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11 BACKGROUND OF THE INVENTION

12

13  2,6-DMN is an intermediate produced during the manufacture of

14 2,6-naphthalene dicarboxylic acid (2,6-NDA) and 2,6-naphthalene

156  dicarboxylate (2,6-NDC). 2,6-NDA and 2,6-NDC are monomers either of

16  which, when combined with ethylene glycol, reacts to make polyethylene

17  naphthalate (PEN), a polyester with unique and advantageous commercial

18  applications in films, fibers, and packaging.

19

20 The isomers of dimethyinaphthalene are difficult to separate from one another
21 by distillation because their boiling points are very similar. Technology exists
22  to recover 2,6-DMN by crystallization, or by adsorption, or by adsorption

23 followed by crystallization. It is difficult to separate 2,6-DMN from 2,7-DMN by
24  crystallization alone because they form a eutectic. It is expensive to recover
25 2,6-DMN from mixed DMNs by adsorption alone because there are no known
26 materials that selectively adsorb 2,6-DMN. In previous technology, when

27 adsorption and crystallization steps were combined, the adsorption step was
28  always used to remove the majority of the undesired DMN isomers.

29  Furthermore, the adsorption step was often foliowed by an additional

30 crystallization step to obtain the desired product purity
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-21 An additional conplication in the commercial production of 2,6-DW is
the 2 difficulty of converting DMN isoners other than 2, 6- DW i nfJuiyh2002
desiréd Iv@ofisIMGN i soner. It is well known that during DVMNpigaiS8shaas i on)
it is easy to 4 nove nethyl groups on a naphthal ene ring when they mgrate
froman alpha 5 position (i.e., 1, 4, 5 or 8) to a beta position (i.e., 2)
3, 6 or 7) or vice versa, but 6 it is HBfficult when the net hyl groups nust
rearrange fromone beta position to 7 another. DWN i soners have been
classified into groups called "triads" within 8 which isonerization is
readi | y acAnmpolditeinad cofiplisation irathe comemetcial prosiubidh o 2]6-ONNNs thed

2, 6- : 1. 7- 1,8- d 2, 7- : d ) 1.3- ) , 4- DIWN,
and 2DN§~ Dl(\ﬁl.}f'c\"m %HeFWMN %?ﬂ%ﬁ/ﬁ}%ﬁéﬁ&*@%ﬁ@o f%gﬁvg'{?\é;l gr oups
in adj acens sahRINsdRteroa] i%l\geﬁ khb®Ath wgmhsdmbhzé«?oﬂ,mt@ ey 18f the

af orementioned triads. 13 Producers have devel oped met hods for “naking
comrer ¢i al mpyaméthybgraspsioh a,rapbiinalene singivhenythey: migrate frogh analghar- DWN

e or CoonBasIior 8.0, Exd 5 0% BRI Bihefa gPstBRtGuch b B d O ik Vet iy
maki ng g SORRY GiffiAtsWHEN tRe miihdl drolips AsList e6ariasg® tronenei ddth pdsition 16

i sonmerizing across triads. isomers that 19 cannot be converted to 2, 6- DWN
repr eséht angther.dDM¥dsemars have beer stassifieddntopgraups callegh ‘taads” within

o6 D PO Pen e Tty RoB g eTihed n IR RIS SR L RO s 22
that wid| preeDRMEMAGRRI6DMIGR) 127-ONINN BYBMN, nPRIeDMNRPERdSs. These 23
(imtations often necessitate the use of expensive raw naterials and 24

cont r o1Q ed(DrgarBMNs yird-MINsand 263-DOAN. (T tepdihisaraer, de2- MV, cebsittss in t he

25 2,651 j ' : = xyl

ot nyl 51 off 810 Bt b e ERef BHE At SRS B Yo Tt 34 1

puri fiftati Mo ohedfGh&Hibiehtentiddditiiadsr 28 m xtures by crystallization)
adsorption and distillation are known as are 29 technologies relating to
the i sbirerization of non-2,6-DWN to 2,6-DW. 30 1 July 2002 WO 99133770
PCT/ US9812 < ' ' : |4, i is

ol ati \bl y agducets haYBIERId Y et fof i, DinPhaRidl qerliedy <, |

2, 6- DMY i sa:DMN by dvoidihgwoypreiddeing tAe & Z-E)NNGEemerbachusbofttieed to be

crystal lized consists of  isone ithin a triad. 41f the ne ration of
2, 6-DMPi s W'tYdBd%OYWHTQe%@e@M\\,Na&B&Qb‘c%!?'{di 'Bﬁbe ﬂrﬂiﬁ%?§§¢7alsmwati on can
produces pu = i i il L QNS -DW is

sli ghtm a Og@eﬁn%&r@%ﬁ%@&ﬁn\%ﬂ??itci))nvﬁ owsye?lgﬁgbg?rﬁi gh %ﬁ?’?‘?y?DI\/N can
be obt 88 ne@,6-trfad becanse ofrtheatifficLily i1 isbmesizingy acroissHhriads.hésamérsDibiBt r i ad,

t he unrecovered materi al 1 of 1,5-DIVN, 6- DMN. and92, 6- can be
casi |y 1§ ootannoLte pametuse 26 BN rereRpia Yiald bk DO TPIOCRE Uk bt | ¢
conpospy i ORawehitetiald. | Aaaitieﬁaw,%ogﬁmm pradtidat Weiein the duridenrfioh xed
DWNs to make 2, 6- DMN when both the Z,6-DW and 2, 7- DMN12i soners are present
becaus@lt h&f 2(eDMN irthetagdstraamis iow bacause theresire snewn snatedplsr at i on

publ i sPed dhan il EREreREA RIS A& Ty KIS Binel R PheR€l Owe <.
Thi s | pgi t gihiRfioAS Ef@n AdceesRarRsthe iseof S@rvsiveZaly FiMibfiailerany xed DWNs by
adsor ption al onel8because the adsorption equi pnent nust be very large in

order B4 r swptrelied cigrniepynthesis isantions that caparomNce ofil isomess IRtheam t hat

cont ai S I i ti . 2.6 .21220ne. technigue § iRg the
[ alpond b/ atnes ik Blioficl bitaySaE AR it 2eREabd methElREBRA o
to conPBne mémymhtmbn@.l ogi es. Such a24conbi nati on has al ways previously
been done by using the adsorption step as25a feed pretreatnent step prior
to the crystallization step.26 27 An alternative technique to break the

2, 6- DMa72, TrddiNofifies telating td thePpurficaltio of2,GDMNTRORIBMN dmsrat e the

napht hal ene ring. The resulting decalins or 29 tetralins do not forma

eut ect 28 atmidures bycrysiaization oadspspliorasd distilatian iate Mmoma asése so an
I ncremagt alio BHAGIbYEY r8lath§Goh8 isdthsriZition SYABH-2,6-DMN to 2,6-DMN.
30



9 July 2002 WO 991 33770 PCTI US98124643 -41 can be recovered by alternately
hydr.ogenati ng and dehydrogenating the DWN 2 feed. 3 4 It has been dlilgebozed
that a noneutectic DVN m xture containing 2,6-DMN 5 and 2,7-DWN along with
smal ler aWUYE’® ot her hydrocarbons can be 6 sublimated SEFEHHIS20¢4
remaining solid is a mxture of 2,6-DW and 2,7-DVN. 7 However, no téaching
I's given that sublimtion can be used t-a-purity a8 2,6-D|VN/2,7-DIVN m xture
which is in the formof an eutectic conposition. 9 10 Previ ous

i sorreri zat i on technol ogi es have been Iimted to intra-triad 11 conversions,

posi 11 ohs. oararatorBt PN Rcahes oFbEaNiAb Ak il e aithrbnual) fne
081 892, 508)eéd tempbsitionlid quité Righ wh2 GRDMN isooeen or itebbvhgietd is by 14
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product 416 i ity enesﬂ?&)ﬁﬁto?é @Bm%h/b?rdﬂé%rfhéte‘dﬁé‘ct ¢ ngSﬁtlon sumtphe

di et hyI napht h avihg a net group on eac
2, 6- DM\ anargstaliipation ca:aosc)ducwpcrrbez GdIMbbinmlgh lyielgs.e fdhe concentration

t f 19 t t ds. 20 21
rosoar chor O Ry gl s T RE BOMERRLRR, lav Sied Bt hisbitiiss i n an
22 atteppt (AN ¢BH BY %b?ilﬁe@vﬁrtﬂka'm&ﬁﬁé%?\s%fls 8f BoR\YsRlifHiN td 215-DINGS®

various 23 attenpts to integrate the technol ogi es have had limted success
because8t hdriad, tharumeso\eareﬁsn@tienaha pixtaressf &orDMN, f1,eBMNAENGr obl ens as

technol Br Ae R, En PR Wodre TRt RgB R MRS MRS OMNR o 26
cer tai noas Re etattic AmpeAnen! DryahikaRh biovietiddned esfiidianno Pty s are

29 either not ver ective or not econom cal for obtaining substantially

pure 3012, enidey B%bmtpdaalse 2PN whendbathrthed,6 IMB\aRG 80ieMN out si de t he
312, 6151 aghmBhed FrelBREEL e hof SRR SudBhEOY O produce 2,6-DIN at

13

14  The feasibility of adsorption separation for DMN isomers has been

15 demonstrated. However, no material has been published that selectively

16  adsorbs 2,6-DMN from a feed of mixed DMN's. This limitation makes it

17  expensive to recover 2,6-DMN from mixed DMNs by adsorption alone

18 because the adsorption equipment must be very large in order to remove all
19 components other than 2,6-DMN from a feed stream that contains small

20 quantities of 2,6-DMN.

21

22  One technique for overcoming the limitations of 2,6-DMN purification by

23 crystallization or by adsorption is to combine the two technologies. Such a

24  combination has always previously been done by using the adsorption step as
25 afeed pretreatment step prior to the crystaliization step.

26

27  An alternative technique to break the 2,6-DMN/2,7-DMN eutectic is to partially
28 or completely saturate the naphthalene ring. The resuiting decalins or

29 tetralins do not form a eutectic at the same composition as the

30 dimethylnaphthalenes, so an incremental quantity of the 2,6- and 2,7-isomers



1 July 2002 WO 991 33770 PCTI US9%$/ 24643 -51 high purity and high yield from
a mxture of DW isoners without being limted 2 to the specificlJelyi20602
present iwovda3freed. A new net hod shoul d convert 3 isoners rattheyskian
2,6-DWN into the desired 2,6-DVWN isoner in order to have 4 an acceptable
yield of 2,6-DW fromthe feed source. ,The present invention 5 acconplishes
these goals. 6 7 SUMVARY OF THE I NVENTI'ON 8 9 One object of the present
invention is to provide an econom cal nmethod of 7 0 separating 2,6-DWN from
a mxture of DMN isoners in relatively high and 11 stable yjelds. The

met hod1i s GangPe yeeavered byraltlernately hsksogenating aRg delyAreganatingthe; RMMNer s
therebé eq?g&ci ng the industrial significance of the process. 13 14 Anot her
obj ect ~of € present invention is to provide a nethod of purifying 15 '
2,6-DMVB froma feed m xture of dinethyl naphthal ene isoners and 16

near - bqi I i ng conmpounds conpri.sing the st of. erystall.izing.t m xture to
17 prefipilt gfé%ge&fﬂé@W%d%ﬁd}‘?%tBﬁc%mﬁ'ﬁ "éfé’-"&?'ﬂﬁ%@-ﬁﬁa M hal ene '
and 1852, 75 Wbﬂlg%lﬂﬁq:@ltﬁ@ﬁiaug%hﬁlmté bt StFrHyroCatiofsrfsd | C
conposition in ai solvent; and recovering a predom nantly

2, 6- di Bet hsubliapdtedalocthat i reomginigtsatid i§ romixtuee di 2 6eDVNI aadt2ZtDNIN.

conposition by adsorbing out 21 n- 2, 6: di pet hyl napht hal enes, onto an

adsor p# i o 'eWPYAR ."%*ﬁécgﬁf'g& waeingg?f B‘I‘P’Zﬁag‘g’(‘, Sﬁﬁ Irheg'ﬁ%%da }ﬂ BHYR overy of

2, 6- i t=_BhAN i t IRt €p
nccompr| shag RUREZ T M FARRSS MR RI S foltfl or 8yl LRper SORPORIT ot 25
26 Sti Bl another object of the invention is to fractionate the feed m xture

f 27 ,di meghyl napht hal ' d - boj | i ds, bef it i
ur 1 104 SR GoRrERTah T led 85 0V B el P o PBA R bunde. that are
ei t her 1nor @orRRr¥iBhal i Snfvehfsit ovgﬁéthyll groubabetwbeRMdjactht AighdlNd The

fracti onation step 30 sinplifies downstteam purification and reduces the

si ze d2 dobetetpasitiorsiorlyiuiSantiitand Cheng bl.83Ratent g\ppligation 2suial
o 208 dorheh A, (A5 1058wt RGP Sl By LCLe, e
retai n@d i pféiice, discloses a method of isomerizing a feed of any composition of
15  mixed dimethylnaphthalenes having a methyl group on each ring to a product
16  that approximates an equilibrium mixture of mixed dimethylnaphthalenes
17  having a methyl group on each ring (i.e., the 2,6-DMN and 2,7-DMN triads).
18  The method of the present invention incorporates this method of
19  isomerization across the two triads.
20
21 Researchers have integrated separation and isomerization technologies in an
22  attempt to improve the overall process of 2,6-DMN production. These various
23 attempts to integrate the technologies have had limited success because the
24  various steps of the process suffer from such problems as low yields or the
25 inability to isomerize between triads.
26
27 The technologies discussed above relate either generally or specifically to
28 certain aspects of the presently claimed invention. These technologies are
29 either not very effective or not economical for obtaining substantially pure
30 2,6-DMN from feeds containing a variety of DMN isomers outside the
31 2,6-triad. What is needed is an economic method to produce 2,6-DMN at



4 nmother liquor during the crystallization step or recovered in the extract
stream 5 during the adsorption step to be isonerized: into a m xtu§Quiyzo2
closely 6 ﬁ,p)cbrggy.lgat es an equilibriumdistribution of dinet hlyi napht hal ene

i soners, tha dan then be recycl ed back to the fractionati*Gi/ 9844643
Hydr oi someri zati on/ dehydrogenation is a highly efficient, nearly )
equilibrium9 conversion of isonmers othe&- than 2,6-DWN into the desired
2,6-isoner. 10 11 BRI EF DESCRI PTION OF THE DRAWNGS 72 13 Figure 1 is a
sinplified process flow drawing of a preferred enbodi nent of the 14

i nventign. d5nF g i i } ; ;
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I gure 1S a
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A cont i nuougn Rtessrable Abld o182 BASIMKEfrYmAiié fBBHIdoses.| ThePredeht iRYBhfigPm @ 25
hydr ocar bon feedst ock ‘contai ni ng m xed di met hyl napht hal ene i sonmers has 26

been deiel opeehmpmlishesitbesg goals.this i nvention is conprised of
fractionation, 27 crystallization) adsorption, and isonerization steps. A
sinplified process flow 28 drawi ng of a preferred enbodi nent of this

process 4 s shown in Figure ISUMWSRYDBIHE INVENTUCGNS3 4 5 6 7 8 9 10 11 12
13 14 15 16 17 1 July 2002 PCT/US987 24643 The feed for the new process is a

hydrocar®bon ni xture that contains isomers of dinethyl naphthal ene (DW). The

o of or aisy GRERPlhe she et TterRaR IR Pravk e Rpical Bretodlat 0w
% Pot erg i abeparating 2, 6DV drom ar wdiuicesilDRIN isophdrelis uatatioblyrsgl apdr eans,
coal tar liquids, or the reaction products of a synthetic chem cal

processihg Fableyieldsanihemetinos s hightigfficient ity use of siethdnaphthaleoe are
O lirided. . A, . - . ¢ . ¢

pet ol cln nisohier HReoaading KT Surldl Srfifeahdd XeRitobRed 7, P09 ©

producet3 by the thermal cracking of catalytically refornmed gasoline;

aromatic fractions prodyced by the catal ytic crackin f thermally reforned
napht hal4 ar hes 0@5#?&@24?%?&%9%!%%8“% &P&ﬁ"ﬁ? ?t'%@ﬂl%{;og?mw%duced in
catal yt{£ c M’Qq I ; i ey m xed DIVNs
coul dyb1e§pr gg%ce ..{@gnmagé(é:ﬂg?#{:ﬂé?%E;ghrtﬁﬁméﬂyg)ﬁ?lgﬁédﬁﬁggs ,Ehgut not limted
to, : dehi@ir ogptar-rmmng @nmﬁr?qg\dlstqdn})prish?glmeragwsfcufmrys;tla&izmgmeambgwe?b .
ent enegs_ an ol.uene) de rocycl jzati on of, ni en ol ue e fromthe
B Keny! b | oRTOAPIAE AR iBrin e SEhEsIIEN aareising 2 XEimpHiatiAens and’

met hyl ngpht bat.giiRethlMaphitalé s Glionaly dis¥eiling iﬂ@éﬁtécﬁé%dn%&ﬁmf & hg?gé ed 18

with recycle streans fromthe downstreamisonerization step o
pr ocess19 19 splvest; rand resbyeringha predgminartiyr?, 6adimethydoaphithatenenst r eam of t he

f i i it 2i . ferred enbadi f i
fracti opdr eqorostin o e Gis<tutl eeplis SorPasRE TN osratng Bl s and boi i s
in the zppr@mh@;sétﬁmémaﬁhtﬁﬁl@ngggﬁio af ddsrpliGPtylunih.t Thercrp&alia@iorb 10F.

Fractionation can be acconplished by 25 conventional distillation in one or
nore di22i | lRecPBRlishaLnigh recevery of 26-MMN; independrnt)of isomeps presedll and dr aw

'n' the ir stk Ssofionieh SbathptidncOBldhh Y S 2. DR iRBaptferie: 11 e
over heagq andf (somére presaver ed as

25

26  Still another object of the invention is to fractionate the feed mixture of

27  dimethylnaphthalene isomers and near-boiling compounds before it is purified

28 by crystallization and adsorption to remove compounds that are either more

29  volatile or less volatile than 2,6-DMN and 2,7-DMN. The fractionation step

30 simplifies downstream purification and reduces the size of downstream

31 equipment.



29 val uabl e byproducts, recycled to earlier steps of the DWVWN production
process) 30 or used as fuel. In the second columm, conponents | estJilgl2802| e
t han 31 2we-Bsd7are coll ected fromthe bottons and can be rEcRVsIsRdeAS

val uabl e 1 July 2002 WD 991 33770 PCT/ US98I 24643 -gl by-products) recycled
to earlier steps of the DWN producti on_é).rocess) or used 2 as fuel.
Fractionation may not be required prior to crystallization if the feed 3
has a sufficiently high concentration of DVMN. 4 5 The fractionated DVWNs can
contain near-boiling conponents such as, but not 6 limted to,
pentyl tlol uenes, pentenyltol uenes, nethyl napht hal enes, 7 ethyl napht hal enes,

di met hy hy | j } L.,S&gal i ns,

trimet %?yl |gé§%€&%??h&[&ﬁ§’{ ﬁﬁéép%ﬁﬁéﬁg%fﬁéc&gﬁ tﬁg?m@b cl ose-boiling
aromat i, padahiinanily isomemsagthéhthanc2,6cDiid)) ndat areteitherdetdinedliretiied t o

m nimze the concentration of conponents that would crystallize at a 11
tenper & ur BOHIRNUOR SlUsing \bprarvtlizalion Step GrecaKeRciine exirast atipary 12

m ni m t BErirA ao&pHen' ; bAPAY irté ' Q%? ed 2,6-DWN .
13 pr o?ﬁctaeri@%%n a g?gfsgﬁg%bé&rmenent !ﬁt?%zmwlg%tﬁ?ﬁgte JDI\/N m xture
i's coolged approfimatesian equitibus: distibatidn of eimetitylraphdhplenictisomeos, that- DVN
and 2, 7-DWN. 17 The final ,coo0]ing t erature is dependent on the feed
conposit i oﬁa%lghf"l e\ﬁﬁ%\f‘ﬁ%‘? %gc 6?3%ﬁgg§°%ﬁﬂfl’&§teﬁor nelt crystallization,
the final ii ; f HRLeh! Y
concent at ORI LAY KoBehAUS s Bty ot feafly SREMLRUETSY b
For t heéd conorvérsiani afrisosmegs otiferahan 2;&-DMN)intorbefdasiledc2,6tisamerenper at ur e
isin e range of 155F to 80F. For 22 solvent crystallization, the final
cooling tenperature may vary over a wi de 23 range dependi ng on sol vent and
feed cpncentration but pRIEF BFEECRI OBHE pRrRAVWRGGr ef erably 80F to
40F. Pressure can be from0O to 25 3000 psi. An alternatrive to cooling is to
precipl2ate the 2,6-DW and a 26 eutectic by a conbination of cooling plus

21 S0 ol ek S5 2 wRYIRG iBbo&T o haiv b BibrepRiShBo sl gl
t hat reglucgniehiogol ubility of DWN in solution. 29 30 The crystallization

may be carried out batchw se or continuously. It may be 31 carried out in
one vessel or nore than one physically distinct vessel in series.

15  Figure 2 is a graphical representation of the amounts of various DMN isomers

16 in an effluent over time.
17

18  Figure 3 is a graphical representation of a solvent crystallization experiment.

19  Figure 4 is a graphical representation of the amounts of 2,6-DMN versus

20 2,7-DMN in an effluent over time.

21

22 DETAILED DESCRIPTION OF THE INVENTION

23

24 A continuous process for the recovery and purification of 2,6-DMN from a
25 hydrocarbon feedstock containing mixed dimethylnaphthalene isomers has
26 been developed. The process of this invention is comprised of fractionation,

27 crystaliization, adsorption, and isomerization steps. A simplified process flow
28 drawing of a preferred embodiment of this process is shown in Figure 1.



1 July 2002 WO 99133770 _g_ PCT/ U S98/ 24643 1 The preferred configuration
depends on the relative concentrations of 2 2,6-DW and ot her coApilde02
that woul d co-precipitate, especially 3 2, 7-DWN. |f crystallization is
carried oNP P Bhe vessel, the maxi mumrecovery 4 of 2, 6- DRRTUSIS4¢HEved by
cooling the fractionated DVWN m xture to the 5 2,6-DMV 2, 7- DWN eut ectic
conposition until all 2,6-DVWN has precipitated. If 6 nultiple crystallizers
are used in series, 2,6-DW is partially precipitated from7 the nother
liquor in the first crystallizer, separated fromthe supernatant) and 8 the
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carried out in either a static or ynam c design. 19 The m xture of DW
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contents are drained fromthe crystallizer. The heat transfer nediumis
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surfa Tha i it ; | ' i e t i of
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separ a3 yceuld beopitotiicedtfrorheecldrhical Sithagisireatesuch as { bet not limited

hydr oi soneri zati on/ dehydr ogenation unit in order to Ii(ncreas 28 the purity

of thel%, stopPkhydraayeiZalian.et RentyelHgne Madrfrarstirlkyatier oppericaeso

30 st oy a3 RS0 Aeriobiiandn oAl iBlier o mA% b g o

alterndi valkesyﬂaﬁentof@rvm-mylgheahidabugaaiarr]\beous;nﬂhylatimphr at ?I the 2 o
2, 6- 2,7- eutectic, and wo e . pr rred crystallization netho
3 For eoadalnyinapBRaLt. i £ A SgHEAMbORITISR: GPS oot ESaTmITAR vent such
4 as ajd OWWRAIrbbydle BRBATRIBRTHE dRvaRtdin Ssom¥tigation SepaTthisProbesy ane, or

an 5 al cohol |ike nethanol, ethanol, or isopropanol, or other classes of
sol vent® Alternatively, the recycle can be introduced downstream of the fractionation

20 unit.

21

22 In a preferred embodiment, the feed is fractionated to obtain a heart cut that
23 isrich in DMN isomers and boils in the approximate range of 480-520°F,

24  preferably in the range 500-510°F. Fractionation can be accomplished by

25 conventional distillation in one or more distillation columns. if one column is
26  used, multiple feed and draw streams are required. The preferred

27  configuration is to use two columns. In the first column, components more

28  volatile than 2,6-DMN are distilied overhead and can be recovered as

29 valuable byproducts, recycled to earlier steps of the DMN production process,
30 orused as fuel. In the second column, components less volatile than

31 2,6-DMN are coliected from the bottoms and can be recovered as valuable



6 such as ethers, or a | ow nol ecul ar wei ght carboxylic acid |ike acetic
acid) or a 7 conbination of solvents could be used. Light aromatfiduly 2002
hydr ocarwows3arm 8 preferred solvents with toluene and netpepaydsgngedshe nost
preferred. 9 Non-solvents nmay be added to enhance precipitation but -t hese
may inpact 10 final product purity it they cannot be adequately separated
in the adsorption 11 step. In a solvef crystallization process, the
crystals of 2,6-DWN and 12 2, 7-DWN are nechanically separated fromthe
solution using, for exanple, 13 filters or centrifuges, and either nelted
or re-ui sbyipredugis, ecycleddeieaglierateps of the DMN amedugiiondgrosees,. oriesed
supernatant .m xture.w ll contain, ail DW,isoners Jdncluding. trace

quant 141 o8 el TgadinhatoryiBpy hel bfesnibiBy pPRL e Sstalidon e iSd “Sene 1o
t he hygr ohgerEdifiGiEhhiphosHceaaaabh @f DMNL for further processing. 17 18
The crystals produced in a solvent crystallization process are optionally
19 waghed with another agent such as nethanol to renove nother |iquor 20

21 of The  BartBeiec B BOf spRRTALgRRbRbTRmherER e o bhfBel: oo™

from tde Rahitedld, pontyiidlasnes, pentehyitolgesem irrethyindpbitisalenesent ri f uges. The
washi ng agent is 23 cooled to near the crystallization tenperature to

ni ni nize BANIRARNBACNAS. dimethylhydeaaphthalenesdimetdtet@ingg t he wash, the

crystals ' : j ' WL i ni ng wash
agent aéand%e@gﬁel(&gﬁéﬁgﬁﬁti Ifnﬁ%pﬁ%@‘@é&l%b gtﬂchq%saeré ?ﬁan Zé( %9%‘.& An
accept@bl elogetissiliveg axsmatic, parafinic, wadmaphthenig topauards. at isydesitdabléhe DWN
crystals to remgve the liquid inmpurities as is done in 28 a wash columm. 29

30" ThEO 1 i fRMipimize thecorscerdtation; of companants thatayeyldGrystallize at2 pvN f r om

2, 6- . i i LAAHse swi ng- bed

uni t q(;[{r\l) ﬁ%rpégfatq%jﬁé@;d?%ﬁ% W@bﬁ%{i’%@%ﬁ‘? é@g} %@gﬁlg‘ SQ)!Ldig}ltgpr eferably, a
si mul #2 ed neinimize tioe! sineuitanemusrgcohesty wiiimpufities avithwhe gidsitdu2)6tDMA one bed
operates in adsorption node while another operates in regeneration 3 node.
The abt3or PEP#UGtat eri al sel ectively adsorbs 2, 7-DW fromthe feed 4 stream

| eavi g essentially pure 2,6-DWN in the effluent. Wen unacceptable 5
anounts of 2,7-DW appear in the effluent, the operating bed is considered
6 to have ln agurbtatrachembodiraént, the fractionated idhcimbguredscaotackt®, 7- DWN and it

is 7 k . Of i . Th bed i, I -1 i he fi
bea' i 165 Pugthitale 26 UM and A5 6ali ntbiodtioR EBrE offiiari 2 oMiNc an pe'
st aggey ed TiHy fhaA¢oliRg tetipaRiereas UchBABBRT 8/ itRE fdBfSomPostiohrie capi t al

and operating 10 costS. Adsorption and regeneration can be carried out
bat chiB se vdrethena selvenhisaadded. For meltgirystalization,dbatfieat aoelng novi ng bed

unit, ,the 12 2.6-DW 2, 7- nd i.tabl e desorpbent i r oduced
Lot iS15 teheBtatERie. A ot 2 SEE B BediioRYierEsaRke b 2 TN
produgk st o : i n j | um: an
iragd ¢ rariolag §:ridt ATRUUIIOM 216 ORI For e b B8 & oo ha
wer e es } : i Laf f i . 0 nt and
esseanFaI ﬁ@kﬁ%ﬁléﬂ{ﬁéﬁﬁ%plnﬁé&?% \ lér'@%%é%%%ﬁﬁé?m@%gﬁ fggpecti ve
adsor pgr eddivantictystallization, the fiddl cbalingltemiperaturasy vemytoves awider ned to the
adsorber, 2,7-DW is, conbined with 19 the supernatant tfromthe crystallizer
and r §§t edapge dgpending on solvent and feed concentration but may range from

24  230°F to -120°F, preferably 80°F to 40°F. Pressure can be from 0 to

25 3000 psi. An alternative to cooling is to precipitate the 2,6-DMN and a

26  eutectic by a combination of cooling plus pressurizing the system to over

27  7000-20,000 psi. Crystallization may also be induced by removing solvent by
28 evaporation or by adding agents that reduce the solubility of DMN in solution.
29

30 The crystallization may be carried out batchwise or continuously. It may be
31 carried out in one vessel or more than one physically distinct vessel in series.



20 hydroi soneri zati on/ dehydrogenation unit, and 2,6-DW is collected as 21
desired product. 22 23 Suitable adsorbents include crystalline 1 July2002
al um nosi || ca L-zeolites, X-zeolites) 24 Y-zeolites, Y O‘freltlte) and
Anber sor bWV864 ?75 carbonaceous adsorbent). 25 The preferredPSd&PBRHA3" ar e
Y-zeolites exchanged with Goup I and/or 26 Goup it nmetals (i.e., Na, K
Ca, Ba) etc.) with the nost preferred @-oup 27 netal being potassium

Sui t abl e desorbents include) but are not limted to, 28 light aromatic
hydr ocar bons such as tol uene, para-xylene, ethylbenzene) and 29

par a- diet thQ?? fehed %?ﬁlsgla?@tfcﬁf 6&%&@&6 R FlatieSeatictidtiondystr ocar bons 30
and t he nost eferred 1S para-xyl ene. The desorbent may be a conpound 31

wi th aahi gBé-DbtN endgtiber mmphamdsjthaéwguldlapmraapéate especillyy 2002 WO
991 33770 64 2. The .pr.ef d ope C ns. for the
adsor ptd ong;? 5@&2 Plhéa O'stsg%rf'gp'%ﬁ BHPNE S%{*@W EThfé:OVﬁrya

sol venty TB?Z@MDMWBS é@'\lé’ﬂ/é&@?%@@h lﬂbf#ﬁ&tlcﬁﬁﬁé@wmrhi&m@fothbe preferred
concentration range is from5%to 6 DWN. The solvent may be any liquid

that cén dR2£sBMNY DTvQWN@Laecttq@mawtt@nunhbalbalﬁalaw hasqrpeipgated. If

a1 phatd o My PR RUEHe 8 eRR selbfer SOMN 6 dly T RRBR e o

hept ane7 betrregrrrdmaernro@be irf £k et m@tanmaogé;mraw fremheaiupetRatintaand ange
from 80F to 220F) depending on concentration with a preferred 10

t enper & ur hesuperoatan is then trapsfeaedig opecyJuee wn%ta?@mb‘(ﬁsaeés st high 11
enough d o E?H@Bﬁ%ﬂretc%?ry&vf@bﬂﬂpbu 1 tuhﬂsgtf do ﬁgﬁ§WaB8&R€9h t he

12 col um. ow ra hay var epre Fon 1S Wth

li qui i3 QWUMNQQBWMeémecﬁQ/cr@bﬁﬁlhré c@l@oﬂadltdgemér Hn' thelevebd tHdte
adsorbent should be carefully dried to the proper water contenh to 16

maxi m bk tl‘ﬁ,@’%%rﬁé%tﬁ?f Hani 26t PMN.de Rekro-prec edﬂ&’”ﬁ of thererystalliggrs te is a
17 1 owsi ligpg t@@cobtaes@fﬂelenﬂimsOr%éntfa‘?iﬁﬂ drp @Wﬁtlﬁtaﬂle%' g@ é‘rtﬁéﬂm air.

If the water 1 ntent on t ent 1s too hi rbed wat er

wi || riglucéehe batettic @oogxosition, nttrynapbetdtb:aa@gndnmtte owée'calhesed:mvetrhe hi gh
surfac&)area of . t i 20, However,. if the ter.,content is too | ow,

|
the ad rpﬁsﬁﬁm@ég’g&zrg\%v%{ﬁﬂw pzncgtw%ngﬁ&e QUtRCHRROINI r eases. 22 23 Feed

to the two-step hydroi sonerizati on/ dehydrogenation unit consists of 24

m xed DIVNs epl.etdof26DIVNasweIIasnearbllln ts. Ina 25
pr ef er bed é'%@cﬁi tCW?\@'"%@M%@CBP'W§@%H5'@“WQ d?’?g’&%dl Ser 26
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The mixture of DMN isomers is introduced into the crystallizer and the

20 contents are cooled with a non-contact heat transfer medium. The desired

21  crystals form on and adhere to the heat transfer surface. When essentially all

22 of the 2,6-DMN has solidified, the cooling is halted and the remaining liquid

23 contents are drained from the crystallizer. The heat transfer medium is then

24  heated slightly to melt the solids off of the heat transfer surface. The initial

25 meit will contain a higher concentration of impurities than the bulk of the

26  product so it can be collected separately and routed with the other DMN

27  isomers to the hydroisomerization/dehydrogenation unit in order to increase

28  the purity of the 2,6-DMN/2,7-DMN solution going to the adsorption step. The

29  mixture of liquid 2,6-DMN and 2,7-DMN are sent directly to the adsorption
30 step.

31



31 1 July 2002 WD 99133770 PCT/ US98/ 24643 -13 1

Hydr oi soneri zati on/ dehydrogenation is carried out as described ihJuly2002
Pat ent Apploi®easiion Serial No. 081892,508 (Santilli and Chempdrt/l§dsedesdul v
14) 3 1997, which is incorporated herein by reference. The aronatic rings
of the 4 DWN nolecules in the feed are@wr]_st partially or conpletely
saturated to form5 dinmethyltetralins (IDMrs) and di met hyl decal i ns ( DVDs)
over a dual -functional 6 netal-acid catalyst (e.g., sulfided PdS/ Boron-Beta
with Al, sulfided 7 Pt S/Boron-Beta with Al, sulfided PdS/Y-zeolite, or

non- sul ¥i dAg ag #itgraativh -sRdventarysialigationesan e ysesdile sepaate e readil y

wth o neenoMYB PRI She Qs A RSB R Bleabrbd R brpls P
convert®d madkedowath 1dW csrentriatibhy of 218-DNINipls 2| ADMKUA solveht $ddis by
passi ng over a secqond catalyst 12 in a subsequent dehydrogenation reactor.
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DMT ' | ri ace
\(/el oz:i tlé; igﬁ%f\b/\ﬂig\el)%og{aeﬁ@gﬁtb tg)g’c?rﬁ@a%ﬁ%.é%&ﬁ)nel e’ﬁpgt Eﬁ%n%g'es)s/ufg can
vary frem Olanesdterddtdaybe addes toyehtarse/ predipitatioh dut tivese magtimpagan vary
o Toob SBareigyR! miii heyarcant be dsdately separaled tothe pdgorpton
di net h I ' ) At | ht hal ,
D T O Ry o B T e Be

achi evéd w2, irDNIN sare veschasticgllycsepssaed fromdbglsalytiomusiagj for exampie, process
of, t

yar of Lons etk SreriiioR o8 AReh mitaHiE 8 insoiyectarioy o BRG-ATER f eed 27
can bet4l oyRsl agyerptibh Stamt ¢2§%§8®6@Mﬂﬁnﬂﬁiﬂuwmpg@rﬁaﬁﬁéﬂ PMNhsormeact i on can

28 be perforned bat chw se. roduced in the

hydr oi $8neincluding trageifuantijen af i2:6rDMita well ésynaasbaiing:eempoundsrant as
5’[?3“‘23ggg”%gﬁ%&g@é@%ri%*a‘ﬁ‘é‘n/%eﬁy%e%%ﬁoﬁ %%%F Purthe\{'\%rggtlas?é?r?g?o -4 1
17

18 The crystals produced in a solvent crystallization process are optionally

19  washed with another agent such as methanol to remove mother liquor

20 retained between particles and contaminants that may adhere to the surface
21 of the particles. The crystals are once again mechanically separated from the
22  wash solution using, for example, filters or centrifuges. The washing agent is
23 cooled to near the crystallization temperature to minimize DMN dissolving into
24 the wash solvent. Following the wash, the crystals may optionally be dried

25 over mild heat to remove remaining wash agent and to partially sublime DMN
26 isomers other than 2,6-DMN. An acceptable alternative to solvent washing is
27  to partially melt the DMN crystals to remove the liquid impurities as is done in
28 a wash column.

29

30 The final purification step is adsorption separation of 2,7-DMN from 2,6-DMN.
31 The adsorption may be performed by either a simple swing-bed unit or, more



1 to extinction. In a preferred enbodi nrent, the m xed-DW product fromthe
2 hydroi soneri zation/ dehydrogenation unit, hereinafter referred HQung2602

i sonefate, is recycl ed and conbi ned with t he hydr ocarbon fresh feed to the
4 fracti oV P6H it for renoval of |ight and heavy cont amiRfdHy898/24643
Alternatively) 5 contam nants in the isonerate could be renoved in a
separate and distinct 6 distillation ehit and recovered as byproducts or
fuel. For exanple, MN and 7 TMN could be transal kyl ated to produce DWN and
increase the overall yield 8 of this process. In still another enbodi nent,
in theqab BFé?aBQ b'sﬁi‘ﬂhla‘?éd beamér&rﬁémtrﬁmmgrﬁe% uﬁlherﬁﬁ@ﬁlﬁb%é@ﬁhlpe
comﬂngle istilled DWs fromthe ractionation coltum as feed to
. the cr@st ane bed ooerataisnn adsorpiofxroda while anpihaxepgrateslinegeaenation

foll t t hat I i DIVN 17
be. sepd oubnony 1hetAbRE PR hoc b afisolie oMM (ARSI o
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non-2, 6/ 2, 7-isoners. 1920A m xture of isoners of 6.3 grans 1,6-DWN, 5.7
grams 22 7.DWN, 1.8 grams211,5-DWMN) 6.3 granms 2, 7-DWN, and 6.3 grams 2, 6- DV
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The solution was recrpitate reco precrpitate

was 1 i24edyvddlites \AOHHeitirs, famqkmbers@rrg@esssi(a earbonagsbus atdsbﬁmmy ature
under vacuum overni ght. 25 The product was found to be 90% 2, 6- DWN, 6%

2, 7- DMR) anbeJretarrest adsorbants arenéreolites exehangett withi Graup | and/or
26  Group Il metals (i.e., Na, K, Ca, Ba, etc.) with the most preferred Group |
27 metal being potassium. Suitable desorbents include, but are not limited to,
28 light aromatic hydrocarbons such as toluene, para-xylene, ethylbenzene, and
29 para-diethylbenzene. The preferred desorbents are aromatic hydrocarbons
30 and the most preferred is para-xylene. The desorbent may be a compound
31  with a higher boiling point than dimethylnaphthalene.



30 This exanple illustrates the overall separation process to produce pure
31 2,6-DWN froma feed of reformats oil . 1 July 2002 WO 991 3371Quly 2002
PCT/ | JSOM@ 4655370 161 Reformats oil froma chem cal synthespgTnasspigus fi ed
to produce pure 2 2,6-DWN. The reformats had the conposition shown below in
Table A: 3 4 Tabl e A Conponent Wi ght Piécentlight
conponent s0. 06t ol uenel. 8C2 al kyl benzenes€D. 60C3 al kyl benzenesl1. 88C4

al kyl benzenes?2, 61i ndan0. 17C5 al kyl benzenes2. 92C2

i ndans0. 86napht hal ene4. 28C6 al kyl benzenes41. 04C3 i ndans1l. 83C3

i ndene$0. 91net hyl napht hal enes6. 85di net hyl napht hai enes14. 7ot her9.49 5 6 The

first i, i ' t t t F and 520F. 7
The r cbul (ipaeres cRPi i il qrafg KR aRERt T IR 55 36
grams 9f djisddibtich 6f RSDMN tafimtlife #Ba SoR@nt.oTht @MRN®ag sk giegbRedf rom 10
80F to -5F at a rate of O0.3FImn in a stirred batch crystallizer. The

rel atide 10 apyrmonsentation but theyprejarecwencentration rangsisiremb%ueieiset hi s

Concener a? B oY Sob@al b G dny HBuiEL B4 Saficliosa P OMI® a2 8T Ee) o
30F. A l4inhé&ephante aesofstiopvediédtivity /-Siitdite BoRehtsaaredightlasomatieps -
However, the 15 other isoners present remained substantially in solution.

These VSormdéocawgweémtwiwdrqcazbena vithecarbgngurobarifram § ¢ 20, 15 16 17
18 19 g with octane or heptane being the preferred solvents. Operating temperatures

9 can range from 80°F to 220°F, depending on concentration with a preferred
10 temperature of 140°F to 180°F. Operating pressure may vary but is set high
11 enough to maintain the solvent and DMN feed in a liquid state through the
12 column. The flow rate may vary but the preferred condition is with a liquid
13 hourly space velocity (LHSV) from 0.1 to 10 hr™.

14

15  The adsorbent should be carefully dried to the proper water content to

16  maximize the separation factor between 2,6-DMN and 2,7-DMN. Y-zeolite is a
17  low silica zeolite and, as such, it readily adsorbs moisture from air. If the water
18  content on the adsorbent is too high, the adsorbed water will reduce the

19  accessibility of the adsorbate molecules to the high surface area of the zeolite.
20 However, if the water content is too low, the adsorption selectivity of 2,6-DMN
21 and 2,7-DMN decreases.

22

23 Feed to the two-step hydroisomerization/dehydrogenation unit consists of
24 mixed DMNSs depleted of 2,6-DMN as well as near-boiling components. Ina
25 preferred embodiment, the source of these DMNs is the crystallizer

26  supernatant and adsorber extract as previously described. In addition, any
27 teed that is substantially depleted in 2,6-DMN, such as petroleum refinery
28 streams, coal tar liquids, or the reaction products of a synthetic chemical

29  processing route can be used exclusively or as co-feed with the supernatant
30 and extract.
31



20 21 22 1 July 2002 PCT/ US98/ 24643 were therefore phase separated fromthe
2,6:DW and 2, 7-DWN. The solid precipitate forned was col | ected ankily 2002
separ at e e adhering bulk fluid. The resulting precipitate

conposi t?\gg?ggm‘épven bel ow in Table B. The precipitate was FHTEE3PA43 i n

m xyl ene and fed to a columm of adsorbent with K-Y zeolite. Effluent” was
recovered and dried. Product was essentli3ally pure 2,6-DMN. Table B
ConmpoundDi stillate (w% Precipitate (W % Product

(Wt % 1, 7- di met hyl napht hal ene26. 05. 31, 3-di net hyl napht hal ene0. 701, 5- di et hyl n
apht hal enep éQﬂscﬁné’himtdwdj&wwéﬂ\@ﬁtﬁ?é &fméa,oln dsra%tsbﬁbeamlhsl enel9. 813. 1
2,6-dinmeth napht hal enel8. 9 2> 99.9Q her 3. 2 Exa 4 This exanple

i |1 ust r2at eéatem Application Sagal Noy88/8a92,508 (%antflloandxﬁdwrﬁyfﬂ@dsbﬂpﬂ fion where

and moth PR i EREbrafits Berein B akbuane, TR ASeR TS e "l o o

250 nl gl a@MNM@étﬁdsmtﬁeﬁlﬁée@ﬂar‘éﬂﬁseFan&ll oplcaniplates, émﬁﬁeﬁddttblf@fwh the
jacket to cool the solution from 75F to 45 at _ the rate of 8F every 7

m nuted sdimetbylistealingi (PMTEY) andidimethyldagaling (DMDs oxPE ameé-ﬂﬂntpttoaabd

thro an r wer e washed
w9 S nfbdi i@ a8 of B ffiadIPITBRNGTBE It A diibided o1 E, 1
crystalad wet$/Bedorl-Ba%a gmarm gulfidet P dSbaediite oo won-SWAGEH TUTE SHEET (RUL. E
26) WD 99133770 -18 1 3 4 1 Jufy 2002 PCT/US98/24643 the so]ids
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11 essentially equilibrium distribution of DMNs by passing over a second catalyst

12  in a subsequent dehydrogenation reactor. The second catalyst is a reforming
13 catalyst that suppresses transalkylation, dealkylation, and cracking reactions
14  (e.g., sulfided PYRe/Al;O3, sulfided Pt/Na-ZSM-5, or PtS/Cs/Boron-SSZ-42).
15 In a preferred embodiment, the yield of partially saturated species (DMT) from
16  the hydroisomerization reaction should be at least 5 weight percent. Ina

17  more preferred embodiment, the yield of partially saturated species (DMT)

18  should be at least 10 weight percent. The weight hourly space velocity

19  (WHSV) can vary from about 0.1 to 100 hr', the pressure can vary from 0 to
20 3000 psi, the hydrogen/hydrocarbon molar ratio can vary from <0.1 to 100,

21  and the reactor temperature can vary from about 300°F to 1000°F.

22  Approximately 50% conversion of 2,7- to 2,6-triad dimethylnaphthalenes with
23  little or no formation of methylnaphthalenes, 1,2-DMN, 1,3-DMN, 1,4-DMN,

24 2,3-DMN or trimethylnaphthalenes can be achieved with this two-step process
25 through optimization of the process conditions. In all the embodiments of the
26  hydroisomerization/dehydrogenation process, the dimethylnaphthalene feed
27 can be flowed over the catalyst along with hydrogen gas or the reaction can
28  be performed batchwise.

29

30 DMN produced in the hydroisomerization/dehydrogenation unit is recycled

31 and recovered as product and DMN isomers other than 2,6-DMN are recycled



18 19 20 21 22 23 The recovered crystals were dissolved in neta-xylene to
give a solution of 5% DWVWN. The above sol uti on was punped t hrought duly 2002

st ai nl esavebesd77eol um (width 318"; length 12") packed W t pchubogsags of
powdered K-Y zeolite. The effluent concentration of DW i sonmers was .
measured over tinme and is shown in Fi ggre 4. Solution was recovered for 105
m nutes at which tine 2,6- DW breakthr ‘ﬂl’gh was detected. The effl uent
recovered was dried and the product was pure 2,6-DW. Exanple 5 This
exanple illustrates the additional purification that can be obtai ned by a
partiall sublextaction pr aqestertdthembodimantutiia eixid:DMN produaetfremihe- DIVN
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room tenperature overni ght under vacuum The resulting conposition is also
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9 contaminants, the isomerate can be commingled with distifled DMNs from the
10 fractionation column as feed to the crystallization unit.

11

12 EXAMPLES
13

14 Example 1
15

16  The following example illustrates that a complex mixture of DMN isomers can
17  be separated by dissolving them in a solvent and passing the solution through
18 an adsorbent column. Furthermore, this example also illustrates that

19 2,6-DMN and 2,7-DMN isomers are well separated from each other in this

20 way. This example also illustrates that other isomers, such as 1,6-DMN,

21 1,5-DMN and 1,7-DMN, elute before 2,7-DMN and close to 2,6-DMN.

22 Therefore, using an adsorption purification process to recover 2,6-DMN when
23 the feed contains 1,6-DMN, 1,5-DMN and 1,7-DMN isomers, as in prior art,
24  has a reduced efficiency and therefor is more expensive to operate. The

25 adsorption process becomes much more efficient when a prior step is used to
26  remove or reduce the quantity of isomers other than 2,6-DMN and 2,7-DMN.
27

28 A mixture of DMN isomers having the composition 8.93% 1,7-DMN; 1.88%
29 1,5-DMN; 8.94% 1,6-DMN; 31.05% 2,7-DMN; and 49.20% 2,6-DMN was

30 dissolved in meta-xylene and passed through a column of potassium-

31 exchanged Y (K-Y) zeolite adsorbent. The weight of the adsorbent was



A sample 2,6-DWN containing 2,7-DVWN isonmers was rinsed with cold acetone.
The acetone wet mixture was anal yzed and found to have the conpogifu moz
report ed, %&9‘(3% .Z(al vent-free basis, in Table E. The noist solid was ed at
room terrp‘é’ P&%verni ght under vacuum The resul ting comgGér(lﬁggﬁ“i“% al so
reported in Table E. Table E Wet Sanpl e Conposition (solvent-free i

basi s)Dri ed Sanpl e Conposition2, 6- DMN915-7%699. 992, 7- DMN8. 3%<0. 1 15 16 17 18
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6 the effluent was approximately 91.2% 2,6-DMN; and at 60 minutes run time,
7  the Cet/C, was approximately 0.75. At the interval between 60 and
8 70 minutes, the DMN in the effluent was approximately 81.5% 2,6-DMN; and
9 at 70 minutes run time, the Cq4/C, was approximately 0.975. At the interval
10 between 70 and 80 minutes, the DMN in the effluent was approximately
11 74.5% 2,6-DMN, and at 80 minutes run time, the C.4/C, was approximately
12 1.05. A more complete graphical representation of the amounts of the
13 various DMN isomers in the effluent over time is shown in Figure 2.

14
15 Example 2
16

17  The folloWing exahple illustrates the use of a coarse crystallization step to
18 reduce the level of non-2,6/2,7-isomers.

19

20 A mixture of isomers of 6.3 grams 1,6-DMN, 5.7 grams 1,7-DMN, 1.8 grams
21 1,5-DMN, 6.3 grams 2,7-DMN, and 6.3 grams 2,6-DMN was dissolved in

22 15 grams toluene, then cooled in a stirred vessel to 32°F. The solution was
23 filtered and a precipitate recovered. The precipitate was rinsed with cold

24 methanol, and then dried at ambient temperature under vacuum overnight.

25 The product was found to be 90% 2,6-DMN, 6% 2,7-DMN, and 3% other
26 DMN isomers.

27
28 Example 3
29

30 This example illustrates the overall separation process to produce pure
31 2,6-DMN from a feed of reformate oil.



VWHAT |S CLAIMED 1S: 1 July 2002 PCT/ US98124643 1. A nethod of purifying

2, 6-di et hyl napht hal ene froma feed m xture of di nethyl napht hal eneJiug@vers
and near - B8 %3¢ %onpounds conprising the steps of: (a) cryptpbkispapd t he
m xture to precipitate out of a supernatant a precipitate conprising.

2, 6- di met hyl napht hal ene and 2, 7-di net h_;ﬁlsr_lapht hal ene; (b) dissolving the
precipitate in a solvent; and (c) passing the dissolved precipitate through
an adsorbent to recover an effluent conprising 2,6-di nmethyl napht hal ene. 2.

The nethod_.a corqi ra%fto Oajr‘ﬁm 1, wherein the rre_%_hgd further conprises)
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di met hyd napht hal ene isonmers other than 2, 6-di nethyl naphthal ene that are
retained in the supernatant from steq. &?ngr adsor bed onto the adsorbent

fromstep (c) to convert the isoners m Xt ure consisting essentially of
an equilibriumm xture of dinethyl napht hal ene isoners. 4. The net hod

according to Clfaim 3) W € equiTrprrummxtor T
di met hyl napht h s rfibghé }_g_c_yg_l_gd hack to ?Q@n&r‘??@na}inn step. 5.
The net hod accdrdi ng fightGtermpogentaher ei n{t he equil i 0.08m ni xture df

di et hyl napht hﬂ[ ene | Som{pﬁ.‘én} recycled pack to the grystaritrzingistep. 1
2345678 1034342 134 A 15 16 17 18 .19 20 21 23 24 25 24 27 28 29
30 31 1 July 2002 WO OaladgyiyenemBisUS98/ 241643 -226. Th80net hod accdrding to
Claim2, whereiln) aft t he method Turther nprises pur}i fyi ng
the effluent by aﬁwt%\ﬁ%é{e}gegg: {a)r-cool-ng-t hﬂ1'§8fllmnf to_fgroduce
solid precipitate; (bFsadieibenzanes solid|precipitate®.64nd (c) dryijng the
washed precipitlate under qﬁaﬁgt lons permtting part Ik 7SublTmation of

i soners ot her thar—26—-cirethy-hraphthalephe—f+om-t-he—precipitate— 4. The

nmet hod of clainh 1, wh&sdlylpenzem@sd nixtlire i s prep®.88 by a procdss
conprising the |steps of : c{fdaHsky! ation pf toluene 86 a G olefin or

m xed C5 ol efi H—the—presence—of—an—altkat—retal—t+e—+Formpentylt ol uenes;
and naphthalene 4.28
Cs alkylbenzenes 41.04
Cj; indans 11.83
Caindenes 0.91
methylnaphthalenes 6.85
dimethylnaphthalenes 14.7
other 9.49
5
6  The first purification step was to distill a heart cut between 500°F and 520°F.
7 The resulting distillate composition is given below in Table B.
8
9 38 grams of distillate was diluted with 38 grams of toluene and cooled from

10 80°F to -5°F at a rate of 0.3°F/min in a stirred batch crystallizer. The relative

11 concentration of various DMN isomers in solution during this process is
12 shown in Figure 3. In Figure 2, it can be seen that the concentration of
13 2,6-DMN was reduced as temperature was reduced below 30°F. At

14 temperatures below 5°F, 2,7-DMN concentration also drops. However, the

15 other isomers present remained substantially in solution. These isomers



b) dehydrocyclization of the pentyltoluenes over a catalyst conprising a
Goup VIII metal or a mxture of Goup VIII netals and a support1daly2002 .
8. The nethod of claim7, wherein the Goup VIII nmetal is selected fromthe
group con¥&PPAY %f Pt, Pd) Ni and Ir. 9. The method of cl AGHYSBR#MPein

t he support material is alumna. 10. The nethod of claim7, wherein the
catal yst further conprises a netal sel ecléd fromthe group consi sting of
Re, Ge and Sn. 11. The nethod of claim1l1, wherein the feed m xture is
prepared by a nethod conprising the steps of: WO 991 33770 1 July 2002
PCT/ US98/1246Ware theréfor@phabé& gephedtedrirarh tha 2@ DAN amel 27t DMNIt Atieesotidt 0
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m xture is prepared by a 16 process conprising fractionation of m xe

hydr ocar bon puree2BsDMNind in 17 coal tar liquids. 18 15. The , net hod of
claim1l, erein, in step (a), the mxture is cooled. 19 20 16. The net hod
of claim®L, wherein, in step (a), the mxture is cooled in a 2 i solvent.
22 17. The method of claim1, wherein, TapisBep (a), the mxture is added to

a 23 solvent and the solvent is evaporated. 24 25 ) 8. The nethod of claim

1, wherein step (a} is carried out in one sgel 26 27 19 _The nethad of
claim1, whgrein Soeppdumd i s cdrr i@istiltase bt;Ppacipitabl(wt%ﬁ pPedupt Matd)rfg t he
2,6-DW and{2,7-DWN from the supernat®pt iph a first 29 vgssel and thgn by
transferrin he 3 ant-taoa a s Na—VESSEr 30 further precipijt at e
2, 6- DWN andg;'q]?&lm\%%?ﬁql ﬁ? gne, pern gnL 53
1,3-dimethylnaphthalene 0.7 0
1,5-dimethylnaphthalene 55 0
1,6-dimethylnaphthalene 25.9 54
2,7-dimethyinaphthalene 19.8 13.1
2,6-dimethyinaphthalene 18.9 76.2 >99.9
Other 3.2
10
11 Example 4
12

13 This example illustrates the use of rough crystallization followed by adsorption
14  where the feed has a high proportion of 2,6-DMN.
15

16  83.5 grams of a mixture of DMNs and meta-xylene (with the composition

17  shown in Table C) was charged into a 250 ml glass-jacketed agitation vessel.
18 A coolant was passed through the jacket to cool the solfution from 75°F to

19 45°F at the rate of 1.8°F every 7 minutes. Solids precipitated and the

20 resuiting crystals were filtered through an 8 micron filter paper and recovered.
21  The crystals were washed with a small amount of methanol and dried under
22 vacuum. The purified crystals weighed 1.25 grams and the composition of

SUBSTITUTE SHEET (RULE 26)



: WO 99133770 -24 1 July 2002 PCTI US98124643 1 2 20. The nethod of claim
1, further conprising, before step (a)) cooling the 3 feed m xturduly@0pRst
above 2, gvd¥d32707- DWN' s eutectic point and 4 recovering puperesssiddy 5 6
21. The nethod of claim1l, wherein step (c) uses two or nore adsorption 7
vessel s operating as a sinulated counterqgurrent noving bed unit. 8 9 22.
The nmethod of claim1l, wherein step (c) uses two or nore adsorption 10
vessel s operating as a swing-bed unit. 11 12 23. The nmethod of claim1,
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18 netal® selected fromthe group consisting of Goup |I netals) Goup Il 19
metal s apd m xtures thereof. 20 25. T br[ei;ehod of claim 24, wherein the
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+,-*-..17. . partial sublimation process that occurs while drying.

18 A sample 2,6-DMN containing other DMN isomers was rinsed with cold

19  methanol. The methanol-wet mixture was analyzed and found to have the
20 composition reported, on a solvent-free basis, in Table D. The moist solid
21 was dried at room temperature overnight under vacuum. The resulting

22 composition is also reported in Table D.

23
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15

16  Although a few embodiments of the invention have been described in detail
17  above, it will be appreciated by those skilled in the art that various

18  modifications and alterations can be made to the particular embodiments

19 shown without materially departing from the novel teachings and advantages
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1 WHAT IS CLAIMED IS:
2
3 1. A method of purifying 2,6-dimethyinaphthalene from a feed mixture of
4 dimethyinaphthalene isomers and near-boiling compounds comprising
5 the steps of:
6
7 (a) crystallizing the mixture to precipitate out of a supernatant a
8 precipitate comprising 2,6-dimethylnaphthalene and
9 2,7-dimethylnaphthalene;
10
11 (b) dissolving the precipitate in a solvent; and
12
13 (¢) passing the dissolved precipitate through an adsorbent to recover
14 an effluent comprising 2,6-dimethyinaphthalene.
15
16 2. The method according to Claim 1, wherein the method further
17 comprises, before step (a), a fractionating step to remove compounds
18 more volatile and less volatile than 2,6-dimethylnaphthalene and
19 2,7-dimethylnaphthalene.
20
21 3. The method according to Claim 2, further comprising isomerizing
22 dimethylnaphthalene isomers other than 2,6-dimethylnaphthalene that
23 are retained in the supernatant from step (a) or adsorbed onto the
24 adsorbent from step (c) to convert the isomers to a mixture cohsisting
25 essentially of an equilibrium mixture of dimethylnaphthalene isomers.
26
27 4. The method according to Claim 3, wherein the equilibrium mixture of
28 dimethylnaphthalene isomers is recycled back to the fractionating step.
29 5. The method according to Claim 3, wherein the equilibrium mixture of
30

31

dimethylnaphthalene isomers is recycled back to the crystaliizing step.
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The method according to Claim 2, wherein, after step (c), the method
further comprises purifying the effluent by a method comprising:

(a) cooling the effluent to produce solid precipitate;
(b) washing the solid precipitate; and
(c) drying the washed precipitate under conditions permitting partial

sublimation of isomers other than 2,6-dimethylnaphthalene from
the precipitate.

The method of claim 1, wherein the feed mixture is prepared by a
process comprising the steps of:

(a) alkylation of toluene with a Cs olefin or mixed Cs olefins in the
presence of an alkali metal to form pentyltoluenes; and

b) dehydrocyclization of the pentyltoluenes over a catalyst comprising
a Group Vil metal or a mixture of Group VIl metals and a support
material.

The method of claim 7, wherein the Group VIl metal is selected from
the group consisting of Pt, Pd, Ni and ir.

The method of claim 7, wherein the support material is alumina.

The method of claim 7, wherein the catalyst further comprises a metal
selected from the group consisting of Re, Ge and Sn.

The method of claim 1, wherein the feed mixture is prepared by a
method comprising the steps of:
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12.

13.

14.

15.

16.

17.

18.

19.

(a) alkenylation of ortho-xylene with butadiene to form
pentenyltoluenes; and

(b) dehydrocyclization of the pentenyltoluenes in one or more steps to
form a mixture of dimethylnaphthalene isomers.

The method of claim 1, wherein the feed mixture is prepared by a

process comprising alkylating methyinaphthalene to form mixed
dimethylnaphthalenes.

The method of claim 1, wherein the feed mixture is prepared by a
process comprising fractionation of mixed hydrocarbon streams
resulting from petroleum refining.

The method of claim 1, wherein the feed mixture is prepared by a

process comprising fractionation of mixed hydrocarbon streams found in
coal tar liquids.

The method of claim 1, wherein, in step (a), the mixture is cooled.

The method of claim 1, wherein, in step (a), the mixture is cooled in a
solvent.

The method of claim 1, wherein, in step (a), the mixture is added to a
solvent and the solvent is evaporated.

The method of claim 1, wherein step (a) is carried out in one vessel.

The method of claim 1, wherein step (a) is carried out by partially
precipitating the 2,6-DMN and 2,7-DMN from the supernatant in a first
vessel and then by transferring the supernatant to a second vessel to
further precipitate 2,6-DMN and 2,7-DMN from the supernatant.
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6 21. The method of claim 1, wherein step (c) uses two or more adsorption
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7 vessels operating as a simulated counter-current moving bed unit.

8

9 22. The method of claim 1, wherein step (c) uses two or more adsorption
10 vessels operating as a swing-bed unit.

12  23. The method of claim 1, wherein the adsorbent comprises a material

13 selected from the group consisting of crystalline aluminosilicates,

14 L-zeolites, X-zeolites, Y-zeolites, Y Offretite, carbonaceous adsorbents
15 and mixtures thereof.

16

17 24. The method of claim 23, wherein the adsorbent is exchanged with

18 metals selected from the group consisting of Group | metals, Group i
19 metals and mixtures thereof.

20 25. The method of claim 24, wherein the adsorbent is exchanged with a

21 Group | metal.

22

23 26. The method of claim 25, wherein the adsorbent is exchanged with

24 potassium.

25

26 27. The method of claim 1, wherein the solvent in step (b) is a light aromatic
27 hydrocarbon.

28

29 28. The method of claim 1, wherein the solvent in step (b) is an aliphatic

30 hydrocarbon having a carbon number from 5 to 20.
31
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