%#é@%gtgf
napht hal ene t. can pe fromabout 10:1 to 1..10, . prefer.gb
PPN 8 i phase pitip theyesspl LSvetng: i presssfe i s ppyial MR PR o8 5869 1 1 21 ng
a feed space vel ocity of about .
issolve 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-dialkyinaphthalene
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-dimethylnaphthylene) of 98 % by weight, preferably
99% by weight may be obtained.
In a preferred embodiment, a 2,6-lean dialkylnaphthalene fraction may be subject to
isomerization conditions to provide for a dialkylnap hthalene fraction which has a greater content
of 2,6-dialkylnaphthalene.
Isomerization conditions are those generally as disclosed in co-pending application U.S.
08/661,114, as suitable for conducting simultaneous transalkylation of dialkylnaphthalene and
naphthalene, and isomerization of dialkylnaphthalenes, the relevant portions of which are hereby
incorporated by reference.
As a suitable catalyst for isomerisation, a synthetic zeolite characterized by an X-ray
diffraction pattern including interplanar d-spacing and relative intensity I/, x 100
123604 M-VS
11.03£02 M-S
883+0.14 M-VS
6.18+0.12 M-VS
6.00£0.10 W-M
406+007 W-S

391007 M-VS
342006 VS



0.1 to 10.0 hrferr]. ~ A suitable catalyst for transal kylation, is a
synthetic zeolite characterized by an X-ray diffraction pat] | udi ng
i nter pl anaWO3¥PBRing and relative intensity I/1[err] x 10%%%898%3%

12.36 [err] 0.4 M VS 11.03 [err] 0.2 M S

8. 83 [ erA pwitable catalystigdescribed in U.S. 5,001,295, as MCM522,8h¢ entirp Goritents ofAwkIsh are
6.00 0.10 WM 4.06 0.07 WS

3. 91 [ erheteb§ intdrpordted/By reference. - - R 3.42 0.06 VS. Asuitable
catal yst is described in U S. 5,001, 295, as MM 22. Separ ati on of

o oh O UM N A GRE i SAOAIREY o,
oL AR lene ST B0 oS TP oA ST B At AT S

|l iquid m xture containing two or nore substances is pressurized, and a
certain substPspfeablynisemerizetion isrcontuctedat afiemperdture of fromdP0 te50G € opreferably
residual liquid by the effect of the pressure. In other words, this. nethod
i nvol ved 5@ te 8 & Camoregprafecabp 200 twi 309°Cechni que wherein a liquid m xture
containing two or nore substances is placed in a tightly seal ed pressure

vessel, a porpriferably iséxﬁlé’ciidiﬁéh Fs?&)nﬁﬁ&@& e es&r@éﬂﬂtﬂo%ﬁ%ﬁb@k 21s

solidified to forma solid- iquid co-existing state, e l'rqurd 138
di schar - exdngt jeng2system whil e mai ntaining the pressure of
t he sol %g&fa{aé@%égs?hér%tgﬁ n temat a higher level than equilibrium
pressure of he objective substance, then the solid remaining in the
vessel is pr 1508 enzationiitis gssiple oco-teed pihydrogenchut és not alpeys neqsssansin d
particles and integrating the solid particles. This technique is

an amount of 0.1 to 10 moi-Hy/mol-hydrocarbons.

According to additional embodiments of the present invention, 2,6-dialkyinaphthalene

may be prepared from hydrocarbon feedstocks as follows:

L separating a feedstock into a fraction comprising naphthalene and

monoalkynaphthalene and a fraction comprising dialkylnaphthalene;

IL separating and purifying 2,6-dialkylnaphthalene from said

dialkyinaphthalene fraction of step I;

II.  dealkylating said naphthalene and monoalkynaphthalene fraction of step I

and a dialkylnaphthalene fraction, after 2,6-dialkylnaphthalene is separated

therefrom in step II;

IV.  separating a naphthalene and monc;alkyna'phthalene fraction from said

dealkylation of step III;

V. alkylating said naphthalene and monoalkynaphthalene fraction of step IV;

and

-10-



general l'y described in U S. 5,220, 098. The net hod invol ves
I nj ecting t‘g‘g’§’m gy or liquid of the tenperature of 70 to Iptiinesosi@329
t

preferably o0 100[err]C, into a high pressure vessel for conducting a
crystallization un hi gh ..
- 8- pressur3?{'adirg‘ﬂ'ék'i‘%%\P‘i"g‘;“ﬁrfé%@ﬁ?ePzYﬁb“Fﬂé vessel to a pressure of

from 300 to 4,000 kgf/cn[errll, preferably 500 to 2,000 kgf/cnferr] to
i ncr eas e Emhodimentof the sepond scheme offigure 6f 2, 6-  di-al-kyl napht hal ene
crystal s, whereby coexistence of solid-liquid phases exist at the high

pressure conditiors; disepdrating dfgedsiock inthla fagivhsconpeising naplithdlemsaddie hi gh
pressure vessel, the discharging being conducted under pressure, to

| norease the Tt | O bndainshlaienl P8 erchl ipHfin itkylSaphislend oB BAcHbs i 1

t he vessel; lowering the’pressure o e resi I'qgurd phase so as to

di ssolve partially and pgiti & he, product; discharging the residual liquid
phase by applying lﬁﬂlg%@l%ﬁ@%ﬁ%ol I d phase within the high pressure
vessel whereby a 2, 6-di al kyl napht hal gne crx,stal bl ock having a high purity
i s obtained within Bhe niegtraingand pusifying 3Sr-dialkylnaphthalenedfromstid, o purity
of 2,6 dial kyl napht hal ene (e.g. 2, 6-di net hyl napht hyl ene) of 98 % by wei ght,
preferably 99% by dialkginaphtiejenb fractiornofstep I, In a preferred

enbodi ment, a 2, 6-1ean dial kyl napht hal ene fraction may be subject to

i soneri zation condi fri ONSisdrReri¥irVdailfrdciondeatti in diayhphtheRhene fraction which

has a greater content
IIb.  separating an isomerization product of step Ila into a fraction comprising
dialkylnaphthalene and a fraction lean in dialkylnaphthalene;
Ilc. feeding said fraction comprising dialkyinaphthalene of step IIb to step II,
II.  dealkylating said naphthalene and monoalkynaphthalene fraction of step
I, a dialkylnaphthalene fraction, after 2,6-dialkylnaphthalene is separated
therefrom in step Il and a fraction lean in dialkylnaphthalene from step IIb;
IV.  separating a naphthalene and monoalkynaphthalene fraction from said
dealkylation of step III;
V. alkylating said naphthalene and monoalkynaphthalene fraction of step IV;
and
VI.  recycling a product from step V to step L.

Embodiment of the third scheme of Figure 6:

L separating a feedstock into a fraction comprising naphthalene, a fraction
comprising monoalkynaplithalene, a fraction comprising dialkyinaphthalene and
a fraction comprising remaining products;
II. separating and purifying 2,6-dialkylnaphthalene from said

dialkylnaphthalene fraction of step I
-11-



of 2, 6-dial kyl napht hal ene. | sonerization conditions are those

general |y as disclosed in co-pending application U S. 08/ %
sui tabl e WE+9988ducti ng si nul taneous transal kyl ation of dllg %gr#ap%?hal ene

and napht hal ene, and isonerization of dial kyl naphthal enes, the rel evant
portions of whichliare kiealkyting andisikylnaphtimiene\fractbe aﬂackﬁ-dialkylnaphthaléne B
suitabl e catalyst for isonerisation, a synthetic zeolite characterized by

an X-ray di ffraCTsé;ﬁﬁat@diﬂfefHﬁ%m 1ﬂ%fdpQIE£hfe@§'ﬁan|a9ﬁ}68u€l o?ﬂeﬁkylﬂxo%ﬁé sfeglrat I ve
intensity I/1[err] x 100 12.36 [err] VS

éllg?eE (ra]r (r)] 12 2M \gi S dealkylating said fraction compn%ngbﬁr Y fx%b%&ﬁéwkﬁtyﬁl and

4. 06 0. 07 91 0. 07 M VS
3. 42[[63:]”0 06 VSrecyamgaproductofdealkylatxonto stepI?’ 9iferr] -0-

A suitable catalyst is described in U S. 5,001, 295, as MCM 22, the entire
contents of whichVare alielatingsdidfractions somprisipg naﬁh!hdﬂ@emd comprising

Preferably, isonerization is conducted at a wei ght hourly space velocity
(WHSV) of dial kylnmhndym phthalen®bfflep L to 10, preferably 0.5 to 5 h[err],

nore preferably 0.75 to 1.5 h[err].

Embodiment of the first scheme of Figure 7:
L sepafating a feedstock into a fraction comprising naphthalene, a fraction
comprising monoalkynaphthalene and a fraction comprising dialkylnaphthalene;
IL separating and purifying 2,6-dialkylnaphthalene from said
dialkylnaphthalene fraction of step I;
III.  dealkylating a dialkyinaphthalene fraction, after 2,6-dialkylnaphthalene is

_ separated therefrom in step II,
Ma. recycling a product of step ITI to step [; and

V.  alkylating said fractions comprising naphthalene and comprising
monoalkynaphthalene of step L.

Embodiment of the second scheme of Figure 7:
L separating a feedstock into a fraction comprising naphthalene, a fraction
comprising monoalkynaphthalene, a fraction cdmprising dialkylnaphthalene and
a fraction lean in dialkylnaphfhalene;
IL separating and purifying 2,6-dialkylnaphthalene from said
dialkyinaphthalene fraction of step I;
[Ma. isomerizing said fraction lean in dialkylnaphthalene of step I;

IIb.  separating an isomerization product of step IIa into a fraction comprising

dialkylnaphthalene and a fraction lean in dialkyinaphthalene;
-12-




Preferably, isonerization is conducted at a tenperature of from 100 to 500
C, preferaklyoodoatk t O 350 C, nore preferably 200 to 300[ er r pPCT/US98/20929
Preferably, 1Sonerization is conducted at a pressure of atnospheric to 100

kgf/cmerr], preferably atpospheric to 30 kgf/cnjferr]..,, .- ~During

i somerization it i gf“posé??ylcg'?ﬁggehgf'@gﬂ F“ﬁ#ﬁ‘@ﬁéﬁ,ﬂ%ﬁb tsteR il ol way's
necessary, in an anmount of 0.1 to 10 nol-Herr]/ ol -hydrocarbons. .
According to additilBnal dsalislatingadialkyinaphtbalenedfeaction; aftesi2;6-dialkylnaphthalene is
2, 6-di al kyl napht hal ene nmay be prepared from hydrocarbon feedstocks as
follows: Enbodi menkpdrited ficeréfroritin step Handalf fractignl (eantn dialkylnaphthalene of step .
separating a feedstock into a fraction conprising naphthal ene and

nmonoal kynapht hal enqpand a fraction conprising dial kyl napht hal ene;

1. separating and purifying 2,6-dial kyl napht hal ene from said

di al kyl napht hal ene §ractjon of st l.: . N deal kyl ati ng
sai d napht hal ene an%‘ WM?%WMWQ%CW%WﬁPBWPgﬁm? compgsmg

and a di al kyl napht hal ene fraction, after 2,6-dial kyl naphthal ene is

separ at ed monoalkylnaphthalepe pf step Eagg || ; V.
separating a naphthal ene and nonoal kynapht hal ene fraction fromsaid

deal kyl ati on of ste€YLI | Irecvcling a product from stép ITT to saék¥/l at i ng sai d napht hal ene

and nonoal kynapht hal ene fraction of step IV, and
Embodiment of Figure 8:
L separating a feedstock, in distillation towers, into a fraction comprising

2,6-dialkylnaphthalene, a fraction comprising 1,6-dialkyinaphthalene and a
fraction comprising a remainder;

I purifying 2,6-dialkylnaphthalene from said 2,6-dialkylnaphthlane fraction
of stepI;

[la  isomerizing said 1,6-dialkylnaphthalene fraction of step I;

IIb. separating an isomerization product of step Ila into a fraction comprising
2,6-dialkylnaphthalene and a fraction comprising a remainder;

Ilc. feeding said fraction comprising 2,6-dialkylnaphthalene of step IIb to
step II; ‘

MI.  dealkylating said fraction comprising a remainder of step I, a
dialkyinaphthalene fraction, after 2,6-dialkylnaphthalene is separated therefrom
in step II, and a fraction comprising a remainder of step IIb;

IV.  separating a naphtﬁﬂene and alkylnaphthalene fraction from said

dealkylation of step III;

V. alkylating said naphthalene and alkylnaphthalene fraction of step IV; and

-] 3=



-10- VI. recycling a product from step Vto step I.
Enbodi nent of the second schene of Figure 6:

separ at i ng¥@%¥8%st ock into a fraction conprising napht hal gﬁyvg?ﬁgzom
nmonoal kynapht hal ene, a fraction conprising dial kyl napht hal ene and a
fraction VI recytlinga produéttrday step Mtolsedpelne ; Il
. separating and purifying 2, 6-dial kyl napht hal ene from sai d

di al kyl napht Iﬁie&@ltﬁlgagﬁ-dﬁlkymﬁ ith&lene, e.g. 2 6-d1alkylnaphthalene|dm’y theti BOURMIt81 NY
sai d fract | on | ean in dialkyl napht hal ene I b. separating

I r| si ng
glna: i& haI eR@!t@rqgﬁh %cgﬁaﬁ%ﬁ ﬂlfehdn@ilﬁﬁyﬁag tl%%?dqu ene
SRR 0 T S R B ST t“qaﬁsmraf S e

nonoal kynapht hal ene fraction of step
di al kyl @8#pht hal ene fraction, after 2,6-dial kyl npht hal ene I S separated

therefromin step Il and a fraction lean in dial kyl napht hal ene from step
Il b; The 2,6-naphthdlenedicarbowydiciacid maythghbd vondarsed pndthdiobduskaapht hal ene
fraction fromsaid deal kyl ati on of step II1;

ethylene glycol, propylene glycol, butane diol, pentane diol and hexane diol. In a preferred
embodiment, the polyester resin formed in a polyethylenenaphthalate or -
polybutylenenapht_halate resin. Sucha cohdenﬁation may be coﬁducfed by conventional |
methods known to those of ordinary skill in the art.

Alternatively a polyester resin may be formed from 2,6-naphthalenedicarboxylic acid by

~ first esterification of 2,6-naphthalenedicarboxylic acid with an alcohol such as a C.4 alcohol,

such as methanol, ethanol, propanol, isopropanol, n-butanol, s-butanol, i-butanol, t-butanol. In
a preferred embodiment, the alcohol is methanol. Esterification may be conducted by
conventional techniques known to those of ordinary skill in the art. The alkylester of 2,6-
naphthalenedicarboxylic acid by then be condensed with a diol as described above, by
conventional methods known to those of ordinary skill in the art. Suitable diols include ethylene
glycol, propylene glycol, butane diol, pentane diol and hexane diol. In a preferred embodiment
the diol is either ethylene glycol or butane diol.

Having generally described this invention, a further understanding can be obtained by
reference to certain specific examples which are provided herein fbr'purposes of illustration only

and are not intended to be limiting unless otherwise specified.

-14-




V. al kyl ating sai d napht hal ene and nonoal kynapht hal ene fraction of step

|V, wo 99/19278 and VI. recycling a prodtiggsobnenmw st ep
V to step |I. Enbodi ment of the third scheme of Figure 6:

l. separating a feedstock into a fraction conprising naphthal ene, a
fracti on EXAMPLES conpri si ng nonoal kynaphi t hal ene, a fraction
conpri sing dlalkylnaphthalene and a fraction conprising
remai ni ng gk Cit tio d lene: SE€Parating and purifying

2, 6-di al kyTha al éne trom sal di al Kyl napht hal ene

f ' f . ) . R
[raction of stepdss amgpataf MGV i abarae 17t & piendpastor (volume:370 ce). As

2, 6-di al kyl napht hal ene i's ' separated therefromin step |
and r ecycpifeasistock fesclicilatim, &MMY,I2:MNN and neplthalene are used, and mixed ataj | | .
deal kyl ating said fraction conprising renmaining products of step | and

recycl i ng nolarratiolof 2.8fof @MYL MMM, dnd asweiphtiratio of 3.0 of MMNs (1-MMN + 2-
al kylating said fractions conprising naphthal ene and conpri si ng

monoal ky nagliNyalaphBahe.Step |  Enbodiment of the first scheme of Figure 7:

11-

Thereupon, the feedstock is supplied to the reactor (254 C, 5 kg/cm?) at a rate of
153.4g/hr and 1.0 hr'! in WHSV with a feed of hydrogen at the rate of 1.8 f/hr. Four hours later,
methanol, as an alkylatiné 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 are summarized in Table 1.

atio methylna ene aphthalene
Component (wt%) before reaction after reaction
dimethylnaphthalene 0 17.19
2,6-DMN 0 1.72
2,7-DMN 0 1.20
other isomers 0 14.27
monomethyinaphthalene 73.63 60.10
2-MMN 50.55 40.32
1-MMN 23.08 19.78
naphthalene 25.28 18.67
other component 1.00 3.91
evaluation : before reaction after reaction
NL conversion (%) _ 26.15
2-MMN/1-MMN 2.2 2.04
MMN conversion (%) _ 18.37

15
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l. separating a feedstock into a fraction conprising naphthal ene,

fraction conpri si ng nnnoalkynaphthalene an on
conpri si n&v‘a??ﬂgﬂﬁ napht hal ene; sepa?g?/uﬁgﬁz@%
purifying 2, 6-dial kyl napht hal ene from sai d

di al kyl aph?ﬁaicuc fr-actromof—step—i- Ummar deat-eH-ad i ng
a di al ky] Z6DMN&oahDMNL¥)i on, after 2, §-di al kyl napht hgl ene i K.02
separategd therefromin step I1; Il1la. Jrecycling a product
of step |14, G-sz E-IDMN and V. al kyl ati ng sqi4d, fracti ons
corrprl Si g lIdeIL frateme—armd coTTpT Y g — oroat r\yuapm trect t,ne

epar ating a AEGHLEEHEn Homh, HPIF o FE %%ﬁfﬁ&mm\mé and the toiodn

conpri si n monoal kynapht hal ene, a fract| on conprising dial kyl napht hal ene

and MN/1-MMN ig ovezd0i on | ean i n di al kyl napht hal ene;

. separatlng and purlfylng 2, 6-di al kyl napht hal ene from said

i Bdiih hlkabdtioan of step |; Ila. isomerizing
said fraction Iean in dlalkylnaphthalene of step l; I'1b.

separating anpiy vif f ' : S1.10
di al kyl napht hal gﬁg‘gﬁgf m@:%ﬁﬁ%gnx ?/&ﬁqjghcg‘ cy na%ﬂ%ﬁaa?gg@;rgéa it Phubiilal
-1z reactor (volume: 122 cc). The reactor is heated from room temperature to 400 C at the rate of
100 C /hr while introducing nitrogen gas into the reactor at atmospheric pressure.
As a feedstock for transalkylation, isomers of DMN and naphthalene are mixed in a molar

ratio of 5:1. Feedstock and product analysis are shown in Table 2.

-16-
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recycling a dial kyl napht hal ene fraction of step Ilb to step I1;

Il c

1. deal kﬁl ﬁg a di al kyl napht hal ene fraction, after PCT/US98/20929

, 6-d ialky‘iv e?% | ene is separated therefromin step Il and
fraction l'ean in dial kyl naphthal ene of step I1b;

al kyl ati ng said fractigpg Qi &riva ieRd corrprl si ng

L

nonoal kyl nagtrirateme—of—ste R B cycHrg—=a
product frorm gtep |11 Comporent (Wt%)Errbodl ment dfefcﬁegcacaoﬂ after reaction
l. separdtilMg a 1 eedstOCK, Tn distifratjon towers, TNto fa rraceron
conpri si ng dimethylnaphthalene 6. dj al kyl naphd hal ene84-37 fractilon c6Mti si g
1, 6-di al kyl qapght hal ene and a fraction conprjsing a
r emai nder ; 2,6-DMN . purifying 2, 6-disd@2kyl naphit hal €hd9from
said 2, 6-di 4l Ryl napht hl ane fraction of step I;
I1a isonerji gipppMNd 1, 6-di al kyl napht hal gne fragtigon of s ep 17.42
I'lb. separatlng an |sorrer|zat|on product jof step Ila intof a fraction
conprisin 2, 6-di al kyl napht{hal ene a fragtio rifsin
a Ir‘ne)mai ndgr; other isomers Llc %lppdjpnc said 7fg tiaon. c 10818 ?quiﬂ) J
2, 6-di al kyl naghhhidntdiBylRhphthaiche! Ib to 0.17 step ]! ; 13.81
[l deal Kyliati ng saldfractlon corrpnswgaremalnder of step I, a
2-MMN 0.02 9.54
1-MMN | | 0.15 427
naphthalene 15.46 12.65
other component 0 7.63
evaluation _ before reaction after reaction
2,6-DMN/total DMN (%) 6.2~ 17.3 -
2,6-DMN/2,7-DMN 0.72 1.53
content of 2,6-DMN (after/before):@1 _ 2.79
NL conversion (%) _ 18.2
DMN conversion (%) _ 21.9
produced MMN/(converted DMN x 2):@2 _ 0.41
2-MMN/1-MMN _ 22

@1 The ratio of / in 2,6-DMN/total DMN
@2 Amounts are calculated on a molar basis.
As can be seen from Table 2, the ratio of 2,6-DMN/ 2,7-DMN is over 1.2 and the ratio of
2-MMN/1-MMN is over 2.0.
Example 3 Isomerization:
As 25 g amount of MCM-22 is charged into the tubular reactor (volume: 200 cc).
The reactor is heated gradually from ambient temperature to 400 C to dry the catalyst while

supplying nitrogen gas, and the flow of nitrogen gas is ceased when the temperature

17
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di al kyl napht hal ene fraction, after 2,6-dial kyl napht hal ene i s separated

therefrom in step Il, and a fraction conprjsj mai nder
of step | WP 9919278 V.  separating a naphthal engét(ﬂg’s?mgﬁ
al kyl napht hal ene fraction fromsaid deal kyl ati on of step

L1l kyl at ne, and al kyl napht hal ene

fraction bgtf‘onslfsesg)aqlvt 4§R £ Tﬁérel}i)on, i,ggeasn?bﬁl}?? s%&?éde to the reactor at the rate of

- 13- . 1 VI. recycling a R&Quct fromstep Vto step I.
The resul%igfy add.Ghgjin WHE K hanskisemerization of DMN ds edrtied ontifor foat howrs.nTle t hen
be used to produce a polyester resin, by oxidation of

2, 6- di al leghtentsiof thel obteinddoproductai, aﬁmlyze@bﬁgmdmmﬁbgﬁfahﬂwh&&ﬂ&h&m@y
conventi onal nethods known to those of ordinary skill 1n the art.

The 2, 6- Ramkiadaermerhibies boxylic acid may then be condensed with a diol such
as ethylene glycol, propylene glycol, butane diol, pentane diol and hexane

diol. In a preferred enbodi nent, nhe | yester resin formed in a
pol yet hyl enenapht hal ate or pol yb te resin. Such a
condensat i pArRay—be—coAduct-ad—by—conventional nethads kn 1o those of
ordinary ski§l in theshiponent (wt%) before reaction after reaction |
dimethylnaphthalene 98.09 80.10
2,6-DMN - 62l 13.96
2,7-DMN | 8.48 8.66
other isomers | £3.40 57.48
| monomethylnaphthalene 0.20 9.77
2-MMN ' 0.03 6.71
1-MMN 0.17 3.06
naphthalene 0 0.78
other component 1.71 9.35
evaluation before reaction after reaction
2,6-DMN/total DMN (%) 6.3 17.4
2,6-DMN/2,7-DMN 0.73 1.61

As can be seen from Table 3, the ratio of ?,G-DW/ 2,7-DMN is over 1.1.
ation:
(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 condition of 2,000 kgf/cm? and 45 C.
(2) Cooling Crystallization

-18 -
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BT

Alternatively a polyester resin may be fornmed from

2, 6- napht h@*,@gﬁg;zf;@r boxylic acid by - first-esterification ofpctuses20929

2, 6- napht hal enedi carboxylic acid with an al cohol such as a (err] al cohol,
such as net hanol,__et hanol , propanol, isoprqpanol, n-butanol, .s-bytanaql,

i - but anol , t - but 2A¥N8 aYWS‘*‘&Pfﬁ w@maa&#ssaa HPt got R lsewﬁ’c‘ﬁ‘s?%"'f?@w&ﬂbl .
Esterification may be conducted by conventional. techni gues known to those
of ordi nary fidm 50 G 1o 40e withslowTtiering. KThens 0 5rg offse@] @ystals are charged to the vessel
napht hal enedi car boxylic acid by then be condensed with a diol as described
above, by celivielstkepnatla teibérative KM0\Q fo0ar Rae mﬁreﬁ?éﬂ, g feeditodK is cooled &
art. Suitable diols include ethylene glycol, propylene glycol, butane

di ol , penta [ d h i -hﬂfleér?' ' iol is
either et hyr@n‘g "‘g?ﬁﬁﬁ" O@ﬁgﬁ?aaﬂ'}gﬁéﬁ %41.26% gtﬂi&“ﬁ?g%ﬁ%?ﬁ%@ﬁri bed
this invent icﬁn .a further understanding can be obtained by reference to
certain spediffption PESSWi ch are provided herein for purposes of
illustration only and are not intended to be limting unless otherw se
speci fi ed. The results of separation by both crystallization under high pressure and cooling

EXAMPLES

crystallization are summarized in Table 4.
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Example | Al kyl ati on of MW and Napht hal ene: A 153 g anount of

MCM 22 is charged into a tubular reactor (volune: 370 cc). ASqT(‘iS &g@?gtock
for al kyl aWPEYI9218 _\mN, 2- MWN and napht hal ene are used, andGHYE

nol ar ratio of 2.2 of 2- MW 1- MW\, and a \/\/elght ratio of 3.0 of MWNs (1- MWN
+ 2-  MWN)/ napht hal ene. The i 4 dstock IS suppl [ ed to the

reactor (254 .C. 5 RO/'T O 1554 n
VHSV wi t hCRYSTALIGE %iﬂg}bgb]#ﬁﬁm(ﬁﬁﬁ SSUREl 8 ft[err] I'hr. Four hours
| ater, [frethanol, as an alkylafing ageﬁ 'S m‘lﬂoauced Tnyo the reacrqr at
35.5 g/ hf, and al kylatiaon is onduc I§ or 20 hours. The product obt ailned
i s anal yged by g@ﬁot‘ﬁm‘&?&t ogr aphy, crasialligstion r esjul t srestad summar ifiteatei n Tabl e
1. 26 1 (Al kyf ation % Monomet jhyl n%ht hal €ne and
Napht hal gne 0-D nponent (wt % 1 5 bef or® reactli on
after repction di et hyl papht hal ene 0
17. 19  25-DIVRN 232 22 0 210
1.72 2| 7- DWN )
1.20 o} bther DMiNer s 972 9 g 963
14. 27 npromeEt Tyt TTapttiraeme 73163
60. 10 b TOWML 1505 . 236 5. 55 1269
40. 32 - Z8. 03
19.78 |26D e 1.3 — 25|28 05
18. 67 ot her conponent L. 00
3.91  eabiviNsotal DMN 20.0% bef ore|reacl.6%n
after repction '
purity of crystal _ 87% _
recovery of 2,6-DMN _ 68% _
yield of 2,6-DMN . 13.6% _
COOLING CRYSTALLIZATION
Component (g) before crystallization crystal filtrate
2,6-DMN 400 244 156
2,7-DMN 308 67 241
other DMN 1293 49 1244
TOTAL 2001 360 1641
2,6-DMN/2,7-DMN 1.3 _ 0.65
2,6-DMN/total DMN '20.0% _ 9.5%
purity of crystal _ 68% -
recovery of 2,6-DMN _ 61% _
yield of 2,6-DMN 12.2%

"Recovery of 2, 6-DMN“ means the content of 2,6-DMN in the crystals agamst 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 weight

of feedstock.
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NL conver5| on (% ‘ 26. 15

2- MWV 1- 2.2 PCT/US9820929 2. 04
MWN conver5|"())?19n(9%8 ' ' 18. 37
15 2,6-DMN total DWN (%

10. 02 2, 6- DMN/ 2 As-shpn in Table 4, the yield of 2,6-DMN by crystallization under high pressure is
1.44 As can be seen from Table 1, the ratio of 2,6-DMN 2,7-DW is
over -1. 1 andmichéhighet than by codlinkdVstallidution. sFurter, the 0,6-DER¥ApiabDMN ratio of the
Transal kyl ati on: A 30 g anbunt of MCM 22 (1/16"D x 3/8"L,
cylindrical H&?ité@ﬂry%ﬂiz&fb’i{ Hdr lu@h Brésﬁyﬁ%sé‘ihanrse/@CTﬁérefdf@tH@BItraﬂe%gnﬁFQ
The reactor 1s heatéd fromroomténperature to 400 at the rate of 100 C

pressore.  ene it stoeR a5 ciARsalch dpdfparize R 8F POURRFEER Dy ane

napht hal ene are mxed in a nolar, ratio ,of 5:1. Feedstock and product
anal ysi s ar FUSReRmere, Whegamattempt is made to increase the purity of crystals by cooling

crystallization, the yield of 2,6-DMN decreases drastically.

le 5 Cracking of Distillates from LCO
Example of Cracking
A 50 g amount of MCM-22 is charged into a tubular reactor. The reactor is heated
gradually from ambient temperature to 325°C to dry the catalyst while supplying hydrogen
gas. Thereupon LCO distillate (Table 5) is supplied to the reactor at the rate of 50 g/hr and
1.0 hr'! in WHSV, while supplying hydrogen gaé at 10 Uhr, The reaction was conducted at
325, 355, 375, and 405°C. The results of cracking are summarized in
Table 6 below. Initial boiling point data shows that cracking was conducted by contacting
LCO feedstock with MCM-22.
Feed stock:
-Heart Cut Distillate from Batch Distillation of LCO
Number of Trays=18
Press=20 Torr
Reflux Ratio=10
_Initial Boiling Point: 167°C (by ASTM D-2887)
-Components

TABLE S

wt.%
Naphthalene 4.02

=21~




- 16- Tabl e 2 (Transal kyl ati on and

| soneri zation Conmponent (wt % bef ore reaction
after react98¥19278 (i net hyl napht hal ene PCT/USH8§20929,
65. 91
2-Methyinaphthalene 12.56
1-Methyinaphthalene 6.00
2,6-DMN 0.58
2,7-DMN 0.54
1,3-+1,7-DMN 0.8
1,6-DMN 0.34
2,3-+1,4-DMN 0.12
1,5-DMN 0.07
__1,2-DMN | 0.06
1,8-DMN 0
' __Others 74.91
Cracking Conditions:

-Catalyst: MCM-22(50 gm in Tubular Reactor)
-Press.: 15 kg/cm®

-Rate: 50 gm/hr

-Hydrogen in Reactor: 10 lit/hr

-Temp.: 325°C, 355°C, 275°C, 405°C

Results:

-22-



2, 6- DWN . . 5.22 11. 39

2, 1-DWN  wo 9919278 : /.28 PCT/159820929
ot her isomers 71. 87 47.10
nononet hyl napht hal ene 0.17 13.81

2- MWN TABLE S 02 9. 54

1- MWN 0.15 4. 27
napht hal ene Reaction Temp.[°C] |1%nitidl Boiling Point [°C] 1f2. 65

ot her conponent 0 ASTM D-2887 7. 63

eval uation Feed 1 reaction
2,6-DMN total DWN (% 395 620 17.3 -
2,6-DW 2, 7- DWN 072 1.53
content of 2,6-DWN (after/before): 385 104 2.79
NL conversion (% 375 61 18. 2
DWN conversion (% 405 29 21.9
produced MW (converted DW X 2): @ 0.41

2- MWV 1- MWN 2.2

@ The ratio of / in 2,6-DMWN/ total DWN @Armunts are cal cul ated on

a nol ar basi s. can be seen from Tabl.e, ratio, of 2, 6- DMV
2 7-DW i s over £ bZ"%{ﬁ@S ngerpgﬁ WB(&@F&“"ZS PW{}S °%n19\¥Fseﬂt Bventiop Ay e 3
| someri zati on: amount of MCM 22 is charged into the tubul ar
react or ( volP@Asible jmbighs @f the abﬁ\ee teachingsy Itjis thereforsdo e awidenstopd tthasiwithim thent
tenperature to 400 Cto dry the catalyst while

scope of the appended claims, the invention may be practiced otherwise than as specifically

described herein.
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supplying nitrogen gas, and the flow of nltrogen gas is ceased when the
t enperature

SUBSTI TUTEVIAR™} RULE 26) " becones stabl e at 400 CPCHIEPRBEh,
2,6-1ean-DMN i s supplied to tzlmlllljm’mllmnmt rate of 25 g/hr and 1.0
hr[err] inﬁ{\-{@?'é’r’ and isomeri arried out for four hours.
The conte t he obt ai ned product are anal yzed by gas chromat ogr aphy,
and the results are summarized in Table 3.

Tabl e 3 (lsomerization) Conmponent (wt %

before reaction gfpg%!"ei{fo?ﬁwdﬁan% Zg-Whmﬁﬁﬁéﬂlafp&ﬁ 3Nk comprising

98. 09

g Z é hydrocarbonégv@%g contains ablfzezﬁg pr%Mg\clgmwgm selected from the group consisting of
83. 40 57.48. nmonomret hyl napht hal ene

0.20 dialkynaphthgleftisomers, momoalityluaphthalene isomers and naphthalene compnsmg the
0. 03 6.71 1- MW

0.17 following steﬁs:OG napht hal ene

0 ot her conponent

1.71 ' '

bef ore reaction af t er r eegct %g fé@&&é@ég B ?a&hﬂ}alW?I‘%alkynaphthalene

6.3

dxélkylnaphthalene fractions:

IL separating and purifying 2,6-dialkylnaphthalene from said
dialkylnaphthlane fraction of step I;

II.  alkylating said monoalkylnaphthalene fraction of step I with an
alkylating agent to produce dialkylnaphthalene;

IV.  transalkylating said naphthalene fraction of step I and a
dialkylnaphthalene fraction, after 2,6-dialkylnaphthalene is separated
therefrom in step II, to produce monoalkylnaphthalene, and isomers of
dialkyinaphthalene.

2. The process of claim 1, wherein the product of step Il is recycled to step I.

3. The process of claim 2, further comprising cracking of said
monoalkynaphthalene fraction at said monoalkylnaphthalene stream before step III, or in
step III, or after step III.

4. The process of claim 1, wherein products of step IV is recycled to step L.

5. The process of claim 4, further comprising cracking of said dialkylnaphthalene
and said naphthalene fractions at said naphthalene stream before step IV, or in step IV, or

after step IV.
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2, 6-DW 2, 7- DW _ | 1.61
As can be spgRefid96n Tabl e 3, the rati om,mﬂlu”mﬂmln?g DWN igcouspsndod.
Exanpl e 4 Separation of Purification: t1)" Crsyswal | i zati on under Hi gh

Pressure Crystallization . A 1,505 g amount of DWN isoners is supplied
into the high pré&sJbeeresessefalaimle whereinatisasts pomioniaf said naphthalenedfractign in
2,6-DNN crystals (purity 87% are separated under the condition of 2,000
kgf / cni err] seepd isifsd ® step I to be2jkylaoel witlysaid gikylatihg agenton

-18 - Using a vessel for crystallization (3 liter), 2,001 g

of DWN isoners ig coRlpesceds'bf®laim 1] wRerein@t feabtAtéPIICorktep IVli@¥oriutted i'die
Then, 0.5 g of seed crystals are charged to the vessel which is kept at a

tenperature at 4 f ML e r , . ck is cooled to 10
Car 2 m skl o Sl cofbouiiph SR s YRt BRI 655 e cepar at e
by filtration under, pressure.. . . The results of separation by, both
crystallization $nddieREPEsss sf glaigy 7.ovherein &hsmﬁ:gst hayipg @ LompoSHiPR Fompsing
summari zed in Table 4. .

synthetic zeolite is characterized by an X-ray diffraction pattern including interplanar d-

spacing (A)

1236 +04

11.03+£0.2

883+0.14

6.18 £0.12

6.00+0.10

4,06 +0.07

391+0.07

3.42 +0.06.

9. The process of claim I, further comprising (i) separating said dialkylnaphthalene
fraction from step I into 2,6-rich-dialkylnaphthalene and 2,6-lean-dialkylnaphthalene
fractions, wherein said 2,6-rich-dialkylnaphthalene fraction is utilized in separating and
purifying 2,6-dialkylnaphthalene in step II.

10. The process of claim 9, further comprising isomerizing said 2,6-lean-
dialkylnaphthalene fraction in the presence of a catalyst, wherein the product in said
isomerization is fed to step II and/or s'éep L

11. The process of claim 10, further comprising cracking of co-boiler of
dialkylnaphthalene at said 2,6-lean-dialkylnaphthalene stream before isomerization, or with

the isomerization, or after isomerization and before step 1.
=25~



T e e honers 15 | mﬁ um |iﬂ“im$l| ST

filtrate 2, 6- DWN 301

96 2, 7- DWN 232

210 ot her Théptocess of claim 10, wherein abJedst a part of the product i said
963 TOTAL 1505 236

1269 2, 64dgMdriZaribn Ii!g)’.%lvﬁarated into a 2 6-nch-d1alkylna]oh§1alene fraction and other
0.5 2,6-DW¢total
87%

(7)]; 6? 5- %’c&%pgnen& ¥ & ald2 6-nch-d|alkylnaphthalene fragtion is fegﬂ to sten, |- 2 6- DIVNr ecovery
13. 6% COOLI NG CRYSTALLI ZATI nponent before
cryst (;| |i zat i on 13- Theprogess of 8\1 aim 1§, Nfbpf%q thei 1somenzati(o% ipcqndpgred in the presence

400 244 _ 156 2, 7- DWN

308 .of a catalyst cmhposition comprising@4 Synthetic zeolite. ot her DWN

1293 49 1244 TOTAL

2001 | 14. $hOprocess of claim 18,54 Herein the catalyst having a composition comprising

a synthetic zeolite is characterized by an X-ray diffraction pattern including interplanar d-
spacing (A)

1236+ 04

11.03+0.2

8.83+0.14

6.18 £0.12

- 6.00+0.10

4.06 +£0.07

3.91 +0.07

3.42 £ 0.06.

15. The process of claim 1, wherein at least a part of the feedstock or at least a part
of the product of step I is dealkylated, then recycledtostep .-~~~ =

16. The process of claim 9, wherein at least a part of the other components
containing alkylnaphthalene having a higher béiling point than naphthalenes in the
-separation after the isomerization are dealkylated, then recycled to step I.

17. The process of claim 1, v&ixerein a part of said dialkynaphthalene fraction after
2,6-dialkylnaphthalene is separated therefrom in step II are dealkylated, then recycled to

stepl. -
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2, 6- DMV 2, 7- DIWN 0. 65
2, 6- DW totghy obhbles | H’“t“@;ll“ I““ “llsl “ l“‘ | PCT/USO8/2098. 5%
purity of crysta # ¢C L M i 68% recovery of
2, 6- DW _ X . 61%_  vyield of 2 6- e e e

_ 12. 2048. The progsyefiaim lowherein sspprating isten He cw&#w@%&m@,a@@w
In the crystals against the content of 2,6-DW in the feedstock.

"Yield of 2,drditiilatiomandsexgiactiaront ent of 2,6-DWN in the crystal against the
total weight of feedstock. 20

SUBSTI TUTE SHEET {9RULke gitess of claim 1, wherein/236-dfalkyfhaphthdleRe &8 séparhted byi el d of
2,6-DWN by crystallization under high pressure is much higher than by

cooling crys b ' -DMN'total -DWN ratio of the
filtrate by %&%‘?Pa@ﬁ“ﬂ#ﬂ%ﬁé?‘%ﬁ%ﬁgppﬁéssu're is 1ess than 8% Therefore,
the filtrate is e, effecti .as. a . feedstock. for nsal kyl ati.on

i soneri zation of 20-6TP&BIRS .‘gmﬁh’r’tw*ﬁ%%fgﬁ!ﬂ”@ﬁ“ﬁh‘i‘aﬂ%‘ﬁg{m ylﬁﬂggﬂ gpe

increase the purity of crystals by cooling crystallization, the yield of
2, 6- DWN decranmbsaid moneallyingphthalene is monomethylnaphthalene.

21. The process of claim 1, wherein said alkylating agent is methanol or
dimethylether.
22. A process of preparing a polyethylenenaphthalate polymer or
polybutyrenenaphthalate polymer comprising;
A. oxidizing 2,6-dialkylnaphthalene to form 2,6-naphthalene-dicarboxylic acid; and
B. condensing said 2,6-naphthalene-dicarboxylic acid with a diol selected from the
group consi_sting of ethylene glycol and butanediol to form a polyethylenenaphthalate
polymer or polybutyrenenaphthalete polymer
wherein said 2,6-dialkylnaphthalene is produced from a feedstock comprising
hydrocarbons which contains at least one component selected from the group consisting of
dialkynaphthalene isomers, monoalkylnaphthalene isomers and naphthalene comprising the
following steps:
L separating a feedstock into a naphthalene, monoalkynaphthalene,
dialkylnaphthalene fractions:
II. separating and purifying 2,6-dialkylnaphthalene from said
dialkylnaphthlane fraciion of stepI;
II.  alkylating said monoalkylnaphthalene fraction of step I with an

alkylating agent to produce dialkyinaphthalene;
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Exanple 5 Cracking of Distillates f of Cracki ng
50 g anount of MCM 22 is charged in ﬂmmmﬁﬂll[ tor. The, rea
heated gr¥@d¥¥28from anbi ent tenperatarett o err]Cto (ﬁ:r]'{pstgﬁé‘%é%lt al yst
whi | e suppl yi ng hydrogen gas. Thereupon LCO distillate (Table 5) is
supplied to the reactlyr atrahintkylating saiti naphthalene fractionlofGteprifaed ] i n WHSV,
whi | e suppl yi ng hydrogen gas at 10 I/ hr. The reaction was conducted at

325, 355, 375, and 4QGdienk EzhalEh@fraaﬁdl hiberd, 6-liaNe/ihdphithalefie FslsBpaiteded i n
Table 6 below. Initial El;}glglpl ng poi nt data shows thadtwcr acki ngm\ivas conduct ed

D/ stillate rom Bat coteaony 4pp &, Mpfoffes mbfdHlihdfalene, gyt momer G ¢ <11

Trays=18 . Press=20 Torr Refl ux Ratio=l0
-Initial Boiling Poi mlkymﬁémt (by ASTM D- 2887) - Conponent s
TABLE 5 Napht hal ene 4.02

-21- 23. A process for preparing a polyethylene naphthalate polymer or

polybutyrenenaphthalate polymer comprising;

A. oxidizing 2,6-dialkylnaphthalene to form 2,6-naphthalene-dicarboxylic acid; and

B. esterifying 2,6-naphthalene-dicarboxylic acid with methanol to form dimethyl-
2,6-naphthalene-dicarboxylate; and -

C. condensing said dimethyl-2,6-naphthalene-dicarboxylate with diol selected from
the group consisting of ethylene glycol and butanediol to form a polyethylenenaphthalate
polymer or polybutyrenenaphthalate polymer |

wherein said 2,6-dialkylnaphthalené is prodﬁced from a feedstock comprising
hydrocarbons which contains at least one component selected from .the group consisting of
dialkynaphthalene isomers, monoalkylnaphthalene isomers and naphthalene comprising the
following steps:

L separating a feedstock into a naphthalene, monoalkynaphthalene,
dialkylnaphthalene fractions:

IL separating and purifying 2,6-dialkyinaphthalene from said
dialkylnaphthlane fraction of step I; | o

M. alkylating said monoalkylnaphthalene fraction of step I with an
alkylating agent to pro'c-iuce dialkylnaphthalene; -

IV.  transalkylating said naphthalene fraction of step [ and a

dialkyinaphthalene fraction, after 2,6-dialkylnaphthalene is separated

-28-




2- Met hyl napht hal ene

Sl ﬂmmﬁ\iu [ ————

0. 58
+ -
é_ 34 1, 7-DwN thereﬁ'gngnﬂepﬂ mwauce monoalkylnaphthaiene, and i 1sgmgr2 %f DWN
1, 5- DW 0. 07 1, 2- DW
0. 06 dialkylnaphthaler@iVN - 0
Q hers 74.91 Cracki ng Conditions:
-Catal yst: MCM 28(5Q ﬁfadeﬁk fou bt&dﬁEnnBQEﬂldxﬂk)lnaphthalenef?érﬁ%&'eedsﬂdikk@hﬁﬂﬁﬁg r]
-Rate: 50 gnihr -Hydrogen in Reactor: 10 lit/h - Tenp.

325[err] G ardGftohSwhichYohtdinsGt 1€40nE chiboneif séiddtéd from the group consisting of

dialkynaphthalene isomers, monoalkylnaphthalene isomers and naphthalene comprising the
following steps:
L separating a feedstock into a fraction comprising naphthalene and
monoalkynaphthalene and a fraction comprising dialkylnaphthalene;
I separating and purifying 2,6-dialkylnaphthalene from said
dialkylnaphthalene fraction of step I;
M.  dealkylating said naphthalene and monoalkynaphthalene fraction of
step I and a dialkylnaphthalene fraction, after 2,6-dialkylnaphthalene is
separated therefrom in step II;
IV.  separating a naphthalene and monoalkynaphthalene fraction from
said dealkylation of step III;
V. alkylating said naphthalene and monoalkynaphthalene fraction of
step IV; and
VI.  recycling a product from step V to step L.

25. A process for producing 2,6-dialkylnaphthalene from a feedstock comprising
hydrocarbons which contains at least one component selected from the group consisting of
dialkynaphthalene isomers, monoalkylnaphthalene isomers and naphthalene comprising the
following steps:

L separating a feedstock into a fraction comprising naphthalene and
monoalkynaphthalene, a fraction comprising dialkylnaphthalene and a

fraction lean in dialkylnaphthalene;
-29-



I-?tzazza;:t i on Temp. [Lerr] | ni t i-_a‘ ,!mc, ”’lﬂ!ﬂ’"’i’iﬁ!’ [ ;—f\rBi_E]ﬁ PCT/US98/20929

ASTM D- 2880 167
325 129 355

104 II. separating and puifying 2,6-dialkylnaphthalene fronfishid

405 29 Qobvi ously, nunerous nodifications and

variations of the prdiatkylnapltitalend fictivhef siepgsi bl e in light of the above
teachings. It is therefore to be understood that within the scope of the

ggggpgfgaﬂ ;ﬂ M8, thepanV e Roiidfizith ¥aill fralliif feh G bidlk i pit Bfedel 2" 2S
IIb.  separating an isomerization product of step IIa into a fraction
comprising dialkylnaphthalene and a fraction lean in dialkylnaphthalene;
Ilc. feeding said fraction comprising dialkylnaphthalene of step IIb to
step II;
II.  dealkylating said naphthalene and monoalkynaphthalene fraction of
step I, a dialkylnaphthalene fraction, after 2,6-dialkyinaphthalene is
separated therefrom in step II and a fraction l_eah in dialkylnaphthalene from
step IIb;
IV.  separating a naphthalene and monoalkynaphthalene fraction from
said dealkylation of step III;
V. alkylating said naphthalene and monoalkynaphthalene fraction of
step IV; and

| VI.  recyclinga product from step V to step L.

26. A process f§r producing 2,6-dialkylnaphthalene from a feedstock comprising
hydrocarbons which contains at least one component selected from the group consisting of
dialkynaphthalene isomers, monoalkylnaphthalene isomers and naphthalene comprising the
following steps: -

I separating a feedstock_into a fraction comprising naphthalene, a
fraction comprising md-noalkynaphthalene, a fraction comprising
dialkylnaphthalene and a fraction comprising remaining products;
II. separating and purifying 2,6-dialkylnaphthalene from said

dialkylnaphthalene fraction of step I;




descri bed herein.
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Ila. dealkylating a dialkylnaphthalene fraction after 2,6-
dialkylnaphthalene is separated therefrom m step II and recycling a product
of dealkylation to step I;

M.  dealkylating said fraction comprising remaining products of step I
and recycling a product of dealkylation to step I;

V. alkylating said fractions comprising naphthalene and comprising

monoalkynaphthalene of step I.

27.. A process for producing 2,6-dialkylnaphthalene from a feedstock comprising

hydrocarbons which contains at least one component selected from the group consisting of

dialkynaphthalene isomers, monoalkylnaphthalene isomers and naphthalene comprising the

following steps:

L separating a feedstock into a fraction comprising naphthalene, a
fraction comprising monoalkynaphthalene _ahd'a fraction comprising
dialkyinaphthalene;

.  separating and purifying 2,6-dialkylnaphthalene from said
dialkylnaphthalene fraction of step I; |

IOI.  dealkylating a dialkyinaphthalene fraction, after 2,6«
dialkylnaphthalene is separated therefrom in step II;

Ilfa. recycling a product of step III to step I; and

V. alkylating said fractions comprising naphthalene and comprising

monoalkynaphthalene of step 1.

28. A process for producing 2,6-dialkyinaphthalene from a feedstock comprising

hydrocarbons which contains at least one component selected from the group consisting of

diatkynaphthalene isomers, monoalkylnaphthalene isomers and naphthalene comprising the

following steps:
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1. A process for producing 2, 6-di aI froma f eedst ock
conprisin dr ocar bons mhlch cont conponent sel.ected
fromthe 3?' a?\; 1%%hsi st i ng of dial k PCT/US08/20929
nmonoal kyl napht hal ene i soners and napht haI ene corrprl Si ng the follow ng

st eps: I. |. separatinga feetistock intd & Gastieictompiisingaaptapiledsahene,
nonoal kynapht hal ene, di al kyl napht hal ene fracti ons:

1. separating andfraetrdnfaégifaas.sg ﬁxoﬂbﬂkﬂbﬁﬁﬁi&h@%‘ fPitFiol E&Hﬁﬁﬂ}g{j

di al kyl napht hl ane fraction step I; ylating said

nmonoal kyl napht hal e'nefi‘ﬁfks’ %%éa}{ ég%’actlx\ﬁ[ean?n dtalkylnaql\palene al kyl ati ng

agent to produce dia transal kyl ati ng
sai d napht hal ene fraﬁal on of step

di al kyl napht hal ene f#act i 6‘??"33%M%@‘BS&LQ?M@PHE@'M‘?’%SQQpar at ed

therefromin step Il, to produce nonoal kyl napht hal ene, and isoners of
di al kyl napht hal ene. dialkylnaphtBalerEifeachomofstep if cl ai m 1, wherein the product
of step Ill is recycled to step |I. 3. The process of claim 2,

further conprising cracki igameﬁz;@gam &mmqéma@mmﬁpmmeﬁgwéw at said
nonoal kyl napht hal ene stream before step II1l, or in
IIb.  separating an isomerization product of step IIa into a fraction
comprising dialkylnaphthalene and a fraction lean in dialkylnaphthalene;
IIc.  recycling a dialkylnaphthalene fraction of step IIb to step II;
III.  dealkylating a dialkylnaphthalene fraction, after 2,6-
dialkylnaphthalene is separated therefrom in step II and a fraction lean in
dialkylnaphthalene of step IIb;
V. alkylating said fractions comprising haphthalene and comprising
monoalkylnaphthalene of step I; and
VI.  recycling a product from step III to step L.

29. A process for producing 2,6-dialkylnaphthalene from a feedstock comprising
hydrocarbons which contains at least one component selected from the group consisting of
dialkynaphthalene isomers, monoalkylnaphthalene isomers and naphthalene comprising the
following steps:

L separating a feedstock, in distillation towers, into a fraction
comprising 2,6-dialkylnaphthalene, a fraction comprising 1,6-
dialkylnaphthalene and a fraction comprising a remainder;

I purifying 2,6-dialkyinaphthalene from said 2,6-dialkylnaphthlane .

fraction of step [;

Ha isomerizing said 1,6-dialkylnaphthalene fraction of step I;
-32-




] . cess of claim1, wherein
products 0fw6"99?§2‘7§/ is recycled to @H(M nlwl LU)‘"S The prreecsysnéozel ai m
4, further conprising cracking of saidcdi At hal ene and said

napht hal ene fractions aﬁb-sai-gpmggg Qﬁfsmm?)%mBf?teﬁtlﬁﬂm'o\éfr&ﬁgéz_ step

IV, or after step IV.

6. Th f claiml. wherein. at | ion.of sai d.napht hal
fraction in atep | s (pIedtbgifhynaphiaisn Rl 2 GRRiOR rfbbind smelese g

step IIl, or after step II1I. ”H

agent . 7. The process of Claim1, wherein at |east step Il or _step
IV is conducted in the g es@ﬁ@égéﬁldﬁa@mfm%ﬂsﬂw%éﬁlﬂmwgﬂ&@ﬁﬂgpﬂb
synthetic zeolite. 8. The process of claim7, wherein the catal yst

havi ng a conposition cotustepsllng a synthetic zeolite is characterized by an
X-ray diffraction pattern including interplanar d- spacing (A

[1(Zar ??012 4 11103 [ géaliiyfatifg said fraction Soripridifg & kerfaidder of step1,a 6. 18
dialkylnaphthalene fraction, after 2,6-dialkylnaphthalene is separated
therefrom in step II, and a fraction comprising a remainder of step ITb;

IV.  separating a naphthalene and alkyinaphthalene fraction from said
dealkylation of step III;

V. alkylating said naphthalene and alkylnaphthalene fraction of step IV,
and

VI.  recycling a product from step V to step L



6.00 [err]0.10 4.06 [err]0.07 3.91 [err]0.07

3.42 [err] 0. B 9919278 9. The process of claim1, further CRGRIUSISI2O929(i)
separating said dial kyl napht hal ene fraction fromstep | into

2, 6-rich-di al kyl napht hal ene and 2, 6-1 ean-di al kyl napht hal ene fractions,
wherein said 2,6-rich-dial kyl naphthal ene f§/43tion is utilized in separating
and purifying 2,6-dial kyl napht hal ene in step I1I. 10. The process
of claim9, further conprising isomerizing said 2, 6-I|ean-

di al kyl napht hal ene fraction in the presence of a catalyst, wherein the
product in said isonerization is fed to step || d/or step |

11. The process of claim 10, further conprising cking of co-boiler of

di al kyl napht hal ene at said 2, 6-1ean-di al kyl napht ene stream before

i somerization, or with the isonerization, or afder isonerization and
before step I. o~ - 25-

12. The process of claim 10, wherein at |east a pirt of the product in said
i somerization is separated into a 2,6-rich-dial kylfnapht hal ene fracti on and
ot her I
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conponents, and said 2,6-rich-dial kyl napht hal ene fraction is fed to step -

1. wob ,.Qi-l,’@e process of claim 10, wherein the i Sonerpomb$98/20929
conducted in the presence of a catalyst conposition conprising a synthetic

zeolite. 14. The process of claim 10, Zyi;ei n the catal yst having
a conposition conprising a synthetic §o| ite i aracterized by a ray
diffraction pattern including interplamr d- spacing (A .e36
[err] 0.4 11.03 [err]0.2 “', 8.83 0.14 6. 18] €D
0.12 6.00[err]0.10 4¢(36 [err]0.07 _ 3.91 Z:E;
3.42 [err] 0. 06. 15. The procesp of claim1, wherein at |lea
part of the feedstock or at |east a par of the product of step | is
deal kyl ated, tpen recycl,ed to step I. 16. The process of claim?9,
wherein at |eapt a partZof the other cojrponents contal ning
al kyl napht hal epe havi ngga| hi gher boilinpg point a[: han naphihal enes in tlhe
separation aftpr the i $8nperization are fdeal kyl ated, then re¢cycled to [stiep
l. 17| The pr&Seps of claim1,|whereinl a part[or—saro
di al kynapht h& ene fractaoh after _ S
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2, 6-di al kyl naphthal ene is separated therefromin step Il are deal kyl at ed,
then recycled to step |.

- 26- WOINNT8 13 The process of claiml, wherein sepgﬂﬁsgwqg?? step |
i's conducted by distillation, or distillation and extraction. 19.
The process of claiml, \/\herel n 2, 6-di aﬂgﬁjnapht hal ene i s separated by
crystal lization under h| gh pressure in 20. The process of
claim1l1, wherein said dial kyl napht hal ene i s di nmet hyl napht hal ene and sai d
nonoal kyl napht hal ene i s nononet hyl napht hal ene. 21. The process of
claim1l1l, wherein said al kylating agent is nmethanol or dinethylether.

22. A process of preparing a pol yet hyl enenapht hal ate poI ymer or

|l yb ht hal i-Si ng; di
D 6 di al kyl mapht hal enc. AORYURTING. BBENTFrS T, yf’.x'mil d; and
1I‘3r O%o?ggnsbpgu;aggngl St ngm FICH STREMA, edi ol tgl fz(ralme;t °d
"O'T—GI‘I’TVT‘E'n'e—'gT
pol yet hyl enenapht hal ate pgol yner or_pol ybut yr enenapht hal et e pol yner
NC RICH STREAM
LIGHTS — 1 (IV) TRANSALKYLATION {=— MMN,DMN,NL
f ~~2,6—LEAN-DMN
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wherein said 2, 6-di al kyl napht hal ene is produced froma feedstock conprising
hydr ocar borgowhiglg cont ai ns at | east’ one conponent sel ect ed HoTarssses2gr oup
consi sting of dial kynapht hal ene i soners, nonoal kyl napht hal ene i soners and
napht hal ene conprising the follow ng st f' l.

separating a feedstock into a naphthaleﬁé? éDnoaIkynaphthaIene,

di al kyl napht hal ene fracti ons: . separating and
purifying 2, 6-dial kyl napht hal ene from sai d o

di al kyl napht hl ane fraction of step I; I11. alkylating said
nmonoal kyl napht hal ene fracti on of SteEEI with an al kyl ati ng

agent to produce dial kyl nAbKYDATINGeAGENT . . Tont b f .
(b AvEktoN Iom—cpl "t e

-27- V. Transal
therdfromin step I, to

of step | and a MMN RIOHR!STREARD
MURDMNANL

2, 6-di al kyl napht hal ene is s
produce nonoal kyl napht hal ene, and i soners of

di al kyl napht hal ene. NEB. RISH STREAM
napht hal at e pol ymer of|GHIS

' ~-2,6—-LEAN-DMN

1) SEPARATIONI———! () SEPARATION/ | 2 6-DMN
(1) SEPARATION PURIFICATION

FEEDSTREAM

——

{ DN
HEAVIES  RicH STREAM

FI1G.3C
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(i) ALKYLATION [~ DMN
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STREAM
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t ~-2,6—LEAN-DMN
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A. oxidizing 2,6-dial kyl naphthal ene-to form 2, 6- napht hal ene-di car bexylic
acid; and B. esterifying 2,6-naphthal ene-di carboxyli.c-a¢d: i th

net hanol WOPYIRTRI met hyl - 2, 6- napht hal ene- di car boxyl at e; &gﬁgﬁﬁﬁlﬂﬂy C.
condensi ng sai d di net hyl -2, 6- napht hal ene-di carboxyl ate with di ol selected
from the group consisting of ethylene ﬁﬁ:ol and butanediol to forma

pol yet hyl enenapht hal ate pol ynmer or pol¥bu yrenenapht hal at e pol yner

wherein said 2, 6-dial kyl napht hal ene is produced froma feedstock conpri sing
hydr ocar bons whi ch contains at | east one conponent selected fromthe group

consi sting of dialkcyna e i rs, nonoal kyl napht hal ene i soners and
napht h?! ene c](c)rrp(rji tsi nE tﬁwljtﬁé)\ﬁ@i; [acas " l.

separating a feedstock into a eng nt.ha :

di al kyl napht hal ene frachiN]sﬁcpl %tﬁ?ﬁh - (IIIP&W@ bar apmg and
purifying 2,6-dial kyl naphtthal ene from sai*d
di al kyl napht hl ane fracti on . [, al kyl ati ng

f p
sai d nonoal kyl napht f‘ﬁ-agiélgns-gg%e .
al kyl ating agent tomﬁgce df al kyl na zlvéanhSﬂ.rkYLAHON - MMN,DMN,NL
transal kyl ati ng said n$pht hal ¢ne frafti orrof=sTep—Tam2

di al kyl napht hal ene fragtiqn, after 2,6-di al RH2)6phEANFOMNi s separ at ed
-28-
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therefromin step |1,
di al kyl naphtyigb&irs

to produce nonoal kyl napht hal ene,
24. A process for producing

and i soners of

SRR

2, 6-di al kyl napht hal ene from a feedstock conprising hydrocarbons

contains at
di al kynapht hal ene i soners,

conprising the follow ng steps:

feedstock into a fraction conprising naphthal ene and
nonoal kynapht hal ene and a fraction conprising dial kyl napht hal ene;
1. separating and purifying 2, 6-dial kyl napht hal ene from said

di al kyl napht hal ene fraction of step |

sai d napht hal ene and nonoal kynapht hal ene fraction of

and a di al kyl napht hal ene fracti on,
separated therefromin step Il

V.

napht hal ene and nonoal kynapht hal ene fraction from
al kyl ati ng sai d napht hal ene

deal kyl ati on of step Il1l; V.

and nonoal kynapht hal ene fracti on of

step 1V,

VI. recycling a product fromstep V to step

| east one conponent selected fromthe group consisting of’
nonoal kyl naphtéﬁlaene I somers and napht hal ene

separating a

deal kyl ati ng
step |

after 2, 6-dial kyl naphthal ene is
separating a

sai d

and

ALKYLATING AGENT _
MMN_RICH STREAM _|

(1) ALKYLATION |- DMN
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25. A process for producing 2, 6-dial kyl napht hal ene from a feedstock.
conprising hydrocarbons which contains at | east one conponerit sel ect ed
fromthe &%ﬂ%l%%si sting of dial kynapht hal ene i somers, PCT/US98/20929
nonoal kyl napht hal ene i sonmers and napht hal ene conprising the follow ng
st eps: l. separ at i7}@|3a feedstock into a fraction

conpri si ng napht hal ene and nonoal kynapht hal ene, a fraction
conpri si ng dial kyl napht hal ene and a _ fraction lean in
di al kyl napht hal ene;  ALKYLATING AGENT = _ - 29-

1. separating and pw&mlcﬂ gl-mil (qu) UKYLNHON e rom N

di al kyl napht hal ene fra : Ila. 1sonerizing

said fraction | ean in difjal kyl napht hal ene; _ I'1b. separati ng

an isonerization product mj F&eﬁg% mg M o a fraction

conprising dial kyl Ha ANt ' i kyl m ne;
FRHTS: vy [ATROR §5% MR TN

I1c. feeding sai ign conpri BT
step I1; [fl . deal kyatds | d na glene and
nonoal kynapht hal ene fjraqtijon of 'g"i.aé-.s@\i\g'% a dial _kyI napht hal ene

Fract T oFEESTREAR -1 T RO [crf (i) SEPARATION/ | 5 &_puin

2_ PURIFICATION
HEAVES ()

RICH STREAM
~| DEALKYLATION

FIG.OA
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LIGHTS (IV) TRANSALKYLATION |=— MMN,DMN,NL

FEEDSTREAM 1 2,6-RICH-DMN__-2,6-LEAN-DMN
(1) SEPARATION N [(n) seraramon/]__ 2.6-DNN

* l—- PURIFICATION
HEAVIES ~ 2,6—RICH-DMN LIGHTS

2,6-LEAN-DMN }
—{ (V) ISOMERIZATION [~ (Vi) SEPARATION

pretemssn g

DEALKYLATION | HEAVIES

FI1G.5B

SUBSTITUTE SHEET (RULE 26)

nr



separated therefromin step Il and a fraction | ean in dial kyl napht hal ene

from step Ilb; : V. separ at i ngcpussaRbiseal ene
and nonoal k?ﬁé’%’ﬁ%’ﬁ& ene fraction from . sai d deal kyl ati on of
step I11; V. al kyl ati ng sai d napht hal ene and

nonoal kynapht hal ene fraction of step 1V, and

VI. recycling a product from step V1x3§%bé l. 26. A process for

produci ng 2, 6-di al kyl napht hal ene from a feedstock conprising hydrocarbons
whi ch contains at |east one conponent selected fromthe group consisting of
di al kynapht hal ene i soners, nonoal kyl napht hal ene i soners and napht hal ene
conprising the follow ng steps: l. separating a
feedstock into a fraction conprising naphthal ene, a fraction
conpri si ng nonoal kynapht hal ene, a fraction conprising

di al kyl napht hal ene and a fraction conprising renmaining products;

. separating and purifying 2, 6-dial kyl napht hal ene from sai d

di al kyl napht hal ene fraction of step |

- 30- Il1a. deal kyl ating a di al kyl napht hal ene fraction
after 2,6- ALKYLATING AGENT = DMN
MMN RiCH STREAM_| (1) ALKYLATION [=—==
NL RICH STREAM - MMN,DMN,NL
LIGHTS | : (IV) TRANSALKYLATION
A
2,6-LEAN-DMN__[porer s
FEEDSTREAM

A | (W) SEPARATION/ |~ 2 6—-DMN
(1) SEPARATION T BURIFICATION 2

* DMN
HEAVIES  picH STREAM

FI1G.5C
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di al kyl napht hal ene i s separated therefromin step Il and recycllng a

pr oduct

of deal kylation to step

deal ky| at WQP94278 fracti on conprising remaini ng products o?C'E’P%"ﬁﬁPm‘

and recycling a product of deal kylation
al kylating said fractions conprising ng
nonoal kynapht hal ene of step

2, 6-di al kyl napht hal ene froma feedstock
contains at |east one conponentM
di al kynapht hal ene i song
conprising the follow

ng st eps:

98!

, ML eRICE
@%?‘

to step |; V.
ghal ene and conpri sing

A process for producing
conprising hydrocarbons which
QTREAM 9roup consisting of
rs and naph%halene

DEALIOAATION

feedstock into a fract{on conprising

fraction conprising nopoal kynapht hal ene fand a fraction conprisin HER

di al kyl napht hal ene; 1. separating and puri|f

2, 6-di al kyl napht hal ene{from sai d dlalkylnaphth NENT
fraction of stepyin I11.] dealkylating a di aphtjhal ene
fraction, after QQﬂﬁs DMN di 4l kyl napht hal r 4t ed
therefromin step I4; RICH STREAMIIa. recycl iin gﬁgmﬁfggﬂﬁt of step
11 to d al kyl ating sard fradtions

conpri si
of step I.

|S|ng

—aRa—eerpy |
(I) SEPARATION

() SEPARATION/ monoal Kynapht hal ene
PURIFICATION |2, 6-DMN
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28. A process for producing 2, 6- dlalkylnaphthalene froma feedstock
conpri sing wmgﬁ%gr bons whi ch contains at |east one conponegtr/§6J396429d
fromthe groupconsisting of dial kynaphthal ene isoners,
nonoal kyl napht hal ene i somers and napht hal ene conprising the follow ng
st eps: -31-

l. separating a feedstock into a fréU%(B% conpri si ng napht hal ene, a
fraction conprising nonoal kynapht hal ene, a fraction conpri sing

di al kyl napht hal ene and a fraction | ean in dial kyl napht hal ene;

1. separating and purifying 2, 6-dial kyl napht hal ene from said

di al kyl napht hal ene fraction of step I; Ila. isonerizing
said fraction | ean in dial kyl napht hal ene of step I; I'1b.
separating an isonerization product of step Ila into a fraction

conpri sing diaIkyInaphthaMkK¥UﬁﬂNGaAGEN¢t|on | ean_in dial kyl napht hal ene;
I'lc. recycling a dlalkyrnaphrharE fion of step Ijlb to step I1I;

oo manh i ene e e AN M

di al kyl napht hal ene of step

s OMN — | DEALKYLATION
| RICH STREAM  (~2 6—LEAN-DMN
FEEDSTREAM—
) SEPARATION (1) SEPARATION/] __ . «_
= () PURIFICATION 2,6-DMN

FEEDSTOCK OR
THE PRODUCTS OF (1) SEPARATION

l: DEALKYLATION

FIG.6C
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V. al kylating said fractions conprising naphthal ene and conpri sing

nonoal kyl nﬁé}t hal ene of step I; and VI. " recycling a
product fr 811 to step . ”“239 A process for PEDUEW2R9
2, 6-di al kyl napht haI ene fr ﬁ S conprising hydrocarbons which
contains at |east one co ~ef-the—g-eu consi sting of
di al kynapht hal ene i soners t hal ene i sonerqd and napht hal ene
conprising the follow ngM mkﬁm

Sep |
feedstock, in distillation tovvers into a !FLAWLAHON M DMN,NL
conprising 2, 6-di al kyl napht}hgten | +ree4ion conprisirng 1, 6-

di al kyl napht hal ene and a frjaqt eri sing a renal nder; -
1. purifying 2, 6-dial kyl ra% ene from said 2, 6-di al kyl napht hl ane
fraction of step I; I1a i someri zing said

1, 6- dlalkylnaphthalen gtijon of step I; I :

32 I'lb. seEplgw$ nd an i sonerizatilon pr ducpEémgwl a_ijntq a
fraction conprising 2, alkylnaphthalene n f ty conpri sing 3
remai nder, DSTBEéﬂed' #g daild fraction comﬁéi&@%mgl kyl napht hal gne

of step Il all SEPARATIONT () SEPARATION/ | __— 2 6~DMN

PURIFICATION

DMN
RICH STREAM

FIG.7A

ALKYLATING AGENT _
MMN_RICH STREAM_

(I) ALKYLATION [~ MMN,DMN,NL
NL_RICH
STREAM
DEALKYLATION
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() SEPARATION|——~{(I) SEPARATION/| .
= PURIFICATION ~ |2,6-DMN
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|
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I11. dealkylating said fraction conprising a renainder of step I, a

di al kyl naphfhalofpgsf raction, after 2,6-di alkyl naphthal ene isp Bﬁis?iof‘ﬁ;
therefromin step FI, and a fraction conprising a remai nder of step-11b;
I V. separati ng a napht hal ene and al kyl napht hal ene fraction from said
deal kyl ati @& of step IIl; V. al kyl atj sai d napht hal ene and

al kyl napht @I ene fracti ongof step 1V, i?gﬁw . recycling a product from
step Vto &ep |. e
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SUBSTITUTE SHEET (RULE 26)



