2 5 SEP 2003 Description PROCESS FOR PREPARI NG 2, 6- DI ALKYLNAPH HALENE OF y
Eield of the Invention; The present invention reI ates to a process g OLP 2003
produci ng 2, 6- dlalkylnaphthalene (DAN) and, in particular,

2, 6- dlnethylnaphthylene (2,6-DVWN) froma mcture which contains
aIkyInaphthaIene or napht hal ene. In.the-manufacture. of high performance
pol yester resins such as pol yethyl ene. hthalate pol ynmer (PEN) or

pol yhut yrene napht hai at e pol yne §§ 1 'g @BDW is used as a precur sor of
2, 6- napht hal ene di car boxylic aC|d ThIS I s because 2,6-DWN is easily
oxi di zed to 2, 6-naphthal ene dicarboxylic acid, when conpared to ot her
precursors such.as 2,6- diisopropyl napht hal ene or

2- met hyl - 6-i sobut yryl na hthalenes There are nmany applications for-PEN,
e.g., films and B QB FRELARIDIEH2, 6+ A KN APHFHHAIFNE | deo fil m
Advanced Photo Systen1 hot fill containers, refillable bottles and tire
codes. PEN has good physical properties in_strength, t hermal resistance
and gas barrier prOpert'BECKIMQDQRE)BFHﬁﬂPﬂhhﬂ¢ jcpps i nclude el ectronics,

i nsul ators and car parts. PEN and P)y3N have retorore been too expensive,
howev drigldtaf 1k Irechtioe y expand t heir .market's due to the limted

commerci al |y, viabl e_procgess for producing 2,6-DWN, There have been many
proposal s fﬁ]f‘ & PReEGH Anvysgtion 2. affmoamr@esmp ucqu,ésildkylmmhw@manp et al.)

alky! PR ot R RERCUE 2 uRBRAL B e Pl AT TR R R 10 agont i n

t he prestisealloflnaphthsdend drenapltheleneal |y ZSM5) as a catalyst. U S. Pat. No.
5,00 1,295 (Angevine et al) describes a process for preparing DW by using
2- nononet hyl napht hal ene (I\/I\/I\I) and napht hal ene as a feedstock and a

synt hmﬁas_ﬁnﬁéﬁ’d&?&ﬁd |
‘ In the’ manufactmc of lugh performancc polyestcr resins such es polyethylenc
naphthalate polymer (PDN) or polybutyrene naphthalate polymer (PBN), 2, 6-DMN is used as
& precursor of 2 6-naphﬂaalenc dlcarboxyhc acid, This is becavse 2, 6—DMN is casﬂy omdlzed

to2 6-naphth:alene dlcarboxyhc ac:d when compared 10 other prccu:sors such as 2,6~
- dusopropylnaphthalcne or 2-meﬂ1y1—6—1sobuty1ylnaphthalcnes There are many apphcatlons
for PEN, e.g., ﬁlms and bottles, such as long time recording type video film, Advanced Photo
System, hot 11 containers, refillable bottles and tire codes. PEN has good physmal properties
in strength, thermal resistance and gas barrier properties. Typical PBN applications include
clecﬁonics, insulators and car parts. PEN and ?BN have heretofore been too expensive,
however, to eﬂ'ectiveiy 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 pfocess for the prcpa}aﬁon of 2,6-dialkylnaphthalene by
- alkylating naphthalene or 2-aﬂcyi—naphthalene with an elkylating agent in the presence of a
zeolite (specially Z8M-5) as a catalyst. _ |
U.S. Pat. No. 5,001,295 (Angew'ne et al) describes a process for preparing DMN by
using 2-monomethylnaphthalene (MMN) and naphthalene as a feedstock and a synthetic




zeolite (MCM 22) as a catalyst, and it shows MCM 22 catalyst is U\Bre
effective than ZSM5 in alkylation of 2- MW and napht hal ene. v'ie$EP mpﬁe
above nethods provide only unit operation (i.e batch) for alkylation of

2-1V UN, which is an expensive feedstock and is not commercially avail able
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3) prepsouats. on of 1, 5-di met hyl napht haI ene (1,5- DI\/N) by dyhydragenati on of
1,5-DMI in _the presence of a catalyst such as ati num and rheni um and
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a. conplete process t;égroduce purified 2 uld be ovi ded
mul tipl e stvepsbwedipng @P@S@COG&MVQHUCIB%MMH@JGHM ttaltrdym:ost it | s not
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separati on mnet hods such as distillation a d cooling crysta
because; 1)3) Tipegperagios oﬁé;ﬁydmﬁylnaﬂhﬂlﬂenceﬁgﬁeﬁl\m iyhéyHydrdgengiopaiint s of DN
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alumina; and '
4) preparation of DMN mixture which is nch in the desirable 2 6~DMN 1,6-
DMN and 1,5 -DMN by isomerization of 1,5- DMN in the presence ofa catalyst such
asa beta~zcohte catalyst ' o
Ifa process for scparai:mg 2, 6-DMN ﬁom a DMN mixture were combmed with the
above stcps a complete process to produce punﬁed 2,6-DMN could be provided,
As mu.lnple steps comphcate a process plant and i increase thc cost 1t is not clear that
- the convcnuonal proccsscs cou.ld provldc a process suitable for an economlcal preparauon of
punﬁed 2, G-DMN _ - : :
In addmon, ftis very dx.fﬁcult to sepa:ate 2, 6-DMN from other isomers by
convennona.l separation methods such as distillation and coolmg crystallmanon because; .
1)~ There are very small differences i in the boxlmr' pomts of DMN isomers, and, in
particular, between 2,6-DMN and 2,7-DMN wherem the difference in boﬂmo poins is
only 0.3 C, and it is ‘nearly nnposmble to separate 2,6-DMN by distillation.
2) The cooling of DMN isomer mixture solution of 2,6-DMN purification forms
a prccipifate of very fine 2,6-DMN crystals in suspension, and thus separation of the
2,6-DMN is extremely difficult




only 0.3 C, and it is nearly inpossible to separate 2,6-D N by
distillation. 2) The cooling of DWN isonmer m xture solution of 2,235%2003
purification forns a precipitate of very fine 2,6-DWN crystals in
suspensi on, and thus separation of the 2,6-DW is extrenely difficult. -2
25SEP2003 Koide et al U S. 4,992,619 reports a nethod for separating a

met hyl derivative of naphthalene froma mxture of materials in high
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sought. EP889016 is an invention relat 0 a process to produce

2, 6- Di ai kyl napMoziteki ehd U.SDARB4,766 repattp b presswse crystallization apparates-eri al . The
availability o is . rather limted.apd N s expensiye. On.the other
nand, thi s | nvaRtTEREN. iRk moR EcieRincuwots {3 o BRTaMY reatioR 1 om

al kyl napmimymgsmman@mygughg of NI, MW (Mno methyl naphthal ene), DWN
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the invention, a nethod of preparing 2,6-dialkyl naphthal ene is provided.
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2, 6-di net | L NI ese, t er obj egt f pr esent
i nventi onﬂ%’irwegpnaggﬁp@g&ag&e&gg%gﬂ ggse}c‘;qus“'ﬁ’&sg‘d"p‘%!%@h Pﬁ%‘*"%ﬁaﬁ" gndm}%h

2, 6- di al lpricedphivbhleng. f Topicaly, sesisdlRylitaphittldndistgarh ¥slivailalbl dn lowwdhed

oL e sehaieaams CGpal bl 155 i of prodbdd i P40, &7 B aler

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-dialkyInaphthalene 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,
monoalkylnaphthalene isomers, polyalkylnaphthalenes, and naphthalene including the
following steps:

L separating the feedstock and/or a product fed from step 11l into a fraction

containing naphthalene, a fraction containing monoalkylnaphthalene, a fraction

containing dialkylnaphthalene and a fraction containing remaining products;

11, separating and purifying 2,6-dialkylnaphthalene from the dialkylnaphthalene

fraction of step I;

111 dealkylating the feedstock and/or the fraction containing the remaining

products of step I and feeding the product of dealkylation to step I;
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nonoal kyl napht hal cne i soners, polyal kyl napht hal enes, and napht hal ene

i ncluding the followng steps: 1. separating the feedstock and/gs aEP 2003
product fed fromstep )Il into a fraction containing naphthal ene,” a
fraction containi ng nonoal kyl napht hal ene, a fraction containing

di al kyl napht hal ene and a fraction containing renai ni ng products; H.
separating and purifying 2, 6-dial kyl napht hal ene from the dial kyt napht hal enc

cont ai ni ng. t he ermaliviind S AREPhe iy oARURBR IRl Mphli Al 7
deal kyl ation teteptiecp 1, 3 2 5 S E P 2003 IV. alkylating the fractions

cont ai ni ng napht hal ene and nonoal kyl napht hal ene of step I, wherein the
f eedst ockwherefnthetfeedstog)s iy fed to step hor step IBRI EF DESCRI PTI ON OF ' THE DRAW NGS

Fig. 1 shows the preferred schene of a process in accordance with Claim 1.
Fig. 2 shows the preferred schene of a process in accordance with C aim 2.
Fig. 3 shows the preferr eEREENDESCRIPRIQON OFEHE DRAWINGSance with C ai m 3.
Fig. 4 shows the preferred scheme of a process in accordance with C aim 4.
Fig. 5 shows t Kig drshows thepreferredrechomeof pipecssssiniagerdanceadiicelaiipdh d ai m 5.
Fig. 6 shows t referred scheme  of rocess. i L th C ai m 6.
Fi o, 7 shove ¢ Al polves e praErETEcedme e R phke Rt dtiaRE M Calth ey 5 3 o
Fig. 8 shows tipgs BrsBbRE (RGrefeRedEcheinedf ApPscessSini ddcadane ddtlcElanh B0 Cl ai m 9.
Fig. 9 shows the results of Exanple 7. Fig. 10 shows the results of Exanple

12. Fig. 11 sKigé shows thequefeged schemg o pprocgss inpcesrfance oithdRaimyd. pREFERRED

EMBODI MENTS  gi4 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 Examplc 7.

Fig. 10 shows the results of Example 12,

Fig. 11 shows the results of Example 13.

DE E 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 (monomethylnaphthalene) 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 Qil} 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:



A nore conpl ete appreciation of the invention and many of the attendant

advantages thereof will be readily obtained as the sane becones. bqtgﬁp 2003

understood by reference to the follow ng detail ed description when

considered in connection with the acconpanying draw ngs, which is not

I ntended to be limting unless otherw se specified. Preferably, the present

I nvention may be applied to any feedstock of hydrocarbons that contains

al kyl naphirﬂak%[beo? such as napht hal ene, MW (nononet hyl napbt hal ene) and DWN
e pr

| somers. PSR i nvention provi des an effective production process of

2, 6-di al kyl ”aprPé!aﬁgﬂe,(IWln ally cBitat aﬂngr Redfid i W%@m (DMN)
as high-value. adde producfu bg util iszi n cgmﬁgn-d\#aﬁgg%/g% edstock. In
parti cul amonp-@@maticghrittGpog ehdin alkykguups, which haarsimidastbollimppoimsntd r om FCC
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and difficulties for f er processing: 4 2°5 SEP ers For
exanpl e, LCQ u¥bercfoye,dbuntesiates, thewp-bodesanduce sheseffinicasy ofi thditeagtorsaf tn e and

nono- aromati cs W kh Ig)rcl)ﬁ chain all kyl -.groups., which have simlar boiling

poi nts to"oRaphfnaF &R MWW(%J%‘%?‘PEFWSI'P SPIPESS hard to

separ at e 2 kpélpARVnRFhtBAIESes (i:m their co-boilers by distillation alone for
further processing such as an alkylation step. Therefore, if untreated, the

co- boi | ers r edBAdissheh 2 trirmetyingpithalenes, isopropyiraphthalenesend wor st case, the
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in the feed, stre maat about 10 to. 20 weight % of the feed stream i.e.,
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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 hydrodealkylation (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
dialkylnaphthalencs; but also, (ii) surprisingly cffective for producing 2,6-dialkylraphthaicne
especially 2,6-DMN by means of DA, especially HDA of polyalkylnaphthalenes (PAN) such
as tri-methylnaphthalenes and heavier alkylpaphthalenes, 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 cffective

utilization of PAN.
Although a high fecdstock conversion {(e.g. Conversion of MMN) of around 50 to



In the conventional art, no effective process to utilize PANs for the
production of 2, 6-dial kyl napht hal ene has been proposed. 3) Sul fur an§i SEP 2003
Ni t rogen conpounds The feed stream contains sul fur and nitrogen conpounds,
whi ch m ght poison the catalyst for alkylation and isomerization, and

t hese conpounds shoul d be excluded fromthe recycling streanms and

products. The inventors have found that deal kyl ation (DA), especially
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al kyl napht hal encs, which are contai'ned in the feedstock and are al so
produced eaphihialpeingdnssanddower proedse yields\if BAdtia eptutilinied agtiniin theattysdad ve
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for Al ki SheBh TnelBR, 0800 BfIR0 B o3, BN RYERGp M libted Fo fihnd 30%
product i osr $2f which-debdases #6-DMN yaild.t he al kyl ation step but also in the
overal |l process because the invention provides an effective utilization of

PAN. Al t hough AsHegicieatinvertiqn eap praxids B cffectiyc utiliretons(2gredditionnhproditction

around 50 . 0 0 \J ' vi 0, - .. RAN
producti o%éé?géﬁﬁﬁg{@g%agesn?%ﬁnp ?%bé\’/ﬁ?ﬂiﬁ? ?ﬁ%ﬂﬁ‘?‘kﬁi‘ﬁ? kfg@f &'f %‘:’ae%et?\ﬁ@eaﬁ f’i onal

pr ocessesprefdidbly Roin thdl@cedStodid dndbalRylatibn Siyplkit aliwsah)ch hipRerddédstotk coAVErsioh S
of which are herehy i ncorporated by reference. (DWW and PAN content after

al kyl at i ot thealsyatiomstep. faranad OB and greater, sulfsdn higher pewiucting of
Thi's causgg.4iliRARLSIAALE: " graérf’ﬁn% Mtér%ﬁ@{rnd?ﬁﬁg,%ﬁaﬂdﬂlﬁiﬁnéﬂhﬂaﬂ“éé thot

utilized againin e recyc stream efore, In order to mnimze the
| oss, MvNeewinieg piodncts of thepurifidation of/206+dkiK30e4phthalene can be dealkylated and

changed to equilibrium distributions of dialkylnaphthalene isomers or 2,6-rich

diaikylnaphthalene 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 performancs 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-dialkylnaphthalenc as a high-value added product by utilizing 2 non-valuable feedstock.

As a preferable feedstock for the present process, any hydrocarbon feedstream
containing alkyleaphthalenes including at least one component selected from the group
consisting of dialkyinaphthalene isomers, monoalkylnaphthalene isomers,
polyalkylnaphthalenes, and naphthalenc, such as Light Cycle Qil (I.CO) derived from
Catalytically cracking petroleum oil may be used. Allernatively, 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 de-watering.




or so, which decreases 2,6-DWN yield. As the present invention can provide
the effective utilization (an additional production of

2, 6-di al kyl napht hal ene from DA of PAN) of PAN derived fromthe feed%gééﬁﬂma
and preferably fromthe feedstock and al kyl ation step, it allows much

hi gher feedstock conversion at the alkylation step, of around 50% and
greater, which also results in higher production of
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of 2, 6-di hgmwonmphmwkmmmmdammmm doyipaedt adthonchengiielight peaiffidsidagi um
dlstrlbut ons of di aphthalene .soners or 2, 6 rlch |a Inaphthalene
by produc ??gyﬁamp se‘"H ghtp Wﬂ‘ﬁ‘ém@ epc Al t hough
t he react%ﬁgam sm of DA of 2, 6-dial kyl napht hal ene is beI i eved to be
conpl etely erent, the results and product conposition of DA are simlar

to transal kyl a‘l[h@ﬁrcfdiﬁlﬁle ceadiiony G HDT inchidesa f#Ripefanird aF abdt 200 1d ABB0°TY @ad t he
performance of transal kylati on shown in the conventional processes, e.g.,
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f eedst ockisfppéfeiably ecamplishcdulitiehi a ROy spareva6aisIMbbers!s té ERO Artont ai ni ng
al kyl napht hal enes incl uding at | east one conponent selected fromthe group

consi sting of €papreferrsnramplenta M’@hblcstal)ﬁb HIT isenpctivated aluminoner s,

for | ved 1 BRon B bediifs £ R VNP iial S1E a5 Gr04R ViU Balpiad,

Al t er nat ipquqblmnickdmnﬂandylédﬂnnm ieypbtﬁgdy.bom& aﬁ%?aybg}pmahblgmmat S
re-pr r r t r r

Fegdgt ggﬁfﬁeog ?%&Ef \Afﬁfﬁcgﬁee@“ugﬁ&”g&@“lﬂ?ocgsgl ﬁgaprgf g?:bl ;IS ?ncl udes

distillation (PhdfccdBadcate!thd ) the SAREAIM A anilbf q%thglgck alin ot b8 11t.©

reform sul fur nitrogen conpoun afe usua a| ne

f eedst r edmshacasc that die fietdteckns fabio stapticsepatatihg Hpht mhmlmuh:itm and héaven,

de-nitr Ogena];OIu(l)le %1% a%m%%%aﬁgn%'mglp%ggl%onobe conducted in step 1.  On the other

hand, in the case that the feedstock is fed to step IIL, PAN components in the feedstock can be
reduced and changed to DMN or MMN components beforc separation of step L In either
case, cffective production is obtained, since the remaining products of step I are fed to step Il
and the product of step I 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 1.

The separation and purification of step I puriﬁés 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-dialkylnaphthalenc of step II may be conducted by
conventional methods known to thosc 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,
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In the distillation and concentration as the pre-processing, it is
preferable to separate |[|ight conponents such as nonoaromatic corrﬁgwgﬁimnd
non-aromatic |ight paraffins and heavy conpounds such as tri-aro

heavi er conpounds from al kyl napht hal ene conponents. The preferable
conditions of HDT include a tenperature of about 200 to 1,000C, and nore
preferably 200 to 500C, and a pressure of 0 to 25-3 MPa and preferably

0. 5066 tomiEHQﬁﬁﬁihﬂﬂV@aaWaqg &]d:'][rgﬁﬂn % iH i Bl 89.05 to
5343 nB8/nB. The reaction 1is pr%f er%bly ggconpuietsvﬁ]eegél{lj%inlamﬁgh%ef eed space
vel ocity 6Pnialhing twy.or maere sabstanges iSplaced ol atightly sealadprassiok vasseljiatpeition of

Goup i 1 1R depred ysfcd oo T g nilars i iRl 8 g Sk iy Srcstifeanc
mol y bdenusaics B aiiuid/B |dYscthE|Sd B%infihe B@%xi@ﬁnﬂ?ﬁ%ﬁ; gggas! tn{oaﬁcjﬁﬁl%g% B p¥e§%.§% gf he

648.9° in the presence of 4ul fur conpounds.

separ at i othegblidiguid coaerdsting sybtemchs alhighentevelrthar ectililriteh Ipressura of e atjaive hat
t he feeds isfed to step 1, separati | i ght, conqponents and heavy .
conpou ndsgqq’%gafhc%{l%qh‘éﬁ?kimﬂ% BH%‘ﬁ?rEs 3 5"619‘%5 gﬁ&'&ﬁ!&’é‘& tl?"ff°§‘BEg‘ liquidy,
the ot her betiv@esltheisolid PErieRS nd Rdarhiis th sdiﬁﬁpﬂéc' f LhiihPis
conponents in thg feegstock can b% mr:gedﬁced an lgﬁanggsaito %E&engl\%

conponent dessabest i 14.8p5,220,088 thé cntire poritentnofwhich are hersby ingbripecatid ey
productiopzf.‘i'rgn bt ai ned, since the remaining products of step | are fed to

step Il "an e product of step Ill is fed to step 1, as can be seen from
Fig. 1. For th¥hégaRaodlibwivaiinRbei) the slf6f TgbidFthd ﬁﬁ@ﬁfﬂ%%ffmwmﬁ"c,
distillation may be used. In the case ere the feed stream contains

non- ar onaptcferatdyn80 e bR G, into a drighopressny vesieh for condhadttingraccrystallizationi under high

napht hal e Lar conventi opal saqlvent extraction.techpj al so
can be ap%l T e iaﬁlag%ly BWSFW%ﬂﬁﬂﬁfgl tﬂ@rﬂ’f“(ﬁw@d’% E?'f‘gt‘? Q#ﬁgmﬁ’ep .
The separprefepablaag 0Pt 196.C MPDR ifkdredst W duanizly] .£.1(BS alBEm2£6- DAN and
separates_the 2 6-1ean-DAN fromthe DAN fraction of step I, as can be seen

from Fi g. >t didkyarehthalepemysaltrwherebyqossisisrcenfgolid-diguid phasen arist ahthedighst ep
[S Ry ﬁ ﬁgﬂghﬁ@g&%&g%ig@ i lrid PhastObing RS Frdi h'RRE pilsste el,Y
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 pressurc 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 wcight may be obtained.

In the separation and purification of step I, prior to the cooling crystallization and/or
crystallization under high pressure, 2,6-dialkylnaphthalene can be pre-concentrated from
dialkylnaphthalene mixture by fixed bed adsorptive separation system. As for the
preconcentration of 2,6-DMN, it is prefcriblc 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, alkylbenzene, 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 cutectic crystal at the weight ratio of 0.7 (=2,6-DMN/2,7-DMN), only
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crystallization and/or adsorption. For exanple, separation and purification
may be affected by using a nethod of crystallization under high pre5$aP&in]
In general, a liquid mxture containing two or nore substances is
pressurized, and a certain substance in the mxture is solidified and
separated fromthe residual liquid by the effect of the pressure. |In other
words, -7 25SEP2003 this nethod involves a separating and purifying

techni QYN Sidd 8f 3 6UMN ¥athieval CRI hbdtéiidl EODMN Shafa 185CEed S
placed in a tightly seal ed pressure vessel, a portion o t he “desired

subst ancehy thedollivwingehqnatpinshal ene, is solidified to forma solid-liquid

T T PR PR AP e b BT,
L gher Tevel SRR b BEWBREAND e Dncbe i it oPHESINGE T HURY
liquid lﬁtﬁmdﬁghdtqiddw of 2,6dDMN.c| Hee fixed bedtadgorptionm gar ineressy thel ratia from| 163 at

Thi s technqi (%ue | %(general ly described in U.S. 5,220,098, the entire
cont ent s B 165% 0 R-03nd meret uinyd Syhich Bewts ipyhighes sepagation yicldwandmpehylower

I nvol ves ihmrﬁ‘ﬁtré.d}@l'ﬁ ' Yt oveiaftYirdeQf the tenperature of 70 to 120C
preferably 80 to 160%%“?%5a'ﬁi05hhgwessur'e vessel for conducting a
crystallizati oPrefexatdy, for givre ghifesive peyduations it sepadatipn pnd parification gf step amsel
to a pressure of from29.42 to,.392 3 a referably. 49.0 o 196.1 MPa to
| nor ense TAEPRISHIPPFePRalon oo SR A L pd PRTBARPA SecHOR AR s &0 e T .
wher eby  CipentiFsg. 1 C an 8fepIPRl, e D AN i cHtPSRReFls Stpatited Bio Bi0Ach-DANS avd ©
condi tions; discharging the |iquid phase conponent from the hi gh pressure
vessel , Z6deas: DAhragidig stepilhd, 2 tlemmﬁ%w' p ths2,6rrich-PAN frantieafeon he
rati o of s{l%en_siol I d phase relative to the liquid phase within the vessel;
| oweri ng € pressure of the resirdual liquid phase so as to dissolve
partial |y and Rutrexhiiplel scrpttidaaif stefilb ¢ hiuyPefgefeR0ly @silddeiad bl usidp distiiagen, by
applying pressure to the solid phase within the high pressure vessel
wher eby gndpughgationof step 2 marhecondycied by ypiggicopling srystallization g y | s
obt ai ned ddhilitimidiuneighpRASiEe BYS | 5 GHELNDATY Grhi sy Of
2,6 di al kyl napht hal ene (gl.qé;. 2, 6-di ht%%%’hﬁ%ﬁ&wﬁm%& BHatits/

Iittle 2,7-DAN is separated by step II-1, and the 2,6-lean-DAN which contains much

2,7-DAN is scparated by step II-2 as a remaining product of purification.

The conditions of HDA of step Il include a temperature of about 200 to 1,000°C, 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 m*/m®. The reaction is

suitably accomplished utilizing a feed space velocity of about 0.1 to 10.0 hr™.

One example of a suitable catalyst for HDA, is an activated alumina supported
catalyst bearing an oxide of Group VIII metal, preferably, chromium.

Onc more example of a suitable catalyst for HDA, is an activated alumina supported
catalyst bearing an oxide of Group VIIi metal and a Group VI metal, preferably, cobalt and
molybdenum. The said oxide may be preferably pre-treated at a temperature of 315.6 to
537.8T 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 combigations thereof, and a synthetic zeolite
characterized by an X-ray diffraction pattern including interplanar d-spacing and relative

intensity I/1, x 100 as follows:



of 98 % by weight, preferably 99% by wei ght may be obtained. In the
separation and purification of step Il, prior to the cooling 75 SEP 2003
crystallization and/or crystallization under high pressure,

2, 6-di al kyl napht hal cne can be pre-concentrated from di al kyl napht hal ene

m xture by fixed bed adsorptive separation system As for the
preconcentration of 2,6-DWN, it is preferable that the adsorption includes
an adsorbent of a zeoli{83¥ (PPt appigg al kali netal and a desorbent of an
organi ¢ solvent mainly conpoSed of at |east one conponent sel ected from
the group consisting of hkRAamd)2ocMeBe, al kyl ben2ene, and cycl ohexane. As
al kyl benzene, nesityl ene -xyl ene d n-xylenc arc preferable. At the
cooling crystallization Mgtihlil‘gep%ggi on and purification step, since
2,6-DWN and 2, 7-DWN forg gn.@y%ec%@ crystal at the weight ratio of 0.7
(=2,6-DWN 2, 7-DW), only é Z E 5003 the lowyield of 2,6-DW is

achi eved. The theoreticab00+0.00/N Wpiration yield is given by the

foll owi ng equations: Yield (‘? = (1-0.7/k) x 100, where k=2, 6-DW 2, 7- DW\N
at the feed of cooling cHeeEPT zeW-S Therefore, it is nost especially
preferable to increase t8@;Lajhp Ofp2y§-DW 2, 7-DMN for the higbcr yield
of 2,6-DWN. The fixed bed adsorption can incTease the ratio from 1.0 at
the feed to 2.0 and nor e3dR =dbput ,V8hi ch results in higher separation

yi Sids and nuch | owe i nternal recycling anounts of the overail process.
Preferably, fo W&Wéﬁ’?a&fﬁw&%ﬂ dfpm thesrewnconsistiag, OLMAURYP; £ i cat i on
of step ldaifadivm,ABd eSMBHALGSS theveor, Separation section step JI-1 and
purification section step H2, as can be seen fromFig. 5 1In step 11-1,
t he DAN fract i Dee esinditiong of alkylatiopaf sterV preferably dadludeta tErticmnhue of alfout 840 -

DAN, and }j tep, 11:2,.,2,.6: D i s~purd fied fr he 6-Li.ch-DAN.fraction
From ot ety gt bl s 303 Chand s preues & elyen 1§ 255 MFa A a0l y
conduct egprasembsy_o.goﬂt&s.plsdsMpaon,nea_iuiembld‘fl 1dtiap apént %6 RRAbE- 2 May be
conducted by using cooling cl;gstal lization and/or crystallization under

t

hi gh pr es@palkylpgp eprpophthpiene ¢pn be fom abayR0iiHP d20; preferrbly from 10:1 to
1:10. The reaction is suitably accomplished utilizing a feed space velocity of about 0.1 to

10.0 hr',
Preferred alkylating agents include alcohols, olefins, aldehydes, balides, and ethers.

For example, methanol, dimethylether and polyalkylbenzene are preferred. Methano! and
dimethylether are especially preferred.
A suitable catalyst for alkylation is a synthetic zeolite characterized by an X-ray
diffraction pattemn including interplanar d-spacing and relative intensity /I, x 100 as follows:
123604 M-VS
11,0302 M-S
883014 M-VS
618+0.12 M-VS
6.00x0.10 W-M
406 +007 W-S
3912007 M-VS
342006 VS
A suitable catalyst is MCM-22 (ExonMobil Chemical Company) having above X-ray

diffraction pattern.
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little 2,7-DAN is separated by step Il1-1, and the 2, 6-1ean-DAN whi ch
contains nuch 2,7-DAN is separated by step 11-2 as a remai ni ng product of
purification. The conditions of 14DA of step H include a tenperatySEP QB3
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 nNi 3- ne reaction is suitably acconplished
utilizing a fePrfapllgche alkyiation cad babatied Outlintagy dD1he KnoWwn reddters axwllyl e of “a
suitable catalyst for HDA, is an activated aluntirjia supported catalyst
bearing £#MRIRYELLosplkylation. \Kenexample, 3 tubularagacior with a dpwatlowes reastantsgicss| e
of a suit .Sy an activated al um na supported catalyst
SRyl v bk

beari ng an oxi de and a G oup VI netal, preferably, cobalt

and nol ybdenusordérao sddistaindiigle fotdstodiecanvefsiing tHeyinjetton sQméhandlito feactor
tenperature of 315.6 to 537.8'r, in the presence of organic sulfide. O her

pr ef er r ecFaB depeyfermed, prefegahly, Hemuliplesiages,andimeore prefarably tvorstages. sEerct ed

ther eor | SXAHE o8 PR oith Bp RS RS BleBanol el SrwBReoctl Rk} Mo,
patt er n iandlindimnediate pesthdrod fdeddrepreforildy aed, rel ative intensity L% x 100 as

follows: -9 75SEP2003 1236 0.4 MVS 11.030.2 MS 8.83 0.14 MVS 6.18
0.12 MVS 6. 00 aprefsmed gmbadigent,dhe2,6vgan-DAN fractipniforysteg II-3 magy bagsubipcted,

The pref gpable NORLEHRidbnsisS pPoviftord df fiRyihiphtha R WacRON /i 1 2 0reater

pl ati num
content of 2,6-dialkylnaphthalene, as can be scen from Fig. 6.  Preferably, the product of the

isomerization may be fed to step 1 and/or step II-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
transalkylation of dialkylnaphthalenc and naphthalenc, and isomerization of
dialkylnaphthalenes.
A preferred catalyst for isomerization is a synthetic zeolite characterized by an X-ray
diffraction pattern including interplanar d-spacing and relative intensity I/1, x 100 as follows:
123604 M-VS
11.03+£02 M-S
883014 M-VS
6.18+0.12 M-VS
600010 W-M
4.06 007 W-S
391007 M-VS
3422006 VS.

A suilable catalyst is MCM-22 (ExosMobil 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 k), more preferably 0.75 to 1.5 h'.

Preferably, isomerization is conducted at a temperature of from 100 to 500°C,
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pal | adi um and conbi nations thereof. The conditions of al kylation of step N
preferably include a tenperature of about 0 to 500C, and prefera?l%s@ﬂgm%
and 4501C, and a pressure of between 0 to 25.3 MPa and preferabl o]
5.066 MPa. The nole ratio of alkylating agent to feed of

nmonal kyl napht hyl ene or napht hal ene can be from about 20:1 to 1: 20,
preferably from 10:1 t :10. The reaction is suitably accorrpl I shed

utilizi ngpreferably E@d@éﬁ&mﬂw yrﬂéﬁm'dﬁaﬁﬂm)@"ﬁo 10.0 hf'. Preferred

al kyl ating age | ude al cohal s al dehydes alid

oL 310G 200 ) i SR Son Rl e R  ES

pr ef erredatrﬁ&bh&"@ioﬁﬂfémbﬁiﬂﬁl?ﬂdﬁ! her are especially preferred. A suitable
catalyst for alkylation is a synthetic zcolitc characterized by an X-ray

di ffracti on pawing isorgdrizmitionit isemiopkby prefalatdp kodorfsed hpdmgémini anaamount pfi t y
1/10 x 10 s foll 2.36 ,0.4 MVS 11.03 0.2 MS 8.830.14 MVS 6.18
0.12 MVSBlg ’8%%11‘“6%“@507 WS 3.91 0.07 MVS 3.42 006 VS. A

sui tabl e catal miootcﬁng\/!a%@ femeaeiibBiimdad 81 Figates COTBARG)diDRYINA tﬁQQﬂ@mX ray
diffraction pattern. -10 &c SE P 2003 Pref eir%g{oelsy, the’ﬁallkyYat%n can

carried obe preparedyfraph hy&mMMMesﬁolMal ly enpl oyed for al kyl at | on.

SRR A AR RO T T o VRN R

containing naphthalenc, a fraction containing monoalkynaphthalene, a fraction

containing dialkylnaphthalene and a fraction containing remaining produds

IL scparating and punfymg 2,6-dialkylnaphthalene from the dialkyinaphthalene

fraction of step I,

IMa. dealkylating a dialkylnaphthalenc fraction after 2,6-dialkylnaphthalene is

separated therefrom in step II and recycling a product of dealkylation to step I;

Imb. dealkylating the feedstock and/or the fraction containing remaining producis of

step I and feeding the product of dealkylation to step I;

V. alkylating Lhc fractions containing naphthalcne and monoalkynaphthalene of

step L.

In this prboess, 2,6-lcan-DAN as remaining product of separation/purification of step
I is dealkylated and fed to separation of step L. So, 2,6-DAN isomers in 2,6-lcan-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 step IV is
fed to separation of step I.  Accordingly, PAN produced in step IV can be separated in step 1
and fed to dealkylated in step IIl.  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 a2 most preferable embodiment of the present

invention.

EXAMPLES
Having generally described this invention, a further understanding can be obtained by

reference 0 certain specific examples, which are provided herein for purposes of illustration
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In order to maintain high feedstock conversion, the injection of nethanol
to reactor can be perforned, preferably, in nmultiple stages, and nore
preferably two stages. For exanple, one reactor with top and ”idd|§55EP2mﬁ
met hanol feed, or two reactors in series with top and internediate

met hanol feed are preferably used. In a preferred enbodi nent, the
2,6-1ean-DAN fraction fromstep I1-1 nmay be subjected to isonerization
conditions to provide for a dial kyl napht hal ene fraction which has a greater
cont ent of ordy andiazgi rioy imemlet tabe imitirgsumess odeereiespddified. Fi g. 6. Preferably,
the product of the isonerization may be fed to step | and/or step 11-2 for
nore efficient recovery. Preferred isonerization conditions are generally

di scl osed Efhufifle DOOMIGoRBPMMNR S NaphtnegdPP! | Cation Serial No.

08/ 661, 114, and are suitable for c " sinmultaneous transallrylation

gf :jika: kyl n_aﬁhtihellﬁé ISRt uéMﬁNgé?a:aml,lysaini;liamﬂﬁmbaa_hbﬁlﬁ; factor (volume:SEO cc).
i al kyl naphj hal enes. eferre st- for isonerization is a synthetic

zeolite ch a%% 15]%?‘2‘3%‘%55['%1?"%15@5’? ?%/'YIMN raghnaphthalene are usedgandymixed at a

i nt er pl angholdr raBig ¥ 2O LANMMRYAMMR, | ' ! fol lows:  12.36

0.4 MVS 11.030.2 MS 8.830.14 Mvshﬁ%s%%i%?%%%&wa 10 WM 4.06

0.07 WS (3-MMN-2-MMN)/usphtBaldis, 0.06 VS. A suitable catalyst is MOM 22

(ExonMobi | Chemi,cal Conpa havi n bove X-ray diffraction pattern

Preferably, is ﬁu?g{”in‘gﬁ ?@ﬂe@ﬁ&egp@&% the TRaCIghE2SA §u0 4P0dRakatagrtecft y

(VWHSV) of 158i45/keydnannd hieineWess iyl a Fed i]tgfd f I FIRf €

preferably 0.75 to 1.5 h-1. Pref;rgbly,ol oﬁg%ﬁ§§@?2%¥ﬁgoggﬁdﬂ %dlgﬁra

t enper at uRQuEater, athanol,tas ag atkylating agent, is introduced into the reactor at 35.5 g/ht, and

alkylation is conducted for 20 hours. The product obtained is analyzed by gas

chromatography, and the results ar¢isummarized in Table 1.
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-11 2 5 SE P 2003 preferably 150 to 350C, nore preferably 200 to 300C.
Preferably, isonerization is conducted at a pressure of atnospheri csbﬂ_frp 003
9.807 MPa, atnospheric to preferably 2.942 MPa. During isoncri zatzi ?
optionally preferable to co-feed hydrogen in an amount of 0.1 to 10

mol - HH/ nol - hydr ocar bons. According to the preferred enbodi nent of Figures 2
or 3, 2,6-dialkyl napht haI ene na be repar ed from hydr ocar bon feedst ocks

as fol | ows: 1. TABRE b{Alkyla xthylne { cpandNaphtifatene) r om step |11
into a fraet+onr \.,U||La||||||g i phLllal et ~r-acttot L,UIILclllllllg

nonoal kyfafidipdiehefr®%)a fract i/dbefoz®eiaetion ng di al kylAfeqriReaeticme and a
fracti on fcontarming T ema i My {products, 1~ separaying and purl Tying

2, 6- di al }ydimesbyinaphtbalené r om t He di al kyl nf@pht hal ene| fracti od73f step I, |Ma.

deal kyl at iﬁ@?@ﬂi al kyl napht haljene fraction after 2}6-di al kylgﬁht hal ene li s
separ at eq “eh romin step |1} and recycting a proquct of d yl ation tjo
step I; 2 feNIy| ating the fgedstock angl/or the ffaction coppai ning

remai ni n products of step | |and feeding the prodﬁlct of deal kyl ation tg
step |; Vothdrlisomers ng the fradti ons cont@i ni ng nap it hal ene 34@7

nonoal ky ;mhf halene of step | ln t h| S _praocess, 6- I_e_an-_DAN_a.s_r_ena.i_an ng
product W f| cgtion of i s jleal kyl at gg.qgnd fed td
separati ¢n of step L 2c 6- ETAN |soners |n 2 6- | edn- DAN may be changed to
MWN or Ni 2aMMBNan be aI kyI ateq in step503$5 As for tfthe prefenrPd@ enbodi ngnt

in Figureg 4 e product of allkylation stop IVis fed t par ati on |of
step L A clémmy, PAN produced I n st OISV can be|separat eggsi step I |and
fed to d¢atkytated T st ep | | H—Therefore, Tt Eemabffes to provi de the
ef f ect i v¢ Neaphthalemei on of Njand al | o®8-28uch hi ghgr feedst d8#7conversi qn
at al kyl _degscribed.

other component 1.00 391

Evatuation Before Reaction After Reaction

NL conversion (%) - 26.15

2-MMN/1-MMN 2.2 2.04

MMN conversion (%) -- 18.37

2,6-DMN/total DMN (%) - 10.02

2,6-DMN/2,7-DMN - 1.44

As can be scen 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®). Asa

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
(350°C) at the rate of 76.7 g/hr and 0.5 hr'' 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 -




The process schenme of Figure 8 is a nost preferable enbodi ment of the
present invention EXAMPLES Having generally described this |nven15QﬁPZﬂB
further understandi ng can be obtained by reference to certain specific
exanpl es, which are provided herein for purposes of illustration .12 2 5
SEP 2003 only and are not intended to be limting unless otherw se
specified. Exanple 1 Al lation of MW and Na hthalene: A 153 g anount of
MCM 22 catal yst is charged into a!hhhﬂhﬁﬂklﬂmnﬂor (volume: 370 cc). As a

f eedst oc| raphtta-ene—arg—used,——amd—Tixgd
at a nmolar ratio a&mﬁmﬁmp wt%M\/Ml MW\, andeﬁre/mghm rafio affer feadtiod MN s
(1- MIN+2{MWN) / napht hal ene. Thereupon. the feedstock is shpplied to the
reactor (323 a) at arate of } 153 4 g/hr and {.0 i n VAHS\
with afe dqux&fpggl&fépﬁt the rate of 0 05T n8/br. Four hoit}g;'éssll ater,
nmet hanol | as an al kyl atizg-masnt, is intyoduced into the|reactor at SR 3
g/hr, angd alkylation is ‘conducted for 20 hours. The proguct obtained s
anal yzed|by gas chromat o47dpMIN and the fesults arcsuhafized in Tal-4 1.
25SEP2008 TABLE 1( Al kyl %{bon of _Monomet hyhnapbt hal ene ;ang t1 apht hal
Conponent (wt 0/() Bef ore” REHCYIEMAf P er Reackion di net hyl napht hal ene017"1
2, 6- DMNO Y722 7-DWNOt—26 ot herT T SONMETr SOt 27
mononet h *regremicbynetehde80. 10 2- MIN50. 554@8%8 41.16
2-MMN 67.61 28.84
1-MMN - 31.05 12.32
* naphthalene . 0 0.19
* other component (mainly PAN) 1.53 23.20
Evaluation before reaction after reaction

2-MMN/1-MMN 2.2 2.3

MMN conversion (%) - 58.28

2,6-DMN/totat DMN (%) ' - 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)

AikylatiOn of MMN and naphthalene has been carricd out for several months in the
same manner described in Example 1 and about 400kg of the product is collected.
Distillation of the product is carried out by using a batch type distillation tower with a packcd
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 controllcd 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
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1- MIN23. 0819. 78 Napht hal ene25. 2818. 67 ot her conponent 1. 003. 91

Eval uati onBef ore Reacti onAfter Reaction NL conversion (% --26.15

2- MW 1- MVN2. 22. 04 MWN conversion (9% --18.37 2,6-DMN/total DWN (-f/g SEA 092
2,6-DMV 2, 7-DWN--1. 44 As can be seen from Table 1, the ratio of

2,6-DW 2,7-DWN is over 1.1 and the ratio of 2-MW 1-MW is over 2.0.
Exanple 2 (al kylation) 153 g of MCM 22 were charged in the tubul ar reactor
(volune: B70 cm). As a feedstock for alkylation, 1-MW (purity 95.5% and
2-MWN (purity 96.6% were used,, and mixed at_the polar ratio of 2.2 of

2- MW 1- MWN. Feedstock was supiciblplkyationandlistiglion) 350C) at the rate of
76.7 g/ hr and in SVTor 4 hpurs. Tnereaft

; I et nanolwas
started to be [supplied in tlheAmeuntor|at tHMMate of 17.2,68DMNand {he
Gas. chromt ogflaphy. and tnd redBl | s| <SanmERoRge) | FaBreaston {85215 Sep
2003 Tabl e 2 Arkyta—t—m—conponemt—twt ' =pn *
di met hyi napht Hafrecddi3b-~Hb 2, 6- DKABS. 12 2, 7- D\NNO4. 44 | ot haot amdypeds02%. 89

Fraction-11 309 05 not analyzed

Fraction-12 8.8 38.9 not analyzed

Fraction-13 11.0 64.8 11.2

Fraction-14 6.3,‘ 923 254

Fraction-15 15.:7 99.6 4.3

Fraction-16 4.8 98.7 0.0

Fraction-17 53 41.6 0.0

Residuc 21.2 0.0 0.0
le 4 dealkylation

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 Cr,05/Al, 05 type catalyst
produced by Sud-Chemie AG is charged into a tubular reactor. The reactor is hcated
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 he? in WHSV,
while supplying hydrogen gas at 0.034 m*/hr. Hydrodealkylation is carried out at 475 C
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, Cr;03/AL,0; type catalyst is effective to enrich 2,6-DMN from
2,6-DMN lean feed.
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* nmononet hyl napht hal ene98. 6641. 16 2- MVN67. 6128. 84 1- MVN31. 0512. 32 *

napht hal ene00. 19 * ot her conponent (nmainly PAN)1.5323.20 Eval uati
reaction 2- MW 1- MVN2. 22. 3 MW conversion (9% -58. 28

reactionafter
2, 6- DM/ t ot al
2,
i's over

napht hal ene has been carried out

b

3EPam

DW (%) -14.45 2,6-DWN 2, 7-DM\- 1. 16 As can be seen from Tabl e

the ratio of 2,6-DMV 2,7-DWN is over
2.0. Exanple 3 (Alkylatlon and Distillation) A kylation of MW and

anda

A0

1.1 and the

JELNY! '-‘.! g0

ratio of 2- MW

j n the sane nman

HIP-SP-W-N B oW o= |

1- MW

ner

descri bed i n Exarpte—

Distillation d
distillation t

alnua " auuutl U

f the product is carr
ower with a packed c¢

r\U Uf LJﬁ‘é |'JI uduu
ed:anacbunwsnng
bl utm. A nunber

g

ro” LurrvtotL UU.

b#HIDA Prgiect
t heoretical tr

ays of

the tower is 4
of the col um

xpecteg{fa@}g‘hé at | eas

i's con Bet ween

50. T oper at
2 KPa gﬁﬂ 4.8 KP
75

on pr E‘zéfﬁr e at

A and

tillat}

t he top
on

proceeds at a
fractions by q
3. Table 3 (Al

£l ol WY
TTTITUX Td.LI‘U'UI JU U

| fferencé@&MM boiling
kylation and Distilla

The—product
poi nts &8 shown
Lon) Amunt  DVN

Fs—separated—nt
n Tabl8.6815 259
6= DIMN

17
£P2003

1-MN 0.0 3.7

2-EN 0.0 0.57

1-EN 0.0 0.26

2,6-DMN 0.0 4.86

2,7-DMN g 0.0 4.58

1,3-+ 1,7-DMN 0.0 7.58

1,6-DMN 0.0 2.92

2,3- + 1, 4-DMN 0.14 4.84

1,5-DMN 0.0 0.39

1,2-DMN 20.18 9.42

1,8-DMN 0.0 0.12

Unknowns before first DMN 0.0 2.50

Unknowns between DMN 1.34 0.39

Heavies Including 78.34 39.08
Polymethylnaphthalenes

Total DMNs (%) 20.28 34.71

2,6-DMN/Total DMNs (%} 0.0 13.20
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(kg) concentration (o)concentration (% Fraction-1-10270.80.0not anal yzed
Fraction-1130.90. 5not anal yzed Fraction-128. 838. 9not anal yzed 5 SEP 2003
Fraction-1311. 064.811. 2 Fraction-146. 392. 325.4 Fracti on-1515. 799. 6;,. 3
Fraction-164.898. 70.0 Fraction-175.341. 60. 0 Residue2l.20.00.0 Fes,. arnile
4 Hydrodeal kyl ation) A Part of Fraction-17 and Resi due shown in Table 3 are

m xed to prepare the _feedstock(Blend-A) for hydrodeal kylation. A 50 g
anount of&ﬂﬂ&Mﬂﬁﬂi catal yst produced by Sud-Chem e AG is charged
into a tubul ar ,r r. .1 r,.i.s, he . gr I fr Len
terper at ur e oA7a0E pint G MERESS SriabS 8 SqrLintd B ol AR QI 200

Ther eupo eNGhe réattdrisihdated faddA5H 6 afibidnl @ripetfure o 260°¢ tBrdr?ﬂﬁ chtalysbr’
i N VWHSV, Il e supplying hydrogen"gas at 0.034 nB/ hr. Hydrodeal kyl ati'on is

carri ed owhilasuppl¥ing nitengdn Ba 9nd/ . 1o of pitogercgasiis caaned whenithp yerg@ratuck t he

results of hydrodeal kyl afjion _are su riz i.n Tabl.e 4 bel ow. As_shown_in
Tabl e 4, '2902&)‘ WE&?‘I“Q@; c al BfrHRon; 2.6¢40s & supplisd todhe reagtopriibe Faiepf

(i ond ) FEREBEEEL O 6 WP el a1k PP ERAL Kot ) G The

contents of the obtained product are analyzed by gas chromatography, and the results are

summarized in Table 5.

TABLE 5 merization

Component (wt%) _ before reaction After reaction
dimethylnaphthalenc 98.09 80.10
2,6-DMN 6.21 - 13.96
2,7-DMN 8.48 8.66
other isomers 83.40 57.48
monoethylnaphthalene 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
cvaluation before reaction after reaction
2,6-DMN/total DMN (%) 6.3 17.4
2,6-DMN/2,7-DMN 0.73 1.61

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
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| - MNO. 03. 71 2- ENO. 00.57 1-ENO. 00.26 2, 6-DVMNO.04.86 2,7-DVNO.04.58 1, 3- +

1, 7-DVNO. 07.58 1, 6-DVNO. 02.92 2,3- + 1,4-DWVNO. 144.84 1, 5- DIVNO. 00. 39

1, 2- DVN20. 189. 42 1, 8- DVMNO. 00. 12 Unknowns before first DVNO. 02. 507 BrRERA08s
bet ween DWNL. 340. 39 Heavi es Including 78.3439. 08 Pol ynethyl napht hal enes
Total DWNs (9% 20.2834.71 2,6-DMN/ Total DWNs (9% 0.013.20 -17 2 5 S E P 2003
Exanpl e 5 Isonerization: A 25 g anobunt of MCM 22 catalyst is charged into

t he tubulcapditiod®f 296.0\NPaaRI 492€0 cm . The reactor is heated gradually from
anbi ent tenperature to 400C to dry the catalyst while supplying nitrogen

gas, and the f(RpwConling Crystpdlicaien i s ceased when the tenperature becones
stable at 400G, .Thereu 2. 61 ean- PMN i.s | i Q_ the reactor at .the
rate of 25 g/ ?m%ﬂa"sf.g'%r‘]’# Ws%lizﬁgw&ﬂ@n&wEB%ﬁMﬁ%%P W?‘gﬂhi ed
out for feauh 5bwa§qcm s“ﬁpﬂhﬁﬂg‘ftgﬂ%‘%?ﬁ £t el 8 sQAIOAE charpé Pl ¥ by

gas chromat ogr aphy. the res
which is kept at a temperature at 40°C for an hour. Thereupon, the feedstock is cooled to
10°Cat 2°C/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.
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summari zed in Table 5. TABLE 5 (kpnirj;ation) Conponent (w % before

reacti onAfter reaction dinmethyl napht hal ene98. 0980. 10 2, 6- DIVN6. 2113. 96

2, 7- DMN8. 488. 66 ot her i soners83. 4057. 48 nonoet hyl napht hal ene0. 209. 25 SEP 2003
2- MVNO. 036. 71 1- MMNO. 173. 06 napht hal ene00. 78 ot her conponent 1. 719. 35

eval uati onbefore reactionafter reaction 2,6-DVMNItotal DWN (% 6.317. 4
2,6-DMV 2, 7- DMNO. 731. 61 Exanpl e 6 Separatlon and Purlflcatlon (1)

Crystal lization under Hi gh DABLE, 6 {Sepagation 1,505 g am)unt of DIVN

Ll a

| sonmers (s suppfied—Tntrotte III rcasu 1,| ystatt+zer—(KEBEEECO1+51
type), alLﬁmgsTmmmEMK}HWB?% are separated under th
-18 2 5 §E P 2003 condition of 196.1 MPa and 45C. (2) Cooling
Crystall %ﬁ';n'h }Rg a vessel f S L on i 0 of
DWN i songrs |@hgg{(s)¢32d qui ckly fr %S%e%%k%,e 1 sI ang?{l‘l‘l .%‘F\, b.5
g of seefl crystals are charged tq the vesset—whirqirTskept—at"
tenperatfire at 40C f p6eB ur. ThereupodQlthe feddstocRS s codl ed960 10C
at 20 mnp. A 360 g a@%hﬁ\fl 2, 6-{DWN cry%f\l S (purfity 6%2% S s_ep%&t ed| by
other DMN 872 9 963
TOTAL 1505 236 1269
2,6-DMN/2,7-DMN 1.3 - 0.5
2,6-DMN/total DMN 20.0% - 7.6%
purity of crystal i - 87% -
recovery of 2,6-DMN - 68% - -
yicld 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 1203 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 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
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filtration under pressure. The results of separation by both
crystallization under high pressure and cooling «crystallization ﬁS‘SEP 2003
sumari zed in Table 6. 25SEP2003 LE 6 (Separation and Purificatio

CRYSTALLI ZATI ON UNDER HI GH PRESSURE Conponent (g) before
crystallizationcrystalfiltrate 2, 6-DVN30120596 2, 7- DVMN23222- 210 ot her
DMNO729963 TOTAL15052361269 2, 6-DWMN 2, 7-DWNL. 3--0.5 2, 6- DMV t ot al

DWN20. 0% Weight pfifdetistock. crystal --87% recovery of 2,6-DVN-68%---- yield of

BRI T e O
DNZ0. 096 GBI By RO Cryrafip g Fliukth e 6 DMRBAR DY b0 B e
2, 6- DVN- - ity crystallization under high pressure is less than 8%. Thercfore, 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 1o be used as feedstock for the
crystallization under high pressure, was separated by bench scale pressure filtration unit.
Purification of 2,6-DMN from the 2,6-DMN rich cake was carried out by the
crystallation under high pressure method using Kobeleo's HPC test machine.
Several series of experiments were performed and results are summarized in Figure 9.
As can be seen in Figure 9, crystallization under high pressure achieves more effective
purification performance in separation yicld and 2,6-DMN purily 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-DMN 13.8
2,7-DMN 14.1
1,6-DMN 7.1
1,3- & 1,7-DMN 20.5
1,4-DMN -
1,2- & 1,5-DMN _ 0.4
2,3-DMN 0.5
Others 43.6

-721-



"Recovery of 2,6-DWN' neans the content of 2,6-DWN in the crystals against
the content of 2,6-DW in '"the feedstock. "Yield of 2,6-DW meagg) SEPSZUU]n
content of 2,6-DW in the crystal against the total -20 2 5 SEP 2003 wei ght
of feedstock. As shown in Table 6, the yield of 2,6-DW by crystallization
under high pressure is nmnuch higher than by cooling crystallization.
Further, the 2,6-DMWN/total-DWN ratio of the filtrate by crystallization
under hi dixappds 8Distillatibm}ss t han 8% Therefore, the filtrate is nore

T LeE v R, BhaRa S SR AR A AR U8,
of cryst %Rg@.oo?hagft ETa¥tiialibh fRbek PPractidiRen AT hsk @162md sEiVBhdISI5 er kg
I'Ty. ample- {l )

drastica Purification) Pre-condensation of 2,6-DW from DW
m xture (cbilthe with RRG-RAK (Sribntifcddévichapment Cotmpiahy)aadithnotheradistiliation pwerr i ch

ke, which is t as feedst th 7t | hi gh
e sur o (racioness B as 47 OB SHLRTBon 1 tholiohe Folufim FHEPROZPAKC 1601 be ' 0
Puri ficaty S fﬁ%@d&ﬁ}}&g@ﬁ EchiBBee2- O atdMMshififionGakaridasura RirEMik AUb o0 bhe

crystall atli pressure nethod using Kobel co's HPC test nachine.
Several sepressaro6tf $0 KPai mB805ditorsraee foker Mrartake off gate o 0/7iliera per haWhrar i zed i n

Figure 9. As n se In, Fiqure 9. crystallizati u } ressure
achi eves nore ﬁ‘l“e&%&l‘é{e 'Ef)Eﬁsf‘r‘ﬂcg’éf}fe&%uﬁ’gm‘%lﬁﬁﬁ%’eﬁi‘sn'g‘geenpé;“?gpf{}hg?f@l d and
2, 6- DN pit&itlariol¥nd chétbed it BRictibhes 82| |Arbiicr Gatch Ristilldnesisicanicdtoagat <00l i ng

Crystallization. TABLE 7 Conposition of DVN M xture) DVN m xture Sulfur
(ppn) 430 fiox oajierof(SOAR B40cEuS- AHMEKBa. 14 liters are taken at a take off rate of 125 ml

per hour. The compopents of the product (Blend-B) obtaincd from the above-mentioned

two step distillation are shown in Table 8.

Example 9 (Hydrodealkylation

A 70 g amount of Cr,05/ALO; type catalyst produced by Sud-Chemie AG is charged
into a tubular reactor. The reactor is heated gradually from ambient temperature to 500 T
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/br and 1.0 hr' in
WHSV, while supplying hydrogen gas at 0.028 m>/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.

le Hydrodealkylation

A 70 g amount of CoO/MoOy/ALLO; type catalyst produced by Akzo Chemicals Inc. is
charged into a tubular reactor. The reactor is heated gradually from.-ambjent temperature to
148.9 C with nitrogen flow at 0.142 m*/hr.  Then the flow gas is switched to hydrogen at
0.057 m’/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 T. Thereupon distillation product (Blend-B)
obtained from Example 8 is fed to the reactor at the rate of 70 g/hr and 1.0 hr'! in WHSY,
while supplying hydrogen gas at 0.028 m’/br. Hydrodealkylation is carried out at 500 T
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2,7-DWN14.1 1,6-DWN7.1 1,3- & 1,7-DVN20.5 L, 4-DM\- 1,2- & 1,5-DWNO. 4
2,3-DVMN0.5 Ot hers43.6 -21 2 5 SE P 2003 Ex le 8 (D stillation) T%Ng wpie?
of batch distillation tower are used for the separation of SEP 200
al kyl napht hal enes from LCO. One of the distillation tower (Fractioneer-A)
has 0.167 n8 still and 9.75 mlong colum wth PRO PAK (Scientific

Devel opnment Conpany) and the ot her di stiIIation tower (Fractioneer-B) has

27 lit CO
char:gegrlsﬁ%gt Mﬁactl ée‘ﬁ&%aa{]n d| squ%tl on rs caﬁﬂd%&t@‘#efl Iu>s<

rati o of SWmmadzedinFabbks8beloat 8.0 KPa. 80.5 liters are taken at a take off
rate of 0.7 liter er, hour. 'T: residue in the still of
Fracti oneer-A @Sﬁawg'ehn &E#lcé P%‘p{ﬁﬁl %md&ébﬂwq%%%mcemsg@a into
Fractioncgga& h Wﬂ arrled out at a reflux ratio
of 50 andggfcprvggggr@&{ p@&%"&?ﬁ&% ters arc taken at a takeoff rate of

125 mM per hour. The conponents of the product (Blend-B) obtained fromthe
above-nmentioned two step distillation are shown in Table 8. Exanple 9
(HYdr odeal kyl ati on) A 70 g anmount of Cr203/Al2Q3 type catal yst produced by
Sud-Chemie AGis charged into a tubular reactor. The reactor is heated
gradual ly from anbi ent tenperature to 500 C to dry the catalyst while
suppl yi ng hydrogen gas. Thereupon distillation product (Blend-B) obtained
fromExanple 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 nB/ hr. The

hydr odeal kyl ati on reaction is
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carried out at 500.6 "C and 7.95 MPa. The product is analyzed by GC and the
results of hydrodeal kyl ati on are sunmarized in Table 8 bel ow. Exad3E® 2085 H
odeal k Cation A 70 g anount of CoQ Mb(3/ Al 203 type catal yst produced by
Akzo Chemicals Inc. is charged into a tubular reactor. The reactor is
heated gradually from anbient tenperature to 148.9t wth nitrogen flow at

0.142 nB/ hr. Then the flow gas is, switched to hydrogen at 0.057 n8/ hr and
pressure is increased to 3.55 ble alkyla acted with an organic
sul fide (Kerosene with 1.0% of Dinethyldisulfide) for sulfiding while

suppl yi ng_hydrogen gas and then tenperature is raised to 343.3 1C _
(he reactor at the rate of 70 qlhr AsEPIRTpe || EVHRRISS uhi | SXARAEY: no
2’5 St P|3003 and 9.93 Npa. The |gFB ﬁui‘ 'g@?@ VBRAHpa B Bt (£
of hydrodeal kyl atjion are sumaifize Flﬁ‘ l)l e g below As shown in Tabl ef8,
ol St a0, oA 9P 8T o ettt
G s oA AT C i R T Ml Meahis i
2- MNO. 04{3LMNS | - MNO- 01. 052. 44 0.0 4.31 9.48

1-MN 0.0 1.05 2.44

2-EN 0.0 1.56 213

1-EN : 0.0 0.36 0.44

2,6-DMN 0.0 2.46 | 353

2,7-DMN 0.0 2.56 3.76

1,3- + 1,7-DMN 0.0 255 3.82

1,6-DMN 0.0 1.43 2.17

2,3- + 1,4-DMN 0.0 1.18 1.44

1,5-DMN | 0.0 0.24 034

1,2-DMN 0.04 0.40 032

1,8-DMN 0.04 0.25 0.47

Unknowas before first DMN 0.0 8.67 17.68

Unknowns between DMN 0.0 0.54 0.68

Heavies including 990.92 71.11 46.56

polymethylnaphthalenes

Total DMNs (%) 0.08 11.07 15.85

2,6-DMN-Total DMNs 0.0 2222 22.27

Example 11 (Distillation and Hydrotreating)

164 kg of LCO is charged into the Fractionger-A and distillation is carried out at a
reflux ratio of SO and a pressure of 8 KPa. 120 liters are taken at a take off ratc of 0.7 liters
per hour and prepared for hydrotreating feedstock as Blend-C.  NiO/MoO3y/Al 04 type

-23/2 -




2- ENO. 01. 562. 13 1- ENO. 00. 360. 44 2, 6- DALINO. 02-463. 53 2, 7- DN( NO. 02- 563. 76

1,3- + 1,7-DVNO. 02.553.82 1, 6- DNANO. 01.432.17 2,3- + 1,4-DWVNO. 01. 181. 44

| L, 5- DMNO. 00. 24034 1, 2- DNMVD. 040. 40032 1, 8- DMNO. 040. 250. 47 Unknowng D& Po1063
first DN NO.08.6717-68 Unknowns between DVNO. 00-540. 68 Heavi es i ncl udi ng
99. 9271. 1146. 56 pol ynet hylnaphOr enes Total DMNsO. 0811.0715. 85

2, 6-DVN- Tot al DMNsO. 022. 2222-27 Exanple 11. (D atillation and Hvdrotireati W
164 kg of catalpst prodecsd by d\kizothentiealFinacisichoser ias A hydrotreatinig datalystand chargad r i ed
out at a .rteflu'%( ratic?oof 50 and a prrmure of 8 KPa. 120 liters are taken at
a take of I AMWOUHTAGOR i { or s per hour and prepared for hydretreating
feedst ock as Blaghddfvi é\g,gm t (2 :

produced by Akzo Chthg}lnli1 cal s Inc.ﬂi:gggﬁb%gﬁBé%aaéhifagﬁ?@lﬁcghg‘gggﬁg%;?/Ast%(égnd
charged 048dwAin WHSViand hpdrbiveatingfis earied pitng286MPahid 3656 Cawdilgst, then
Blend-Cis fed into the reactor gt the rate of 0.43 hr 1 in WHSV and

hydr ot r c a$4RRYiNg hydrogdncgns 816225 Il%l.l'sé. MPhe sasultsethydirot@ating atessummarized in

Table 9 below.
As shown in Table 9, NiO/MoQ5/Al;0s type catalyst is effective to reduce the

nitrogen and/or sulfur compounds in LCO with minimum loss of DMN isomers.

Table 9 (Distillatior and Hydrotreating)

Nit. Sul. | AF] 400F+ 400F+ 500F+ Total

ppm { ppm.’ Conv.(%) | Conv.(%) | Conv. (%) | DMNs

wi%

Blend-C 230 388 | 187 - - - 26.56
HDT Product 7 5 20.6 0.6 7 21 21.24

Example-12 (Adsorption)

2,6-DMN and 2,7-DMN arc 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 zecolite at the rate of 0.50 ml/min, while column
temperature is controlled at 70 C. Time course data of the DMN concentration in the
efflucnt is gathered by GC anatysis 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 10 improve 2,6-/2,7-DMN by cbntacting DMN isomers with the K-Y

type zeolite.

Example-13
Another adsorption test is carried out in the same manner described in Example 12
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suppl yi ng hydrogen gas at 622.5 rn3/m3. The results of hydrotreating are
sumarized in Table 9 below. As shown in Table 9, N O MG3/ A120325§E’P2003
catalyst is effective to reduce the nitrogen and/or sulfur conpounds In
LCOwW th mnimum | oss of DWN isoners. Table 9 istillation and Hd t eatin
Ni t. Sul . APl 400F+400F+500F+Tot al ppnppm Conv. (% Conv. (% Conv. (% DMNs wt %

Bl end- C23038818. 7---26.56 HDT Product 7520. 60. 672121. 24 Exanpl e- 12

{ Adsor pt iexe¢ptzhit-hbditykae iskséd Qi/hlsolventri Thel resolls df the birsakcthrowghocursoamtt ane at

2.0 %o concentration respectiyely, Then DWVWN-isooctane solution is fed
to the ad@ﬁ?'BPPBﬁ“’E’SIW'PWF@%ﬁH 500 nmmL) packed with K-Y zeolite

at the rate of ; Ik i dhdn i at 70 t.
Ti me course da(t)gug?sl ’he E)bl{/?\l%%gig%ﬁ at'i o%%??ﬁjghpg?fqrﬁsgﬁfﬁ?gﬁgdﬂgred by
CGC anal y giossibledn iphtddithe abgite teachirggsi nltdsidherqfbicaa be uaderstood tiatwithéh théf t er

t he adsorption step, liguid feed is swtched to_the pure iso-octane and

ef f | uent SFAPe @f @5 aemlﬂvg elgimy theinmentionraay bapragtingd otheayiss than asfpecifisally
concentr ag,| rhc}é?lﬁ effluent. The results of the breakthrough curve and
desorption curve are sunmarized in Fig. 10. As shown in the figure,
2,7-DW is priorly adsorbed in zeolite conpared to 2,6-DVWN and it 1is

obvi ously possible to inprove 2,6-/2,7-DW by contacting DW isoners with
the K-Y type zeolite. Exam le-13 Another adsorption test is carried out in
the sane manner described in Exanple 12 - 2313 25SEP2003 except that
mesitylene is used as a solvent. The results of the breakthrough curve and
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desorption curve are sunmarized in Figure 11. Cbviously, nunerous
nodi fi cations and variations of the present invention are possible Qgﬁgpg@}
| ight of the above teachings. It is therefore to be understood that Wthin
.the scope of the appended clains, the invention nmay be practiced ot herw se
than as specifically described h in. 25 SEP 2003 Cains 1. A process

for producing 2, 6-dial kyl napht hal }Hb¥h a hydrocarbon feedstoclc
conprising at | east one conponent selected fromthe group consisting of

di al | cyl napht hal ene i sonmers, nonoal kyl napht hal ene i soners,

e Bl L o SR B sy, 1 5
' ononbyBriring otk dhe cbipbhaR <ARL b3 BRGYLIMRRE or el Bl GRRES ™" o1 N
fract isomeeq MnoallfyinapBifR]cht RAmRfsQ M9A1RyInEh SRR 3dnid 'ﬁgji;l?tﬁﬂgﬂj Eg%%ﬁﬂﬂo

2, 6-di al kﬁl napht hal ene from the dial kyl napht hal 'ene ftaction step 1;, M
deal kihedellawingsepsydr ocar bon feedstock and/ or the renai ni ng products

fraction of step | _and.feedjng the | cyl atj on product to _step 1; IV.
%kyl at | tn% t Eedﬁaﬁ?ﬁgﬁn@ﬁ% %’Fﬁ‘;ﬁﬁ?&gﬁ%mﬁﬁ%‘ﬁjﬁﬁ? drrdcnianeamredpet &1 st _(Ia_ﬁ | ;
erein the hydgpgg S Eﬁ]?‘a L 2. e

process ,of Caiml, ?g'rlglﬁgr conpr?oz?élr%g#e%? y a?%,ﬁéﬁgtcﬁér?goﬂ:ﬂ;ﬂsmf
di al kyl napht hal emeocalliaykephthalesd, e drac@orbeanaising dialpiihbsttenend mdepar at ed

her of rom {6 ot 8300 SR EBERtE Bocestiy m 1. “wher el n_deal 1y 8t gt he
Cher of rom 1 ot o Sherae S REERbe 28l B A O R 1™ Genl 1 oy at i
t he hydr ocar bondfafigdnahtalenafidéiton dfzeepriemai ni ng products fraction of step
: M. dealkylating the hydrocarbon feedstock and/or the remaining produts
fraction of step I and feedjhg the dealkylation product to step I;
IV. alkylating'the naphthalene and Iﬁonoéﬂcylnaphthzlene, fractions of stép L
wherein the bydrocarbon feedstock is fed to step I or step I, o

2. ,'“I'h_e"procé;s_s of Cla.lm 1, further cqmpﬁ.sipg déa]kyl?ting the dialkylnaphthalene
- fraction after 2,6-dialkylnaphthalene is separated ﬂngfe_'fmm in step T and recycling the
dealkylation product obtained therefrom to step L. - |

3. The procéss of Claim 1, wherein deallcylating the dialkylnaphthalene fraction after
2,6-dialkylnaphthalene is separated thcmfrom in step T is 'qonci:pcteﬁ in step I together with °
dealkylaﬁng the hydrocarbon feed ;técle; and!or the Iemalmng p;bdl_jcts,f;écﬁdn of step L. .

4. ‘The process of claim 1, whergiﬁ the p;cdq;f of step IV is fed to step L.

5. The process of cleim 1, wherein step I comprises the following sub-steps:

II-1. separating the dial.l_éylnaﬁhtha.l_;h; fra;ﬁon of step I into & 2,G-rich-
diallcylnaphthalene fracﬁon and a 2,6-lean-dialkylnaphtbalene frection;

24.



4, The process of claim1l, wherein the product of step IVis fed to step |.
5. The process of claim1, wherein step Tl conprises the follow ngy§Sgp 2003
sub-steps: I1-1. separating the dial kyl napbt hal ene fraction of step | into
a 2,6-rich- diaikylnaphthal ene fraction and a 2, 6-1ean-di cl kyl napht hal ene ‘

fraction; _2.4r. 25SEP2003 11: 2. rifyin 6cki | ha. al fromthe
2,6-rich-diallcyl ﬁ%ﬂ“&?ﬁé’s'wﬁamF%r#%gbcﬂ’gﬁg'%mﬁﬂ@%%@ss of ‘
claim5, further 4 5dRGteb3RMEri Zzi ng at |l east a part of the 2, 6-

| ean-di al kyl naphtﬁg{ﬂg{r ééﬂriac ion fromstep I1-1, wherein at |east a part of

the isonerization product is fed to step | and/or- step Il-2. 7.: The

process of claim 6, wherein the isonmerjzing is.¢condycted in e_presence
of a catal y&t TBORINESTSIH 6171 SnPRte] GRFRESOEA Wgﬁég‘?aﬁ@%&é’g%? i zed by

P e e o R e T
The pr%@&&t@jfegltggﬁp@aﬁ%ﬁgt hII-2at | east a part of the product remaining

after the 2,6-dialkylnaphthalene is purified in step 11-2 is fed to step
I11. 9. The praocess of claim.6;, wherein at-least a part of the product from

" emai ni ng- af EoreHESE B it By FRABR G e et s sEp iRy SRBEPPHS ¢ e
to SteRaiyst composition comprising a synthetic zeolite characterized by an X-1ay diffraction
pattern including interplanar d-spacing (A} |

12,36+0.4

11.03£0.2

3.83x0.14

6.180.12

6.00£0,10

4.06+0.07

3.910.07

3.42+0,06.

3. The process of claim 6, wherzin at least a part of the product remainiug afier the

2,6-dia]ky1naphtba;ene is purified in step 11-2 is fed to step II1.

9. The process of claim 6, wherein at least a part of the product from step IV is fed to
step I, and wherein af least a part ¢f the Productre.mazmng _aﬁ;; the Z;E-Qi_alk}_’lnaphthalen els

10, The prgcaés of claim 1, wherein the hy&:pcarbon feedstock is product of prc;

processing raw materjal,




10, The process of claim1, wherein the hydrocarbon feedstock is product of
. pre processing raw material, -25 2 5 SEP 2003 11. The process of cl2d StPLEHI0 ‘
wherein the pre-processing conprises at |east one treatnment selected from

the group consisting of distillation, concentration, hydrotreating, de-

sul furizati gn, - nj £ - de-wat er | T ocess of claim
11, wherei n??‘ngﬁ?@é%ﬁ‘g%{fiﬁnﬂg@gﬁ%ﬁ}n&&%ﬁ@%%%%ég%gﬁ?%gPg(ﬁ“ctr?&feeri al with
a cat afryfincaPsalogtd o (5O PRb ShikdstaR oSl VAl R Bn ORfdRb et por t
conpri sizﬁglcan oé;ci&%deﬁo?ltg oggb%%ﬁgr?et&g?ﬂangg%@i%aga%l A n%et%gfé’%%g The
pr oc essilhifrizetiamn, rdet@rogtration and deew@enng VI I nmetal is nickel. 14. The

process of claim 12,'wherein the Goup VI-A netal is molybdenum 15. The
process of claim 12, wherein the oxide of netal is pre-treated at

600- 120. OF {4n r : f f 16..- . rocess of
claim1l, V\A‘lé?"e;ﬂl%gﬁ B@c%i%&ﬁagl?gtli\%%&?% ttse{ 1@@‘9{5@?@5 g;‘/“’d‘;‘ g‘&se“‘ﬁfgﬁy‘%%&%%%%% B The
pr ocesfatesikl @itaiamawystmﬁﬁimbﬂ doenpnieih ol @afivard PdlnamaGenPist SigpogoNt acti ng
hydrocarbon feedstock with a catalyst conposition conpri'sing an activated
al uni r@mtsamg/moméapﬁ@ﬂrommmsiaﬁgﬁam%upd@-bfm@ale oup VI-A netal . 18.
The process of claim17, wherein the Goup VI-A netal is chromum 19. The
process of claim16, wherein. the hydrodeal kyl ati on conpri ses contacting the
hydr ocar boni§ eess bfksswircihin 194 B M8 th ORI BR-IGORRLEST Ng an activated -
al um na catal yst “support conprising an oxi.de of a Goup netal, and a G oup
VI-A netal. 20. The process of claim 19, wherein the Goup VIII netal is

cobalt. 21.. T rocess .of . claim 19 rein,.the Group VIA netal is
mol ybdenum 142 P@Cﬁﬁfﬁ_]{%@ 1%&%%@23’%?%%?#9@&%'& n the oxide
of nmetal is pre-treated at 600- 1000F _ S

15. The process of claim 12, wherein the oxide of metal is pre-treated at 600-1200°F

in the presence of a sulf;rf coﬁ:po_md.

16. The process of claim I, wherein the dealkylation in step I is hydrodealkylation.

17. The pﬁ;ce_ss of_claiﬁ: 16, wherein the hydrodeallcylation comprises c.ontacﬁng
hydrocarbon feéd;s_tpck with a catalyst cbmposiﬁon compﬁsing an activated alumina catalyst
support comprising au oxide of 3 Group VI-A metal. |

18. The pro_cesé of claim 17, wherein ﬂlg quﬁp VI-A metal is c_:lupmiuni.

19. The pro_?:éss of claim 16, wherein the hydrodealkylation comprises contacting the
hydrocarbon feedstock with a catalyst composition i:oznpr_isi_rgg an activated alumina catalyst
support comprising an oxide of a Group VIII mg’cai, and a Group VI-A metal, |

20. The process of claim 19, wherein the Group VIII metal is cobalt.

21. The progess of claim 19, wherein the Group VI A metal is molybdenum.

26-




in the presence of organic sulfide. 23. The process of claim 16, wherein
the hydrodeal kyl ation is conducted in the presence of a catalyst 28§ SEP 7003
conposition conprising at least a netal selected fromthe group consisting
of noble nmetal, niclcel, conbination thereof, and a synthetic zeolite

charscter! 2ot e Bt sl SASLURR AU BB DL REOREOR'S

3. 9110. e%ﬁ@gmg Hrgthic sitgdepr ocess of claim 1, wherein the akylating is
conducte the presence of a catalyst conposition conprising a synthetic

zeolite characterized by an X-ray dlffractlon pattern including inter

pl anar d-spaci n (A} 12.360.4_ .11.43 .2 0.14 . 6.1 1 0*0, 10 |
4.060.07 3.8301b t?PfO&GSﬂ?%C@lfeéﬁ wierelg e hyds FD‘EH’éiCﬁ‘P‘i %ﬁ‘grﬂé‘?n t he

al | cyl S;B:’ege% 2gent atfaﬂ)%t éogﬁpogihlg}{'cgﬁ]bﬁgné Etleeég a m%é?@?&?%om the group

- consmtmg of noble metal nickel, combmanon thcreof and a syntheuc zcohte characterized
by a X-ray dli’fracnon pattern including inter planar d~5pac1ng (A) ‘

12, 36—'—0 4 '
11.0320.2
8.83+0,14
6.1'_8:t0.12 -
6.00:0.10
4.Q§i0.07
3.910.07
3.4;:2;:1:0.06.

24. The process of claim 1, wherein the akylatmo is conductcd n the presence of a
~ catalyst composmon compnsmg 2 syntheuc zcohte cha:actenzed by an Y-ray diffraction
pattern mcludmg mter planar d—spacmg (A)

12, ._3_’_6—‘-0 4

11.03+0.2

8,83£0.14

6.18x0.12

6. OGiO 10

4, 06:!:0 07 |

3 91-‘-0 07

3.4250.06.

25, The proggss of claim 1, whcrem the aﬂcylannﬂ agent for 'rhe a]kylannc is
meﬂaml or dgne&hy‘cmc:.

2



26. The process of claimb5, wherein the purifying conprises at |east one

nmeans selected fromthe group consisting of crystallization under

pressure, cooling crystallization, and fixed bed adsorptive sepafdt Sg’nﬂ]ﬂi

.27. The process of claim 26 wherei n the fixed bed adsorptive separation

conpri ses a.ij}b?rrbent i te Y containin Ikaii metal and a
ahlegy

desor bent of<% BFARTSE O¢ BIP'% {W LIRS &fo 56 ARGRES sel ect ed
fromt Q&e%&ﬁ@qy@%ﬁrﬁﬁﬁ 9&5&&@9?&9&&&%&%&& bk s RE07 50k, 2Nd

cycl ohéxane
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
corpprising at least a component selected from the group consisting of heﬁ:ane, octane,

allcylbenzene, and ¢yclohexane.
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