S it et
S — —— . PR e . . -
: )

WO 00/61529 ’ PCT/JP99/01880

Description

PROCESS FOR PREPARING 2,6—DIALKY-LNAPH’IHALENE

The jirzsant mvennon relates to aproccss for pmducmg 2 5—dxalky]naphthalene
(DAN) ﬁd,‘in ﬁime\ﬂar, 2,6-d1methy1naphthylene (2.6-DMN) frem a :mxtum which

, In the'mnufactm uf h;gh perfonnznce polyester resms such as polyethyiene
naphhal&?epahimez (PEN) or polybutyrene naphthalats polymet (PBN), 2 6-DMN isused as
. apm‘iaofﬂ &naphthalenc d:.carboxyhc acid This is becavse 2 6-DMN Is easzly oxuhzed

" to2, &mphfha!ene dmaﬂ:oxyﬁc acid, when compared to other prccmsnrs such as 2 6-

- dnsoprepylﬁapﬁmalene orz-merhyl-G-kobmrylnaphthalcnes There arc many applications
for PEN, g ﬁlms and hotﬂes, such as long ume xecordmg type video ﬁlm, Advanced Photo '
Syststn, Jist fifl containers, refillable bottles and nr: codes. PEN has good physxcal propexucs
in stréngﬂ: ‘thiermal resistance and gas barrier’ properties. Typical PBN applications include
elzcu'omcs, msulatocrs and car parts. PEN and PBN have heretofore been too expensive,
however, to eﬁ‘a::tively expand thelr markets &uc ta the limited conmemally viable processes
for producihg 2, S—DMN

There Have been many proposals for ptepanng 2,6-DMN, U.S. Pat. No, 4,795,847.
(Wexﬂ{amp etal) describes aprocess for the preparation of 2,6-dialkylnaphthalene by

- alkylating naphthalene or 2-a1ky1-nzphthnlene with an alkylating agent in the presence of a

zeolite ($pecially ZSM-S) as a catalyst. f
U.S. Pat. No. 5,001,295 (Angevine et al) describes a process for preparing DMN by -
using 2-monomethylnaphthalene (MMN) and naphthalene as e feedstock and a synthetic -
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zeolite (MCM-22) as a catalyst, and it shows MCM-22 catalyst is more effective than ZSM-5
in alkyhhon of 2-MMN and naphthalene o . )

However, the above methods provzde cnly unit 0perauon (1 e batch) for alkylauon of
2-MMN, wh;ch isan expensxvc feedstock and 1s not commercial y available in 2 large

U.S. Pat. No, 4,990 717 (Slkkcn‘,a) and 5, 073 670 (Sxkkcnga et al.) describe a2 multi-
step process to produce 2, 6—DMN ﬁ'om o-xylcne and bmadlenc.'wmch consists of;

1)  preparation of S{c-mlyl)-pcntene&(OTP) by alkenylauon of o-xylene

with butadicne in the prcscm:e cf a cazalyst suchasan alkali metal catalyst,

2) prcpammn of I,S-d:methyltet:alm (1,5-DMT) by:._cychzanon of OTP in the

presence of 2 catalyst such as plaﬁnum and copper on an‘clua stable zeolite catalyst,

3) prepasanon of 1§ Sdmethyhaphths!cnc . S-DMN) by dyhydzogenauon of

1,5-DMT in the presence ofa cata.lyst such as plaﬁnum and rhemum and gamma -

.alurnina; and '_" - -

4) prepa:auon of DMN mxl:ure w]:uch is nch in the dcmable 2 6-DMN, 1,6-

DMN and l,S-DMN by ;"Menzatlcn of 1,5-DMN mfhe presence ofa cata!yst such '

Ifaproeess forseparanngz 6—DMNﬁnm aMm:xunewete ccmhmedwith the

' above steps, 2 complets procees "',pmduce p!mﬁcd26-DMN cnuldbepmvxd.ed -
As n:mlhple steps ccmp : te aprocess plant and increase the cost, itisnot clear that

: theconvcnuonal processes couid provxde 2 process sunablc foran econonuca.l prcpara'aon of

‘pmﬁedzs-nw Cn e o S R

. _‘ . In addmon,itis vczy dl.ﬁcultto scparatc 2,6-DMN fmm other isomers by

, convennonal separaucn methnds such as dxsullanon and coohng crysmnmnon because; .

' 1) The:esrcverysmalldlffetenccs mthebonmg pomts nfDMleemers, and, in

particular, between 2 6-DMN and 2 7-DMN wherem the dxffercncc in bcxlmg points is

only 0.3 C, anditis near _ possxble to separate 2,6-DMN by distillation.

2)  Thecooling of DMN isomer mixture solution of 2, S-DMN purification forms

a precipitate of very ﬁnc 2.6-DMN crymls in susptmszon, and thus separation of the

2,6-DMN is extremely d:ﬁcuh. :
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Koide etal U S. 4;%%619 Topors aﬁnethod for sep&"f&uﬁgh xhethyl detivative of

naphthalene from & miscture of materials in iugh purity by crysta]lmhon under pressure.
Moritoki ct al U.S. 4,784, 766 reyorts a pressure czystallmhon apparatus

. ' Awnrdmgly new and more :fﬁumt methods for commercmlly preparing -
dxalkylnaphthalencs are sought. :

SUMMARY OF THE INVENTION
According to ene object of the invention, & method ofpreparing 26
dialkylnaphthalene is provxded 3
According to another object of the i invention, 2 method of prcpanng 2,6-
dimethyinaphthalene is provided.

' These and other objects of the present invention are made possible by 2 pracess for
producing 2,6-dialkyinaphthalene from o feedstock including hydrocarbons which conteins at
. least one component selected from the group consisting of dialkyInaphthalene isomers,
monoalkylnsphthalene isomers, pplyalkylnaphthalencs, and naphthalene including the
followmg steps; |

L sepantmg the feedstock and/or a product fed from step IIT itto a fraction
conmmmg naphthalene, 2 faction contsining monoalkylnaphthalene, a fraction
contammg dxalky]naphthalenz and 2 fraction containing remaining products;
1L sepanhng and pmfymg 2 6-dmlkylnaphtlmlene from the dxal]qunaphthalcne
fraction of step 15
I dealkylatmg the fecdstnck and/or the ﬁ'at.tmn commmng the remaining
products of step I'and feedmg the product of dea!kylanon tostepI; .
IV._ alkylatmg thc Tractions comaming naphthalene and monaalkylnaphthalene of
. stepT, : : :
 whercin the feedstock is fedto step Lorstsp I

Fxg, 1 shows the prefmcd scheme uf a pmcess in accurdance thh Clalm L
~ Fg; 2 shows the preferred schere of @ process in accordaur.c with Cla:m 2,
" Fig.3 shows the prefcrred scheme of aprocess in accordance with Clann 3.
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Fig. 4 shows the prefen'cd scheme of a process in accordance with Claim 4,
Fig, § shows the prcfetrcd schcmc of a process in accordance with Claim 5,
Fig. 6 shows the prefened scheme of a process in accordance with Claim 6.
Fig. 7 shows the ptofcnod schcme of a process in accor ance with Claim 8.
Fig. 8 shows the p:efcrred schcme of aprocess in aooot“__.'_ nce wi

Fig. 9 showstheresﬂts ofEmmple?
Fig. 10 shows the results of Example 12,
Fig. 11 shows the results of Examplc 13.

A more complete apprcctstxon of thc mveutxon and many _of the attendant advantages
thercof will be readily obtamod as the same bccomcs bctter understood by xeference to the -
' .follovm:g demled descnptzon when consxdered in coninection thh the accompariying ©
d:awings. wluch 18 not’ mtended to be hmmng unless otherw:se specxﬁed. _
. Prcfetably, the prcsent mvcntton may be apphed to any stock of hydrocarbons _‘

' that contains antylnaphthalemes such as na;:hthalcne, MMN (monoxuethylnsphthalcne) and
" DMNij momcxs The present mvcnhon provxdcs an effccttve pxoductmn process of 2,6-
N dxalkylnaphtbalenc DAN), m parucu.lar 2, G-damethylnaphthalenc (DM'N) as ]ugh-valuc
addedproduct by uhhzing a non-valnable fcedstock. R

In particular, LCO (L:gbt Cycla Oxl) and/or 1ts heart cut fract:on from FCC Fluid
Cﬂalyst Cracking) or HC (I-Iydrocraclcer) ts a prefcrable oxample of a fccdstock. Although
such feedstock usually contmns a!.kylnaphthalencs at about 20 to 45 wczght % of the feed
strcuu, it has the following problems and d:ﬁiculues for further pnoccssmg
1) Co-boilers : S SR

For example, LCO usuaﬂy contams many components such as hght paraffins and
mono-aromatics with long cham alkyl-groups, which have similar bo:.hng points to
naphthalene, MMN and DMN (Co-bonlers) Tt 1s very hard to separate alkylnaphthalenes
from their co-boilers by d:stdlatton alone: for ﬁ:rthcr processing such as an alkylation step.

Therefore, if untreated, the co-'bo:lms roduce the efficiency of the reactors. Inthe
worst case, the co-hoilers accumulste in the rccyclmg streams in the process

2) Polyaﬂtylnaphthalenes (PAN)
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PANs such as tn-_ ‘ ) lnaphthalen:s,,}sopmpylnaphthalms and tetra~
methylnaphthalenes are dsially contained in the fecd streint o Abbut 10 to 20 weight % of
the feed stream, i.c., almost one third to onie half of the alkylnaphthalene contents. PAN is
also produced at other process steps such as alkylation and isomerization as by-preduets, In
the conventional art, no effective process to utilize PANSs for the production of 2,6-
dialiylnaphthalene has been proposed,

3) Sulfur and Nitrogen compounds

The feed stream contains sulfur and nitrogen compounds, which might poison the
catalyst for alkylation and jsomerization, and these compounds should be excltided from the
recycling streams and products-

The inventors have found that dealkylanon {DA), especially hyd:odea.ikylaﬁon (HDA)
is(d) effective not only for cracking and/or reforming the co-boilers to lighter fractions, which
results in much easier separztion from paphthalenes, monoalkylnaphthalmex and
dxalkylnaphtha!encs, but also, (i) surprisingly effective for producing 2 &dixlkylnaphthalene '
s:pecmlly 2,6-DMN bymeans of DA, especially HDA of polyalkylnaphthaleué& CPAN) such
asm-methylnzphmalenesandheaw alkylnaphthﬂenes, whicl are cnntaine& in'the E
feedstock and are also produced at elkylation step es useless by-pxodm:ts, (@i eﬁécuve .
 for productmn of naphthalene and monoalkylnaphthalene which is suxtab!e for a]kylahon "
’I'he d:scwery results i in more eﬁ‘ecuve p:oducunn of 2 6-DMN not oniy atthe
alky!anon step bnt also in the overan process heczuse the mvennon pmv:des an eﬁccnve
- unhmom of PAN SRR :

) Althougha h:gh feedstock cunvetswn (e g. Convexsxon of MMN) of atound 50 to
60% providesa hughe.r yield. of 2, 6-DMN PAN producuon also increases, as shown in the
. TABLE 4 of the conventional processes, U,S, Pat. No. § 744,670 Motoyukx ct al), the entire
. coptents. of which are h:reby mcorporated by reference. (DMN and PAN content after -
-alkylation i is 35% and 23% respectively at MMIN r.onvezsmn with 58 28%:). Tlns causes
naphﬂ:alene-nng loss and Jower process yields if PAN is not utilized again in the recycled
stream. Therefore, in order 1o minimize the Joss, MMN conversion is limited to around 30%

or 50, which decreases 2,6-DMN yield.

PCT/IP99/01880
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Asthe pxesent invention can provxde the effective utﬂmuon (an additional producuon
of 2,6-dialkylnaphthalene from DA of PAN) of PAN derived fmm the feedstock, and
preferably from the feedstock and alkylauon step, it allows much hlgher feedstock conversion
atthe a]kylanon step, of around 50%. and greater, which also results in higher produ:tion of
2 6-dtalkylnaphthalene Fuuther, the inventors found that 2 ﬁ-han-dlalkylnaphthalene as the
remaining pmducts of the punﬁcanon of2 s-dxalkylnaphthalme can be dealkylated and
ohanged to equilibrium distributions of d1alky1naphthalene Jsomcrs or 2,6-rich
dialkylnzphthalene by producmg naphthalene and mcnoaﬂcylnaphﬂnlene simultaneously.

Althongh the reactmn mechamsm of DA of2 6-dmlky1naphtba1ene is believed to be
' completely different, the results and produc.t composmon of DA’: are similar to transalkylanon'
and isomerization, This means that DA can take aver the performance of transalkylation
shown in the conventional processes, €. £, U 8. Pat, No. 5,744, 670 eﬁ'ecuvely

The pr&sent invention provxdes an eﬂ'echve productmn process for 2, 6-

Asa prefemble feedsmck for ﬂae present pmcess, any hyd:oearbon feedst:eam
 containing allylnapithalanes including at least one component selected frora the group
'conszshng of d:alkylnaphthalene lsomers, monoalkylnaphtbalene momers. :

o polyalkyinsphthalencs, and naphthzlene, suchias Light Cycle Oil (LCO) derived from
- Camlyncany cracking pctm]eum oil may ‘be used Altcmanvely, as raw mntenal
| hydtocu'bon feedstream such as LCO is pre-processed, and aﬁerwards its product is
i prefetably used as afeedstoek for the present process. The pre-pmcessmg preferably includes
d;lsu.llauon (c.g. heart cutung), concemuon, hydtoueaung (HDT) to reform sulﬁn and.
_ mtrogen compounds, which aze usua.lly contamed in fcedstreams and whmh might poison the
. catalyst, de-sﬂfcmzanon, de-nmagenauon and de-watenng. o .
Inthe d:shnaunn and concentrahon as ﬂ:e pre-proeessmg, 1t is preferable to sepamtc
. light components such as monoaromanc compounds and- non-aromahc hght paraffing and .
heavy compounds such as tn-aroma and heavier eompounds from alkylnaphnhalene
'componems . ST R .
The preferable condmons of HDT include a temperature of about 200 tn 1 OOO‘C, ami
'mm'e prefetably 200 to 5 00 "C, anda pressure of Oto 250 atmospheres ‘and preferably 51050

G- .
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atmospheres, ahydrogenr t ation rate of from gbout 500 to 5,00& scf/bbl. - The reaction is
preferably momphshedu 1iing afeed spm velocity of ab&ut 0.1 to 10,0 hr.

One preferred example of 2 suitable catalyst for HDT is an activated alumina
supported catalyst bearing a Group VIII metal oxide and a Group VI-A metal oxXide,
prcfembly nickel and molybdenum respec&vcly. The oxide may be preferably treated at 600-
1200°F in the pzesence of sulfur compounds.

The’ feedstock can be fed to the scparation of step I and/or the dealicylation of step 118
In the case that the feedstock isfed to step], separaﬁng light compon:nts and heavy
compounds ‘From alkylnaphthalene companents ¢an be condocted in step L. On thé oﬂm
+ hand, in'the case that the feedstock is fed to step III, PAN components in fhe faedstock can be
reducﬁ’éh’h’éﬁﬂhéed to DMN or MMN components before scparatién of stepl, Inecither -
case, eﬁ‘ecﬁVe production is obtamed, since the remaimng products of stcp Tare fed to step m
andthepmductofsrepmlsfedmstepl ascanbcseenfromFxg. 1., :

For the sepa:aucn of step 1, convennonal techmques such as dxsuliaﬂon may be used. .

In the case whg:e the feed stream conta:ns non-aromanc componen‘rs haying boxhng points
that are very similarto naphthalme a.mﬂnr MMN, conventional solvent extraction techmques
" alsocanbe apphegl_ in addition to the above mentjoned distillation in step L.

o ﬁé"s'ébé:aﬁoh and pufiﬁcaﬁon of step II purifies the 2,6-DAN and separates the 2,6~ .
lean-DAN from the DAN fraction of step I, a5 can be seen from Fig. 1.

Separauon and punﬁcanun of2 G-d:alkylnaphthalene of step 11 may be conducted by
convcnﬂonalmethodslmoumtmhose of ordinary skill mtheartsuchascoohng
crystallization and/or adsorption. For example, separation and purification may be affected
by using 2 miethod of crystallizstion under high pressure, In general, a liquid mixture
comammg 1wo or mare 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 involves a separating and purifying technique wherein 2 liquid mixture
containing two or more substances is placedin éﬁzhﬂy sealed pressure vessel, a portion of
the desired substance, 2,6-dialkylnsphthalene, is solidified to form 2 solid-liquid co-existing
state, the kgmd is discharged from the co-existing system while maintaining the pressure of
the soh&-liqmd co-existing system &t & higher. level than equilibrium pressure of the objective
substance, t!genthe solid remaining in the vessel is pressed for discharging the residual liquid

7.
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between the solid pamd&s and § mtegxatmg 1he sohd paxtmlcs Thxs technique is gencraliy
described in U.S. 5,220,098 the entire cantents of wl:.ich are h"} :

PCT/3P99/01880

_eby incorporated by

The method involves mjecung the sluny or hqu;d of the tempe:amm of 70 t0 120°C,
preferably 80 to 100°C, into ahigh pressure vesscl for conduct.mg 8 crystallization under high
pressure, adiabatically prcsslmz:.ng the vessel to a pressure of ; m 300 to 4 000 kgf/cm?,
preferably 500 10 2,000 kgf/cm’ to mcrease the quannty, 1c. th__ amounJ: of 2,6-
dialkylnaphthalenc crystals, whe.reby eoemstence of suhd-hqmd phases exist at the high
pxessure conditions; dxschargmg the hqmd phase cornponent ﬁom th= high pressure vessel,
the discharging being conducted und:r pressurc, to mcrese the’ :auo of the solid phase
relative to the liquid phase wzﬂun the vessel, lowcnng the pr:ssure ofthe residual liquid
. phase sa as to dissolve parhally and punfy the product dmchargmg the residual hqmd phase
by applying pressurc o the sohd phase wnlnn thc high pressnre essel whercby a2,6-

- dialkylnaphthalens crystal block havmg 2 h:gh pumy is obmed thm the lugh prcssure

of 98 % by weight, preferably 99% by wexght may be obmmed. & :" B

Inthe scpa:mon and punﬁcmmn of step II pnm: to the coolmg crystalhzanon and/or -
:- crystalhzanon under high p:cssure, 2 G-dulkylnaphthalene can be pre-conc:ntra:ed from
dlalkylnaphthalene mixture by ﬁ:.ed bed adsoxp tiv "‘separahon sy_ ctemn, As for the

B preconcenﬁ’atlon of’ 2, 6-DMN 1t is preferable tha adsorptlo ludes an adsorbent ofa
zeolite Y contalmngalkah metaland a descrbeixt of &:Lorgamc solvént mamly composed of at
'. least one componcnt seler.‘aed ﬁ:omthe group'eu'_"_ _'_ ' of hacan cﬂ:ne, alkylbenzene, and
' cycloh:xane As alkylbenzem, mesnylene, -xylene, and n—xylene are preferable.
At the coohng crysmllxzahon in the separauan and punﬁc:z_pon step, since 2,6-DMN -
' and 2,7-DMN form an eutectic crystal at the weight ﬁho 0 0.7 (=2,6-DMN/2,7-DMN), only -
" the- low yicld of 2,6-DMN i is anheved The theorehcal 2, 6-DMN scparamon y1e1d is gwen by :
thefollomgequahons T G :
Yield (%) = (1-0.7/k) x 100, where k=2, 6-DMN/2 7-DMN atthe feed of coolmg crystallizer,
Therefore, it is most espccially prcfm'able to mcreasc the ratm of 2,6-DMN/2,7-DMN
foz the hlgher yield of 2,6-DMN, The ﬁxzd hed adsorption can muease the ratio from 1, 0 at
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the feed to 2.0 and more at 9 ut, wlnch results in higher se;;ganon yields and much lower
internal recycling amcunts overall pracess. .

Pxeferably, for more eﬁectxve producﬁon. the separatinn and punﬁcauon of step I can
.be separatedmto separauon secuon ,step II-1 and punﬁcaﬁon section step II-Z as can be seen
- from Fxg. 5.1n step II-I the DAN fraction of step I is separated into 2 6-nch-DAN and 2 6-
lean- DAN, and in step II-2, 2,6-DAN is purified from the 2, 6-nch-DAN fraction from step
II-1,

For example, separation of step II-1 may be preferably conducted by using distillation,
&nd purification of step II-2 may be conducted by using coolmg crystallization and/ar’
crystallization under high pressure, By such a system, the 2,6-lean-DAN which contains little
© 2,7-DAN is separated by step II-1, and the 2,6-lean-DAN which contains much 2,7-DAN is
separated by step II-2 as a remaining product of purification,

The conditions of HDA of step III include 2 temperature of about 200°t0 1,000°C, and
preferabily 300 to 700°C, and a pressurc of 0 to 250 atmospheres and preferably § to 150
atmospheres, a hydrogen circulation yate of from about 500 to 3,000 scf/bbl. The reaction is
sﬁitably accomplished utilizing a feed space vclocity of about 0.1 to 10.0 hr'. .

_ One example of a suitable catalyst for HDA, is an activated alumina supported

'caralyst beanng an oxide of Group VIII metal, preftrably, chromium,

~ One more example of a suitable. catalyst for HDA, is an act.watedr alumna supported

catalyst bearing an oxide of Gtoup i meta! and a Group VI metal, preferably, cobalt and
molybdenum. The said oxlde may be preferably prc-trea.ted ata rzmpei'amre of 600 to
1000°F in the presence of otgamc sulfide, .

. Other prefmed. camlysts for HDA' include catalysts mcluding amem selected from
the group msxsnng of; noble metal, aickel, and combinations thereof; and a. synthenc zeohte

. charachn.zed by an X-ray diffraction pat&em mcludmg mtetplanar d~spacmg and relative
-.-mEnsxtyI/I,waasfonows | '

12.36 £04 M—VS'
1103202 M-8 .

8834014, 'M-VS

618012  M-VS

600£010 W-M

9.
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' -406&007 W.s -
391007 = M-VS
3. 42 £0.06 VS. . :
The preferable no'ble metal is selected from the group consxsung of platmum,
paﬂaduun.andcxuﬁbnﬂmonsﬂnueof
The condltmns ofalkylanon ofstep v prefembly mclude 2 tempetature of about 0 to
500°C, and pxeferably 240 and 450'C, and a pressure of between 0 to 250 atrnospheres and
prefeta.bly 1t050 mosphcres “The mojc ratio of alkylatmg agent to feed of
'monalkylnaphthylene or naphthalene can be from about 20:1 to' 1 '20 preforably from 10:1 to
1:10, The reaction is smtably accomphshcd uti.hzmg 2 feed space velocny of about 0.1 to
10.0 br'. ' '
. ' Pxefezred alkylaung agents mclude alcohols, ole.ﬁns aldohydes, hahdes, and ethers,
- Forexample, methanol, dmzthylether and polyallcylbenzene are preforred. Methanol and
dxmethylether are =spe¢:1ally ptefened. B ' :
_ : A smtable namlyst for alkylatlon isa syntheuc zeohte charactenzed by an X-ray
) '-d:ﬁantmn pametn mcludmg mtorplanar d-spacmg and relanve mtensxty U1, %100 as follows:
B oL 1236*04 'M-VS-.' o -
1103£02 MS
283£014 M-VS
6182012 MVS
6005010 W-M
4.06 +0, 07 WS
. 3, 91&007 M-v§
/3424006 VS.
. A suitable catalyst is deson'bod in U.S. 5,001,295, as MCM-22 the entire contents of
\uhnﬂzamolumeby:ncoqxnnnuibyreﬁnenoe
Preferably, the alkylatmn can be camcd outin any of the h:own Teactors usually
employed for alkylauon. For examplo, a tubular reactor wn.h a downﬂow of reactants aver a
:ﬁmmdlnuiofcmnﬂystcanlnzeuuﬂoyed o

-10-
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In order to maintain h:gh feedstock conversion, the mjecﬁon of methanol to reactor
can be performed, preferably, in multiple stages, and more prefetabiy two stages. For
example, one reactor with top and middle ritthanol feed, or two zeactors in series with top
and intermediate methancl feed are preferably used.

Tn & preferred embodiment, the 2,6-lean-DAN fraction from step II-1 may be
subjected to isomerization conditions to provide for a dialkynaphthalene fraction which has 2
greater content of 2,6-dialkylnaphthalene, as can be seen from Fig. 6. Preferably, the product
ofthsisomucrﬁnnﬁﬁa;naf!x:ﬁuﬁto§Mq11auuyhrsuapllizfbr:nnmeefﬁg&mntrecdmunjn

Preferred isomerization condifions are generally disclosed in co-pending application
U.S. Application Serial No. 08/661,114 (the entire contents of which are hereby incorporated
by reference), and are suitable for condur;ting simmltaneous tranéalkyladon of
ialkyinaphthalene and naphthalene, and isomerization of dialkylnaphthalenes,

A preferred catalyst for isomerization is 2 synthetic zeolite characterized by an X-ray
diffraction pattern including interplanar d-spacing and zelative intensity /T, x 100 as follows:

T 1236204 MVS o '
11,0302 M
8832014 M-VS
618012 M-VS
 600£010. WM
4062007 WS
391%007 MVS
342 :g_o 06. V5.

A su:tzble cata!yst is des::nbcde 8.5 001,295 as MCM-22 the em:.te contents of

which are hereby mcorporated by reference. . :

Preferably, mommzauon is conducted at a weight hourly space velocny (WHSV) of
dialkylnaphthalenes of 0.1 to 10, preferably 0.5 to 5 b, more preferably 0,75 to 1.5 k%,

Prefirably, isomerization is condicted at a tomperatore of from 100 to 500°C,
preferably 150 to 350°C, more preferably 200 to 300°C. '

Prefembly, isomerization is conducted at a pressure of atmospheric to 100 kgfem?,

preferably amospheric 1o 30 kcf/cm’

A11-



el | [/ M

During jsomerization it xs opuonally preferable 10 eo-feed hydrogen in an amount of
0.1 to 10 mol-H,/mol-hydrocarbons. IR co
According to the preferred embodiment of F:gures 2or 3 2 6-dxa]kylnaphtha1ene may
be prepared ﬁ'om bydxoearbon feedstoeks 2 fnllews L
L scparatinga feedstoek andlor s product fed ﬁom step 1M into a fraction
eonmning mphﬂ:a.lene, 2 ﬁaehon eontammg monoalkyuaplnhalene a fraction
containing dm]kylnaphthalene and 2 fraction containing remainmg products,
II.  separating and pl.mfymg 2 6-d:aﬂqlnaphtha1ene ﬂom the d;alkylnaphthalene
fraehonofstepl, R : i :
IfTa. dealkylatinga dlalkylnaphthalene fraetmn after 2 G-dlalkylnaphthalene is
scparated therefrom i in step I and recychng a product of dealkylauon tostepl;
. dealkylating the feedstoek and/o: the fraction contaunng remaining products
ofstep Iand feed.mg the product nfdea.lk'ylatmn to step I
V. aﬂcylanng_ the _ﬁeenons eomz_mn_ng n_a.phthalene nnq:monoalkynaplithalene of
“In this process, 2, 6-1ean-DAN as remauung product of sepmﬂenlpmﬁemon of step
11 is dealkcylated and fed to sepatatmn of step L Se, 2 S-DAN 1somers in 2,6-lean-DAN may
- bechangedtolMorNLendcanbealkylatedmstepIV _
As for the prefeued embod.:ment in Fxgure 4 the product of alkylation of step IV is
- fedto separanon of stepl. Aeeordmgly, PAN produned in step IV can be separatcd instepl =
and fed to dealkylated i in step L. Therefore, it enables to provxde the cffecuve utilization of "
- PAN and allows much higher fee@stocg conversion at alk_ylanon st_ep, as already described.
: 'n_u_'pmee'ss scheme of Flgure [} is 2 most ptefer_able 'embeéiment of the present .

j I-Iavmg generally descnbed t!ns mvenuon, a further understandmg can be obtained by
reference to certain speeJ.ﬁc examples, wluch arc prowdcd herem for purposes of illustration
only and ate not mtended 1o be hmmng mless othmmse spemﬁed. '

-12-
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AlS3g amount of MCM-22 caialys;is charged into 2 t'ubqfax’ rebetor (volume:370
cc). As & feedstock for alkylation, 1-MMN, 2-MMN and naghthalene are used, and mixed at
a molar ratio 0f 2.2 of 2-MMN/1-MMN, and a weight ratio of 3.0 of MMN's (] -MMVIN+2-

I\M‘D/naphthalene _'

Thcreupon, the feedstock is. supphed to the reactor (254 C5 kg/cm’) at a rate of 153.4
g/br and 1,0 hr'! in WHSV with a feed of hydrogen at the rate of 1.8 fi%hr, Four hours later,
methanol, as an alkylating agent, is introduced into the reactor at 35.5 g/hr, and alkylauon is
conducted for 20 hours. The product obtained is ana.lyzed by gas chromatography, and the

results sre summarized in Table 1.

Compopent (Wt%) - | BeforcReacion | AfterRedction
dimethylnaphthalene 0’ 17.19
26DMN 0 1.72
2,7-DMN 0 120
other isomers . 0 : 1427
monamethylnaphthalene | 73.63 R 60.10
2MMN - . 5055 : 40,32
I-MMN 23.08 - 19.78
osphthalege - 25,28 18.67
other compenent 1.00 . 3.91
Evduaﬁon ' Before Reaction Aftee Reaction
NLconve;;mn R 2615
2-MMN/1MMN 22 : 2.04
MMN conyersion (%) | - 18.37
2,6-DMN/gotal DMN (%) - 10.02
2,6-DMN/2,7-DMN ' - 1.44

21
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As can be seen from Table 1, the ratio of 2,6-DMN/2,7-DMN is over 1.1 and the ratio
of 2-MMN/1-MMN is over 2.0, | |

PCT/JP99/01880

WO 00/61529 l

e2 ion .

153 g of MCM-22 were charged in thc tubular reactor (volume: 370 cc). Asa
feedstock for alkylation, 1 MMN (purity 95, 5%) and 2-MMN (punty 96.6%) were used, and

.mixed at the molar ratio of 2.2 of 2-MMN/ 1-MMN. Feedstack was supphcd in the reactor

(350°C) at the rate of 76.7 glhr and 0.5 hr in WHSV for 4 bours. Thateaﬂer methanol was
started to be supplied in the rea::mr at the rate of 17.3 g/hr and the reacnon was proceeded for
20 huurs. ‘The obtained product Wwas analyzed by gas ch:omatography, and the result is
summarized in Table 2. '

o T Y !.l_'_':".

comp‘o’ne'nt (Wt %) : ' b'efo're'reapti'on " afier reaction -
' ’dnneihylnaphthalene oA e ) 3545 _
2eDMN ] T o) sa2
27DMN e ) ads
. othensomers Sl e ) 25.89
*munomethylnaphtbﬂlene . 9866 - | 4136
2-MMN : o aer | 28.84
S 1N L S swes " 1232
| # naphtbglens - .. . i o . - | e1s
‘ *oﬁu@m;(maxnlypm 153 23.20
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evaluatidh before teacﬁ&i’"; ' after reaction
2-MMN/1-MMN 22 23
MMN conversion (%) - - 58.28
) 2,6-DMNltnta1 DMN ('V ) - . 1445
2 6-DMN/2,7-DMN - 1.16

_"Ascanbe 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.

e 3 lati

lbl’

Alkylation of MMN and naphthalene has been carried out for several months in the
same manner described in Example 1 and about 400k of the product is collected,
Distillation of the product is catried out by using a batch type distillation tower with a packed
column. A number of theoretical trays of the tower is expected to be at least 5 0. The
operation pressure at the top of the column is controlled betwcen 15 and 36 Ton' and
distillation proceeds et a reflux ratio of 50 to 75.

The product is separated into 17 fractions by differences in boiling poiats as shown in Table

3' .
1 jo ;
" Amoint . DMN ~ 2,6-DMN
: B 9@ P concentratxon (%) | concentration (%) . _
‘Fraction-1-10 2708 | .00 rot analyzsd . -
_F&;cﬁan-li" | . 309 0.5 not anslyzed
—F:c;unl{ TR = ——
Frigtion-13 10 - 768 112
Fraction-14 63 | ° 923 254
Fraction-1s | 157 995 43
Pragtion-1§ | 48 | " - 987 0.0
Frigtion17 | . 53 a6 0.0
"Re‘;jélué ' 212 0.0 0.0

<3
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Example 4 (Hydrodealkylation)

A part of Fraction-17 and Rcsxdue shown in Table 3 are nnxed to prepare the
feedstock(Blend-A) for hydrodeal[:ylauon. A 50 g amount of Cr,O,/Alzoa type catalyst
produced by Sud-Chemic AG is charged into a tubular rcactor 'Ifhe reactor is heated
gradually from ambient temperature to 662°F to dry the catalyst whrle supplying hydmgcn
gas. Thereupon Blend-A is fed: to the reactor at the rate of 50 g/brand 1.0 br in WHSV,
wln.le supplymg hydrogen gas at 1.2$nflhr Hydrodealkylatmn is carned out at 887°F and
854 psig. 'I'he product is analyzed by GC and the resulfs of hydrodealkylanon are
summarized in Table 4 below. 257 : o S

" Assbownin Tablc 4, Cr,O,lAl,O, type catalyst is effecnve to enrxch 2,6-DMN from
- 2 6-DNIN lean feed ' '

PCT/JP99/01880

| Feed(Blend-A) | . HDA Product

i naphthalene SR R Y R B & U
2N T 00 | v 1568

N | T e | 3am

BN D [ ee ¢ Ul T 026
27DMN - o DO T ass

T 13-#17DMNS |0 0Q | 7ss,
" LEDMN ﬁ T o0 < 292
_23wagDMNT | Tdus C Tl 4
GsoMN | T e 039
R Y
GeDMN L | 70 T Y Todz
&nkiownsbeforeﬁrstm\m _ oq T | 2.50
UnknownsbehwcanMN o L34 1 - 039

-16-
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1 T[T AWM
Heavies Incliuding 7834 1. i 39.08
Polymethylnaphthal lenes F
Total DMNs (%) 2028 34,71
2,6-DMN/Total DMNs (%) 0.0 13.20
3 o

A25 g amount of MCM-22 catalyst is charged into the tubular reactor {volume; 200
cc). The reactor is heated gradually from amibient temperature 0 400°C 1o dry the catalyst
while supplying nitxbgen- gas, and the flow of nitrogen gas is ceased when the temperature
becomes stable at 400°C. Thereupon, 2.6-lean-DMN is supplied to the reactor at the rate of
25 g/br and 1.0 hr' in WHSV, and isomerization of DMN is carried out for four hours. The
contents of the obtained product are analyzed by gas chromatography, and the results are

A%

susmmarized mTable 5.
Cortipanent (wi%) | beforc reaction After reaction
dimgthylnaphthalenc 93,09 20.10
|2 6-DMN 621 13.96
. 27-§:m 848 - 8.66 -
- omegisomers - | 83.40 - 5748
-.'mon,pethy]naphﬂm]enc L e50 '8.77 .
2—MMN 003 6.71
1:MyIN 017 - 3.06
nephthalens 0 0.78
‘--q'; YOO 1Y
othn componept .71".- ' ; 9.35
evaluanon : before reagtxon N aﬁer'ré_acﬁon
26—BMNhotal DMN (%) 63 U 174
2 s-mvmfz 7-DMN | 0.73 1.61
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E e 6.8 i 1 Purification:
- (1) Crystallization under ngh Pressu.re CqMMOn - .
A 1,505 g amount ot‘ DMN somers is supplied into the high Pressure crystalhzer

'(KOBELCO 1.5L typc), and 236 g of2, 5-DNN c:ystals (punty 87%) are sepaxated under the -

condition of 2 ,000 kgf/cm’ and 45 C.

(2) Cooling Crysfa.lhzanon

i

Il

PCT/IP99/01880

Usmg a vessel for uystalhzat:on (3 hter), 2,001 g of DMN 1somc:s is cooled qmckly
from 50 to 40"C with slow stxmng Then, | 0 5 g of seed crystals are chaxgedto the vessel
which is kept at atempcratme at 40°C for an hour, Thersupon, the feedstock is cooled to
10°Cat2°C/min, A360¢g amount of 2,6-DMN crystals (punty 68 %) is separated by

' ﬁltrauonunderpressure.

The results of sepmnon by both crystalhzauon under lugh pressure and enohng
crystalhzatmn are summanzed m Table 6

mysrmmnonmnmmsn mssum: |
Eompnnent(g) B K bﬁforc crystalhzatlon ' crystal filyate
|z T 205 % -
27-1)1\m 232 2% 210
| otherDMN 972 9’ 963
TOTAL ‘ 1505 236 " 1269
2,6-DMN,7-DMN - EEEA - 05
2,6-Dr\m¢_;ota1mym.'._ N 7.6%
’ recovetyqu 6-DMN - . 68% - -
dofz,q—nw | - 13.6% - -
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coome-cnvsrm_.l;ﬂﬁon é_:_L
Component {(g) 1 before crysmllization crystal filtrate
2,6-DMN 400 | 244 . 156
2,7DMN - 308 61 . 241
other DMN 1263 49 ] 1244
TOTAL 2001 - 36 | 164
2,6-DMN/2,7-DMN 13 , - 0.65
2,6-DMN/otal DMN | 200% S 95%
purity of crystal o - | 68 -
recovery of2,6DMN = g 6% -
dedofzs-m\m R O O 12.2% N -

"Recovay of 2 6-DMN‘ means the content of 2,6-DMN in the crystals agamst the
content of 2,6-DMN in the feedstock.

“Y:eld of 2,6-DMN" means the content of 2,6-DMN in the crystal against the total
 weight of fedstock. ' -

" As ghown in Table 6, the yxeld of 2,6~DMN by crystalhzauon under hgh pressure is
much higher than by cooling crystaIImnon Further, the 2,6-DMN/total-DMN ratio of the
filtrate by crystanization undes high pressnre is less than 8%. Therefoze, the filtrate is mare
effective asa feedstock for transal!q’lahon and 1som=nzatlon of 2,6-lean-DMN.

Fux‘_thexmore when an attempt is made 1o xncrease the punty of crystals by coohng
crystalﬂntmn. the yxeld of 2, E-DMN decrcr.ses drashcally

' Pxe%ndensiat;on of 2,6-DNB~T ﬁom DMN mxxmze (Table 7) was ttied by cooling
crystalliw.xgnand a 2,6-DMN rich cake, whxch is tn be used as feedstock for the
crystal!mhqn underlngh Pressute, was separated by hch scale pregsure filtration unit.

Pnnﬁcauon uf 2,6-DMN ﬁrom the 2, 6-DMN nch cake was cartied out by the
czysra.lhliog under high pressure method nsmg Knbelco s HPC test machire.

chetal smcs of exp:nments wcte p:rfomed and xesults ate summanzed in Figure 9.

~19-
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As can be seen in Figure 9, crystalhmtlon under high pressure achieves more effcctwe
purification performance in separation ywld and 2,6-DMN punty by single stage
crystallization than does two-stage Cooling Crystzdhzahon. '

T " DMNmixture
e | e
Nitrogen (ppe) 140

2,6-DMN - 138
2,7-DMN S U
16DMN - | 73
'1,3-&17-DMN | - 205
12-2150MN | 04
C23DMN | os
Others : 26

_ Two types of batch d;sullanon tower are used for the soparauon of aJkylnaphthalcnes
from LCO, One of the d:lst\llatxon tower (Fractmnm-A) has ;67 hters still and 32 foot long
column wztb PRO-PAK (Scxentlﬁq Devclopment Company} aqd the othcr d.xstxllatlon tower
_ (Fmononeer-B) hs 27 liters still vnth anll foot long column wnh PRO-PAK 164 kgof
LCOis chgrged intp the Frantxoneet-A and dzshllatlon is camed out ata :eﬂux ratio of 50 and
a pressure of 60 Tor:. 805 htersa:etakona; atake offrate of 0. 71m-.:s pcrhour
Thep25kg ofrhe resldue in the sull of I'raouoneer-A is taken out aﬁer the first
distillation gnd chuged into ancnonper-B Another batch d;snllanon is pamed outata
reflux ratio of 50 and a prcssure of 50 Torz. 14 hters are taken at atake oﬁ‘ rate of 125 ml per
hour. The components of the product (Blend-B) obtmned &om the above-mennoned two step

dxsulla.non aro shnwn in Table 8

-20-



-Vr.,- H

heet Has Been Replaccd

U \\I\\I\\ b

A' '70' g aiﬁount cf Ci’;O'JAl,O, typc catalyst produced b)égﬁ%””-(:hm: AG is charged
into a tubular reactor. The reactor is heated gradually from ambient temperature to 932°F to
dry the catalyst while supplying hydrogeu gas. Thereupon distillaﬁon product (Blend-B)
obtained from Example 8 is supphed to the reactor at the rate of 70 g/hr and 1.0 br in
WSV while supplymg hydrogen gas at B.98scf/ht The hydrodealkylauon reactionis
named out at 933°F and 1138 psig The product is analyzed by GC and the results of
hydrodealkylation are summarized in Table 8 below,

PCT/IP99/01830

___—-

1 v lati :

A 70 g amount of CoO/MaOy/AL,O; type catalyst produced by Akzo Chemicals Inc. s
charged into a tubular reactor. The reactor is heated gradually fom ambient temperature to
300°F with mtrogenﬂow at Sscg/or. Then the fow gas is switched to hydrogen at 2scfhr and
pressure is mm-easgd to 500psig.. Camlyst is contacmd w1ﬂ1 an organic sulfide (Kerosene with

1.0% ofDunethyld:sulﬁde) for §ulﬁdmg wlnle supplymg hydrogan gas and then temperature

is raised to 650°F. Thereupon dzsu.llaﬁon produc]; (Blcnd-B) obizined from Example 8 is fed '
1o the reactor atthg Tate of 70 g/br and 1 0 hrig in WHSV while supplying hydrogen gas at
0.98scf/hr. Hydrodealkylanon 1s camed out at 932°F and 1425 psig The prndm:t isanalyzed -
by GC and the resu]ts of hyd:odeal!qﬂauon are summanzed in Table 8 below.

As .fhnw.n m Ta.ble g, hoth Cr;O,/AI;O,, apd COOIMOO,IAI,O, type ca‘la.lyst are
' eﬁ’echvctoenmhbmxsommﬁommmleanfeed. e : R

T e T ples v
) KRNARE: D:shllanonP:oduct ,I-lDAProduatT HDA P:oduct
I CBlend-B)
Catalyst . ~-: o sl TET "Cr,o,mao, Coomrqo;/m,o,
’ ,_l _IIM_IY I A H 0?(0*' "” i 133 REE S 475
e T Y CRRR PR IR TR e
2-MN S N R N YT
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1-MN L 00 1.05 2.44
2EN. o a0 uss | 213
1.EN R Y 036 0.44
2,6-DMN o 00 | 246 | . 3s3
2,7-DMN R Y | 28 3.76
1,3-+1,7-DMN T 1 o0 2.5;5' _ - 382
1,6-DMN S| 0.0 c143 2.17

|23-+14DMN - | 00. .| 1 | T 14
JusoMN - 0 0.0 . . 024 - 034
li2zomw . 0 ) o4 - | o040 032
18DMN = i -i T 004 025 | o4
Unknowns beforeﬁzstDMN .00 | 867 . 17.68
Unknowns | between DMN 00 o054 | oes
Heawes::gcludmg c o Yressr o mar . 46.56
) Pol)‘mﬂthylmphthalenes B I
Total DMNs (%) oo o008 - | 107 - 15.85
[26DMN{TotaiDMNs |~ 00 - 2222 - 2227

164 kg cf LCO is chaxged mto the Etacuoneer-A and distillation is camcd outata
‘reflux ratiq prs0 ancl 2 pressure of. 60 Torr, 120 hters are takeu ot & take. off rate of 0.7 liters
per howr and prepaxgd for hydxotreaung fcedstock 2s Blend-C. N10/MoO,lAl,O, type catalyst
produc:d by Akzo ghemxca.ls Iuc is chcsen as 3 hydrotreahn,g catalyst and :hargcd into a’

. Aﬁ;r dmng and sulﬁdmg catalyst, then Bleud-C is fed into the reactor at the rate of
043 hr' in WHSV andhydmu-eahng is camed out at 400 psig ;nd 725"F whlle supplymg
hydrogen g8 at 3495 scflbb! The resnlts of hydrutrea’ang a:e summanzed m Table 9 below

As ahown m Table 9, NxQMoO,/Al,O, type :atalyst :ls effecnve tp reduce the
mu'ow anglor sulfpr compounds u: LCO w:th mmunum loss ot‘ DMN uomcrs
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wosiz Hlllll”lll!”"lll”lll B
Nit. | Sul. | APl | 400F+ | 400F+ | 500F+ | Total
rpm | ppm Conv.(%) | Conv.(%) | Conv.(%) | DMNs

. wt%h
Blend-C 230 388 | 18.7 - - - 26.56
HDT Product 7 5 20.6 0.6 7 21 21.24

2,6-DMN 2and 2,7-DMN are mixed and dissolved into iso-octane at 2,0 wit% of
concentratmn rcspecuvety Then' DMN-zsooctane solution i§ fed to the adsorptxon column _
-(4.6 mmID and 500 mml) packerl thh K-Y zenhte at the rate of 0 50 ml/min, while column
tempemmre is controllcd at 158°F. Timie course data of the DMN concentration in the - _
effluent is gathered by GC analysis and breakthrough curve in adsatp‘hon step is obtained.
Aﬂerﬂze adsorption step, hq\ud feed is switched to the pure :so-octane and cffluent is
also ana!yzad to gather the time course data of the DMN conccntrauon in thc effluent.
Tge zesnlts ofthe breakrhmugh cnrve and desozpnon curve are summanzed in Fxg 10,
As shnwa in ﬂw ﬁgure, 2,7-DMN is pnor]y adsorbcd in z:ohtc compared © 2,6-DMN andit
is obmugly poss;ble to unpzove 2, 6-12 7-DMN by contacnng DMN isomers thh the K-Y~
type zeollte, a - : .
Agnther adsoqmon testis camed out m the same mianner descn‘bed in Example 12
-except ﬂmtmmtylene isused as a solvent. 'Ihe rcsults of the breakthrough curve and
desoxpﬁoncmvearesummanzedmhgmen. . .

Ol;vxously, Rumerous mod1ﬁcauons and variations of the prescnt mvexmon sre
possible n; Light ofthe abovc tmhmgs Tti IS thctefore. to be undersmod that within the scope
ppgnded cla:lm.s ﬂse mvezmon may be pra;hced otherw;sp than as speclﬁca!ly

describedl}ercm. : :
' Thig application is based on U.S. Application Serial No. 08/943,299, fled October 10,
1997, e q;uze conlents of wluch are hucby mcozporated by refcrenne.
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Claims

1. A process for prnducmg 2 s-dxallqlnaphthalene from a hydrocarbon feedstoclk
compnsmg at least one component selected from the group consxstmg of d.tall:y]naphthalcnc
isomers, monoallcylnaphthalenc isomers, polyalkylnaphthalcnes, and naphthnlene, comprising
the following steps: .

L scparating the hydrocarbon fccdstock and/or a dealkylauon product fed

from step M into 2 fm:hon comprising naphthalene, a fraction comprising

monoalky]naphthalene, 2 fraction comprising dmlkylnaphlhalene anda

fraction cnmpnsmg remaining products; - .

IL separatmg and purifying 2 6-dxalkyhaphthalenc ﬁ'om the

dxaﬂ:y]naphthalene :&acuon of step I;’ :

I, dcnllqlah.ng the hydrocarbon feedstock and/or the rcmammg pmdncts

fraction of step and feeding the d.ealkyla‘aon productto stepI;

IV. alkylatingt the mphthalene and monoalkylnaphthalene fractions of step I
wherem the hydxocatbon feedsmc.k is fed to step or step m. :

_ 2. The’ pmcess of Clam 1, funher cnmpnsmg dcalkylaung the dzalkylnaphthalene
 fraction aﬁ;r 2 6-d1a1kylnaphthalenc is separated therefrom in step I and recychng the
dca‘lkylahon product obtained thereﬁ'om to step 1 g

3. ’[he pmc.:ss of Clmm 1, wherem dealkylaﬂng the d:a]kylnaphthalene ﬁ'acuon after -
2,6-d1a1ky1naphtha1;ne is sepnrateq thzrefrm in st:p i is onnducted in s;ep III together with
dealkylaﬂng the hydrocarbon feed stack and/or the zemamng producis fracnon of stepL -

4, -'I_‘_he pr_op_esg of clam 1, where_in t}ge p;o_d\.}gf qf ste_p IV is fed to step I.

R The process of cla:m 1, wherem step I compnscs the followmg sub-steps:

~ I-1. separating the d.ia.lkyl.naphthalene fra:txon of step I into a 2,6-rich-
dialkylnaphthalene fra_c’m_m apql 2 2,§-1ean-d§dkylnaphthalene fraction;

24.
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fying 2,6-diatkylnaphthalene from the 2,6-rich-diallcylnaphthalene
 fraction frém stop II-1. o

6. The process of claim 5, further comprising isoxneriz'ng at least a part of the 2,6-
lean-dialkylnaphthalene fraction from step II-1, wherein at leasta part of the isemerization

product is fed tostcpIand/orstep -2,

_ 7.. The process of c_lnini' 6, wherein the isomerizing is conducted in the preseace of a
catalyst composiﬁ;:tn compﬁ;ing a synthetic zeolite characterized by an X-ray diffraction
pattem including interplanar d-spacing (A) |

12,36£0.4 |
11,0302
$.83+0.14
6.18+0.12
6.00+0.10
4.06+0.07
3.910.07
3.4?*0.05.

8. The process of claim 6, wherein at Jeast a part of the product remaining after the
2,6-dialleyinaphthalenc is purified iy step II-2 is fed to step TII. '

9. The progess of claim 6, wherein €t least a?m of the product fromi step IV is fed to
stepl.andwhacmatleastapmofthepmductwngnmgaﬂqfnezdealkyhaphthalenexs
ptmﬁcainftepn-zzsfedtompm. T ’ :

10, The pmcess of claun 1, wherein the hydrocarbon feeastock is praduc: of pre-
processing rawmavenal ' ' o

25
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11. The process of claim 10, wherein the pre—processmg compnses at least one
treaiment selected from the group consisting of dxsu.llanon, concentration, hydrotreating, de-
sulfurization, de-nitrogenation and de-watering.

12. The process of claim 11, wherein the hydrotreating céﬁprises contacting said raw
material with a catalyst composition comprising an activated elumina catalyst support
camprising an oxide of a Group VIII metal and a Group VI-A metal.

13. The process of claim 12, wherein the Group VI metal is nickel.

14, The process of claun 12,' wherein the Gioup VI-A metal is-molybden;.un

15. The process of claun 12, wherein the oxide of metal is pre-treated at 600-1200°F
in the presence ofa sulfm: compound. ' .

f6.; .jme process om;iﬁl; wherem tis deaiylation in's;tels Lis hydrbdéslkyhﬁon.

17 Theprocess of claim’ 16, wherem the hyd:odealkylauon compnses contactmg
hydrocasbon feedstock with a catalyst ccmposmon compnsmg an acnvated alumma cntalyst
snpporteompnsmgano:ndcnfaﬁmupVI-Ametal. B o

18. The pro_cess of cla_im 17, w]_;e:c_:in the Qrgixp YlfA metal i_s chrommm

9, The process of claim 16  Wherein the hydrodealkylaton compnses contactmg the

' hydrocazbop feedstock witha catalyst composmon comprising an actwated alumina catalyst
' Suppodt cumprismg an uzudc ofa Gmup Yig meu.l, and a Group VI-A meral.

20, The progess of claim 19, wieein the Group VIl metal is cobalt.

21. The progess of claim 19, wherein the Group VI A metal is moubdcnﬁm.
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22. The process of qlapm 19, wherein the oxide of metal 1s pre-treated at 600-1000°F

in the presence of organic §

23. The process of claim 16, wherein the hydrodealkylation is conducted in the
presence ‘of 2 catalyst comyosmon camjmsing atleasts metal selected from the group
~ cons:sﬁng of noble metal, nickel; combm‘aﬁon thereof, and a synthetic zcolite characterized

bya X—ray dxﬂ'mcnon pattem mcludmg inter plapar d-spacmg (A)

12 36-_."0 4

1103202

883014

6.1820.12

6.00£0.10

4.06:0.07

3.91£0.07

3.42:0,06.

24. The prqcess of claim 1, wherem the akylsung xs ;onductcd in the presence ofa
catalyst cogposmon compnsmg a syntheuc zcohte charactenzed by an X-xay d:ffraguou
_pattem including mt=; plaoar d-S.Pams K- "

12.3&.0 4

11 gSi.O 2

8, s;&o 14

6. 13-&0 12

- 60020,10
4,0650.07
3.91*0 07

f«-.

23, The pmg:ss ofclmm i, wharmn thc a]kylahng ag:nz for tbp a.lkylatmg is
ueﬂ:mlorwle&w o '
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26. The process of claim 5, wherein the purifying comprises at least one means
selected from the group consisting of crystallization under high pressure, cooling
crystaliization, and fixed bed adsorptive separation,

27. The process of claim 26, wherein the fixed bed adsorpuve separaﬁon comprises
an adsorbent of a zeolite Y conta.\mng a.lkalt metal and a desorbent of an organic solvent .
comprising at leasta component sejected ftom the group consisting of hexane, octane,
alkylbenzene, and cyclohexane
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