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A method is disclosed to produce 2,6—d|methylnaphﬂlalene (2,6-DMN), used for the production of pol
yethylene naphthalate, at hi
punty and high yicld from a mixture of dimethylnaphthalene isomers without limitation to the specific mome;sypresentpm thetf.;ed byg:
series of fractionation, crystallization and adsorption steps.




29 Furthérnore, the adsorption step_waé often followed by an additional 30
crystallization step to obtain the desired product purity. 31

- 2- 1 An aqu conplication in the comerci al producl;q,ﬁps

2,6-DW is the bbﬁlfflculty of converting DWN i soners ot her an%‘w&3 DIVN
into the desired 3 2,6-DW isoner. It ig_well known that during DWN

| sonerization, it is easy to 4 nove nethyl groups on a napht hal ene ring
when they mgrate froman alpha 5 position (i.e., 1, 4, 5 or 8) to a beta
position (L.e., 2, 3, W ficult when

t he net hyl L|groups rrustﬁlrearcggr!-%eR r@nnygﬁ?e%g%%ﬁﬁwmxg anot her. DWN
i sonmers hage been cl asmMETéhYLNABHgTI-Ml;ENESIB%GR‘YSTM:IBIZAMIOIN,n 8 which

i somerization is readily acc (1) 1.,5-DW, 9

1, 6- DWN, afd 2,6-DWN. (2) 1%%8@%&%%%% and 10 (3) 1

, 3- DIWN, 144DIVN and 2,3-DWN. The tenth isoner, 1 ,2-DWN, consists 11 of
tvvo nmet hyl _groups i n adjacent aﬁWns and does not fall

12 into oRe of the aforenentio Npr oducers have

devel oped get hods for making commercial quantities of 15 2,6-DW by

avoi di ng co produ0| ng the 2,7-DWN i soner because of the 16 difficulty in

recoveri ng 72, 6LIIVRVERtIGR i§kates & & precassdopthessapasation of 2,646NN from other

Pur thermor & IORAUSSHnSrd dnPodivetbioh of RAIZIe DMK Ibrhe R TRic g ety (he 18
2,6-triad because of the ficulty Tn isonmerizing across triads. |soners
that 19 &anrd6- WNCR:SQW{ ed to 2,6-DWN represent a yield Ioss and

i nefcj‘ i ci enfg use of 20 raw materi aI s. Additionally, adsorption is not
practi cal when the concentratlon 21 of 2, 6 DW in the feed streamis | ow
because tHdre are no known ng ; ; Nerentially adsorb
2, 6-DWN oyey the other isoners. These

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

.15 dicarboxylate (2,6-NDC). 2,6-NDA and 2,6-NDC are monomers éither of
16 which, when combined with ethylene glyco!, 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 dimethylnaphthalene are difficuit to separate from one another
21 by distillation because their boiling points are véry 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 followed by an additional

30 crystallization step to obtain the desired product purity.
31



23 limtations often necessitate the use of expensive raw materials and 24
controll ed organic synthesis reactions that can produce only isoners in the
25 2,6-triad, al kyl ati on of butadi ene and ortho-xyl e

met hyl ati on oF Zghyﬁgthyinaphthalene. 27 Technol ogi es relapﬁﬂb o‘?ﬁ%
purification of 2,6-DW from DWN isonmer 28 m xtures by crystallization,
adsorption and distillation are known as afe 29 technologies relating to
the i sonerization of non-2,6-DW to 2,6-DWN. 30

- 3- 1 Separation of DWN isoners by crystallization is relatively

st r ai ght f or lar d\n additignal somplicationdmibe cemmersial pradustion gh2:6nDBINsIs tiy

I soner, or bf ayk A biSi i fi

crystallize c?ggﬂ“tysd_f?fﬁ?,g@r?ggwl\}Rﬁqtgﬁﬁﬁég&ﬁ !rari_a né%-tdl\fil]}l lﬁﬁgh%gir??:g%? ration
of 2, 6- DWN Bs f-DMNispmerndt sweltnawvrcthapduring BMN isomgrizatign, it is easy to

concent rat | an TRORTPBBEURERRIEa RaBhHnb i Aibrl bl Hiorate il an alnta,
low yield o hin_g:lsitipur(i-e-y‘l. 4, 5 o) toambeta nsitminn(ee., 2| B, 6loe 7riox vicee/ecsm bubt s
o oo W LR BB b e HEHERGH BT EH Rbstichfo,
produce a ni7xt iamether! DN Gsddhbtsdiavecebn cladsifiesl intcgroups cated fitiadst within
T E 2 oA RBRR SRR b HSLctRishal thebd e ST 5L BB 0 2k
they form ageutie6-DMN, diid 246-DVIN (2 8.7-DIMN, 1)8-DMNdGRI 27LDMNs @pdr at i on for
oubl i shed Rt (€T SRl 1 BRIN. A1k 25:OMRE i tent isomerc b RINvCRBESON .
Thi's |imtati orofme esethyl groups in adjacent alpha and beta positions and does not fall
12 into one of the aforementioned triads.
13
14 Producers have developed methods for making commercial quantities of
15 2,6-DMN by avoiding co-producing the 2,7-DMN isomer bacause of the
16  difficulty in recovering 2,6-DMN at high yield in the presence of 2,7-DMN.
17  Furthermore, producers have tried to avoid making isomers outside the
18  2,6-triad because of the difficulty in isomerizing across friads. Isomers that
19  cannot be converted to 2,6-DMN represent a yield loss and inefficient use of
20 raw materials. Additionally, adsorption is not practical when the concentration
21  of 2,6-DMN in the feed stream Is low because there are no known materials
22 that will preferentially adsorb 2,6-DMN over the other isomers. These
23 limitations often necessitate the use of expensive raw materials and
24  controlled organic synthesis reactions that can produce only isomers in the
25  2,6-triad, such as alkylation of butadiene and ortho-xylene, and methylation of
26 fnethylnaphth_alene.

27 Technologies relating to the purification of 2,6-DMN from DMN isomer
28 mixtures by crystallization, adsorption and distillation are known as are

23 technologies relating to the isomerization of non-2,6-DMN to 2,6-DMN.
30



17 expensive to recover 2,6-DWN from n xed DVWNs by adsorption al one 18
because the adsorption equi pnent nmust be very large in order to renove all
19 conponent sy@bddmanrot han 2, 6- DMN from a feed streamthat comcgzss/sigpd | 20
guantities of 2,6-DVWN. 21 22 One technique for overcomng the |imtations
of 2, 6-DWN purlflcatlon by 23 crystalllzatéon or by adsorptionis to

conbl ne the two technol ogies. Such a 24 conbination has al ways previously
been done by using the adsorption step as 25 a feed pretreatnent step

rior to the cr Sta||.IZ . [ LV i , br eak
Phe 2, 6 ovuiz. Sabarein ol $6MBrs theddtaiedidllis ThRARAN SrRREIMEALR f el the
napht hal enezrl fged Ebmpbewuhus qgjtmgnin'hz,s -BNINASombetoraf a tr?whﬂemst forma
eutectic at the sa 0 tion, a e 3 apht hal enes, . so, an

i ncr ement al %u%ﬁ%b&f’ IgFﬁzg‘%f%Edtg '?é%qdr@ %s'sr‘g of idomers within a trad.
-4- 1 camg begf ﬂﬁcébh%éﬁﬁaﬁbh &2, S-IDMN% Welnasécwmaéuteaumnﬁ@éwdf %ﬁﬁﬂétl ng
the DW 2 feed. 3 4 t has been disclosed t noneut ect xture

containing 2 6-a¥Nalizationran progige BYIS 6 \gM‘N “% FHQhI vieldsndfithe §°B¢e"8ﬁﬁ‘éf‘
hydr ocar bong Cad? Zb@ﬂMN‘\‘éJqu_b g aBevé thel didéctichOrmipIENidH, Ty §ield & high ?uﬂ%ﬂ ure

of 2,6-DWN and 2, /- Wwever, no teaching Is given that sUb tion

can be used % o PMN aan be gbtainesi. piAtie:mixtura/monsisis of dsamersiwithin the 2.6DMbk m of
een | m t o ¢ arnay e Wrechysiha el dimb@RTRs DML LTI 00, Tove
gr oup s bet wéen 26;RMYncambpieasiynigomerized to produce a mixture with 2,6-DMN above
10 the eutectic composition. Crystalllzatlon alone becomes insufficient to purify
11 mixed DMNs to make 2,6-DMN when both the 2,6-DMN and 2,7-DMN
12  isomers are present because they form a eutectic. .
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
w) 22 One technique for overcoming the limitations of 2,6-DMN purification by
23 crystaliization 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 crystallization 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 resulting 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




12 beta positions only. Santilli and Chen, U S. Patent Application Serial
13 No. 08/892,508, filed July 14,1997, which is incorporated herein by 14
reference, di SgdheHRsea Nethod of isonmerizing a feed of any cegpsésdiseds of
15 m xed di net hyl napht hal enes having a nethyl group on each ring to a

product 16 that approxi mates an equili brj4gm m xture of m xed
di net hyl napht hal enes 17 having a nethyl group on each ring (i.e., the

2,6-DW and 2,7-DWMN triads). 18 The nmethod of the present invention _
i ncorporates this nmethod of 19 1isornerizatiqn acr the t L 20 21
Resear cher s thaf@niB& re5Pvaed b¥@Hﬁﬂ?&'gﬁyqﬂﬂevé&%?qii%yﬁoqeﬁ@Iﬂz)%ﬁ&Ni n an

22 attenpt otofesgprove the overall process of- 2, 6- DMN production. These

various 23 _attenpts to integrate the technol ogies have had |imted success
bécause the324 various steps of the process suffer from such problens as

low yields gr thRagBeeri 8igBlbbéd that 8 noReGREIEZ DM iRER Edritaifing £6-DMN The
t echnol ogi es di scussed above relate either generally or specifically to 28

certain asp8ct nsk2,¥ IRMYraleng ity sealigrasaoyrms ehethen hydioeawons GaRdtogi es are
29 either g?t s‘ﬁ%!iﬁﬁa?éct{ %%Yﬁe%ﬁ%%r;%gélm?aﬁﬁ xtrdlof 24-BMN Bea StABRaL i al |y

| |
pure 30 2,6-DW fromteeds containing a variety of DN I soners outside the
31 2,6-tridd. Howeversnnigeghingiisgiven thas subliroatinn eanibe ysed tripedya 6- DWN at
-5- 1 hi i L) A ; ey % & i t hout
being lim tgc] %{ét‘%mt e gy)e'gl '%ga\g%'%é%sﬁngpggent E_)f%RtEHe eg‘?ﬁsﬁélﬁgw met hod
shoul d convé®&t 3 isomers other than 2,6-DMN into the desired 2, 6- DWN

source.  Thahr efiolE reriflod eeBbBHE nevE st linfefaii e e
11 conversions, i.e., movement of methyl groups between adjacent alpha and
12  beta positions only. Santilli and Chen, U.S. Patent Application Serial
- 13 No. 08/892,508, filed July 14, 1997, which is incorporated herein by
14 reference, 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-



6 7 S SUVMMARY OF THE | NVENTION 8 9 One object of the
present invention is to provide an econom cal nethod of 10 separating

2, 6- DW from avonedsmmwe of DVN i sonmers in relatively high and Adresshles
yields. The nethod is highly efficient in its use of dinethyl naphthal ene 12
i somers, thereby enhancing the industrial gignificance of the process. 13
14 Anot her object of the present invention is to provide a nethod of
purifying 15 2,6-DW froma feed m xture of di met hyl napht hal ene i soners and

16 near-boiling,co 141 t ; WAN TR L Xture
to 17 preci E)i tg‘@‘ @@ﬂ?@f‘@%’ﬁ@?ﬁ @%‘%%%P@&r%%&éaﬂéltmt%lﬁggnﬁdél ene
and 18 2, 7-di nad khe spaeificlisdrases prepentindhé feedi. s& oew mgthddeshmuldcomvert
conposition_in.a 19 ol vent ; ecoyerin j.nant |

2. 6" met hy PagthTe SR 2A50MN iR TS datkRL 2R §8R5LI arter o have
conposi ti ongby amdsRepiabl yeld ¢t 2,6-DMN 2ot tHefictdoneet Tié present invention
adsorption colum. The crystallization 22 acconplishes high recovery of

2, 6- DW i ndéperf¢epmplishesdBess 8°¥Pesent, 23 while the adsorption step
acconpl i sheg high purity of 2,6-DW independent 24 of isoners present. 25
26 Still another object of the invention is to fractionate the feed

mi xture of Z7 di met hyl napht hal sRMMARREOE THE INVENHON i ng conpounds before
it is purifiged 28 by crystallization and adsorption to renove conpounds
that are either nore 29 volatile or less volatile than 2,6-DW and 2, 7- DMN.
The fracti ofat i@me ebjept Fohe iprgaent inventionisstorpravide @ni eganamiedl raeMrodiuces

the §' ze ofydoVnSLERRI236-DMIN H3/F A mixture of DMN isomers in relatively high and
J 11  stable yields. The method is highly efficient in its use of dimethylnaphthalene
12 isomers, thereby enhancing the industrial significance of the process.
13 |
14  Another object of the present invention is to provide a method of purifying
15 2,6-DMN from a feed mixture of diméthylnaphthalene isomers and
16 ' near-boiling compounds comprising the steps of crystallizing the mixture to
17 precipitate a eutectic composition comprising 2,6-dimethyinaphthalene and
18 2,7-dimethy|naphthalene; optionally dissolving the eutectic composition in a
18 solvent; and recovering a predominantly 2,6-dimethylnaphthalene
20 composition from the dissolved eutectic composition by adsorbing out
) 21 non-2,6-dimethylnaphthalenes onto an adsorption column. The crystallization
) 22 accomplishes high recovery of 2,6-DMN independent of isomers present,
23  while the adsorption step accomplishes high purity of 2,6-DMN independent
24 of isomers present.
25 |
26 Stili another object of the invention is to fractionate the feed mixture of
27 dimethylnaphthalene isomers and near-boiling cbmpounds 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.




1 2 Yet another object of the invention is to recycle the DW i soners, 3
predom nantly isonmers other than 2,6-DMN, that are either retained in the 4

not her | i quorwegWehsiige t he crystallization step or recovered ipct®seigss act
stream5 during the adsorption step to be isonerized into a mxture that
closely 6 approximates an equilibrium dl_ét ri bution of dinethyl naphthal ene
| soners, that 7 can then be recycled ba to the fractionation step. 8
Hydr oi someri zati on/ dehydrogenation is a highly efficient, nearly
equilibrium9 conversion of isoners other than 2,6-DW into the desired

2, 6-isomer.l 10 11 BRI EF DESCRI PTI ON- OF THE DRAW NGS 12 13

Fl gure 1 ipa Yémdtﬁé ﬁtwmlnﬁémrdisawmc@ftha DMNflaImerk enbodi nent of
the 14 invention. Ij—'

t th
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3 is a grapji Cﬁxlotﬂé?m&%redﬁrﬁ{g' 1AB cofstallizon p §ﬁ|§é§b€éa’eumthé)ékt@d?§frééfﬁnt
19 Figure 4 is a graphical Trepresentation of the appunts of 2,6 6-DWN versus

20 2,7-DM¥ | ndmﬂgsmﬁlﬂ%ﬁfpt@@é’feﬂ tayee ispmesized into a mixture that clegejy | ep
DESCRI PTI Oy OFa i .hgs{gé\% @a?aén% d.éinsﬁm-td SHHAMStHARERR RIS isbhferd, a8&Ver Y

and purification o roma hydr ocar bon féeedst ock cont ai ni ng
m xed di nethyl n@rpmamabeete@yclgdmplstm&@ fﬁ@tlobé'@ﬂ gteRel oped. The process of

dsor pti on.® antyAISRER20nenyd8gEALIRR! b higry Uik Mery@uhiBum, . g
of a prefer9 edcemessionohisoofers btmrrﬂnaité.ﬁsDMN intedthe desired g.b-isomer.

10

1 BRIEF DESCRIPTION OF THE DRAWINGS

12 |

13  Figure 1 is a simplified process flow drawing of a preferred embodiment of the

14 invention.

- 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.

18 - 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 dimethyinaphthalene isomers has
26 been developed. The process of this invention is comprised of fraciionation,
27  crystallization, adsorption, and isomerization steps. A simplified process flow
28 drawing of a preferred embodiment of this process is shown in Figure 1.




-7- 1 'The feed for the new process is a hydrocarbon mixture that
contains isoners 2 of dinethylnaphthal ene (DWN). The concentration of

DWNs in the f@&boiss7703 preferably greater than 5 wt. % nor epcingdogiall Y
greater than 50 wt. % and 4 nost preferably greater than 80 w. % -

Potential sources of hydrocarbon feed 5 _fre petroleumrefinery streans,
coal tar liquids, or the reaction products’ of a 6 synt het I ¢ chem cal
pr ocessi ng route. Exanples of petroleumrefinery streans i ncl ude but

are not te t1.0ns duced i.n

ref or m ng 21 ip% ge%cmgqRﬁ%H?ﬁ)ﬁryﬁ@s&qg%ﬁérﬁqﬂhgﬁwéwée 8‘5889?%5‘3 '59'8% ic 9
f rac}t i ons FR% 8duterméﬂyylnm\thhmnquMM)aSRIen%pmbnﬂ'aﬂah i DiNﬂ*Ué Mtheff@jid"r%d f
gasol i ne; ar.o gs p oduce t.he cata crag 0
thermal ly r fopf?éﬁ 1greﬁ£&5% FmA9E p(r% ¥95ﬁ%§" T-rat’i'&

catal ytic g@as fidst pfevdmgdgne'aterman saw Yl Ieoteﬁﬁéxl@d&gceyofn@ﬂmaaﬂwﬁ fedfd
crude unit gas oils. The coul d be produced froma chem cal

synt hesi s r®ut 8r&pRIPIgUM rﬁﬂPeWcﬁ"qamﬁ P@ﬂ' tar liquids, °"dBﬂWﬁ‘E§'@9M?M$ gha of
pentyl t ol uege amﬁefcr aierhizal pderkaihg Foute! ERBRIOIESS p étﬁuemﬂ%ﬁr%ry%ﬂsams

dehydrocyclization of {)enten yltol uene nmade fromthe 16 al kenyfation of
ort ho- xyi ené aiglusie: Byt asenotdimitas tey higheoboiling aomatigiragtions Mseduseddme. I n a

preferred egbo t & eans
fromthe dognbsﬁfgﬁml g#&??fﬁ gﬁb@th gg@g}'&ﬂkﬁ%%r:rggtea\g? dﬁs%@w%@granat ively,
t he )rz ecycl e9 cafraptionsrpreduced by Hahermakeracking loé catahdicatyneeformed Qasohuem t
21 P2 p f
neart cut 1hat rfetadbiS frifieq e GilyicoisRAY I Wil eBihau T
range of 480- 5r_aapmha1 aomagic cqnoentrateisioptained front catglytic @as il pipducelifin
Fracti onat 4 / I n one
or nore di s F% co‘ﬁ&ﬁ&%‘?& 'é é’i‘l’ ﬁﬁﬁ‘{‘)" ‘grpé%aggie ?rm"fq&pq)@&seed and
draw st reaih% aceulddmpmddced‘ frormpa ehemmﬂs{eﬁthememémtgwmh iagn bius nburru‘nsed two
colums. ln,the fi nore, 2 th
istinied bher RasnahseatieRon 2 BBORRRLEaE Mishe o Be Albish R Aetone
recycl ed tmseaahdeolusne,pmehyﬂrcndyehmnmf@dntewnauanemfr&a ther used as
fuel. Int onent esvolatl et.han 31 2,6-DW are
col | ect ed F 3@%@9!@@% §E§"Q Sq %@9@?@?}[ 'Hg hylgtioa s e

17  methylnaphthalene. Ina preferred embodiment, fresh feed is commingled

18  with recycle streams from the downstream isomerization step of this process.

19 Alternatively, the recycle can be introduced downstream of the fractionation
20  unit.

21

22 In apreferred 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 distiliation 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 distilled 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 Iess volatile than

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



- 8- 1 by-products, recycl ed to earlier steps of the DWN production
process, or used 2 as fuel. Fractionation may not be required prior to

crystallizati Qpdofssfpe feed 3 has a sufficiently high concemcraiso@uesy
DW. 4 5 The fractionated DMNs can contai n near-boiling conponents such-
as, but not 6 limted to, pentyltoluenes,_ pentenyltol uenes,

nmet hyl napht hal enes, 7 et hyl napht hal enes, i net hyl hydr onapht hal enes,
dinmethyltetralins, 8 dinmethyldecalins, trinethylindans,

tri met hyl napht hal enes as wel | as other
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above the 2,6- crystallization tenperature in order to 12 minimze the
si mul t aneou8 r beswaesufficientiyhiah concantiation of BMNesi red 2, 6- DWN 13 product. 14
15 In a prgferred enbodi nent, the fractionated DW m xture is cooled to 16
precipitate 2,6-DW and a eutectic conposition of 2,6-DW and 2,7-DWN. 17
The final c8ol Ting frastippated DMNs cadeoataie neavhoiling compgnentgfsichigsohutnet 18

tenper at ur 51 & toiteRtarb iMooy Baebtbgheg, TibbpRenhBIcreB . 00 19 19
-2, 6- DWN, “or 720 etgnaphthalends, eimgihyihydranapbihalends, demethytetalibDsN.  For t he
the range of 18apeiyfeciine yitFiyiioass, Giuntlfnabihaldbe ol 4 Bikr 7, "
final cooligg torasestsifing Qroffaticy panaffinic; rarel naphthéic campeudénelds desirable
=20 or r] F10pr 39 BRGNS s epREIon oY earPpanente SR EER SRl 0 1 0 25
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BT Y 28 the Siruangous fabobbty oftmpinies with hé USsrdiS BBAR °Ve"
13 product. |
14 |
.15 In a preferred embodiment, the fractionated DMN mixture is cooled to
16 precipitate 2,6-DMN and a eutectic composition of 2,6-DMN and 2,7-DMN.
17  The final cooling temperature is dependent on the feed composition and
18 whether a solvent is added. For melt crystallization, the final cooling
19 temperéture is as high as 230°F for a feed highly concentrated in 2,6-DMN, or
20 as low as 3°F for a feed dilute in 2,6-DMN. For the concentration range of
21 interest, the final cooling temperature is in the range of 155°F to 80°F. For
22 solvent crystallization, the final cooling temperature may vary over a wide
23 range depending 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 6ooling is to precipitate the 2,6-DMN and a
268 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 pﬁysically distinct vessel in series.



27 7000-20,000 psi. Crystallization may al so be induced by renoving sol vent
by 28 evaporation or by adding agents that reduce the solubility of DW in
solution. 29 o®ms7wrystallization nay be carried out bat chRCI&IS88/24643
continuously. It may be 31 carried out in one vessel or nore than one -
physically distinct vessel in series. -0-

-9- 1 The preferred configuration depends on the relative concentrations
of 2 2,6-DWN and ot her conpounds that would co-precipitate, especially 3
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recovery4 I s achi eved cooling the fractionated DVN m xture
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g gts gﬁ E : ; | |C Srmgfﬂgbl smgernahamﬁs/tm trthsfettaaio@n® dranorel dowristrearh vesselsfor 14

si npl est cr ta?‘i’q'g%ﬂq W@é%l%ﬁ@“ﬁ@c%ﬁ‘g&'?% gltqer%elér 8%@%?8@6*‘%3? 16

conposi tiomepf 2 s VlmN%uYeMrystalkfaee E@Ilyétéﬂ tbbuth%roin Pid\overa thadt | east
17 20 wt. % preferabl y at | east 50 wt nor, e P} abI ggaﬂ | east 90
w. % 18 Nel tisempss ather than 6-QRMN ‘E’e"‘%&ﬁ’?ﬂ'@ﬁp'ﬁf? n ﬂ Zel% or a

dynam c desjgn. aﬁ(?the-l:@g; éfhéfﬁlé’%ﬁtlﬁ’ﬁlg%nbéﬁfﬁfoﬁ of 2 -DMN’M@QgtéHt@r thaR
crystallizer and contents are cool ed th a non-contact heat
transfer metB untheeideeficgompesition, it may be advantageous to collect and recover

14 essentially pure 2,6-DMN prior to reaching the eutectic point.

15  The simplest crystallization technique is melt crystallization provided the

16  composition of 2,6-DMN plus 2,7-DMN in the feed mixture of DMNs is at least

17 20 wt. %, preferably at least 50 wt. %, and more preferably at least 90 wt. %.

18  Melt crystallization can be carried out in either a static or a dynamic design.

19  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 meit the solids off of the heat transfer surface. The initial

25 meltwill 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



21 .crystals formon and adhere to the heat transfer surface. \Wen
essentially all 22 of the 2,6-DWN has solidified, the cooling is halted
and the renmai nyggedsrfpui d 23 contents are drai ned from the Clpshtbsas -
The heat transfer nmediumis then 24 heated slightly to nelt the soli.ds
off of the heat transfer surface. The initjal 25 melt will contain a

hi gher concentration of inpurities than tHe bulk of the 26 product so it
can be coll ected separately and routed with the other DW 27 isoners to
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heptane, or @n gy %'&HQ&' té'ftﬁﬂ%ﬁmlwel tr@%x%?éclbqiﬂgra‘égﬂ@ﬁhd 8f a Ot her

cl asses of solvents such as ethers, or ecul ar wei ght
carboxylic ai dcqmmgamf spiventsicould be-used. Light arematinhysiroearboasaee coul d be
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filters or centrifuges, and either melted or re-dissolved prior to being sent to
14  the adsorption steb. The supernatant mixture will contain all DMN isomers,
15  including trace quantities of 2,6-DMN as well as near-boiling compounds, and
16 is sent to the hydroisomerization/dehydrogenation unit for further processing.
17 o
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 aire 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  awash column,
29
30 Thefinal 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



15 including trace quantities of 2,6-DVMN as well as near-boiling
conpounds, and 16 is sent to the hydroi sonerization/dehydrogenation unit
for further pypasesst®g. 17 18 The crystals produced in a sol puenises/24643
crystallization process are optionally 19 washed with anot her agent such
as nethanol to remove nother |iquor 20 rgfained between particles and
contam nants that may adhere to the surface 21 of the particles. The
crystals are once again nechanically separated fromthe 22 wash sol ution
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13 fixed-bed adsorption column at two different locations. Two product streams
14  are drawn from different locations along the column: an extract that contains
15 desorbent with 2,7-DMN and other impurities that were present in the feed,
16  and a raffinate that contains desorbent and essentially pure 2,6-DMN. The
17 DMNs are recovered from their respective adsorber effluent streams via
18 distillation. Desorbent is returned to the adsorber, 2,7-DMN is combined with
19  the supernatant from the crystallizer and routed to the
20 hydroisomerizatiorvdehydrogenation unit, and 2,6-DMN is coliected as
21  desired product.
J = |

| 23 Suitable adsorbents include crystalline aluminosilicates, L-zeolites, X-zeolites,
24 Y-zeolites, Y Offreitite, and Ambersorb® 563 (a carbonaceous adsorbent).
25 The preferred adsorbents are Y-zeolites exchanged with Group | 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 dimethyinaphthalene. .
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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-zeoliteis a
17 low silica zeolite and, as such, it readily adsorbs moisture from air. If the water
18 content on the adsorbent is too hi.gh', the adsorbed water will reduce the

18  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 hydrois_omerizationldéﬁydrogenation unit consists of

24 mixed DMNs depleted of é,G-DMN as well as near-boiling components. In a
25 preferred embodiment, the source of these DMNs is the crystallizer

26 supernatant and adsorber extract as previously described. In addition, any
27 feed 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 supematant
30 and extract. |

31
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- 13- 13 catalyst that suppresses transalkylation, dealkylation, and cracking reactions
14 (e.g., sulfided P¥/Re/AlxOs, 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 dimethyinaphthalenes with
23 little or no formation of methyinaphthalenes, 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 Dbe performed batchwise.
29
30 DMN produced in the hydrqisomerization/dehydrogenation unit is recycled
31  and recovered as product and DMN isomers other than 2,6-DMN are recycled



1 Hydroisonerization/dehydrogenation is carried out as described in U S. 2
Pat ent Application Serial No. 08/ 892,508 (Santilli and Chen), filed July
14, 3 1997, wehbeiy74 s i ncorporated herein by reference. ThepafRe®idagsl i NS
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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. Thié example also illustrates that other isorhérs, 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 ast,
24 has areduced efficiency and therefor is more expensive to operate. The

25 adsorption process becomes much more efficient when a prior step is used to
268 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 8.83% 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



-14- 1 to extinction. In a preferred enbodiment, the ni xed- DWN product
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byproducts or fuel. For exanple, MN and 7 TM could be transalkylated to

produce DVN a”§12r§ﬁéﬂ§%ﬁdtth6 |uqvarr@uh¥§?@éedveﬁocmyf(l.m\g dfties eslamnl wass1 2! |
anot her. enbodl in the absence o

ht or heav co m nants, the
i sonerate dan bfe eé)trfh?mjﬁé’@l petweeni4and %ﬂ"\!ﬁ%&s f‘f"bﬁ’\“?h@elwﬁlf'f’é@| onati on
colum as fged tqi L
EXAMPLES 1 3§ : 4eﬁtﬂeﬁma§ék!§rfo§idiété® 1005 2BLOMNL &nél%ltzfo mllnutels run tm%e th‘?he

fol | owi ng ekanpioportidneftacacestratipatof £ffiuenb tesoneerirgtian af feeNCiiempras can 17
b b h
hr ough. y eg X%‘gJSOI’ b tgl&rwz'[ B‘?mé IE{JQ?Y%%H%E" ﬂ?ﬂn&%é%iﬂg éS, g‘ N{ ustrates

t hrough 18 “an ¢ol um. er nore I-S exarrp
that 19 2 @ Dtﬂﬁefﬂdem\ﬂampmmmaﬁelsga%%@mm(bm@ mmmsemmrm,her in

Loom 2 1 enieane Sotingeel s e ieh e bfed @R, 10" °°

2,6-DWN. 228 Themhmes thesDMidi lanhadﬁlueptwwappmxi'maielylajrs‘z&ra)e@\éNtand ecover
26DI\/Nwhe8 eedcnta'n

he f.ee 1,7 | :
as i.n priordarft 7@5‘%‘Hﬁ§ un 'Eﬁug’@ac@‘fq'ﬁv@sewoﬁmf% ur A tQ%F'Ié'% e
ex f?h.s' ve 10 0pendsch 70Tard 85 miadtes] mlmvzlrgnn Wéﬁlubnmaegppmmatalye .
efficien en_a prio remye or reduce the ity o
i somers ot hér Fﬂ#f@%omp%ﬁiat%sofnlﬂ\iﬁ? S rgn tige ?9998(98?”@3@" Wg{:e&m y
havi ng t heggonaass. tA%r@c%ﬁ?léteg(ﬁi%al h&&%ﬁ&lorﬁoﬁh@%o&tgé%hb 6-DWN,

31.05% 2, 7-DWN, and 49. 20%
13 various DMN isomers in the effluent over time is shown in Figure 2.

.14 .
15 . _ Example 2
16

17 The following example 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.



30 dissolved in neta-xylene and passed through a colum of potassium 31
exchanged Y (K-Y) zeolite adsorbent. The wei ght of the adsorbent was

-15- 1 2. 1{omaFrpand the liquid hourly space velocity (LpSyussdzabdie
colum was 1.2 2 hr[err]. At the interval between 40 and 50 m nutes r.un
time, the DWNin the 3 effluent was appr_ﬁéegi mately 100% 2, 6- DM\, and at 50
mnutes run tinme the 4 proportion of concéentration of effluent to
concentration of feed, Ceff/Co, was 5 approximately 0.2. At the interval
bet ween 50 and_60 m nutes, the DWN jn the effl.uent was approxi mtely

01, 25 3, o DA, FRIRITANS 6 Thm s coemibal Synthesis e pyeed Lo PREUBERNTS e

appr oxi mat epy 9©.6LBMN Thé fefbrhate hal the corposifion 3RGwA beld In Tablex: t he DWN
in the effluent was approximately 81.5%2,6-DVMN;, and 9 at 70 minutes run
time, the Berr]/err] was approxi mately 0.975. At the interval 10
between 70 and 80 minutes, the DMN in tigpeff| uent was approximately 11
74.5% 2,6-DMN, and at 80 minutes run tine, the CJerr]/Cerr] was

approxi mat e|y 12 1.05...A_nore r\nnglll etc gt :\phi cal Fopesent ali-oh—af- t he
amounts of the 13 parious Coposenters i n tlhe ef f IWeight Bementi ne i s] shown
in Figure 2. 14 15 : - nple 2 16 L7 The
foll ow ng exanpl e i —I—u-s-t—%’}igthéfoﬂggniejgtg of—a—coatrse—ct ya@f: rzat+of—siep to
18 reduce the level of non-30WeRe 7 isomersl 19 20 A MSture of isbmers of
6.3 grans 1,6-DWN, b.7 grepalkiylbénidvies 1.8 grams 21 1,66®WN, 6.3 grhns
2, 7-DWN, and 6.3 gr B~ o ve Tn ZZ  Io gkans torueng, t hen
cooled in a stirred 3 ! So-tHi-oR—was—23-—terpd and a
precipitate recoverkd. ThGsplkylbepzengse was finsed wit28bld 24 nethanol,
and then dried at apbient tenpgiat ure under| vacuum oveynyght.

Cs alkylbenzenes : 2.92
Czindans 1 0.86
naphthalene 4.28
Cs alkylbenzenes 41.04
Caindans 11.83
Csindenes 0.91
methylnaphthalenes . 6.85
dimethyinaphthalenes 14.7
other | 949
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 | | |
g 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  otherisomers present remained substantially in solution. These isomers



25 The product was found to be 90% 2, 6-DWN, 6% 2, 7-DWN, and 3% ot her 26
DWN i soners. 27 28 Exanple 3 29 30 This
exanpl e il | usivobgsr7d he overal |l separation process to producecpmses/ﬂus
2,6-DW froma feed of reformate oil.

-16- 1 Reformate oil froma chem cal syntimsis was purified to produce
pure 2 2,6-DMN. The reformate had the conposition shown below in Table A 3
4 Table A

Conmponent 1~ were therefore Opha\éé'éébhrd?@d fBh the 2,6-DMN and 2,7- DMN | Trehéolid
conmponent s

ol u
1.8 2 prec:pxtatedpgneqi wasieplieelad andseparated from the adhe(gmgd)ulk fluid.

(err] alkyl bgnz t fifon is given below in Table B. C[ err]
al Kyl benzeneb‘? FRé Pesulting preCngagcomﬂos isg B

0.17 4 C err] al kyl benzenes 2.92

Cerr] indan - g e

I o8 %5  The preclpltaee was aﬁsﬁ&Fg% m-xylene and fed to a column Qf’*&géf}ﬁéﬁn

C[ err] indanss with K-Y zeolite. Effluent wa83ecovered and dried. Product wag essentialidenes

.91 7 pure 2,6—%“?" napht hal enes | 6. 85
8 .
9 Table B
| | | _
Compound Distillate Precipitate (wt%) | Product (wt%)
(wi%) '
1,7-dimethyinaphthalene 26.0 5.3
1,3-dimethyinaphthalene | . 0.7 0
1,5-dimethyinaphthalene 55 - 0
1,6-dimethylnaphthalene 259 5.4
2,7-dimethylnaphthalene 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 foliowed 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 thrdugh the jacket to cool the solution from 75°F to -
19  45°F at the rate of 1.8°F every 7 minutes. Solids precipitated and the

20 resulting 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)



di met hyl napht hal enes 14.7 ' ot her

9.49 5 6 The first purification step was to distill a heart cut between
500[err] F andwggg,[@gg] F. 7 The resulting distillate conposigdraisok/Sseed VEN
below in Table B. 8 9 38 grans of distillate was diluted with 38 grans of
tol uene and cooled from 10 80[err]F to -5[4gcr]F at a rate of 0.3[err]F/ mn
in a stirred batch crystallizer. The relative 11 concentration of various
DWN i soners in solution during this process is 12 shown in Figure 3. In
Figure 2, it f€a | B duced
as terrperature \r}gg(g?e u%%ép%éq ‘E@ﬂggﬁerﬁ?geaé ‘?He?écdb@ rfgzt uresmﬁglﬂgﬁ
5[err]F, 2, 723|Wmﬂammﬁmxmplam@m!ﬁedmm\1§s4,%the 15 ot her isoners

pr esent remarfed substantially in solution. These isoners

-17- e therefore phase separated fromthe 2,6-DW and 2, 7-DVN. The
solid 2 precipitate formed was col | ect ediabiCsepar ated from the adhering
bulk fluid. 3 The resulti ng pr eci p| tate corrp05|t| on s gi ven below in
Table B. 4 5 f

T I UL,I d.l. C V J I d
Column of adsor CATBURT Mroins et NN . FMM b B OB 7 SUR S BN 3 e
Product was essenFeed:|% |7 80 &7e P, 6.7OM\] 3817 9] 2.55 2.73 0.62
Table B CrysteP{@BRERGree) | 98.85 [ St4g [ ate Precipitatie (W%
Product (wt %5 = ) '

The recovered crystals were dissolved in meta-xylene to give a solution of
5% DMN. The above solution was pumped through a stainless steel column
(width 3/8™; length 12”) packed with 5.7 grams of powdered K-Y zeolite. The
effluent concentration of DMN isomers was measured over time and is shown

© 0 N o

10 in Figure 4. Soiution was recovered for 105 m_inuies at which time 2,6-DMN
11 breakihrough was detected. The effluent recovered was dried and the
12  product was pure 2,6-DMN.

13 _
14 Example 5
15

.16  This example illustrates the additional purification that can be obtained by a
17  partial sublimation process that occurs while drying.

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

18 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

SUBSTITUTE SHEET (RULE 26)



1,7Jdihethylnaphthalene 26.0 5.3 1, 3-di net hyl napht hal ene 0.7

0 1, 5-di net hyl napht hal ene 5.5 0

1, 6-di et hyl n@g@t;}g@h@ne 25.9 5.4 2, 7- di et hyl na:p;lﬁdsa&me,
19.8 2, 6-di net hyl napht hal ene 18.9

> 99.9 a her 3.4g10 11

Exanple 4 12 13 This exanple illustrates the use of rough crystallization

foll owed by adsorption 14 where the feed has a high proportion of 2,6-DWN.
15 16 83.5 grans of a m xture of DVNs ?leerﬁta xylene (with the

corrp05|t|on1 17 shown in Table C) was ctrarged into a 250 m gl ass-j acketed

agitation vessel. 18 A cool ant s passed through the jacket to cool the
solution from75[efr]F to 19 45] ertBaMplélﬁbmpﬁﬁimf 1 .Died Shipiever y| 7
m nutes. Solids prgcipitated and he(s’gp\,e,{tq,%ggagg cryst aCompasitiohi | t gred
t hrough an 8 mcrOIf;lL }JUI_J.IIU eco 2r——=T1Fhe T S WeTle
washed with a snal Jﬁ'lD'% anaol gih/? ed undef 22 3 ;u%m The
purified crystals pei giE?J-lZﬂVllﬂS grams and 13.6%onposi t| on of 5.8%
-18- .1 the solid§ ana1| ngl s spown n {phte C The recoveéb%)f 2, 6-|DWN

in this 2 crystall |zat+8r—exarprernas—eat-ct-ated +H6—4%

Tabl e C '1,5-DMN R /A S T
1,7-DMN 13.9% 2.5%
other - 3.0% 1.0%
) > —
3 Example 6
4 -
5 This example illustrates the additional purification that can be obtained by a
6 partial sublimation process that occurs during a drying step.
, .
8 A sample 2,6-DMN containing 2,7-DMN isomers was rinsed with cold
9 acetone. The acetone-wet mixture was analyzed and found to have the

10 composition reported, on a solvent-free basis, in Table E. The moist solid _
11 was dried at room temperature overnight under vacuum. The resulting
12  composition is also reported in Table E.

) 13

14 Table E
Wet Sample Composition Dried Sa[nple
(solvent-free basis) Composition
2,6-DMN 91.7% >99.9%
2,7-DMN 8.3% <0.1

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 teéchings and advantages



Component M xylene 2,6-DWN 2,7-DW 1,6-DWN 1, 7-DVWN 1, 5- DWN Feed: %
81. 27 8.79 3.17 2.55 2.73 0.62 Crystal (solvent free)
98.85 1.15 Swdwoklmor ecovered crystals were dissolved i n nereTmgbszaaedst o
give a solution of 7 5% DVMN. The above sol ution was punped through a-
stainl ess steel colum 8 (width 3/8"; length 12") packed with 5.7 grans of
powdered K-Y zeolite. The 9 effluent corfténtration of DWN isomers was
nmeasured over tinme and is shown 10 in Figure 4. Solution was recovered for

105 minutes at which ti.ne 2, 6- 11 . breakthrouah Cl ed. Tk

ef f1 uent r dcovirtle inyestion. éﬂc%fﬁ%'ﬂalyhé‘ig’ b%PBQW@F&ME%ﬂE@% @ggﬂ)ﬁg&%ﬁ 14
Exanpl e 5 15 1&hg difdratisheram!ifclided #ithiattRs spitie and dcopeottheriovaritionas on t hat
can be obtalined by a 17 partial sublinmation process that occurs while

drying. B8 definediiydhe 1Qlowing €18i8%:i ni ng ot her DVN i soners was tinsed with
cold 19 ngfhanol. The nethanol -wet m xture was anal yzed and found to have
the 20 conposition reported, on a solvent-free basis, in Table D. The

moi st sol i @ 21Foqiastedri ed at room tenperature overni ght under vacuum The

resulting 22 goMRAIDEW airég@{e?é’d ﬁ&&&h&ﬁ&fé@@ﬁ%‘ Raks Cérhpany.

-19- 1



Wet Sanpl e Conposition  Dried Sanple

(sol vent-free basis) Conposi tion 2, 6- DWN

52. 3% wo 9933770 87.8% 2, 7-DWN PCT/US98A2 3648 %0
5. 8% 1, 6- DWN 11. 1% o 2.0%
1, 5- DWN 6. 1% 0. 9%

-21-

~1,7-DW
13. 9% 2. 5% ot hey 0%
1.0%2 3 - Exanpl el I“‘“l IHI“ I“" “lluuulpl
|IIustratesth fication that can beotandbya
parti al sublfi n@ﬁﬁ'&@@é@?rﬁ occurs during a drying step. 7 8 A sanple
2,6-DWN conpaining 2,7-DW isoners was rinsed with cold 9 acetone. The
acet one- wet m'xture was an d and found .to have the 10 Siti
reported, off alsol Yemet hqde%%g "%Qzerfj"ﬂ?ghﬂn@h Hﬂ@"?rﬁpﬁaé%‘f@"gﬁre %as
dried at rogm t e”p%'irﬂéﬂ'\&lﬁhaﬁhﬂfa[ér@h&orﬁ@??énd/ﬁ%ﬁnlnﬁ%rﬁﬁ&iﬂdsl ddnprising
corrp05|t|on Is also reported in Table E.

Table E the steps of: V\ét Sarrpl e Conposition Dried
Sanpl e 8 (sol vent-free basis) Conposi tion
2, 6- DWN 91. 7% >99. 9% 2, 7- DMN
8.3% 7 (a) cne@alliziugsthelraixtumetmo@ipiwm out efrepeuneraatest af t he

i nvention hgve been de édl@fé?% ?mgﬁglﬁ é‘%gﬂ&hﬂ@‘c{?‘é?hfhge%undbe appr eci at ed

by those skilled in th |ca Ions and al terations
can be nmadeSto the par Ql,bdimethylnapmthabnes 19 shown without materially

depa}s ting f.lbom t he novel teachings and advant ages
11 (b) dissolving the precipitate in a solvent; and
12 ' _
13 (c) passing the dissolved precipitate through an adsorbent to recover
14 an effluent comprising 2,6-dimethylinaphthalene.
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-dimethyinaphthalene. '
20

. 21 3. The method according to Claim 2, further comprising isomerizing
) - 22 - dimethyinaphthalene isomers other than 2,6-dimethyinaphthalene that

23 _ are retained in the supematant from step (a) or adsorbed onto the

24 adsorbent from step (c) to convert the isomers to a mixture consisting
25 essentially of an equilibrium mixture of dimethyinaphthalene 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 dimethylnaphthalene isomers is recycled back to the crystallizing step.
31 '



220- 1 .of t he |nvent| !!‘\!ME !mi‘mm“lt i's to be understood that all

such nodifications 2 ae included within the spirit and

scope of the wowesdzhen as 3 . defined by the follow ng clai nper/flsodrnasss
Footnote: 6 Anmbersorb[err] is a registered trademark of Rohm & Haas .

Conpany. 1 WHAT IS CLAI MED %2 -2- 2
3 1. A nethod of purifying 2,6-dinethyl"fapht hal ene froma feed m xture of
4 dlnethylnaphthalene i somers and near-boiling conpounds conpri sing

oreci pitatd ol s Tebef asparing oialt XX Mietdic bt E hemiaibd oi ng
2, 6-di met hpl napht iatiesreomplis@s purifying the.efﬂt.&n?bgllanihbmdd‘@m‘@MQ’(ne 10

3
4 (@) cooling the effluent to produce solid precipitate;
5 _
6 (b) washing the solid precipitate; and
7 |
8 (c) drying the washed précipitate under conditions permitting partial
9 sublimation of isomers other than 2,6-dimethylnaphthalene from
10 the precipitate. '
11 |
12 7. The method of claim 1, wherein the feed mixture is prepared by a
13 process comprising the steps of:
14 i
15 (a) alkylation of toluene with a Cs olefin or mixed Cs olefins in the
16 presence of an alkali metal to form pentyitoluenes; and
17
18 b) dehydrocyclization of the pentyltoluenes over a catalyst éomprising
19 a Group VIll metal or a mixture of Group VIii metals and a support
20 material.
21 |
22 8. The method of claim 7, wherein the Group VIl metal is selected from
23 the group consisting of Pt, Pd, Ni and Ir.
24

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

26 10. The method of claim 7, wherein the catalyst further comprises a metal

27 selected from the group consisting of Re, Ge and Sn.

28

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

31



11 (b) dissolving t ey iy @ sol vent; and 12 13 (c)
passi ng the dissol ved prQﬂIQIﬂwﬂmmﬂuﬂl an adsorbent to recover 14

an effluent cevpsassing 2, leretthymwnaphthal ene. 15 16 2.  TheThRrbi9dss
according to Caim1, wherein the nethod further 17 conpri ses, .
before step (a), a fractionating step to_dgnove conpounds 18 nor e
volatile and less volatile than 2, 6-di nethyl napht hal ene and 1 9

2, 7- di met hyl napht hal ene. 20 21 3. The nethod according to Caim 2,
further conprising_.{s r.zi.n I et hyl napht hal ene i somers ot her
t han 2, 6-diniprret hyI,%gt)h%ngﬁé'oﬁI?ﬁ%rt%'xyle"gw@r@?@?ﬁ?h‘éﬁor% t he supemat ant
fromstep (@) or adsorgeamtbnyitblaehés: add ‘adsorbent fromstep (c) to
convert the isonmers to a m xture consisting 25 essentially of an
equi librium m xture of dinethyl napht hal ene isoners. 26 27 4. The nethod

according to O ai nb, dahgdRichclizBforeaitheigehtdHpitBiuehts th She 8Bmore steps to
di met hyl napht hal ene isoners Is recycled back to the fractionating step. 29

5. The method accor diffgn adnigusg rf dimefindaaphihalgae isamersor i um mi xture of 30
di met hyi naght hal ene i soners is recycled back to the crystallizing step. 31
-22- 1 6. _The nmethod according to Claim?2, wherein, after step (c),

the nethod 7 2 12. The mgthagkof claimpl. iwheseip dhe feadhmixture ie prapaced byw a et hod

conprising:g 3  process comprising alkylating methylnaphthalene to form mixed

_ 9 - dimethylnaphthalenes.
’ 10
11 13. The method of claim 1, Wherein the feed mixture is prepared by a
12 ~ process comprising fractionation of mixed hydrocarbon streams
13 resulting from petroleum refining.
14 _ '
15 14. The method of claim 1, wherein the feed mixture is prepared by a
16 process comprising fractionation of mixed hydrocarbon streams found in
17 coal tar liquids.

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

19
20 16. The method of claim 1, wherein, in step (a), the mixture is cooled in a
_---) 21 solvent. '

22 17. The method of claim 1, wherein, in step (a), the mixture is added to a

23 solvent and the solvent is evaporated.
24 |
25 18. The method of claim 1, wherein step (a) is carried out in one vessel.
26
27 19. The method of claim 1, wherein step (a) is carried out by partially
28 * precipitating the 2,6-DMN and 2,7-DMN from the supernatant in a first
29 vessel and then by transferring the supernatant to a second vessel to

30 further precipitate 2,6-DMN and 2,7-DMN from the supernatant.



4 (a) cooling the efflTuent to produce s'olid precipitate; 5 6

(b) washing the solid pr m H“ 8 (c) drying the washed
o i somer's ot her than 2. za!ﬂ!;let F!"IFlHﬁl'!t L |L‘” Crrom 10 ToTRSEGELICn
of isoners other an 2, 6-di yl hapht hal ene from o . e

precipitate. 11 12 7. The nethod of claim1l, wherein the feed m xture

Is prepared by a 13 process corrprg‘%i ng the steps of: 14 15

(a) alkylation of toluene with a C[err] olefin or nmixed CJerr] olefins in

the 16 presence of an alkali nmetal to form pentyltol uenes; and
17 18 1 b) dehydrocyclization of the pentyltol uenes over a catal yst

o ) . ' VI
conprising 219gq. The mze(t)hod &f cﬁi:ﬁﬂf’, fl\(hi'\ér% c{Bgrtr\;?L‘sllriH, bgfld?é éfzéﬁ" @l),cﬁco_?ﬁ}@%

metal s and a support 2 . : ’ _ 8. e” met hod of
claim 7, whgrein tigedaisiyre @ just ahavel2,6-DMN2Z-DMN's egtactio point andt he gr oup

consi sting pf Pt, i ga‘;]ﬁ ) 25 9. The nethod of claim7,
wher ei n the‘Psupporétgg(r%vaét\‘*en I'a eilz'ée Qm na. 26 10. The nmethod of claim7,

wherein t h_e5 catalyst further conprises a netal 27 sel ected fromthe
\?\Arwglrjgi ?\Otn ?11512 ;gg” -?n{'l;(?ﬁ}eg%'d sgggﬁae@;}’e éﬁaﬁ% (c)mgs Wé’rgfﬂ‘ggg ggﬁpﬁéﬁ%’ng t he
steps of: 3 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.
11 | . -
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 Il
19 metals and mixtures thereof. - '

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

21
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 a!iphatic

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



223- 1 (a) aI oxylene W th butadiene to form 2
pent enyl t ol uenes; and Tlm ﬁ““n““ m““ hydrocycl I zation of the

pent enyl t ol uewe99B3T70NE OF f or mperiisséiess Of

di met hyl napht hal ene i soners. 12 The met hod of claim 1, wherei.n the
feed mxture is prepar ed by a 8 _ Pgpcess conprising al kyI ating
nmet hyl napht hal ene to formmxed 9 - di met hyl napht hal enes. 10 11

13. The method of claiml1l, wherein the feed mixture is prepared by a 12
process co gyl N hErsth [,eans

resul ting or%gpetq.r %I eumb{r]e%?%lrﬁﬂﬂgég %ﬁqgﬁg?@%@{{gﬂ% 54 of cI a| m 1,
wherein th2 feed mxture is prepared by a 16 process conpri sing

i as. - 97590y Tbifleiich GRR4B, B g SIS Eiogabies, (o) “he mxture

IS cooled419 20 16. The nethod of cIa|m1 V\/nereln in step (a), the

Tt ure 1 Sa0o%ie i AowB ot FhefSRine mothod bnel SrBEp ' 0L M
sol vent i seevapor @é@éheriﬁh@ﬁne afdorddit offﬁie?qﬂ) @ith @l ddgBrdent WoRiisedorap ()
Is carried_out in one vessel. 26 27 he nmet hod of claim.1l, wherein
step (a) i€ carri QEONIE selye Btartlal ly 28 preci pitating the 2, 6- DVN
and 2, 7-DMyl from the supernatant in a first 29 vessel and then by
tr ansf erring the supernatant to a second vessel to 30 further
preci pi t at 8 2,32. pifikeanethed of glaims3 1, wherein e erganic:selvent is a light aromatic

10 hydrocarbon selected from the group consisting of toluene, xylenes,

11 ethylbenzene, and para-diethylbenzene.

12 | |

13 33. The method of claim 32, wherein the organic solvent is para-xylene.

14 .

15 34. The method of claim 1, wherein the method further comprises, after

16 step (c), the steps of:

17

18 (a) hydroxsomenzmg over an acid catalyst the dimethylnaphthalene

19 isomers other than 2,6-dimethyinaphthalene that are retained in

20 the supernatant from step (a) or adsorbed onto the adsorbent in

) 21 step (c) to produce a mixture of dimethyldecalins and
. 22 - dimethyltetralins; and

23 '

24 (b) dehydrogenating the mixture of dimethyldecalins and

25 dimethyltetralins.

26

27 35. The method of claim 1, wherein the steps are practiced in a continuous

28 manner.

29 |

30 36. The method of claim 1, wherein the steps are practiced in a batch
31 manner.



- 24- 2 20. The method of claim11, further conprising, before step (a),
cooling the 3 feed mxture to just above 2,6-DMN 2, 7-DVMN s eutectic
point and 4 WO 99733776 ecovering pure 2,6-DWN. 5 6 21. The p@t sz Cl @i m
1, wherein step 803 uses two or noregadgorption 7 vessel s operating
as a simulated counter-current noving bed unit. 8 9 22. The nethod of
claim1, wherein step (c) uses two or nore adsorption 10 vessel s
operating as a swing-bed unit. 11 12 23. The nmethod of claim 1, wherein

t he adsorbent conprises a material 13 sel ected fromthe group
consisting of crystalline alumnnosilicates, 14 L-zeol i tes,
X-zeolites, Y-zeolites, Y OfretiteQ carbonaceous adsorbents 15 and

m xtures thereof. 16 17 24. The ge&hod of claim 23, wherein the -
adsorbent is exchanged with 18 =0 netals selected fromthe group

consisting of Goup | netals, Groupi?ljg 19 . metal s and m xtures
t her eof . 20 25. The nethod of aha®m 24, wherein the adsorbent is
exchanged with a 21 G oup | qﬁal. 22 23 26. The method of claim
25, wherein the adsorbent is exchangfd Wi th
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24 - potassium 25 26 27. The nethod of claim1, wherein the sol vent
in step (b) is alight aromatic 27 hydrocarbon. 28 29 28. The
met hod of cl aiv s933mberein the solvent in step (b) is an ali m@{mg‘gs@gﬁ
hydrocar bon having a carbon nunber frbmb t® 20. 31
- 25- 1 29. The nethod of claim 28, wherein the solvent is heptane. 2
3 30. The nmethod of claim 28, wherein the solvent is octane. 4 5 31.
The nethod of claim 1, wherein the nmethod further conprises 6
regenerating the adsorbent of step (c) with a desorbent conprised of an 7
organic solvent. 8 9 32. The nethod of claim 31, V\,herel n the organic
solvent is a |}xght.2grewetie—36 RFy-eH-gearpor—seleeted—oemthe—gi oup
consi sting of %I uene, xyl enes, 5 ‘rﬁﬁvbenzene and )
par a- di et hyl benzenesl —$21,23 33 el
organic solven§§is par—a—->1y5-ene 1
aﬁ@f
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18 (a) hydroisomerizing over an-acid catal yst the di met hyl napht hal ene

19 i soners other than 2, 6-di net hyl napht hal ene that are retained
in 20 _ w?991337t7$‘e supernatant fromstep (a) or adsorbed?@%ggsyzb&_,,
adsorbent in 1 step (c3 tg psoduce a mxture o .

di et hyi decal i ns and 22 dinmethyltetralins; and 23 24 (b)

dehydrogenating the m xture of dinethyidecalins and 25
dinmethyltetralins. 26 27 35. The nethod of claim 1, wherein the steps are

practiced in a continuous 28 ~manner. 29 30 36. The nethod of claim
1, wherein the steps are practiced in a batch 31 manner .
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