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Description 

:PROCESS ~OllPRB.P~G 2,6 .. D~YLNAPH'IlIALENE 
o : I 

. BACKGMuw> or nm rNvmrroN 
&wwtlfrii•on: . .. .- . .. · · · 
. The -~Cs-dsu: ~~emlon relates 1o a prqc:~ss fer pmduc~ 2,15·cll':1k>'lnapbthai~ 
(DAM)~ in:~~ai-. ~&bethylUPhthyle.ne (2.6-DMN) from ~mixtUm which 

. . . .. .. 

. . . . ·. 
·rnscgs&iQititftbeBaclr:roUnii! · . : .:." · . . .. . 

· · . ·. in~th~~-~hi~p~·polyest~resius s~~pol~yl~c 
~jsc;-(PBN} ~p.oIYJ?utfmienlphtli~ ~o~ (PBN), 2,6-DMN is used as 

apr~'f1S;6.~.P~cnc.W~x,ilic ~Jid. Tms ~~ bce~e 2,fi.DMN is ~asily·oXiclized . . . .. . ' . 
to·2~~naPhtbateno cUcarboxyile acid,~ ~ompared to.other prccursm:s such u 2.~ · 
ctiiso~~ or.2-~l~·fSob~~phthal~s~· Th~ are many appi{~tions 
f~P~· e:s . ." tnmi·~:bottt".8,. ~ch~ laq ~ xec:~aik tYPc video~ Ad~ced Pharo · 

. , .... · [. ~ . . . . .:.; .. . . . . . 

Syst.em, hoUill containers; reJilla~le bottles ajid ~ codes. PEN has good physical properties 

in ~~·thennal .resistance and gas bmierj,roperties. Typical PB1'i applii:alioDS hiclude 
electrGnics, h:tsulatot.s and car parts. PEN and PBN have heretofore been too expcnsi.Ve, . ,. 

however, tD effectlvely expand their ~kets aue to the limited commercially Viable processes 

for prodUdilg-a,6-~. · 

lbere~ been many proposals for]ireparlng 2,6-DMN. U.S. Pat..No. 4.795,847. 

(Wet~p; et al.) descn"bcs a process for the iltcP~tion of 2.6-dialkylrlaPhthaleue by · 

. alk.ylating ~lrthalene ~r 2-alkyi-llaphthalue with mi alkylating agent iii the presence of a 

zeolite (specially ZSM·S) as a. catalyst. 

U.S. i>~ No. S,001,295 CAzia~viDe et~) des~bcs a process for~hig D:MN by · 

using 2-.monomethylmphthalene (MMN) and m,pb~e as a feedlfuck cd a synthe1ic; . . . . . 
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zcolite (MCM~22) as a c~!~t, and it shows MCM-22 catalyst ~s more effective than ZSM-5 

in alkylation of2 .. MMN m~ ~~thalene. 
~ ·. . : ·,· ! .-. .. · ... · .: 

However1 the abov_e ~ds provide ~llly unit operati9p (i.e batch) for alkylatio.u of 

2-MMN, which is an exp=u~r~ feedst~ck and is not commerc~y available in a large 
:_:·.;-:. .··:.·. 

amounts. . ._. ~.. . 

U.S. Pat. No. 4.990,717,:(Sikkmlga.) arui ~.073.670 (Sil&.~a et al.} descrlbe a multi-
.. · : .. :-:- . ·. (:~:-: · .. 

step process to produce 2,~-DMN from~o'."xylcp~ and butadiene,,WJ:dch consists of; 

1) preparation of'sJo-to~l}~·lCOTP) by aJ~tlation of a-xylene 

with butaclic:ne iD the ~cnce of a cata.lrst sµch as an ~~ ~etal ca.talyst. 

2) prcp~on ~f n~~~~traihi (1,S-DMTJ b;,;~on of OTP in the 
. ~-~.: '.'_.·~,- .. ,; ·;· ·.':' ;~~~-;~:· . 

preselice of a cat.al~ ~ as pla1inum and copper on au;~? stable zeolite catalyst; 

3) preparation ~f 1:~-climethylnapb.thalcne (1.S-D~ .by dyhydtogcnation of 

1,5-DMT in tlie pr~~~·Df ~ caiaJyst such as pl~um 8*~ rh~~ and. gamma · 
: .. ~ . . . . ;·":/ ~ . 

4) pre~~n ofD.~ mixture whicb i~ rich in the 4~ablc 2,6·DMN1 1~6· 
DMN l.nd 1,S~i>MN'byf~~tion o'! l~-D~ in.fbe-~eseuce of a cata!Yst.such 

.. . ... £.... • • . ~- .~·., . • 

as· .. beta-zcolita ~ys~} ·. · ~- \ .· 
If a procesa for s~~2,Cs-DMN1i0m a DMN ~,~e combiUecf, with;thc . . ~. . ·_;;. . . . . . :· ,.. - . 

. above.steps, &.complete FOCCI$ f'? produce p~ 2.,6-D¥N ~ouJ4 ~ p~. 
. As ~ti~ ~s ~~H~te a p~ocess p~t miQ iucreas~i~ ~st.:it is not cl~.ar that . 

. ~co~~.\ Pia~r;s.CO.Wd,~vide.;·~c~si sultabtef~~ mi ~~~cal ~epar~ti~n· Of . . . . . .. . ·, .··. ~-·r . . . . . ·:"-· " . . . 
· Puriµecl ~.6-:DMN.: . · · . .,:. · .. : : ··. . . . -~, , .. . · · · 

. . . . · ~ ~~ltis ~ ~t~ s~parate ~6~~MN_frr?m o'~ i.somm by· 

. canventiopal scpa:atian mrii0d5' ~as dlstillatio~ ~ ~oQthig c&:miuzatioD. because; . 
. 1) · · ~e in very.~~JI ~sin the.boiling Poin~·¢·DMN i~mers, and, in 

particular, ~ 2.~:-D~ and 2, r-nMN wher_e~ ~ duference In boiling points is 

only 0.3 ~am! it is. ~i~-fm~siblc to s~arate 2;6-DMN~y 4istillati~ . 
2) The cooling ofD~ isomer mixtur~ solution of 2,&:pMN purification fomis 

a precipitate Of vezy fine ;~-DMN aystals in suspension, ~d thus sepatation of the 
. . . . . ..· ·:: ~- . . . ;,: . 

2,6-DMN is extremely difflcult. 
· ... :,)· 
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Koide ct al U.S. ~~~619 ropom ~~d for sep~~fUb~yl derivative of 

naphthalene :fmm a~'9f matC:rials in high purity by ciy~1uz;iaon wdeipies~: 

MorifQki ct al TJ.S .. 417~, 766 repents a. pressme erys~on··appa?atus. 

· ~~--~-~~ pio~ cf&i~t-~ for ~~~cially p;epUing 

di~lnaphtbalencs are ·sought. 

fUMMARY OF Tim JN\1ENTION 

AccOTding ta one objt?Ct of the mvention, •method of preparing 2,6- · 

dialkylnapbtbalenc is provided. 

According to another obj• pf the inventiOn, a.method of preparing 2,6-

climethylDaphthalene is provided. 

These and o~ objects of the present invention are made possible by a process for 

producing 2,6-cliallql:naphtbalene fram a feedstock including hydrocarbons wJll,ch contains at 

least one component selected from the group consisting of dialkyh:iaphtbaleue isomer~ 

monoalkymaphtbalene isomeis1 polyalkylnaphtbalenes, and naphthalene including the 
. . . . . 

following steps; 

I. separating the feedstock and/or a. product fed from step m into a ii-action 

containing ~phtbal~e, a rtaotian containing II10J'l0alkylnap~alene1 a ilaction 

cormdniu,g dialky~t~alenc and a fraction.containing remahllng products; 

II. .se~g ancl puriffing 2,6-di~lnaphthalene from the dialkylnaphtbalene 

!action ~f st.ep J; 

m. dc:aJk>'~·f:be f~dsto~ and(orthe :trae~n containing the remaining . 

products of. step r ~ feecliMth~ pro~uct of dea»tylation to step I; . . . . . ~ . 

iy., · . ."alkylatllig thcf:frac~ous containing naph~:~-m~i:ioalkymapbf:h~ of 
step I. . . . . . ·. . . . . . . . 

where~ the feedstock~ fed to $tcp for Jtep m. 
. . \ 

BRIEF·DESCRJPnoN oF nm nR.AWINas . 

F~ ~ .shnvs the~ sclwiie ~f~pmcess hi_accor.~c~ ~i11 .Claim l. , 

Fig: 2:shows the ~re~n:ea ~~eme of a process in acc~c~ wi~ Claim 2. 
. . . ·. . . . . . . 

:Fig. "3 sbm the prefcned scheme of a pro~ss in ~corda!(ce wi~ Claim _3. 
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Fig. 4 show~ the pref=ed scheJJJ.e of a process in accordance with Claim 4. · 

Fig. S shows tho ~d s~ of a process in accatdance with Claim S. 
; - . ..· 

Fig. 6 shows the prefeJTed scheme of a: process in acco~ance with Claim 6. 

Fig. 7 shows the pr~ sch~~ of a process in acco~•ce with Cwm S. 

pjg. 8 shows the prercired ~e~ ~fa pro.cess Jn acco~~~ce with Claim 9. . ·. ~ , :. . . . .· :'··:· . 

¥is· g shows th:e rcsut~:of~plo 7. 
•. . ' .. ·; . . 

Pig .. 10 shows the resul~ ~f~plc' 12. . . . ·:· ··:. ··. :· ... 

. .... 

Fig .. 11 shows the res~~ af~Pte 13 . 

. DRSCRlPnQN OF THE PREFE.RRBTl E.MBCfummn:~ 

. • .... ••·. . • . • . ·',1~":"-- • 

A mcire complete_a~ation of the inv~ti~n and man}';~C,fthe attend.ant advantages ... . . 

thcrcof w_ill be readily obtain~• :the same becomes better und¢J.kood by refemice 1:o the · 
. . . . •, . . . . . •,• . . . . ··.:·~: . 

foll~ .. dotailed descijpti~!.r~~dCrcd in connection .w,i~ the accompa.liymg . 
dra;wiugs,;wbidi~~t'~~~~l~ be~tmg ~ess ~sc;~~ed. . 

• . • • . . . • • . . . .· .. ,~ . .. • . . . • • • =· . ."•·:~_,;: • . • .• 
P.rcferably., the prcsc:D,~ ill~ ~y be applied to any f#dstock ofhy4rocarbDJJS · 

· tbat-ins.alqlnaphtbd~s:~Cb. ~ na]>hthaieneJ ~ {~~ylnapbtbalcne) and 
DMN isolnen. ~e prcsc:nt ~~~ pr~vldes an ~ctive prod~ process of 216· 

o , • • • .: I • 

diallgrlmphtbalezu: (D~t inp~cular, ~~fi~thylna¢itbalen~'(DMN) as high-value 
acidcd Focluct by. uffti~ng ·~:,no~;v~uable fcedsto~ . . . . r .· . . 

Jn~. LCO CLi~. ~oil) andl~its heart c~t h.ctiOJl from FCC (Fluid 
. . . -~· . . : . . . . . :..•.: 

Catalyst Crackbig) or HC (IiydfOcraclcer) is a preferable example:, ~f a··fcedstook. Although 

such fe~ck usually~~ ~Jnaphtbalenes at about 20 to~~ wCight % of the feed . -~- . -; . 

sttcam, it has the follQwing p~obl~ and difficulties for further p~ccssing: 
. . ;. =···:'. • 

1) ca.boilers ... 
. . . 

For example. LCO usually contains many components suclj. ~ light paraffins mid 

JDODO•aromatics with hmg chain ~1-gToup~, whioh ha.ve smwar ~Oili!ig points to 

uj>btbaJcne, MMN and D~ CC9-boilers):~ .It is very hard to sep~te Bncyluaphthalc:nes 
from their ca-boilers by distillation. 8.rone fo;'·.m.rtw:r processing ~as an alkylatian step. 

. .. -- .. . . ···. . 
Therefore, ifun~ the.c0-:boilim reduce the efficiency ~f the reactors. In the . . . . . ., .. 

wmst case, the co-boilers ·BCC11,m~~ate in the ~cy~lng streams in ~:process. .. ·. . . 
:2) Polyalkylnaphtbalenes (PAN).; . 

4-. 
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PANs such as tri·, 
methyhlaphthalenes &:mi:~; 

----:- -------··· 

. · · -'thtii §~et Has Been Replaced 

, . · J llllHlllH 11111111111 Pcr/JP991tllll 

loaphtbaleue~}sopropyhiaphthalenes and tetra .. 
; .t,1". '·~,I'. • ': :-. . "-·: 

y con1ahllid bi the feed me··~.. ~ut 10 to 20 weight % of 
1he :Ceedstreanl. i.e., almostonetbirdui011e.half ofthe allcylnaphthaleae·coments. PAN iS 

also produced at other process steps sw:1i as alkylation ancl isomerization as by.products. In 

the convent'iaml art, no effective process to utilize P ANs for the produetiou of2,6~ 

dialkylnaphthalcne has been proposed. 

3) Suliilr md Nitrogen compounds 

The feed .st:eam comains su1fi.&r auclmtroge.n compoun"'9, which might'poison the. 

caralyst for allcylation and isomcrizatior1p and these compounds should be excl.Uiled ·from the 

tecycling streams aud prod"®ts. 

The ~vemors have fouml that de~lauon: (DA)~ especially hydrodea.lky1aiion (BDA) 

is (i) effective not o_~Y for craclcing aadl~r reforming the co~boilcrs .to lighter :fractions, which 
. . 

results in. much easier separation from ~aphtbalme~ moJ:lOalkylnaphtbalmus and . .. . ··. . 

dialkyloaphtbalen~; but ~o, (Ji) sw:p.risiD'1y effeotive for producing l~~a~alene· 

~Jt2,6-DMN by~ 0,DA, espedall)' HOA of polyalky~phtb&ddt~Al\1) s:uch .. . . 
as td-metbyln¥hthalenes ~heavier aUcYIDaphtbS.l~es~ whi.cl\ are .cont~ . .m'tlle . . . . . . . . . . .. . 

feedstock Ind are also produc;ed at.alkylation step as useless py·produCts; and,' ('ili').effective . . 

·. for~~thm ~~ap~md~ andmanoalkymaph~ene wbidt_is.~ble.for .~ati011 · 

feeclstOck. 

The discovery ~ults ~ mme effective pro~u~on ~f~,6-:PMN, ~t only~ the 

~1··- bUt.aisa in t&C ~an p~ce~ becaus~.ih.e iµvettti~ provid~$ ~ effecfi~ . •umi~ orPA.N .. : :.:· ::·. -: .. ·.: -~ ... . . ·. .. . 
·.· .. Al~~~~ ~gh·~~ck c~~ersion (e.g~ e~ve:sion ofMMN} of ate~ so to 

60~ provides a higher yield.of2,6-:D~,-PA.~ pro4uctioii.als~ increases) u s~ in th~ 

· . TABLE 4 :Of the co~ventimial pro~s~ u:s .. Pat. ~o." S, 744,670 .cMotoyuki et al.), the entire . . . . . . 
. CODtents.ofwhich are hereby incorpo~ by reference. (DMN and P ~content after · 

. . . . . . 
-alkylation is 35% and~% respec1ively ~at MMN convetsion with S~.28%.). This causes . . . . 

naphthalene-ring loss and lower j,rocess yields if PAN is not utilized again in the recycled 

stieam.. Therefore; in order to mjnjmim the loss; MMN conver.sicm .is limited to around 30% 

or so. which. decreases 2,6-0MN yield. 

-s-
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As the present mven\ion can provide the effective util~ (an additional production 

of2,6-dia\kYluph1balenefromDAafPAN) of PAN derived m,Q1 thc:feedstock, and . . .. . . '· . 

preferah11 trom the f.,ck and alkylation step, it allows~ higher feeclstock ~on 
at the ~lation·step~ 9farm.md SO%_~d gi:eater~ whicJ;i also _resµItdn.highet Production·of 

·2.~~1'1µaph!Jii:s'ene. :fri~ .. the inventors found that 2,6-k~-1lialkylnaphthalcnc .as the 

~aiDhis produds ~f the pur~on-~f2,6-dialkfinaphtb~-~be dcatky~d and 

~.to equilibrium distributions of dilllk,lnaphthalene isom~ or 2,6-rich 

diaUqrlna.phtbalene by prod~ naph~alene and m0J10allcylna~cnc simultaneously. 
' . . . ,: ;.:~. ·. . 

Althaµgh the teaction mecballism of DA of 2,6-dialkymapl:ithalene is believed to be 

completely ·~the re~ts·and pro~~~ com~osition ofDA:¥e similar to ~lation 
and isomerization. This means that DA c.s.n take over the perf+ce oftramalkylation 

shown in the convc:nponal processes, e.g., U.S. Pat, No. S, 744,6~9.·effectivcly. 
The present invention pm.vide.s an ~ectivc production pi~cess· for 2,6. 

. ~!: . 

diallc:ylnaphtbalcuc as a high-value added product by utilizing a n~-valuable feedstock, 

As a prefenble feedstock for the present process, ~y hy~~carbon feedstream 
. ' . .: ·. ·.. . . .':;.: 

. confain;ng alkyln~btbalenes inclndmg·at least one component sd,~ from the group 

. CODSisting of dialkymaphtbal=e. isome:rs,·mo~alky~thalenc·~~ • 
. polyalkylnaphthalcnes, and na~ene, such~ Light Cycle Oil ~CO) derived from 
. . . . . . . . . . . . ~ · .. · ·, . 

Catalytically cmcking petrol~ .oil may be: used. Altcmatively, ~ raw matc:rlal, 

·hydrocu~ ~~as ico is.pre-process~ andaftenv~dsJ its product is 

·· ~ly use.d as afeedsta* fo~the present.pra~s. Th~pre-~~es~ p~embly includes 

disti:lJatla~ (e.g. hcut ~)~ canccntrationJ h~o~tiiig CHI>"I)·to refonn su1tUr ~-
. . . . . :· ·:···· . 

nitrogen compounds, whi~ are usuilly.contained ~ feed_streauis .~d which might pmson the 

· ca~y~ &::.suJ1brlDtl~· de-~~enatio~ and de~~- . · :\·.: . 

~.the distillaiio~ and ~n~entration as the ~re~processing. i~ is prefezable to separate . . ... 
·.light components such U ~9noarbn;mic COmpoW¢s a:od·lJ.QJl·~C. ligbt paraffins and 

heavy ~~pOunds such as tri-ar~~ and ~yier compounds from ~Jnaphtbalcne . . .· ~ 

componcn.ts. ·. ·.'·' .. 

The Peferable-~tioµs ofHDl' include a. temper.iure of~bclit :ioo t:o. l,ooq 0 c, and 

· ~ p~ly 200 to soo0~·mid a pressure of~~ 2sci atmo~~e~-and preferably ·s ~ so 
. . . . . . .. -.. 
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atmospheres. a hydrogen__ _ 
::r.tii;" 

prefcrabl)'-accomplishecl il 
·on rate or~F about so~ ~l~~'l?: scf1bbt. -nic reaction is 

a ~d space velocity of ab&°J'f 0.1 to l o.o br"1• 

One pr~d Bxample of a suitable catelyst for ~Tis an activated almmna 

supported catalyst bcariug a Group vm metal oxide and a Group VI-A metal oxide, 

preferably Dickel and ~olybdmum respectively. The oxide may be preferably treated at 600-
' . 

1200°F in the presence of sulfur _~ompomads. 

Tlie'-ree~clc Gan be f~d tp the s~~tion. of~ l and/or the dcalkylmion of step m. 
In the ~e ~the feectsior;Jc ~s fed to step I, sepuatiug light ~ori:ipollClltS and·~~vy . ·· 

... . . . 
compoUlli!S'&Oin alk:ylDaphthal~c components can be conducted in step l. On the other 

hand, mthe·ca.s~ tbat~ feedstock is fed to step m,, PAN componen~ in the feedstock can be 

.re~uced:ana' ~to DMN or MMN components before s~parati~n of step I. In. either · 

case, effCttlv~ productio~ is obtained, since the remaini~ products of step J·are fed. to step m 
. . . 

md the. prpduct of mp .m i.s fed tQ Step I, as can be seen from Fig. L .. 

· · . ;or: the &q,matiOn of st~p ·i. ~vcritiOJ1al techniques s~~ as _disti&tion may be used. . 

In the cu~~-~~ feed sm:am c~s non-ar~tlc ~~pcments haying boiling points 

.that are:vely ~1arto mph~ andta~ MMN, co:nvmtionaI solvent extracti~ techniques 
.. . ·. . ·. . 

also caa. ~e appli~ in addition t.o the above mentioned distillad:on in step I. 

· ~ s~.~on and ~cati~n cf step n ~ifies the 2,6-DAN and separates the 2,6 .. 
. . • . . . . . 

lean-DAN tram the .DAN frac1ion of step I, as can be seen. from Fig. 1. · 
. . 

Separation aud purification. af 2,6-dialk-ylnaphtbalene of step ll may be couducted by 

convcDtimud ~known to those of ordinary skill in the art such as coou°ng 

crystalH?iiion tmdlor adsorption. For example, separation and p~cation may be affected 

bY usinS a-iiietbod of ctyStallize.tion under bich pressure. In general. a liquid xclxture 

contaiuing two or mare .substances is pressuri2ed, and a certain ~u'bstan.ce in the mixture is 

solidified 9nd separaf.ed from the residual lictuid by the effect cf the pressure. In other words, 

this metbad.involves a separating and purifying technique wherein a liquid mixture 

cnntaming tWo or .moie substaDces is placed µi a tightly sealed pressure vessel, a portion of 

the desired substance, 2,6-dialkylnaph1b.alene. is solidified to form a soJid ... Jiquid co-existing 
- . . 

state, ~:.ii.cJ.Uid is disdlarged from~ co-existing system w~e~g the pressure of 

tlie solicl-lliJUtd c~sting system at a higher .level than equillbriU?J?. pressure of the objective 

substance. tben the solid remaining in the vessel is pressed for discharging the residual liquid - . . . 

.7. 
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between the solid. pUticles and mtepting·~· soiid pariidcs. '!}.is technique is aenerally 

described in U.S. S,22o,o9s, ~e entire cont~ts of which are ~~~by inc:mporated by 
• :. - : •• 1 

reference. 

The method involves b:ijecting the "$1uzzy or liquid of~ temperature ~f 70 to 120°C, 
. :· ·:',; : . . :·:;· ... 

preferably 80 to 1 oo•c, into a.high press~ ~esscJ for conductjiig a aystalliation under high 
.· . . : ·;_-.·! . • 

pressure, adiabaticallyprcssmizi»gthc veu.cl:to~~$Sure of~9m 300 to 4,000 kgflcm2~ 
preferably ~oo to 2,000 kgf/cm3 to blc?eas·~ ~e quand1y, i.e. ih~~:~unt of2 .. 6-. . . . . . 

dialkylnaphthalcnc aystals, whereby coexist~c~ qf solid-liqui4 phSses exist at the high 
• • .•· '. • 7~. i . . 

Piessure couditiom; dischargblg the liquid "phase component~ the high pressure vessel, 

the discharginJ being cOD.d~~ UQdci~~ '.re' izl~as~ ~'.~~~ ~fthe solid phase 

relative to the-liquid phase ~dun~ vcsset: low~tjng the pres~~~ cll'the residual uciwd 
phase ~a as to dissolve parti8lly ·and purify jhe p~~t; disch~i#s ·the residual liquid phase 

by applying pressure to the ~lid phase within thC 1llgb presme~i;sse.1 \¥hereby a 2J6-

cllalky~phthalcnc c~. bfo*_having a-~~ purfu,. i.s~~~e4-~thin the high ~es!~e 
vessel. By thiS ~q~·a p,m,.t; ofl~6 ~J#i*~e~ (e.~~',2.~~ctimctb.yhlaphthylene) 
of 9S % by weight. ~Y ·~9% by w~iht~~y:b~ obtained. '.[: ·.·: ... . .. .. . . . . . . ..... : . ;' . :.~ :·:. .. . 

~ ~ scparatio~ m1d p\irificaticm ~f step ;q, pn~ to 1he c~?Jing crystallization and/or · 
. . . ··. ...:. . . . . . :.: .: .. : _:;· . . . ~-. ~· . .. . 

· ~n Under~ghpres_#~. ·2,6;.~ll?P1mW.cne can ~~ccn~atedfrom . 

~Ina-~ ~-by ftxed.bed.ac1s~rptl,fe·'~araticm. ~~tem. A~ for the. 

prcccmc~oil of2.6-i>~. it:is.~~b1~~ttp~:~•~11°#oi~~ ~ •dso~~ of 11 · 

. ·~Ute Y .. ~niaimu1~.~~~~ d~so!~c:~t.¢~wganic ~Jy~t.·~~icom~ed of at 
: li:Ut .~c ~~ sel~~d ~the pUp:consi~ ofhexan~ ~~e~ aneyibemene,· and . 
. cyd~. -~·altylb~,-~esityi~eJ,'o~~~~: and n-x;lc~ ar~ preferabie. . . . 

.At~ caoJin& ~on m the·,~~P-~e>n 8nd purlfi~~~ step. since 2,6-DMN 

and 2,1-oMN fmm an eutectiC·~stai ~ th~·~ig1lt~o ~fo.1 <~~,6~DMN12.1~nMN), ~nly 
• • • . . . . ~ ·: l· 

· ~-low yield of2.6-DMN is Ghieved. The.tlieore'ti~ 2J6-PMN:~cparation yield is given by . . . . . . . ·. ,' . . . ·• . . . . . : . . . ·.• . . ,.:·~.:. . . 

the following equations: · · . · · · 
_;• ·.· 

Yield {°16) • ci-o:~Jk) x 100, where k=216-D~J2~7-PMN ~t the~~ o_f coating crystalli%er. 

Therefore, it is mast especially ~blC. to mheasc the ~a of46-DMNl2,7·DMN 
for the bigher yield af2.&.DMN. The :fixed ~e.d -~~o~on can hl~~c the ratio from 1.0 at 

. ·. . :'· ~:: . 

-8-
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the feed 1o 2 .. 0 and mcr~ .. :.Pt, whi~ r~ts in higher se~Pif~~on yields and much lower 

internal iecycling am~ts -~overall process. . · ~ . 

PtcfcrablyJ !or mote. effcoth.ie·proc!\ldion. the separation. and purification of stei> n can 

. be.s~~ scpaidon ~ti~."~tep n-1 ~d p~~tl~sectioii. ~.ll~29 as~ be.se~ ,. . . . . .. 
from Fig. 5 . . ~step ll·l, the DAN :6:action af step I ia separated into 2,6-rich·D~ and ~.6-

lean- DAN, and·~ step II·2. 2,6-DAN is purified from the 216-rlch-DAN fraction ~m step 

:u-1. 
For example, separat,ion of st.ep ~-1 may be preferably conducted by~ distillation,, 

. . . 

and purification of stq> n-2 may be condu~ted by using.cooling ~lization and/or~ . . . . . 

aystalli2atioJl under high pzessme. By such a system, the 2>6-lcan-D.AN ·whith·cantaiDS little 

2,7-DANis separated by step Il·l, and thel.6-lean-DAN which contairismuch 2,7-DAN is 

sepatated by step n .. 2 as a remaining product of purification. 

The cOllClitians ofHDA of step m include a 1emperatiire of about 20010 1,000°cJ and 

preferably 300 to 700 ac, md a pressure of 0 to 250 aimospheres and preferably s to 150 

atmosph~ a. hydn>gen ci:roulationntc of from about 500 to 3.000 seti'bbl. The re;M;tion is 

suitably accoz:n,plishcd ntt1izing a feed space velocity of about 0.1.to 10.0 hr'. 
. . 

O= example of a. suitable ~talyst for HOA, is au activated alumma supported 

~yst bearing an oxi~ of Group vm metal~ prei-erably, chromiUIZl. . . . . 
One more cxmnple of a suitable. ~talystfor HOA, is au activatc;d: alumina supported 

catal~ bearJng an oxide of Gioup·vm metal and a Group VI m~ preferably,. cobalt and . . . ~ . . . . . . . 

molybdemzm. The said oxi4e may~ preferably prc-1reated at a tem~ of 600 to . . . "' . . . . .. 

1000°P ~.~presence of organic ~de.. : . . . 

. OtDer preferred~~ .for HDAincl~~ catalysts in~ludmg a:IItetal s~lected ftom .. .. . .. . .. 

the group ~isdng of noble metal,. Dickel, ind CO:Qibinati~ thereat:,· ana a s).n~c·~lite .. 

.. charac~ by ~:X-ra~ ~cti~~·pa- including ll:1teIJ>l~ d--spacmgamlr~lative . 
. . ~ity Illa ·x 100 as fo~s:. 

12.36.::l:.0.4 M-vs· 
·: ~i.o3.;f:.~.2 . M·S . 
8~83 .. :1: 0~14·. 'M-V.S 

6.18 ±0.12 M·VS 

6.00 :1::.0.10 W-M 

·. . . 



WO 00/6152!1 PCT/JP!J9/01880 

·4.06 :I: 0.07 w .. s .. 

3.91 ±0.07 . M-VS 

3~42:0.06 vs. 
The prcferaP!e noble m~ ~ selected from the group consisting of piatin1;1D1, 

palld.ium, and combinatiam thereof. · 

The. condiumis ~f'alkylation of step IV preferably include a temperature of about o to . . .. . . . . . . . 
500°~ and preferably 240 and 4s_o~ c, ~d a pressure of between 0 to 250 atmospheres and . 

preferably 1 t.o SO atmospheres. ·.Th!= mole raf:io of alky~ating agent to f~ of 
monalkylnaphthylene or mi.Phf.h.iene cazi be from about 20:1 to·i:20.· preforably from io:1 to . . . . . .. · .. 

1:10 •. The reaction is suitably:~omplishecl utilizing a teed sp~~ velocity of about cp to 
10.oJir-1~ .. 

. ·· . . · Pr~ed. alkyl~.~ mdnde ~~hols, oldmS, lldehycles~ halides, aud Cth~. 
For~~ ~o~ ~yl. and polyalkylb~.are=Pre=ect Metba!iol and . .. .. •... . . . 

. . . 
· A suiq.bl~ ·catalySt for illlcylation.is a: synthetic ~alite CharacterlzCd 'by an X-ray 

·difliadion pattem mciwliDg. Uitmp1aua? d~pac~g and relative iri.~nsify III. x 100 as follows: 
· · 12.36~:ko.4 M~vs··. · · ·. · · · · · 

·:· .. :' . 

11.03~0,.2; M~s 

S.83 ·;: 0;14 M .. vs 
6.18 :i:: 0~12 M-vs· 

'· 

6.00:!::0,10 W-M 
4.06 :1: O.Q7 W·S 

: 

. 3.91 ::!: 0.()7 M-vs· 
. 3A-2:J:0.06 vs . 

A suitable c-1yst is descn"bcd in U.S. S,001,295, as MCM-22, the ~e contents of 
·which ire bteby ~oiporat.ed ~)' .ence. · . 
~. ~ aJkylati~ can b~ canicd out in my of.:ciie kllown rea.Ct~rs us~y 

employed for alk)'J.aUon. For ~:pie, a tub~ar reactor ~th a 4ownflow ¢reactant! av~ a ... . . . 
fixed bed o:f catalyst can. be employed. 

-10· 
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Jn order to maintain ·llisfi feedstock conversion, the injedion of methanol to reactor 
. . ;' ·:,.:·, 

can be petf'ormed, prefcrably, fu multiple stages. and more prcte'tabiy two stages. For 

example, one tcact.or with top and middle ~ol feed, ct two teactors m series with top 

and intemtediate methanol feed are preferably used. 

Jn a prefm'cd embodiment. the 2,6.lean-DAN .fraction from step II-1 may be 

subjected to isomerization conditions to provide for a dialkylnaphtbalene fraction wbich has a 

greater conte.at of 2,6-dialkylnaphthalene) as can be seen from Fig. 6. Preferably, 'the product 
. . . 

of the isomemaiionJUY be ltd to~ I and/or step n-i for more efficient recovery. 

Prefcrre~ isomcri7.ation c9nditicms are generally disclosed .in co-pending application 

U.S. Application Smial No. 08/661,1 ~4 (the m11.ire contents of wbich are hereby incorporated 

by reference), .-are suitaWe fer conducting simultaneous transalkylation of 

dialkylnaphthal~ ~d naphthalene. ~ isomerization of diall..-ylDaphthalenes. 

A pr~ed catalyst for isomerization is a syn~tic zeaµte characterized by an X-ray 

~ction patteni incl~ ~tcrplanar d-spadng and ~elative intensity IIIo x loo as follows: 

12..36:.0.4 · M·VS 

ll.03:k0.2 M-:S 

. 8.83 a: 0.14 M-VS 

6.18=0.12 M-VS· 
' 

6.00~~ •. 10. w .. M 

. 4:06 :l: 0.07·. ·w.s . . 
.. 

3~91 :i:O.O? 
.• 

M-:VS 
··. 3.4~ :1:.0.06 .· "~· 

. .. 
A suitable catalyst is ch:Jcribcdin U.S. 5,001.295, as·MCM-22, the entire co.ntents of 

~ ~c hereby ~rated by refcreiice •. 

Preferably, isom.tion_i~ co~ed _at a ~eight hourly space vclocify (WHSV} of 
. .. . . . 

dialkylnaph!b•lenes of0.1to10, preferably O.S to S h·1~ more preferably 0.75 to 1.5 h·1• 

Preferably, isomerization is conducted at a temperature of from 100 to soo•c. 

preferably 150 to 3S0°C, more preferably 200 to 300°C. 

P~bly~ isomerlzation is conducted at a pressure of atmospheric to 100 Icgf1cm2
, 

preferably ~ospherie ~ 30 kcf/~3• 

-11-



W000/61529 1111mmm1nr . . . . 

PCT/JP9'/01880 

During isomerization it is opti~ly ~:fer~blc to co-fe~ hydf?gen in an amount of 

0.1 to 10 mol·Hlm.ol-hydrocarpons. '·' · 

According~ the prefmed embodiment of Figures 2 or.~~ 2,6-~lmphthalene may . . . 
be prepared from hydrocarb~ ~edstocks as follows:. . '. ·; ...• 

·L· · .... · ~ting afee~ck and/or a. prod\lCt fed frcm;i.';~ m into a fraction 
•.. * . • • ·;; :· . 

containing uPhthal~· a fraction containingll1Cno~btt1aJcne, a -;fraction 

c;ontainiilg dialkfbtp~ene·and a fractim:l contal:nhig ~~aining products, 

IL separatbig and purifying 2,6-di.alkylriaphtbalene .f¥om:the dialkyluaphtbalene 

fraction of.step I. . , 'i 
. . .. 

ma. ~1Dig a dialkylna]:!hthale~ fraction after 2,~·aialkylnaphtbalene is 

separated therefrom in·~ II and n:c)'cling a product of ~~ikylation to ste:p I; 

~- dea.lkylatiug the feedstock mdlor the fraciio:a. can~niDg remaining products 

of step I and feeding the ~roduct of dealkyla~n. m step I;'.· . ·. · 

v. aJkylating the fr8¢0ns containing D&phtbalene an.4 monoalkynaphtbalenc of 

~L ~ 

In this process, 2,6·lean-n.AN·.as rCma.iriing j:Jroduct of se.ParalioJllpurificaticm of step 

II is dealkylated and ted to sepi.tatien of step I. So, 2,6-DAN iso~ers in 2.6-lean-DAN may 

· be~ to MMN or NL~-~ be·alky~atBdin step JV. > 

As fut~ preferred ~~~dmientin ;Fi~e 4~ t1te prod~t ~f alkylation of step IV is 
fed to s".=ParaiiOD. of step I. AcCo~y, PAN,prod~dinStep ty_can be sci>aratcd in step I 

an4 fed to dcalkylatcd ~step m. Thcl'cfo:e,. it ena\>l~s .tO pi'ovi4e !be eff~ctive ~tion of . . 

PAN and allows much higher feedstock converSian at alkyl&.tion step, as already .deseribed. . . .. .· . . .. 

. ~·process s~e ofFigaie :~ is a most preferable embo4iµient of th~ present . . . .. . . . . . . ~. . . ·.. . . . . :: . . . 

-~ 
· H;aving generally describc6 this hiv=.tian, a further unclerstaudin~ can be obtaine4 by 

refemu:e"it! ~ specific examples,, which are provi~d herein:fQf purpQses of ill~tration . . . . . ~ . . . . 
Only a:mi ·aie not mt.ended to be. liDUting Unl~s oth~~c specified.; . ... . . '~-· . .. . . . . 

-12 .. 
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Examgle l AlkYl.mm t4Wt!iiila: · ·: • ,. ' 
A 153 g amount ~JS- ~2 cataly~is charged into ~t~~ar re'act0r.(volume:370 

cc). As a feedstock for alkylati.on, 1-MMN~ 2 .. MMN and naphthalene arc use~ and mixed at 

amolarratio of2.2 of2-MMN/l-MMN, iwta weight ratio of3.0 ofMMN's (1-:MMN+2:. 

MMN)/naphthalene. 

Thereupon, the feedstock is.sUpptied to the reactor (254 c, s kglcm2) at a rate of 153 .4 . . 
g/hr and 1.0 he1 in WHSY wif? a. feed of.hy4'rogen at the rat~ of 1.8 ft3/hr. Four hcurs ~er, 
mcthanQlt as l\lD. alkyJatiDg aaC;D~ is_intrc~uced :into the r~r at 3S .S. glbr, ari(\· ~~on js 

conducted for 20 hours. The pro?~ct obtainad is analyzed by gas chromatogt~hy, and the . . . . 
results are summarized~ Ta.ble 1. 

Compo.Dem (wr'A) · 
.. 

B.lteaction After~ 

dbneJhyiimph~ene 0 17.19 .. 
2.6-DMN 0 1.7~ .. 
2~7-DMN 0 1.20 

.. 
othar isomers 0 14.21 

monmnetbylnaphtbalene. · 73.63 60.10 

2-MMN so.ss·. 40,32 

1-MMN" 23.08 19.71 

naphthal·· 25.28 18.67 
... 

l.QP 3.91 other com,ommt .. 
_(yaluation . Bc:fbre Reaction- After R.eaciion 

..,. 
NL ccmvq?~ (%) · - 26.lS 

2-MMN/l~ 2.2 2.04 

MMN ~sionf'.4) - 18.37 

~6-DMNfFtal DMN (%) -- 10.02 

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

-13-
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As can be seen from Table 11 the ratio of2,6-Dl\4N/2,7-DMN is over 1.1 and the ratio 

of2-MMN/1-MMN is oVer2.0. 

E~le 2 CallQrlafion) 

153 g ofMCM-22 were charged ill the tubular reactor (volume: 370 cc). As a - . . 

(eedstock for alkylation, 1-~ (purity ~5.S%) and 2.,MMN (purily 96.6%? were used, and 

. mixed at the molar ratio of~.2 ()f 2-MMN/l-MMN. Feedstock was supplied in the reactor 

(3so•C) atthe rate of76.7 g/hnmd O.S br"1 in WHSV for4 ho• .Thete:&fter, methanol was 

started to be supplied in tho ~~rar at the rate of 17.3 g/hT and~~ rea¢on Was proceeded for 

20 hours. The obtained product was analyad by gas chromatography, and the result is . . . . . 

Table 2. (A1Isylation) 

• clime1hylmphtlialene 
. . .. 

ls&.~MN 

217-DMN . . . . . 

·~Ctliy~ :: 
2-~· 

·.1-M:MN, 
.. ·~ ...... ·· 

. • • -ti". • . ... • . • .":·."· 

• otlier ccjiponenf. (mainly P~ · · 
. .. . . ·.~: . 

, . 

-14-

before reactian 

O· 

0 

0 

0 

98.66 

67~61" 

31.05 

0 ... 

:"1~53 

after r.eaction · 

3S.45 

S.12 

4.44.· 

2.S.89 

41.lG 

28.84 

12.3~ 

.. 0.19 

23.20 
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. ;' 

evalumbn before reaciltiJ:.t . after reaction 

2·MMNl1 ·MMN 2.2 ,2.3 

MMN ~anvers~OD. (%) - S8.28 

~6-DMN/fo~al DMN'. (%) - 14.4S . . 
2,6-DMN'/2, 7·DMN .. 

1.16 .. . 

·As Qn be seen from Table 2., tbc ratio of216 .. DMN12,7-D.MN is over 1.1 and the'ratio 

of2-M;MN/1-MMN is over 2.0. 

Fusample 3 CAttYlatjon and Distillation) . 

Alkylation of MMN and naphthalene has been carried out for several months in the 

same manner descrieed in Example 1 and about 400kg of the product ~s collected. 

Distillation of the product is cmied ~ut by using a batch type ~lation to~ with a packed 

column. A number of theoretical trays of :the tower is expected to be at least SO. The 

operation.pressure at the top of the column is controlled between IS and 36 Torr and 

disti:llation proceeds at a reflux ratio of SO to 15. 

The prodUet b sepaJatcd ~to 17 :frac1ions by differences in boiling po~ts as shown in Table . . . 

3. 

.. : 
AJJ;iailut ~~ 2,6-DMN .. 

p<g): cosice;i~tion (%) · concentratio~·(DAa) . 
270.8 .· ... 

not anBJ.Yzect F1'ction-1~10 •· o.o 
.r. 

~Ption·l i ·· ·30.9 
.. 

not UJa1yad: 
' o.s 

..... _ .. . . . . . 8.8 .. . . .. 
"38.9 Fr'-ctirm·li .. .. not analyzed· 

,.ot. ; . -.. : . ·· .. '64.8 .. Fr,pion-U •t.o· It.2 

"" 6.3 . 
.-92.3 

.. 
Prii¢on-14 ., 2S.4 

~ . : ' · 1S.7 -~9:6. ·4.3 Fro1J.ftion-l S .. , .. . 

F~OA-1~ 
... ·91:1-. 

. ~-· 
'. o.o 

{~ .. ... 
.... ., .. · · -·~n.6 P~-17.-

.. S.3 ' . .. .p.o 
-a: .. • 

RefJdue ' 21.~ " .. 
0.0 0.0 

-15-
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Example 4 (.HydrgdealQJa.tiM) 

A part ofF1action·l 7 micl Residue shown in Table 3 me mixed to prepare the 

feedstock(Blcnd-A) for hydtoclCllucylatiQJl. ASO g amount.of Cr20/Al20 3 type catalyst 
. c . ·. • " 

pzoduced by Sud-Chemic AG is charged into a tubular rcactm. ~ reactor is heated 
~; ... . · .. ': '· :. . 

gradually from ambient temp~m•~ to 662 °F to 4r.Y the catalyst while'supplying p.ydrogCll . . . . . : . 
gas. Thereupon Blend-A is fed:io the reactor at the rate of SO g/hf :and ·1.Q·m-1 in WHSV1 

while ~lyjng hydrogen~ ai 1.2scf/llr. ~ydrodealkylatio~ is ~.O&;d o~t ~t 887°F and 
- : ~· ' . . . . .. .· . ; . . . 

854 psig. ,·The product is. anal~~~ GC and the results ofhydrode~lation are 

~din Table 4 b~low. · .- .' 

· As ~'WD.in Table 4, Cr~O,IA1203 type ca~yst is effective .to ~ieh 2,6-DMN from 

2,6-DMN lean feed •. 
.· .. 

. . :. Table 4 Qfvdcodea]kflitianl .. 
. · ·:. · .. •. . . . .• .·· .... 

. · -~ 

o.o' 
.'2-MN · .. , o.o. 
· 1-MN 

. '2-BN ... 
' ~'.: . . : :. : .. ):~ ... :· 

i-BN , .. 
~ ·.· 

2 ff-DM?( ... ·. 
·'. . > 

•• ~- • f 

. . ... ,., 
2,7-DMN ;. · · 

' ~ 

··:· 
J .. .'".. : if: I ' ·. 

I·,6rDMN 
-~ . 

: ..... I, 

;~ 

Q.p 
··:c>.o .. ·. ~ ·: 
... 

·. .. ~ ... 
9.9 ·.· f 

.• 
~:~~ 

. , .. ~ .. 
. f ; 

:00 
~. ~-

29·.is 

h:• .I I =- o • o , •-C, , 0V ! 00 •• o :- : -: • • 

U~wm·.~ift?~e first ;qMJI.( · · Q .• Q · · ··: 

... ·.- · .. ~ . . . . . -:, . .... . . -~ . .•. ... 

-16-

HOA. Praduct 

3.11 

lS.68 · 

•· 3~71 

O.S7 

0.26 

4.86 

4.SS 

.·.· 7.58 

2.92 

0..,9 

iy. '· 

0.12. 

···~so 
. . . . 
. 0.39 

··· .... 
. ·. 
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' :{ 

Rea'Vics Inclilffi:gg 78.34 
., 

·, 39.08 
::~) i·¥··( ·~· 

Polymethylnap~cnes . ' 

Total~s(%) 20.2.8 34.71 

216~DMNtTotal DMNs (%) 0.0 13.20 

Example S Jsmnerizatign· 

A 25 g am.omit ofMCM-22 catalyst is charged into the tubular reactor {"olume; 200 

cc). 1he teietor is heated. graduaUr from ambient tempetat\lte tO 400 ac to d:y the catalyst 

while supplying nitrogen gas. ad the tlaw of nitrogen gas is ceasecJ when 1b.c ~perature 

becomes stable at 400 •c. Theieupon, 2.6-lean-DMN is supplied to t11e teactOr at the ?ate of 

2S g/br and 1.0 hr1 in WHSV, and isomerization of DMN is camed out for four honrs. The 

contents of the obtah!.ed product are anaJ:rzed by gis chromato.graphy, and the results are 

summarized in Tab!~ S. · 

coriipcment cWt%> before reaction After reac1ioa 

dimjthyhuaph~e 9 •• 09 80.10 ·. 
.. ·: •. . . . .. ···· 

·2,6-DMN 6.21 13.96 
. ~ .. 
2.7~J>MN ·. : S.48 8.66 . . .. ·.. . .. .. 
otlit( U,omers 

.. : 83.40 ·57.48 ., 

?!; • • • 0.20· . 
... 

. ·~zq,ethym.~c?ic . 
'9.77 . ... .. . ..... . . . . . . . ·.~ . . 

·~ ~ 

k~· ·0.03 . 6.71 .. 
•' 

l~~ 0.11 3.06 
.,. . - . . .. .· ... 

naJ19.!lJalenc .. Q 0.78 
•"1. • .. • ~ ••. .. .: .... 1. .. . . .. . 

a~comp~·· 
: .. 1.71 : .. " '. 9.35 , . 

~ " . . .. ' .'". . ~~oi'.4 r:i~cn 
,. 

~e~ reaction ··miqation .... 

2,6-ijJ.\,!N1to\aJ .. DMN CC'IO>° 
.. 

6.~ ' 
.. 

17.4 , 

2,6-~MN12,i-DMN . 0.73 1.61 
- .. -. 

·11-
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Example 6 Separation md Purific;.ttion; 

(1.) Crystallimion ~r J{ip Pressure Cr)'stalli?'•tion · . ·. . . 

A l,~OS g amcur;i~ ofD~ ~omers is suppliC4 intci.the high pr~ssme ciy~ 
• .·• .• . =: . ': • ... • 

·(IC.OBEµ:O 'l.S~ type),_~ 236 ·~ of2J6-DN'N crystals-(l>uriti 87%) arc sepmatc~ under the · 

conclith>n of2,000 kgflcm2 and4~"C. . . .. 

(2) Coo~ Crys~mztriQD. 

Using a vessel for ~s~ti~ (3 lite~), 2,001 g ofDMN is~r+11:rs is cooled quiddy 

from so to 4o•c wi1h slow ~g .. Then. p.s s of seed c.TY.stals are ~pd to the vessel 
. . . . . • ..'. ·;·~ . : .. ·. , . . . . . . . : . r 

which is kept at a temperature at 4p°C for an hour. Thereupon, the f~~oclc is cooled to 

l0°C at2!C/min, A l60 g ~~~ af.2,6-D~ crystals ~urlty 68 %):~- sep~ed by ·. 

· filtration under pressure. 

The results of s~tion by both aystallization under high pre~~e and cooling 
ezystallization are ~din Table 6. . . . . . : 

:rABJA 6 CSepsration and EwificatiOD) 
;,' .·· .. . . . . .. . . 

CR.YST.l\UJZATIONlJNI)mlHIGH ~lrESSURE 
W' I•• . . • ' "' 

q~DMN 
. --~ ,· 

TOTAL. 
·.·. ·::·i.3'"' ..... 2.6-DMN~1-ntviN .: · . :· . 

2,6-DMNhocii o¥N. ·~ . 
,,. . . ~o.p% 

_pmi1;y of wstaI . •. ... . .. 
. ~covmy W-2,6-D~ 

yie14 of2~ .. 0Mfr(: . ·~· 
·. 

-IS .. 

~Qs:· 

22 
9' 

"17%" . . ~ . 

... ·· ... 

... :·. F .•. ~ 

filtrate 

96 . 

210 

963 

1269 

. 0.5 

?.~']? 
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,;· 

COOLINGCR.YST~i!ON ~·-/' tJ-,' ' 

f: .. ;';'.> 

Component (g) before ci:ysrallization ct)'stal filtrate 
'•; 

2,6 .. DlvfN 400 244 156 

2~7·DMN 301 67 241 
oth=.DMN 1293 49 1244 

TOTAL 2f>Ol 360 1641 

2,6-DMN/2,7-DMN 1.3 - 0.65 .. 
2.6-DMN/total DMN 2.0.0%. - 9.5% 

pmity of crystal - 68% -
teCO~ Of2,6-J?~ . - 61%·. -
yield of2,6'.PMN .. 12.2% -

~vcey of-216·~~· means the conteut of 2,6-DMN in the ceystals against the 

~t of2?~-DMN iD the fe~dstock. 

"Yield of 2,6-DMN" meaus the content of2,6-DMN in the crystal against tb.e total . . . 

weight af ~edsto~ 
As ,iioWn. in Table·6. th= yield of~6·:PM?fby cr1stallization under high_ pressure is - . . . . . . 

much higher than by cooling cqstallizaiion. Further, the 2,6-DMN/total·DMN ratio of the 
~ . . 

fil1rate by ~eJti. under bigh im• is tCss than 8%. Therefor~. the.ti11rate is mare 

effective as:a feedstcck for trans~laton'asid isomcr:iution of 216-Iean-D~. . . l . . . . . . 

F~. ~=an attu:ipti~ m~ to ~crease the purity of crystals by cooling 
.; '. \. ··.. . . 

~n, the yield of2,6·DMN dccrcues ~tjcally • 
.,,.. ; ·.. "' ./• .. 

Example 7 (hiincatipn) . . . . 
. · Pte~nd~tJ,on of2,6 .. DMN~9m 1))4N mixturC? (Table 1) was tried' by cooling 

aystallizaU~and ~ i~PMN ri~b, cak~, v&i_9h ~~~I.ii ~ed as feechtoCk for the 

czysramnfi;n ~bi~ preswi:e, ~ sep~ ~ pen~h·~~-e pre$&ute filtration unit. 
o 4 .. ,. I .• • o 

Puriiication ~of2,6-DMN fro~~ .2,~~~ ~ieb cake was cartied out by the 
.:~ . • .. ... .. ., • '. . :· • i. • ' 1 

~undcr-~pcssnte'~e~a~ u~, ~o~~co·~ ~c ~est imcbine ... 

S~ s~.~f ~pcrlm=~ ·w~~ll~~~ -~~ ~esµi~ at~ suuimatized m Figure 9 . 
. ;, ~ . .. . .· . . . 
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~ can be seen in Figure 9, c~on under high pre~ achieves more effc:ctive 

purification performance in sepa;a~on yield and 2,6-DMN puritY b~ smale ~c 
crystallization than does two-stage Cooling Cry~talHmion. 

TA:BLE 7 (.Cgmposjtjgn ofQMN Mixtum,l 
·· .. ·· 

DMN~e 

SwmrCpJtm) 430 

Niuagcn (ppm) 140 

2.6-DMN .. ·• ,• 
13.S 

2,7-DMN 14.1 

l,6~D:MN 7.1 

'1,3· ·a 117-DMN . . 20.S 

·1,4-DMN -: 

1,2- & 1,S·OMN 0.4 
' 

'• 

2,3-DMN ' o~s •. 

Others 43.6 
. . •·.. . ~ - . 

. ··... . . 
.· . ·,; .... · .. . . . .. -:. ·.· .. 

,· 

Exa?npte ,.Q:>istUtatioQ) ·~: .. : .. 

· · Tw; ~c:S qf~atdi.d!~~qii tp~ ar~ ~~4 i:or $e separation. of allcyll)&phthalcnes 

~ico:~ 01;1e 9f~~ Mattti~ ~:~r~~tip~~A>-~ i~?.11~ sau .m 32 !~ot iang 
cal~ ~PRO~f~:cscientijl~-~~~~~~t ~o~l'~Y}~ ~-P~ dis~~n tower 

(Ftactionec;j-B) ~·~? litm. still~~~ 1~ ~~~-1~~ cal~ -~~-p~~~~: lM kg o~ 
LCO is ~ged intp ~ F~tio:ae~~A ~d cijs~a~~-~-~ ~~ed oui at ~~efl~ ratlq of 50 and 

a pressure ~f 60 T~.: 8Q.S liters-~e-~aJ=~ ~-~fim~ ofQ.7 ~.~~4c--. 
~= ·." . . ;, ... ·. . ~. ... . . .. . .. . -

~ 25 kg P.f~ residue i;l_~~ ~~ pfFi~ti~~.#\ i~~ out•r.~~ first 

distillation~ ~eel into Fractio~-:B. ~~batch di~l1'.tion. is ~c:d out ~ta 
reflux ratio ~f SO ~~ ~ PfCSSUte ~SQ r~n; t4 ~j~s ~e ~m ~t ~ * ~f!rate ~f l~S ml per 

hour. The ~mpo~ ~fthe ~ ~ieq4.:i'~) ~~~d ?'o~·tl~e ab~v~~~&;ntia~~ two step :. ':.: .· . ···:· ·: ·. . . ·. . . ' ·. . 
distillation are shoWn.in Table a.:. -:.-: ........ : . 
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ExamWe q lHvdrodeallcYlitiOD).: .. .~ · 

A 7o~ ~ount ofCt2~AllO~ ~catalyst prod~ed J;aaf-Chcmic AG is charged 
. . . ; 

into a tubular reactor. The reactof is heated graduallf fioni ambient temperature to 932°F ·10 

dfY the catalyst while supplying hydragm.t gas. Thereupon distillation product (Blen.d·B) 
t . 

obtainccl from Example 8 is supplied to the reactor at the rate of 70 gf.lu' and .I.O hr1 in . ; ... ~ . 
WHSV. ·while supplying hydrogen gas at 0.98scflhr. The hydrodealkylation feaction is . - . . . . . . - . . 
catried out at Sl33°F and 1138 psig. The procluct is anal)7.Cd by GC and the rcsult.s of 

hydnideallcylaiion aro summarized in Table I below. 

Bxmple 10 (Hvdrode1ll\ylati2n) 

A. 70 g atz1:0111lt ofCoO~oOJA12~ t)pe ca.talyst produced by Akzo Chemic:als Inc. is 

charged into a tu~ reactor. The rc~r is heated gr¢ually fro~ ambient temperatare to 

3Q9~ with ~tro&c;Rflow at SscUbr. 'IheD ~ tlcw gas is ~tdle~ to hy~gen at 2soDhr and 

~bi incteas~d to SOOpsig •. Catalyst is con~t.ed. with an organic. s.ulfide {Kerosene with. 

1.0% ofD~yl~) far iulfiibs ~l~ ~;piyiug h;drogcp. p and 11lcn ~pcrature 
-,,. . . . . . . . . :· . . . . 

is raisccl tQ ·6soaF .. ~ ~~911 F.~~ct CB~4·B) obtained :from Example 8 is fed . . .. . . . 
to the reactPr at1hc; rate ~f 10 g/hr ~d l-0 hr.1 ~ ~V, wlµl!= supplying hydrogen ·gas at 

'loo• • • • • • .. • • • - -· • • • - • • 

osssct'Jhr~ ·Hydro4~iatipii~s ~a?.i~-~ut ~-?~~-,: ~d.142$ P.•ig riie P:ocluct is·ana.Iyzed 

by GC ~ ~ resUJ~ qfhydrodcall9'1~~ ar~ -~~d ~ :,t'~hle 8 bel~. 
. ~ f}iow4 ~ .r~ie a; ~i er~OlAI;p,;·;i·~QiM~Qi~Q~ \ype ~f:alyst are 

.. .-..., •o • • ~' •· : • • : • • •:. .... ,or- "f '• 't"o .• ' "•,, I o o • 

effective to. enrich DMN isomers 1?om DMN lean feed. • • • !: • • • :: • ~ • .. ,. ~ I " ..... • : " ~• I ". '•. • • 

.... 

Catalyst . 
... _:. :~ ... 

... ' 
2-~ 

... 
. -.... 

. •')i~~-i~ ~. : 

• ·~ .... - •. ·,,,,. ~ ·:-. '!"( •.· ..... • 
.. .. - - " . . . 

.. ...... •.; 
~ . 
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J.lll! ~od.uot .. ; HQA Jtrcduct ·:· ·. ·: .. : . ·• ·. .. . .. .. .. -
: ... 

• f l T I '" ,"• • • :•; • • 

; C''t1Q3'MOs . ~ Co0&4qOJAl~o, . . ·-· .. .. .. . . . .. ···-
.. • ·\ ... .z 'k ... ;· ""' • .. ,. -.... • • •• ... . ... i.33 . . .· . 4.1S · 

. ? 

. ·. 4.3.( '. ·. .. ~.~& 

·.:: . . ........ . 
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1-MN 0.0 l.OS 2.44 

2-EN': o.a ' ·· i.s6 ·2.13 
.· -.i ·.~ ·. 

l·EN 0.0 0.36 0.44 
.. 

~6-DMN 
.. 

' 0.0 2.46 3.S3 , . 
. ·. •. 

2.7-DMN 0.0 2.56 3.76 .. 

1,3-+ 117-DMN 0.0 2.s; 3.82 

1.6-DMN o.o t43 2.17 

2,3- + ·1,4-DMN 
.. 

0.0. l.l8 1.44 
... 

-l;S-DMN 0.24 0.0 0.34 ·.-· 

1.2;.DMN •. 

0.04 0.40· 0.3i 

1,8-DMN 0;04 0~25 0.47 

Unknowm befote fhstDMN 0.0 8.67 17.68 

U~o~~~~DMN . 0.0 0.54 0.68 

Heavies ijclud.ing. · , .. 99.92 •· 
71.ll 46.56 

polymetbf.lnaphtbalenes .. 

TotalD~s (8A) : ... ' : <M)s~ 11.07 15.85 
~ ... : o.o ., .... 

2,6-DMN~Total DMNs . ~ . 22.22· 22.27 
...... . ~ ·"'." . -.. .. ~ 

Exemple ll (I>isdl!&tJap_ and fl~tre'~~e~. . ·· · 
· · i64 kg-~fLCO is charged iutc>-th~ ~o=~A and distillation is cmicd out at a 

• "' o "' I . • . :r-·;, •• ..... o :"'\L .,, "' '•' ... I • • ·' 'S ~ o. •''o • • .._ - o 

tef1ux ra1iq pf ~O mid·· P=sure. ~f 60 To~ .. ~2Q ~~~ '1-e. - ~ta take.off rate of 0.7 litcrs 
: :. . ' . : .. . ;· . . .. . . .. . 

per hom ~ prepai~ fQJ' hydro#=~(~~~~ ps :S~~q .. :;NiQ/Mo03'Al20 3 type catalyst 

FOcluced b~ ~ Fheadcals In~.·~;~~s-~ ~ ~ hr~o~~~-~~~y~ ~ ~gcd into a· . 
.. .. ·. . . . . . . .· . . . .. 

tubular reaetnr · · · · · · ·.. · · . · .. :. i ' :· . · · · . . 
--J-~~-· . ·. ., : . 

. . ~~-~-~~ ~Y,~~1 thf'!ll~f~ ~~~~.~~~tor at tho~~ of 

~~I in.}w~V ~~Q~ is ??Pi#! '?lli ~1-400 ~' ~ 7~6°J'.~ ~bile supplying 

l\vdmgcngp at!4~5 ~cfybbl. nie'·rcsl4.~ oik4t~~tins'iu:~.~~ ~-T~~~-~ ~low. - . : •( . . : . . : ; . . . :·: . . . .' .... . \ .· .... ..• ::· . ' . ; . .· : ' .. :- . . ·~ .· ' . . . . . 

h 1bown lli .J~le·9, NiQ~o03'~9i typ"cr;ata11.s$ ~ ~~-~tivr= t~ ~du~c ~e 
: • '• 0. '° • ~.. o: . I ,' ': • • •._,_, . '•: • • f .. : '•. •' ', : ~ : • ' •: • •",, '/, ,... I •:: • 

lin8'1ufor ~~po~!n ~9~ Vli!:11~~ ~~~ ?'P~ ~~~· . . ·: : ~ . . . . . 

·2f· 
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. . .. ~ . 

.;..;.;. '•-rt j'\':.• ·--'?~~ .... 
·; 

Nit. Sul. ~ 400F+ 400F+ SOOF+ Total 
ppm ppm Conv.(%) Conv.(%) Conv.(GA) DMNs 

. -... wt% 

Blcnd..C 230 388 18.1 - - - 26.56 

SDT Product 1 s 20.6 0.6 7 21 21.24 

Example=:J2 CAtlsmmioR) 
2,6 .. DMN an42,7-DMN are mixed and dissolved into iso-octane at 2.0 wt% of 

concmtraticm rcsP.cc1iydy. Thm:rD¥N-isoo~e· solution is ~ed to the adsorption column .. 

· (4.6 mm·~ and ~00 mzDl:,) p~ed ~th i~r~~lite at the rate ~fO.SO -~•while c~lumn 
temp~· is ~ntrollcli at 158°F .. T'mie course data oftb~ DMN' ~1ra.tion hi ihe · 
eftluait is &~by CJ<? m:aaly.sis an~ breakthrough ~UIVe ~ ads~~1:1 step is obfA#led. 

J\.ftertlie sdsoiptitm .step. ~qufd feed is .switched to the pure iso-octane and efiluent is · ... . . . .. . . . 

also analyzed to g~therthe time course data of the DMN conccnt.ratiou _in !}le effluent. . 

~~~~:of~~ ~~~eurye !1D~.~~t;io:tt:~urve ~e ~~•d.~.Fig. lQ • 

. As shaw9, ~~.niu:r~2.7:DMN is ~Jy ~s~~ed in ~te comp~ to 2,6-~ and it . 

. is ob~~oss~b~e-to b~ve ~!6-q,1-~~ ~y ~on~~~g DMN isomers witt:i the ~~Y · 
typ~ zatJi!e,- . . . ~ . : . . . . . ·. . . . . . " . 

.. 

·Eviaple-13 
.... =··· 
· ~~ aqsqipJion test is ~~d oU:t ~ ~f. same. ~~er ~~s~ibed in ~ple 12 

·except ~:m~tYj~ is us'¥1 .• a ~1~~. -~~~~ts of ~e bre~o~ curve and 
deso-~~:suinmari2ed·~~ell,' : . . .' - . :· · 

~ ~- ~- . .·.:- ·~ ~- . . .. 
~ously~ ~erous moqific~QJJS p~ ~a:l~tio~ ~f ~e ~scnt invemion are 

p0m'"blohl J~ of~c ~vc t~.: ·rt i~~~~ ~ 9e; ~cl~9~d ~t ~thin the scope 

of1bea~ed ~··!he inv~~~y ~~~ced o~~ ~as specificaJly 
4esc;rlbecl~. :·· : . . . . . . . ·,' . . . '. . . 

~f ap~~~ is baSed. ~ U.~. ~~ati~l! Serial No. ~8/948~~.~~ il~ed pctober lOJ 

lWll! ~•tire ~ts ofwhi~·ar~ ~bi.~o;P9rated b)'-~F~~e. 
..... . .,. . . . . ~ . . ~ ... 
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Claims 

1. A process for producmg 216-dialkyh:laphtb1I~e.fram a hyc;lrocarb011 feedstock . . .. . . :.. ..·· ... ·:--· 
co~g at least one co~onem sele~ed from the group co~ of dialkylnaphthal~c 

isomers, mo~alkylnaphthalcnc isomers, polyalkyhiaphthalenes, and ~phtbwene, comprising 

the following steps: 

L separatin1 ~c hydrocarbon feedstock and/or a d.eaJkrlation pro~uct fed 

from step m into a t?actioz:i comprisiJl; iiaphtbalmu:, a fraction c~prising 

monoaJkylnaf>htbalene, a fraction comprising dialkylnaphtbalezie and. a 

fraction campri.mg ~g prod~ts; . · 

II. scparating·m.14 purifying 2~6-di~lDa~ from ·the 
dialkylnaphtbalene :fraction of step· I; 

m. dealkylatµig ~ hyclrocaibon fccc:lstock and/or the~~ prodUcts 

:ftacti~ of step I and feediiig the dealkyla1ian piod-q.~t to step I; 

IV. alkylatiDg·~ naphthalen~ a.ud Iii0»:aalk.)'lnaphtbalen~ :fractions of step I;· . . . . . . . . . . .. . . . 
w~~ the bydrocarbon fec.cis~c.k is f~d t~ step I or step m. ·. 

': .... ·. . ....... .. 

2~ The_"pro~~ .of Claiin 1, ~er camprlsing ckalkyl~fing ~-dialkylnapbthalene 

fi'action. 2,6-mallc,hiaphtbilc:na .is ~~~d th~Cfrozn µi. step II~ re~clln~ ~ . · . . :· ·. . . .· . .·. . ·. . . . 

dc:alk:ylatiOA product obtained thermom to step I. . : ·.• . . ' . ~ . . . 

.. . . . . . . 

3.: lJ:te p.ro~~ of.Cl~_l, wh~ ~~~l~g1b.e ~ln~~ne-~on '1ficr 
·. . . . . . . .· .. :·; ... • : . .. .·. . . 

2,6-cliaJkylpp~~e· ~-:sep~q ~r;~ ~-sf9. n-i~ ~d~ ~ ~ m togetb~rwith . . .._. . . . . : .... .. . .. ' . : : ·. . . . .. ·. ... .. ··:. . . . . . . . 
~~.tbit h:f~?~b~nfe~ ~c%~or~·t~a~i:nl ~~~!S.~ti~ of.step L · 

.. .. . . . . . .. ·. . .· ·. . . . ... ~ ·.. . ... . . ,· . . . . . : . . . ·. . . . 

·, . 
4. -TJic pro~S!i of claim 1, w~m t\1c pfa~ of stel' Iv. is fed to step I. 

. . . : . . . . . .. ' . ~ : . .. 

· S. rP~ pn>c:!=~ of elmm l, w~cr~ ~ fl ~~,pzi~c~.~e following sub-steps: 

. :Q:·l. ~~gtl)e ~Ina~~~ fr~~D of step I into a2,6-rlch­

dialky~hthalcne ~~~n ~a' 2~~~~ean·~~~lnaphthalene fnu:iio.n; 
:. . . . . . . ·. . 
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n-2 .. ~-2,~·dialkylnaphtbalene from ~.2)~.~tich-diallcylnaphthalene 
fraction trAm ~P II-1. . . . ~1 

6. The llfOCC:~s of claim S, fmther comprls~ isomerlzing at least a part of the 2.6-
lean-dialkylnaphtbalca.e :fraction from step.II-11 wherein at least a. part of the isomerlzation 
pmduct is _fed to step I ~or step ll-2, 

· . 
. 1 .. The process of cJaim.. 6t wheiein the isomerizing is conduct.ed in the pieseuce of a . . . . . 

catalyst compos1:tion co~~ a synthetic zealit~ dl.a.ractcriz.ed b;y 8n X-ray diffi::action . . 
p~ i:acluding iDtczplanar d-spacing (A)" 

12.36:J:0.4 

11~03~0.2 

&.83:t:O. l 4 

6. l&J:0.12 

6.00%0.10 

4.Q6:C0.07 

3.9l:l:0.07 

3.42%0.06. 

a. :pie process of claim 6, wbercm at l(:ast.a part of the produot remaining after the ... . . .·.. . . 

2.6-dial1cy)Jlaph~enc is purified~ step ¥~~ is f~d to step m. 

9. 'the p~s ·of claim 6, wherein at least a part pf tq~ product from step IV .is fed to . . . . . . . . . . . .. .. . . . . . 
step I. ami.~eizl:.~ i.t a p~ C?.f ~PZ9~ n:m._;ninJ aftc;-. the 2,~~lnaphthalene is 
purificd~~pn-~~~~siep~. - ·.: ~· .. . . . . · .. 

. . .. 

10 •. The pl'Q~Ss of clair:ii l,_ wherein~~ h~9carbo~ :feeds~clc is product of~~ 
processiD.giawma~·; ·. . . . .. ;. ·.> . . . · 
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22. Tue proce&S of~c;l~ 19., whcrc1n. the oxide Of metal ~ pre .. treated at 600-1000°F 

in the presence of orgamc ~~de. · ·i · ' ' 

23. The process of claim 16• wherein the hydrcdealkylaJion is concluctcd in the 

prescnce .. of a catalyst c~O;Sf~on ~prisbig at least a. n;t~tal sel~ctcd ~-~ lfOUp 
. . . .. . .... ' . . . : ··. . . 

consist4lg ornob~e mef:al. Di~· ~bia1ioji thereof; .~d a synthetic :ze~µ.te characteri7.ed 

by aX-ra-f ~tien patie~ including biter planar d·spacing'(Al 

12.36::0.4 

11.03:t0.l 

8.83±0.14 

6.f8*0.12 

6.0Q=0.10 

4.Q!5=1:0.07 

3.9i:<>.07 

3.4)i:0.06. 
·~ 

. . . 

24. T.b.o prqc~ of ~laim ;t wb'1e~ ~~ aJcY~a$g i~ s:01l4uctcd in:thc presence of a 

catal.YStcopp~~ ~~mm~~ ~~c~au!~ ~~!~~~~~ ~~~r ~ti~u 
pattemiIJ4µding ~tq P.l~ d-~.£A) p • • : • • •• • • • .. • • 

z •. -~. •• . 

1246*0.4 . .· 

ll.Q~£0.2 
"I" 

·B.8*-f0~14 . .;: 
6.11#).12 .. ~\ . 

6.0Q#:<>. l 0 . .:: ...... 
. -~.0~:~7. 

3..91~0.07 . .! ;;~ ..... ·. 

·3.~~.06. 
~ .. 

. . 

25. ~ F.Df~ p~~ ~' wh~ tli~ aJl9'1ating ag~~ fo!~~ ~J~t~ if 
wtJiaglordim.•1*. · ·. · . · · · : ·. · ·: ' · . 

. • t "*. ; 



11111111111111111111111111 1111 
W000/6151!» * C L M S * PCT/JP99/G1880 

26. The process of claim S, wherein the purit)'ing comprises at least one means 

•~cted from the group com~ of geystallizaliOJl under high pressure; cooling 

cxystalii2ation, and fixed bed adso:tptivc separation. 

27. The process of claim 2~. wherein the fixed bc4 adsorpuve separation cQmprises 
. : . . . . . 

an ~orbent of a zeolite Y c~~ ~metal and a dcsorbent of mi organic solvent. 

cQmprising at least a component selected from the group consisting of hexane, octane. 
. . 

alkylb~e. and eyclohexane. 

. -21· 


