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_ 40D OF MAKI NG DI METHYLNAPHTHALENES 2 3

CRCSS- REFEREIQC%@ RELATED APPLI CATIONS 4 5 This applicati onpgrlgls %%05693
priority fromU S. Provisional Application $erial 6 No. 60/078,222, filed
March 16, 1998. 7 8 |. FIELD OF THE | NVENTION 9 10
The invention relates to a nethod of maki ng di net hyl napht hal enes. 11 12

I'1. BACKGRGQUND OF THE | MéTHOB\OFMAKING DIMETHYLNARHPHALENESN') are

val uable for use in a variety of chem cal 15 manuf act uri ng processes.

2, 6- di met hy napht hal ene ( 2, 6- DIVN) e. g , 1s 16 particularly vaI uabl e.
2,6-DIVN|s a precursor -1 :

di car boxyl ¢ acid ("2, 6N 2 v
("2,6-NDC" )y 2, 6- NDA and 2, 6- NDC ar e m)norrers elther of 19 whi ch, when
conbl ned with eth | ene g coI reacts to nake pol yet hPll ene 20 na ht hal at e
("PEN'"), a5po|Tb§t@plm ioR glaims Rriasity fiesn LbS. Eﬂ?‘éﬂ&f‘ﬁ ARpligatign Sena

resi stance f t hal ate ("PET") in applications
22 such a f| %%ﬁ/d’@ Qﬁ'hoéaﬂ +§f1| fi bers, containers and nol ded
parts 23 7and has, therefore un| gue cormerci al advant ages. Thus, there
has been 24 recently wor | dwi de |n t he roductlon of
2,6-DWN, 28-NDA 25 and 2, 6- NDL‘, ’gﬁ?ﬁé}gﬁﬂ% FN\ZENTI'B erepl S an interest

i n having econom cal and efficient process 28 for their manufacture.

2, 6-NDA and 2, 6-NDC production is simlar to that of 29 terephthalic acid
in that a1 6- Thelikyéntigriciatesite a method af saking dimetbylinaphthdlenes30 t he
correspond{ ng acid by using well established nmethods. Thus, the 31

chal l enge 1% es in the manufacture of dial kyl napht hal enes (especially DW s)

3f2 fromwy ch the 2,6-dial kyl BROKGROUND TR THEINYENTIORN via a variety
o

13

14  Dimethylnaphthalenes ("“DMN"} are valuable for use in a variety.of chemical

15  manufacturing processes. 2,6-dimethylnaphthalene (“2,6-DMN"), e.g., is

16  particularly valuable. 2,6-DMN is a precursor for the manufacture of

17  2,6-naphthalene dicarboxylic acid (“2,6-NDA") and 2,6-naphthalene

18 dicarboxylate (“2,6-NDC"). 2,6-NDA and 2,6-NDC are monomers either of
19  which, when combined with ethylene glycol, reacts to make polyethylene

20 naphthalate (“PEN"), a polyester which provides superior strength and heat
21 resistance compared to polyethylene terephthalate (“PET") in applications

22 such as films (e.g., photographic film), fibers, containers and molded parts
23  and has, therefore, unique commercial advantages. Thus, there has been
24 recently worldwide increasing interest in the production of 2,6-DMN, 2,6-NDA
25 and 2,6-NDC.

26

27 Naturally, there is an interest in having an economical and efficient process
28  for their manufacture. 2,6-NDA and 2,6-NDC production is similar to that of
29 terephthalic acid in that a 2,6-dialkylnaphthalene, e.g., 2,6-DMN, is oxidized to
30 the corresponding acid by using well established methods. Thus, the

31 challenge lies in the manufacture of dialkylnaphthalenes (especially DMN's)
32 from which the 2,6-dialkylnaphthalenes are produced then via a variety of



2 1 nethods including isonerization and separations. As a result, it is
highly 2 desirable to find an econom cal way to manufacture DW s

parti cul ar| YO ®/4797%._ di al kyl napht hal enes, and especially 2, 6-BIPS99/05693
Several conventional methods for produci ng 2, 6-napht hal ene dicarboxylic 5
acid precursors are known. These nethods, which all |lead to production of

6 DW's, can be grouped as follows: 7

(1)
al kenyl ati op/cycl.izati.o Vi ' ' Wit | 8
aromati c an a%tbf)% i ‘%{;@5 '%‘?‘%ﬁﬁ?@ﬁ Egggégﬁﬁﬁpﬁgmﬁ?& g%ém&ﬁ%/g'tghﬁ%ns, 9
(3) recovery fideslrab®l 1 find apeedHemital wdy toi rdanafasturé DMNIs) partianldfcC) 10
operations, and éé} transal kyl ati on of na r]t g‘z:é wi t h pol yal kyl benzenes.
In 11 addi®i o nalwtaepawaf@@. ?"WF&,V 'W'ﬂr opyl ation) of
napht hal ene is also an 12 alternative nmethod to produce

di al kyl napht hal enes. 13 |In regards to the first category of net hods
listed abové, Seseralganveniianaipethpdsdor produging:?skaptihalengesticarbpxylic

ducti f I j ' = ' :
e react o 2T BRuESCHs Apihoin. DA Hstads WiiaFaf el tarbalenén bF e
?rthg- )l;yljenfe ommmrga}@gy\l ﬁgliomﬁédﬁaﬁfd%mlt C5 17 conjugated di ene over a
I xe ed of su t | I et al talyst.,K Sinjl 18 ti '
di sper sed af kal(h) alseaylafianiaypizationiehiodenation: starfine Withe manoG¥eicor even
earlier patgnt rén‘r\"n%@caa%ouaﬁiolgﬁ’ﬁ,e(?zgc éginé/r%é?n%ﬁ?mrﬁ@ga&%r@&ﬁn@?d

3,954, 896. Anothe NOWN process ror produci ng

pent yl t ol uees.(3¥recovery froth cycleiod girodeced in fluid catdytiotrackingXbCC), 931, 348
(the '348 tent). The '34 tent teache roduci n ' froma
pentyl t ol udHe/ %frlﬂﬂsv(ﬂ%&t‘?ﬁ'@&?ﬁ‘kﬁ%@oﬁ%rﬁgggﬁ'@?ﬁww pﬁ*@jﬁéh@né‘?ﬁsﬂn
butene or gyta qﬁnﬁ lidAatidi) 65 6., YAéthlaioR P Stord) of rephthene is ik
maki ng 26 li)gen'?zly t'o nl_itaanlg}gﬂ)en?é%yl t ol gengs vmq?g?]wcanrgbe then sel ecti vgla;
converted. 127 dltesnative/metharhta produgsedialkyssgbthalensgc| i zati on and

dehydr ogenation step to 28 DMN s which belong to the same DW triad as

2,6-DWN (vide infra for the 29 DW triads). Discovery of an alternative
met hod t o dB8esdnkegardsntetthedisst eategory of methods listed above, U.S. Patent

14  No. 4,990,717 discloses a method for production of a monoalkenylated

15 aromatic via base-catalyzed reactions. The reactions are performed by

16  reacting an alkylbenzene (e.g., ortho-xylene or para-xylene) with a C4 or Cs
17  conjugated diene over a fixed bed of supported alkali metal catalyst. Similar
18 reactions using a dispersed alkali metal catalyst are also disclosed in a

19  number of even earlier patents such as U.S. Patent Nos. 3,963,535,

20 3,954,895 and 3,954,896. Another known process teaches a method for

21  producing pentyltoluenes. This methed is disclosed in U.S. Patent

22  No. 3,931,348 (the ‘348 patent). The ‘348 patent teaches producing DMN's
23 from a pentyltoluene/pentenylitoluene obtained from addition of p-xylene and
24  butene or butadiene.

25 These various approaches are each aimed at making

26 pentyltoluenes/pentenyltoluenes which can be then selectively converted.

27 The conversion is via a subsequent cyclization and dehydrogenation step to
28 DMN's which belong to the same DMN triad as 2,6-DMN (vide infra for the
29 DMN triads). Discovery of an alternative method to these known methods for



3 1 rmaking DW s is highly desirable. These known net hods are expensive

2  becausewdeyssafgvol ve the rel atively expensive starting mapegiygbdissgbine
relatively 3 expensive base catalysts and _the restrictions on

manuf acturi ng those DW 4 precursors whi 8h can be sel ectively converted
to the DW s belonging to the 5 2,6-DWN triad. 6 O her nethods for
the two-stage process of cyclization and dehydrogenation 7 reactions are
di scl osed, ¥ or meking DMNIsris bighly letsirableNoEhese Kricwid Priethods abe @Xpensite

5,073,670 gpd 118,892. .In thqgse references, cyclization, of 9 .
nonoal kenyl tegéf’%‘l’ﬁf'eﬁ'@M '9"8‘&'@3 e ¥ﬂ'ycﬁ?@reh3'v\ée%?ﬁm roafeligjsthe srlativelyng
10 platin a yamt : i

5 ol et hy 1 et CaPeve basd AR g E%L%?"{dggﬁﬁ‘at“h@?“ﬁfeaﬁ%‘é’#%g%é“r?;ﬁ O

di met hyl t et4 al precurg@iscsthich aaakke selegtively foaverted ta the BMNisnbelaagingro the

catal yst suppopt mna. This nethod is 13 also undesirable since
it invol velég)at 5?%@9&0 ta%al‘di stinct steps and is relatively 14 expensive.

15 Yet another known process teaches al kylating toluene with 1- plent ene.
Thi 16 th is t tein U S Patent No. 5,043 501. T ti
alkyt at e 1 8 t nEineR ot forihe e s e Pincssy oy Elkalphand Sebidiporheton

zeolite L tp prositionsRi disclodéd, fOPeRambRs & .S PURMRNod)&0121024 dr awbacks.
Pure 1-pentene streans are 19 unduIEvg exi)_ ensi ve and the yiel d of DWN s

with zeolit&® L5iQ30,88Y, $988.670 and 54 nitthepel referenees.ayglization of

or ovesscorr | TR ARte bR TS Aclompsnd ovot A58t Khtalys?Cintiiting "
2- et hyl - 11 p- pRtinul BHE 3Pper taartivethyttetiatn eathag T 3dimethylsraind Thase
dehydrogenation in the presence of a catalyst conprising |ead oxi de and/or

24 i ndi unt bxi efersnres teach thatdehydrogenatian of @matmﬂtetfaiinﬁ HepicalyiRke8t hods

25 describgd r t NG Is eq\% L ch 4 he
26 sane tprgac% (gvserzé’" EWH%{}U%%Q%Q? the se%h%h%étﬁﬁ%%s?gé@éé
above for 1@ki afsoMdesirably eingle iPBivolvestatidast twodlistinidt Stepaardis tdbatively

4,963, 248, tfapanese JPatent Nos. 02, 247, 136,
1 expensive.

16 Yet another known process teaches alkylating toluene with 1-pentene. This
16  method is taught in U.S. Patent No. 5,043,501. The resulting alkylate is then
17  catalytically dehydrocyclized by contacting with a zeolite L to produce DMN's.
18  This process, however, has many drawbacks. Pure 1-pentene streams are
19 unduly expensive and the yield of DMN's with zeolite L is very poor.

20 A combined cyclization and dehydrogenation operation is taught in U.S.

21 Patent No. 5,068,480. The process comprises subjecting 2-methyl-1-(p-tolyl)-
22  butene, 2-methyl-1-(p-tolyl)-butane or a mixture thereof to cyclization and

23 dehydrogenation in the presence of a catalyst comprising lead oxide and/or
24  indium oxide and aluminum oxide. However, similar to the known methods
25 described before, this method intends to make DMN's which belong to the

26 same DMN triad as 2,6-DMN.

27  Asregards the second method stated above for making DMN's, several
28 patents (e.g., U.S. Patent No. 4,963,248, Japanese Patent Nos. 02,247,136,



4 1 02,247,137, 02,304,034 and 03, 038,532) describe the reformng of 2
hydr ot r eat ed kerosene fractlons and recovery of DW s fromthe reformte.

3" These ref®Pend¥eclaim i nproved results are obtained by fi PQF’UFW%Q
the 4 normal paraffins fromthe kerosene4fraction using nol ecul ar sieve
5 separations. Reformng is typically done over a platinumon alum na
catalyst 6 at 750-1020[err]F and about 350 psig in the presence of

hydrogen tq 0b62'2&7a1377c92 364 03 grg?nérﬁ]e re '53'2 Hed6M4 theSr 'of DW' s.

2,6-DWN can be separate te via disti atgon nmol ecul ar
si eve adsoraot i bydro@epm¢kequs&'nedract19ns(andd'enpvwxa:tﬁ[lMN srincbm thetrettmabes not

2T ow DWN 3 ef Shebe eleeteR daint yapreyeg TERY His BBERed i iR Emoving e * '
resul ting WVN Hb?fﬁéﬁ%rﬂﬁﬁ%' frdeﬁéfide‘Fé@r@fréétion lls'ing HbIE®AILF sievBr s, which is

typi cal of the DWN products directly manufactured ~13 fromreflnery
streans and® resewargtlpnm Refernaingrie Jypiealiydona e plating mepr abmminasatalyst

P rd mecngn <Pt 2o 12p00E Bl Al 30 I AR Besfhice of pdogpl to SERINR.L 01
recovery ofy 2, feiohhiafe ashtaiAfd bBbi ngeeﬂt DMIsomDeIMN arlfe sepaftiédly by

El di b Engi neeri ng ., see Chem cal ek, 6/ 24/ 1993, Eur opean
Cheni cal Néws, frgmmmmqie vig distifiation anolswiag siave au&pmtwr. crys;teﬂlzatlon

10712/ 1992;0 Chgpksaly 19Re5160 1 ey oBes ok meeh % RtrBEreaulRie R o i
1.75% 21 10 2, éc@h&ﬂnylsﬁnwtb@ mes@r@am@unlmwcmmmmlmwvem lowéher 9 DWN
i soners as in the case of kergsene described, above. A key problem

wth thi s Z&pQM&mws In pdditicRe thegesalfinadD BN W@Gmeauﬂsa"mcg@snsts of all

concent r at4-0ons 4 8f r

poi son zeoﬁ)t engPSI\Zﬁl ‘%ﬁﬁ‘reggg’&ﬁ@ '%wé@%%%%%cgggéﬁs%mn za(& on

cat al ysts.13To frenorefinene sgeamsrarahresults nm)gmﬁf cﬂéncy inthpsubdequent steps efiuce

themto about 10 m e % dro.treatjnﬁ severe conditions is
AL

requi red. ¥ydrBE v, BAMELAEfien & cﬁ%ﬂ? i nevi tably causes
hydr ogenati on and hydrocrackl ng of DW's, resulting in a 29 gr eat

reduction ‘f 31 t Re rél eléjs t?xe tRMd\l method stated above for making DMN's, several
16 references teach recovery of 2,6-DMN from FCC Light Cycle Oil (proposed in
17  a study by Eldib Engineering Co., see Chemical Week, 6/24/1992, p. 27,
18  European Chemical News, 9/28/1992, p. 30; Chemical Marketing Reporter,
19 10/12/1992; Chemical Week, 11/4/1892, p. 39). As disclosed, the material,
20  which is ordinarily used as a diesel fuel blendstock, contains about 1.75%
21 2,6-DMN. ltis disadvantageously accompanied by all other 9 DMN isomers
22 asin the case of kerosene described above. A key problem with this
23 approach is that the FCC Cycle Oil contains high concentrations of sulfur and
24  nitrogen compounds. These contaminants poison zeolites.used in recovery of
25 2,6-DMN and also isomerization catalysts. To remove the sulfur and nitrogen
26 compounds and to reduce them to about 10 ppm each, hydrotreating at
27 severe conditions is required. Hydrotreating under such severe conditions
28 inevitably causes hydrogenation and hydrocracking of DMN's, resulting in a
29 great reduction in the yield of DMN's.



1 As regards the fourth nethod stated above for making DW' s, several
patents 2 t&83esl4f@s hods of manufacturing DW s by transal kyl abrRi3e8)seos
napht hal ene or % 2- met hyl napht hal ene. These patents are, for exanp?e, U. K
Patent 4 No. 2,246, 788A and European Patebt No. 0,494,315 Al. However, it
Is 5 apparent that such nethods are al ways associated wi th by-products
such as 6 trial kyl napht hal enes and have a | ow efficiency. These

by- product § ar gs fegatdadfsifoakthensihedistatedchinne fior Aaking DIVIN'sdeavératipatents
products and added™ 8 conplexity and cost to the process because of the

need for f @ thteachdpathedsxf mandiaspyingPMN s bydransstifation ef aaphghalene or
i dabl g wi f ' ! | atd f
napnt hai ené or 2peRFIEARNg, JHse ety argMirexpinee, Y RABIE. & nced

in the pfetmol gum Q,rzhsim&Afawrt]j Euﬂotpeeh g-w?tehL N3. O,thﬂhmweweidtﬁéy ]
exists o roducing DMN's. The nmethod of this 13, jnventi '

m’;{ hod. 125 gp;I)al%nt that such methods are %Mﬂgsqg.ta \équﬂﬂ,bEI Opp,rg&/fsé%h%é a
nmet hod of e j | [ S ' L r4¥bNg step
16 "o oh B IiRERandldnds o AP BIOWRRALAL) S Tfietdibl MolfelgRend o o
for use 177 i nunassirabl®diesto redaced yidie of theedesisdd prodsictsoandiadded e

oxygenate content of 18 uels, tertiary-anyl-nethyl ether (' TAVE") units
are in opefati GQMPFPW@JlQOStﬁEtt&%Ipéﬂ?ﬁ%e?%ﬂs?&fwerﬁ?eag?f & SEPRERE of
TAME uni ts.ecor?&%g'%. %iﬁifa} dPawbatRs ardalsbunNEidabfwitAThé Rethbas of nﬁwr@m
al so conpri ses olefins. In sone 21 enbodi nents of the invention, this
raf fi nat e hd/ BMINEDCakyldtiontafamphihalene or methylnaphth@lenes.as a rel ativel y
| ow- cost feed stream for the production of 23 pentyl t ol uenes, which then

are used in nmaking DMWN' s. The invention in sone 24 enbodi nments i ncl udes
the discovielry Atcpedifgiynthere existsagieey ipribe etiotaum indiitry foaailayes-cost

-feed/ di t int f ' t.ep. 6. | di h
Covent: on el method Wah RigPaRt RS o pradiicing DMIES IR MR ot g 1 1 .
ref or m ng EPne;hRBhrbAIdUSRBhEHeG.Ng feed with 28 a .

pl ati num cont ai ni ng anor phous reform ng catal yst, containing a netal 29

sel ected fromthe group consisti nsquof a_non-platinum Goup VIIIB netal,
14 . MMARY OF THE INVENTIO

15 The method of the invention utilizes amorphous catalysts in the reforming step
16  which are superior in performance to those catalysts previously taught for use
17  in making DMN's. Due to the recent efforts to increase oxygenate content of
18 fuels, tertiary-amyl-methyl ether (“TAME”") units are in operation in many
19  petroleum refineries. The raffinate streams of TAME units contain Cs olefins.
20 In addition, an FCC Cs stream also comprises Cs olefins. In some
21 embodiments of the invention, this raffinate and/or FCC Cs stream are
22 advantageously as a relatively low-cost feed stream for the production of

. 23 pentyltoluenes, which then are used in making DMN’s. The invention in some
24 embodiments includes the discovery of performance enhancing properties of
25 having a co-feed/diluent in the reforming step.

26 in one embodiment, the invention includes a method of making DMN's,

27 including contacting in a reforming zone a pentylitoluenes containing feed with
28  a platinum-containing amorphous reforming catalyst, containing a metal

29 selected from the group consisting of a non-platinum Group VIIIB metal,



6 1 rhenium germanium tin, lead, gallium indium and m xtures
thereof, at 2 reformng conditions, where at |east a portion of the

pent yl t ol ueW&&%44763  converted to DWN s. 4 In another eMsddSTNTe?3 ¢ he
i nvention includes a nmethod of making DMN'g§ 5 the nethod including
passing a CJerr]-Clerr] naphtha-containing streamand a 6

pentyltol uenes-containing streamto a reform ng zone containing an 7

anor phous pl atj | urg : | : I ' [ rgf orm ng
8" zone, i e eSSk 3ElsaR, Salia dduf Bathiddeetnedord 010
and the 92 rekforming contitions| wherelat least aporiign obihd pentyifoluehes is at | east
a portion qof the 10 per&%l oluenes is converted to DW s; and at |east a
portion of 3t hecarveriep-te] Ns-ll naphtha is converted to aromatics. 12
I n anot her enbodi nent,; the invention includes a nmethod of making DW' s, 13

the met hod including passing a diluent stream , selected from hen , 14
t ol uene, x eH@sa,nQigeG'é\bP}'j"ﬁﬁBhlﬂl‘%‘,“V&ﬁHO% incldss @HPQ}EHQ@ FRRing ﬁm@ Sst r eam

to a 15 reforg | Qi _Adb (W ¥Tay orm ng
catal yat: o el RineRichR DR ng s O A S e
\%nt yl t?I :JGnetspér?t{lt@ludné?@onmi?in?ihs_n@m:cajb%reTamungj' 2ONe ebptaining :m?nd:;vil\rons,
ere a ast a ortj.on e n ol yenes is, canverte S.
%)E:/N In %/ﬁt an;ﬁ“ﬁ'@ﬁ? _?hBHW?a'PHBn# FF?@H%\“@&#%‘%’;E&Q&F%%HEHH@W gjfgﬁﬂ'lgring 20
S, e gret Juyb i : i |
terrperature8 of frdr%ﬁgll%é&tmgg[agrriF tdcsag'll)ﬁowu?ﬁéé%%[err?F %\héglgmg?gssﬁﬁg of
f rom about 922 refornningtcatalyst tndesafopsing, candititinsewheteratdeastraypertiosafithe t h

a1 Kyl at 1 o %2 PESyRENSE i eoded bBMMS A ATR bBrt A BN BF 68 CrGam
chloride, faci dngprina.is éonvérdée@t®BRINads]s, acidic zeolites having a pore
di aneter of at least about 26 4.5 angstrons, solid-phosphoric acid

catal ysts, and m xtures thereof, where at 27 |east a portion of the
tol uene angd pepfithePahbodiment & invehtioR MaudenaimétPoddf rhakiiy DMN's,
pentyl tol uenes; recoveri nP fromthe al K?/I ation zone at |east a portion of
13 the method including passing a diluent stream, selected from benzene,
14  toluene, xylenes, or Cs naphtha, and a pentyltoluenes-containing streamto a -
16  reforming zone containing an amorphous platinum/alumina reforming catalyst;
16  contacting in the reforming zone, the diluent stream and the pentyltoluenes
17  and the reforming catalyst, under reforming conditions, where at least a

18  portion of the pentyltoluenes is converted to DMN's.

19 In yet another embodiment, the invention includes a method of making

20 DMN's, the method including: contacting in an alkylation zone, at a

21 temperature of from about 32°F to about 500°F and a pressure of from about
22 ambient to about 500 psig, a toluene-containing stream with a pentene-

23  containing TAME raffinate stream in the presence of an acid alkylation

24 catalyst selected from the group consisting of aluminum chloride, acid clays,
25 heteropolyacids, acidic zeolites having a pore diameter of at least about

26 4.5 angstroms, solid-phosphoric acid catalysts, and mixtures thereof, where at
27 least a portion of the toluene and pentene-containing TAME raffinate react to
28 form pentyltoluenes; recovering from the alkylation zone at least a portion of
29 the pentyltoluenes; passing a C; naphtha-containing stream and at least a



29 the pentyltoluenes; passing a C7 naphtha-containing streamand at |east
a WO 99/47476 _ o 71 poripcqisebdeds
pentyltoluenes to a reform ng zone containing an anorphous 2

pl ati num al uni na reformng catal yst includiAig a netal selected fromthe
group 3 consisting of a non-platinum Goup VIIIB netal, rhenium
germanium tin, 4 lead, gallium indium and m xtures thereof; contacting
in the refornm portiomef theSperitiléolGZnes ttha refocmirtgazone gostairiagaaramotphous
pentyl tol uenes and the reformng. 6 catalyst,. under reform copndi tions
"l Udi ng & pr BESBHEValiRinaUStATing catlystincluding %, Metaseesled Troa the orotp
tenperature fr - ahaup VAR RIS Hieniufh, gehfaRiundled, east a
portion of%{heegig%tyl gl?ggilcg{sb?a?ng@nverted to DW's: anﬁl'gt 9 ule'asdt’ a
portion of 4 hele@d, gabiiunhandiuncand mixtdresotheosaft centasting ire thereformjng zone,1 0

th f or mi t t ti f the DWN s; i | east .
bortion 118 of By NaphEscantaia steant and fof BrabighBbRs he hratBfnife: i on
zone. 12§  catalyst, under reformyingRidnaltiols 3EN NG A\pfdssUrb-frorf b okt amBidnt

Figure 1 depicts, in one enbodi nent, a sinplified schematic process flow 14
di agr am of # hetoraboieldSQ® psigeandhadampenaturg Fonrabeute’ GORF to abeut 48R0 RS -

Figure 1, ce that it does not QW a dehydr ogenat i.qn Lt between

t he al kyl at on%ﬁ% atigas qaapmq{boE@\ﬁeoeom}lgl?olqen%%@sc@wgaegcﬁmg&ﬁ‘ia[nd t he
source of tdie et aPortiBAGHtRE T Adiths iy éHvertelio tEIL@Ab?aR@rééoJéﬂmgf’fﬁﬂﬁ as
Fi gure 2A, except that it shows a dehydrogenation 19 wunit between the

al kyl at i orll@ontheareforreing zongjatleast a peatiorroliheDNN's: passingiatieast #pgtion 1,

Shove a catt cof] B Ak EBRdaeIn AR FoBimire sy R oy =BhE0, "

recycle streamfromthe separation zone to the al kylation 23 zone. 24

Figure 4 i132t he sane as Fi AR gR]IEFe[ﬁé&tRIHmSNiéFﬁh%ﬁw&eed/ di | uent

13  Figure 1 depicts, in one embodiment, a simplified schematic process flow
14  diagram of the method of the invention.

15  Figure 2A is the same as Figure 1, except that it does not show a
16  dehydrogenation unit between the alkylation zone and reforming zone and
17 does show a TAME unit as the source of the pentene-containing feed stream.

18 Figure 2B is the same as Figure 2A, except that it shows a dehydrogenation
19 unit between the alkylation zone and reforming zone.

20 Figure 3 is the same as Figure 1, except that it shows a separation zone

21 following the reforming zone, shows a co-feed/diluent stream to the reforming
22 zone, and shows a recycle stream from the separation zone to the alkylation
23 zone.

24  Figure 4 is the same as Figure 1, except that it shows a co-feed/diluent
25 stream to the reforming zone.



25 streamto the reformng zone. . .
8 1 V. DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENTS 2 A
Steps of the"PP8B¥E8 3 4 |In one enbodinent, the nethod of PERASPRAER} i on
i ncl udes contacting an 5 alkylated toluermge with a reform ng catal yst, at
reform ng conditions, wherein at 6 |east a portion of the al kyl ated
toluene is converted to DMN's. The alkylated 7 toluene is alkylated with
an al kyl group whi ; A e Tt F B el 3
pent enyl gr10up. 9%]?1%%l bRNrp,Fi e—a yratet
product of contacting, in 11 an alkylation unit, at alkylatio
conditions, in,t B f..an alkylation 12 catalyst, toluene with a
pentene-coﬁtarﬁiEgggéggggi—ﬁiéﬁgentene-containing 13 streamis optionally
a TAME unigg raffinate, a m xture of pentenes obtained 14 from selective
dehydr ogenati on of pentanes, purchased 1-pentene, an FCC 15 (err] stream

(with or wét hdixonmembediment, she mathed ef thenipyeation inclydas goniaelingan 16

Lol t | o _ . . : "
oo S oPEr HARBale B N o fing TS, B AASSingdtilhe; Hfichein o
Clerr] ol e®i nsleast a poition of the gikyldted tolueng isrcohveited to DMNisai Thenglkytatedim

from al cohgl dehydratiqn. The .19 | efin streans,, or bpth the olefin and
aromatic st'rea ,e%@ﬁﬁlﬁ%\fvmaﬂékﬁpm%wf%ﬁ '@EH‘“%&dBFP@rﬂO% lijteghio, dypen
the penteng c%&&%p&%hgwhﬁfrom a TAME raffinate, the TAME 23

S any co ntlo

raffinate stream nal TAME raffinate stream containing 24

- pentenes. @dtionally, a separate conventional adsorbent step may be used 25
for renovagl, of iso- | ene... The, conversion, of pentyltol yenes to.26. .

pent eny 1 dCuerta SRS PEBRLMER i A Ete tdue e Buthe frofiPES fdurcing, ih. 27
28 The tqgliuengn afiAztion sit, Ht =8¢ Rtich CHdItIR, iy tHaprRsehcé of aRdlkphficn ned
froma 29 refinery stream although various concentrations are possible.

Al t er nat i i@ y, catglystteluegiewitiea enerragtaining stream. obhe peatere-eeataiming

conventiongl rgiLlENY optionally a TAME unit raffinate, a mixture of pentenes obtained
14  from selective dehydrogenation of pentanes, purchased 1-pentene, an FCC

16  Cs stream (with or without having any iso-amylene removed), a Cs olefin

16  containing stream from an ethylene or naphtha cracker, a resid coking unit, an
17  olefin metathesis unit, an olefin oligomerization unit producing Cs olefins as a
18  side product, a Cs olefin-containing stream from alcoho! dehydration. The
19 olefin streams, or both the olefin and aromatic streams, are optionally fed by
20 staged addition.

21 -

22 When the pentene-containing stream is from a TAME raffinate, the TAME

23 raffinate stream is any conventional TAME raffinate stream containing

24 pentenes. Optionally, a separate conventional adsorbent step may be used
25 for removal of iso-amylene. The conversion of pentyltoluenes to

26 pentenyitoluene is a process option discussed later in this description.

27

28 The toluene-containing stream is optionally pure, i.e., not obtained from a

29 refinery stream, although various concentrations are possible. Alternatively,
30 the toluene-containing stream is obtained from any conventional refinery

31" stream containing toluene. These two streams are both fed to an alkylation



31 streamcontaining toluene. These two streans are both fed to an

al kyl ation o g9/47476 berrushondd
The streans arée optionally mxed either prior to or after entering ?Igle 2

al kyl ati on zone. The al kyl ation zone utiliz®s any conventional alkylation
3 process. The units in the al kylation process will typically include a
reactor and 4 one or nore distillation colums for fractionating the

al kyl ati onqr eagdrf, The stiea®ibiaie opticrlgtrixedaithed iprento of aftécenterggthen.
t he pentyltol uenes are epared via al kyl ati on steps other than

. 6 _pr ! . . F
t ol uene al Ryl aalkyiationizene; ethg alsyiationzoneditilizes any,comyestiopalalgylationienes

and/ or penken n | . ' : : -

2 kyl at FonSor RPEEHE et shg MiatioH ERECSE uih fypichlly iHeG e E el Ehd
Ierrbodi ment 4utidmnabnmdre:cdjsmhlatiencbmrﬁhelfmdfr@cttm‘nartni ' 'ngdheaikylat@:rsrceaeamd ﬁt
east 11 _ a portion o e peptenes.and toluene are converted in the

al kyl at i on5uni$r°FH°t-QQ an .t%593M§?q%W%'88e@§ %‘H’gﬁﬁquﬁﬂ%? g an
acid al kyl ati 3%5\41 i j |\Wi fgom
the gr ou% gongﬁs'rs i?\éé&)g %'f‘ﬁ'#aﬁﬂm 140%%)%'?%%?@%%?{1@%@?3%@gsﬁﬁéﬁg' Fot
phosphori c7aci exaraphd, pentyltohsresoand/ga pedtenyiciuénes ats optienaliy prepared vig a

pore di aneter of at ast out. 4. 5 angstr.0 n | Xtures o 1 t her eof ..
Aci di ¢ zeoPFi te%aﬁgﬁ*?gy;fdp%hlahpar?zﬁ%s)aﬁ g;soﬁie@l?o%@élgi% die.@sangst rons
i nclude, bgt are not limted to, the followi ng zeolites: Y zeolite, 18

beta zeolite, nordenite, offretite, onega, ferrierite, SSZ-20, SSZ-24,
Ssz-25, 19  IsShexsnbedimet utiieingdeluesszarzba Galefis costsinipg stresm, 4t least

25w 45, Wil 274 POFioN pEkje Rbrtes SR GuenR B prbitidin B bikgage nito

enbodi ment{2 t hsemgitdiuédes. Buehl grocess shdaldiAtiude aw £die aibliation datagst.i t e
type catalyst. The al kyl ation 23 cat al yst ogtlonall I ncl udes up to 80

wei ght perldent Suehfatalystds sptiarally selectag! feoraitas igfoup cgpsigﬁng\@f glimipemc ent
bmounis W (SoiePEY s, SPUlBHERLSH Al oSS biAbRch ARS8
favorabl e 160 hzedites haeing 2 poRSdiastetec bf atieast abauiih 8 angstrobiy, eadtmistures
bent vl ¢ o UBheaereoti RGHARIes bavingpareiafieions g8 eonst r at ed
e er The 121,15 Bt TRAGNE LBk Ml (ORI SUILL Y SRS,
of pentyl t18l ucheta zevlita/Nnerdenite, offretite, omega, ferrierite, SSZ-20, SSZ-24, SSZ-25,

19 88Z-26, SSZ-31, SSZ-32, S82-33, SSZ-35, SSZ-37, SSZ-42, SSZ-44, EU-1,

20 NU-86, NU-87, UTD-1, ZSM-5, ZSM-11, ZSM-12, ZSM-35, ZSM-48, MCM-22,

21 MCM-36, MCM-56, and mixtures thereof. In one embodiment, the acid

22  alkylation catalyst is preferably a Y-zeolite type catalyst. The alkylation

23 catalyst optionally includes up to 80 weight percent alumina as binder,

24  preferably up to 50 weight percent alumina. '

25

26 To prevent the formation of tri-substituted benzene compounds during the

27  alkylation of toluene to pentyltoluenes, it is favorable to have toluene in

28 stoichiometric abundance. Unreacted toluene is generally separated from the

29 pentyltoluenes before the pentyltoluenes are dehydrocyclized. Based on the

30 results demonstrated in Example 19 below, the separation of toluene from

31  pentyltoluenes after the élkylation step may not be required before the

32 reforming step of pentyltoluenes to DMN's.



10 1 In addition, the separation of the (Jerr] alkanes/naphthenes, )
which are inert for 2 toluene alkylation and may be present in the C}[err]
olefin stre¥W@994$ Clerr] olefins 3 before or after tol ueﬁgré[sg?/ps]@

ol efin al kylation step nmay not be requiredig These 4 derr]

al kanes/ napht henes may be used as diluent for the reformng of 5
pentyltoluenes to DW s as well. One or nore conventional separation units

6 b t 0. . ' Iy,
S el PTALT IR dhieeEn 358 SBpftduolt A0S K RasH e ed, WHER Bre it @F2! |V
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oot & ost - hetom enatartoaneis SleaBi e eian aiesBak nof bE Feautedndhese

al kylati on 470 alf ﬂeQ/Wa ﬂ%ﬂ@é rﬁaybyusewsemre?&mtﬁbnefarm.ﬁgbpenes are

t hen passe orm is optionally passed
as-is or wsth pemlyltoleemes)to lMMsfasedeIl TOaecr roerg card/entional epaaratloraumtsmg
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15 opti 0”?' ! 361§tﬂfa‘f%ntlm|& a2 Wilize8 o furthtd pasi ﬂﬁ?é&ﬂﬁlﬁelugﬁéy Oﬂﬁbﬁally y

reformto 16 aromatics. Wiere C7 nap hthals us as a co-feed, porti on
of the C7 87 soapaonallicf anymnpemygtoluene%bvmodupttfmme%mthe @lkﬁlaﬁléﬂépﬁ?#‘g

zone. That .t ol uene er reforner
effluents Por ngRyadBfr?@Stpheaeflwé’ﬂ?éd g@’?‘l’aﬁ/%dﬁ‘ eteagt é&%@%@ﬁ Bfe[]ol uenes. In
the reforApr uirtyltdinenss strteant ﬁcb@et@‘dﬂ?&nth@aﬂqﬁailmzwé lamtoptcmnally any
pentyl t ol uenes cont aining feed is fromabout 0:1 to abg}rt 21 jfge

i zes

pr ef er abl {1 1f r cinsepauated dipeatyllelignesogretthen passed fo adetarming Z?Bﬁ

any conve f f
cont ai s 42, or gV &, Mg dionERy pagsetPtsf5or with aHIRIER o cb¥eetic THdWient one
;l;hld fog?; 2Egast |sszalmn?ﬂsziaMQ/sdvmW1g1 éﬁc@:sslmluet fie, ba?ze?xet, xyllenyesaGd napmha,

ing se i Vi ui catal ysts Ar a
a)r/mrphous ﬂe?cﬁ"n’?"ﬁé t&%ﬁq éhﬂa&?% ‘%‘?‘?%sa F&?Q&ﬁaﬁ fr:”t 23
fromthe 9“5°”po;5’tf3eigd ﬁtéé?'?? BBtrﬂaé‘EﬂhéH@tdnﬂ% ettty ’frhE'yFlfﬁhaél an%ﬁorrﬂi tlﬁnl um

ger mani um tin ium indium and m xtures thereof
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titania, is then optionally separated from the other reformer effluents for recycle to the
19  alkylation unit to make pentyltoluenes. In the reformer unit, the weight ratio of
20 co-feed or diluent to pentyltoluenes containing feed is from about 0:1 to about
21  1000:1, preferably from about 1:1 to about 100:1.

22 The reforming zone utilizes any conventional reforming reactor bed

23 arrangement. The reforming zone contains a reforming catalyst, e.g., a

24 dehydroaromatizing catalyst. This catalyst is preferably one with high DMN
25 selectivity and low hydrocracking selectivity. Suitable catalysts are platinum-
26  containing amorphous reforming catalysts which optionally contain a metal

27 selected from the group consisting of a non-platinum Group VIIIB metal,

28 rhenium, germanium, tin, lead, galfium, indium, and mixtures thereof. Any

29 conventional impregnation, mulling, ion exchange or other known methods for
30 adding the metals may be used. The support of the amorphous catalysts is
31 optionally selected from the group consisting of alumina, silica, titania,



11 1 vanadia, chroma, zirconia, and m xtures thereof. Preparations of
such 2 cat yy§4,§747%¢ € taught, e.g., in U S Pat. Nos. 3,415, 78&tuésfices298;
by

and 3 4,645,586, the disclosures of which are incorporated herein
references. In 4 one preferred embodi nent11t he reform ng catal yst is
preferably a non-zeolitic 5 platinumrhenium catal yst supported on

al um na. Commercial exanples of 6 such catalysts are, for exanple, (1)
AR4A05, CR291/ 3RhhadRil chrdMie) zircdhib, aind rixtes Htdreof EBteparatidiof S&ist8, RG492

d RGE82 f ACREON 8 TALYSTS/ P SE, - ' - ,
G52 111 BopestahSRars el Bben Uik BYNOARMAISTSTE AP ARB A 1 & 1 om
AKZO NCBELy 10, 648 baBtrcouis ARETG AR B Rbrols it dd Bt RrerBhad. 1P .

PR-8, PR-9, 11 MP- RNA-2/ 4, PS-7, PS-10, PS-20, PS-30 and
PS- 40 froné12 oneRprefstraeciiouient, i reforming catalyst ispreferahlysa nor-zeojitiR- 51,

T vor ! dfs advedumaEnkEs s RIvst suBPErEE S AILBT . Ponifitiial exetileghr
43); and 1 (suchRtayStsard, Rireskarhple o) ARA0S'CR261/801/401, E00 EG0N] ng

stage, the pentyl %roug I s dehydr ogenat ed and cgél zed 18 _intranolecularly
to produce?DMVNEXN2, &0 rﬁﬁ)’i‘ly,E%% wiRG4A2 and RES582 fromaApRE@Nenes ("EN)

is | ow or | 4 Qi i i i LI i ;

tose ot BosATALTRTSIEROCATELYES (20 Bia00s, CRUSS clREIFrgbe 1Y |

(I?)II\J/}V : Qpt i oga! |B|?G|3—52¥29Tﬂlbb§PARC$-655,f ARG N1 1Bidne] ARC-1HHE froon AKZD NOBEL; t he
S, especia

2,6-DWN. As |t of th f ' t | t
portion oft0t he(%g’rﬁ'ﬁrﬁt 8|Rtéﬁ@9/§%'5§%l§mﬁ@&1?§/1§%ﬁé&%6@?&3?&5@3’ %’@im i's
24 2, 6- . T f h ' ' A t ti
35 zone far (OGHLRREY. IMFIRNAIS, BTSN IS 202 PRRS0 Bd RS AgReaiAT At on
conventiona 2BRITERIONICATALYSTOOE. &P (4pR+3IMR-BL, Re34,iR-60, Rpt, B+H4@, | v,

2. 6 DN, Wher R JCBar Rr W2k 1B vt 2Roet UBER (S R SeboBiny & 1 <

achi eved, qyhe Wopide w&ygﬁk&)fgsogﬁig c'gg@l 848 Jofinfdl POLRIP B, 099Ep S 48); and

recovering at least a portfon o pentyl t ol uenes not converted to
DW s. At 15eas)Rhen-Fiand BheasryfroncGhewianed 31 pentyl t ol uenes i s then,
optional | )46 recycled to the reformng unit. 32

Q

17  In the reforming stage, the pentyl group is dehydrogenated and cyclized

18 intramolecularly fo produce DMN’s. Preferably, the formation of

19 ethylnaphthalenes (“EN") is low or negligible. This is because their boiling
20 points are very close to those of DMN's and, therefore, they are difficult to

21 separate out. Optionally, one or more separation units are used to recover
22 the DMN's, especially 2,6-DMN. As a result of the reforming, at least a

23  portion of the pentyltoluenes is converted to DMN's. The preferable form is
24 2,6-DMN. The effluent from the reforming zone is passed to a separation

25 zone for recovery of at least a portion of the DMN product. Any conventional
26 separation methods are optionally utilized. Optionally, the DMN's are further
27 purified and isomerized to increase yield of 2,6-DMN. Where only partial

28 conversion of pentyltoluenes to DMN's is achieved, the process optionally
29 includes a separation stage for recovering at least a portion of the

30 pentyltoluenes not converted to DMN's. At least a portion of any unconverted
31 pentyltoluenes is then, optionally, recycled to the reforming unit.

32



12 1 The reformer unit utilized in the present invention is optionally
either a 2 dedicated unit or a nultipurpose unit. That is, in one

enbodi ment , Wne9/47376 reformer unit is dedicated to the produ®@CTOEOYPSERN s.
In another 4  enbodinment, the reformer ymit has feed streans other than
for the production 5 of DMN' s and makes products other than DW s. For
exanple, reforners are also utilized in the production of gasoline

range aronpti for t
econoni cal @gﬁé? Qmar “E\Btrﬂtﬁgﬁﬂé? éh%ﬁgezs%@ﬁnv%ﬂﬁ&élsaéﬂtﬁngﬂgggtﬂ an 'S
construct '2‘9 dedRAtSHURR o?%fmun?u d;N:i'!;etumtT HEatiis, m@rfeeémbodm’oent the small
stream of pentyltoluenes is co-fe to the naphtha feed streamof an 1 0

exi sting r&f orgformertnitisidegicatedstothearpductiony BMN s anRthees or mer to 11

separate t f I t

roating the PURSIEERE AR eftEr uhtrlsTakd BBEE!diney thandor HigiBbahbton
puri fyi ng & he op DMN's &rtd mafke@wodpcts@mdmamﬁ)l\mw tIT‘m' exa‘lmleerefummers atae
such 14 optional _step is isoner|iz %’[IOI’] of the reforner efff9 t. to

i ncrease the WA dilzedindhe predugiion atgaspling range Fpmatics agd
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I ncor por at ed hereln b erence oses al 7 net | somerizing a
feed of an§y cowpcepital oostsfofruonettuﬁimg a dledmat&ﬁ eefarnger umt hl}tnatgsw pelativelych

t duct,. th
DMs. havi 9 SRtk sigaarg B BsRivEDlaines R o T8p 8 the Habtha sl stiggf by gh
2, 7-DWN t§ oad%qstrﬁ %r&%rutwétuﬁal a%bé?a’tﬁdn'slé;b flowa teZéfornrstter ption for

pur|fy| ng the fromthe reformer effluent is taught by 22 Munson,
Bi got, antil He sepagaterhe &IN5 fiomeany ohestsfpEmenerodoglso00, 858, which. 23 is
i ncorporated herein by reference. One or nore enbodi mrents of the nethod 24
of the present invention optionally incorporate these nethods, separately
25 and/ 62 |r8tepsrb|ftre1atmgthe'mfea’naeefﬂuae for insueasing the yieldatandiefer | zatlon

h th I f
o s o7 i iR ie BrereRBA BIRIN el Rilohf ¥ TRbirRfer bt JOHE Suh
2,6-DWN i 8428 oﬁtnbﬂaﬂ@t%bﬂ@‘ibd?ﬁénﬁtﬁﬁmﬂthe refonnepbifieehbtodinotbase thelyle!d ofe of
DW s is valuable 29 in itself re net hods exi st for t hen

i soneri zi h§/ p@: 6*fWNg Santilli ﬁﬂdtQﬂ%“-MﬁoP@tﬁm Applcatiaq W?%Nﬁf%/ﬁggé%n
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method of isomerizing a feed of any composition of mixed DMN'’s havinga-
18  methyl group on each ring to a product that approximates an equilibrium
19  mixture of mixed DMN'’s having a methyl group on each ring (i.e., the
20 2,6-DMN and 2,7-DMN triads). A method utilizing crystallization and
21  adsorption for purifying the 2,6-DMN from the reformer effluent is taught by
22  Munson, Bigot, and He, U.S. Patent Application Serial No. 08/000,858, which .
23 s incorporated herein by reference. One or more embodiments of the method
24  of the presentinvention optionally incorporate these methods, separately
25 and/or in combination. These methods of purification and isomerization
26  enhance the value of the present invention for making a mixture of DMN's
27  which belong to the 2,6-DMN and 2,7-DMN triads. That is, where 2,6-DMN is
28 the desired end product, being able to produce a mixture of DMN’s is valuable
29 in itself where methods exist for then isomerizing/purifying that mixture into
30 2,6-DMN. This provides an economic benefit where the feed streams for
31  producing a mixture of DMN's through alkylation and reforming are less



13 1 expensive than the feed streanms necessary for producing mainly
2,6-DVWN 2 thro al kylation and reformng. 3 4 The iso

met hod taugl’ﬂo?% Eée '508 Application solves a long felt ”ﬁg@é&g#ﬁssn
overcone a fundamental conplication in the18omercial pr oduct i on

2,6-DWN. That fundamental conplication is the difficulty of convertlng 7
DWN i soners ot her than 2, 6 triad DW s into the desired 2,6-DW isoner. 8

There are yen rpfe fn%fv%% affééd@{regh‘le! ﬁece@%ah}%‘i odidiRg HalnEZecomNpe 9

grouped into t e tri a ase relative ease of aC| d- cat al yzed 10
i 'soneri zat Ron tbwcldgmal_kyla@onand reformingSuch an intra-triad i sonerization can
be 11 dons using a wide variety of solid acids as catal ysts. This ease of
acid- 12 atal yzed i sonerization within a triad is based on the fact that

a met hyl groupTHSisoperdi@tichateierl abght i thel'508 Yeiplicatam sulvesaong faltpha
position to a beta position 14 or vice versa on the sanme ring but dges not

shift easi By fnesd tp eversopssa fursiamentat complieatian thg gasamereial Bipdustonr ane

r1ad groufs GO Thit RBobMeHRA' Ptholdrion 15Hi, BfE Ak coyRriq X°
1, 6- DWN an¢ 1, SMPMSontdte othdr 1N, 2, &tﬂaﬂMMNMmiﬁBthe’Zdé’mEM\Q EFDMN dsdrher.

I soner, 1,2 DIVN, consists of two met hy| ups i nt al pha and
bet a p05| t BonsThere aredsn shifferent | |soin‘,!ﬁr§ er@\/lblfs t@@r}'ﬁ?e- Bt @ 16ABPS ri ads.

21 22 on

devel opi ng©23V&%HE8§r£e%tr?W§w§) e supra }%Fé*rr% | n%%%ﬁgﬁgyant ities of
2, 6- DW byl024 isemeridatign eithim aohmiangtrcﬂdaeSuMnuBmmm iaamwzatm‘n ¢carebe
difficult 6- t h I f oth
DN | comerid. | AonesSd DA uatehnRY Sa0d adidhns BRSNS O SO
manuf act urer s 8%55& s 6rhbﬂﬁaﬁc5h WitAirCa tdd RODASTIEH ﬁ1é3f§c¥tﬁ’ét é h‘%tﬁyl%rbﬂp ad

because of t he I cul I'n isonmerizing across triads and
associ at ed3unasminapbthalene ehlftgge!atwatyt ¢asily feam ianzalpha positied, tock bﬁt@l’%‘!m@h
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alpha position. The three triad groups are as follows: 2, 7 DMN 1,7-DMN and

17  1,8-DMN; 2,6-DMN, 1,6-DMN and 1,5-DMN; and 1,4-DMN, 1,3-DMN and

18  2,3-DMN. The tenth isomer, 1,2-DMN, consists of two methyl groups in

19  adjacent alpha and beta positions and does not fall into one of the

20 aforementioned triads.

21

22 In conventional methods, DMN manufacturers have focused on develbping

23 the methods (vide supra) for making commercial quantities of 2,6-DMN by

24  avoiding co-producing other DMN isomers because of the difficulty in

25 recovering 2,6-DMN at high yield in the presence of other DMN isomers.

26 Based on the above described DMN triad chemistry, DMN manufacturers

27 have tried to avoid making isomers outside the 2,6-triad because of the

28 difficulty in isomerizing across triads and the associated unavoidable side-

29 reactions such as cracking, dealkylation and transalkylation. Isomers that

30 cannot be converted to 2,6-DMN represent a yield loss and inefficient use of

31 raw materials. Adsorption separation and purification of the 2,6-DMN are not

32 practical when the concentration of 2,6-DMN in the feed stream is low. This is



14 1 because there are no known materials that will preferentially
adsorb 2,6-DW 2 over the other isoners. These limtations often

necessitat e wbeyymes of 3 expensive raw rraterl al s and cont r olpcaviUSYO Q5698 C
synthesis reactions that can 4 produce only i somers in the 2,6-triad,
such as al kyl ati on of butadiene and 5 ortﬁo xylene. 6 7 Thus previ ous
| soneri zation technol ogi es have been limted to intra- trlad 8

conver5|ons where the technol ogi es of nanufacturlng

t her ef or e, Ipr hegausethers aee fAikBRWRMAlSriale hatwvil pref ﬁé@ﬂtﬂw %dsqgh?eﬁ'ir—WNt he
10 new methog \Féf‘fﬂ@#ﬂl‘ﬁ\' 1Egﬁﬂgrréog‘hégglhhg@a{ﬂoﬂ§ iR Stlessht te %he useof .

hydr0| soneri za | on O over a unct1 onal cata
aci d) and @bsacpumﬁvel%\w dﬁt;dalswﬂacorumlm‘d cbl‘ganlwwﬂthemg raacmmé thatgan/ or

fully saturated DW s. Thus, 13 ew nmet up portunity
of rr)[/)re ef A C|Erﬁfjp9er9&‘k¥ [sQMers "Qﬂ%egm ad SR ta d”ﬂﬁf)ago% OFSPS%‘XVEGQ apdso
2, 7-triad. sAg%ﬁhog(gbﬁenew 15 isonerization enhances the value of the

i nstant method sinc lifts the 16 limtation on nmaking 2,6-DW fromthe
precursors 6aich mainly nmake 17 2,6-triad DWN isoners. 18 19 B. Process

Condi ti 0 | kyl t

Cond 11005 20, B THS BU/HLA 806 00 RSl O RS & RS ANfL Py RepRLal | O
pressure, 23 éméléhﬁrﬁhe?é%éﬂe%%()ﬁ:b@ésoﬁ%hufé&ﬂﬁg 2/BDMR drgown in “the
art. Typical 24 alkylation conditions, e.g., include rrperature from

about 32[ efd | Rhetefaraprefaablytbpee mich mq;mla!smak@ 2f5~B’IﬂCbBMN sarfiefly, the

V-zeol i te. Tnchaf iiefeBiptobt e o8 ApeicalEH fhsit dtiffombiheiieion s, °

Al 0 3 and f1 onDMN'slovér addifinclibnalocatalyst (Met ahd]déxd)cuncasasseq&émol ite. In
one enbodi nent, a preferred toluene o pentenes nolar ratio is 29 from

about 4:1 %% atl®dregenationiof the rgsuliing MPllwaeﬁ’&é@W%!‘Qtyd(D%f yhdg
of the fee@ i syfid AEMANRIHOG oM Gp ol v BPPbrtinit) 8F Fore Eiciently making

14  2,6-DMN from not only 2,6-triad but also 2,7-friad. Again, this new
15 isomerization enhances the value of the instant method since it lifts the

16 limitation on making 2,6-DMN from the precursors which mainly make
17  2,6-triad DMN isomers.

18

18 B. Process Conditions

20

21  The alkylation zone, réforming Zone, and any separation zones are each

22 operated under conventional operating conditions, e.g., pressure,

23 temperature, and flow rates. Such conditions are known in the art. Typical
24  alkylation conditions, e.g., include a temperature from about 32°F to about
25 500°F, a pressure from about ambient to about 500 psig, preferably from

26 about ambient to about 300 psig for a Y-zeolite, and preferably from about
27  32°F to about 300°F for AICl; and from about 100°F to about 400°F for a

28 Y-zeolite. In one embodiment, a preferred toluene to pentenes molar ratio is
29 from about 4:1 to about 12:1 and the Weight Hourly Space Velocity (“WHSV")
30 of the feed is from about 1 h™! to about 8 h™'.

31



15 1 Conventional residence tines are used as appropriate for each

particul ar ?V * Jst. An acid zeolitic alkylation catalyst
Y-zeolite i %§ erred 3 since it can be regenerated and reuse%gﬂjﬁ@aoss”

contrast, Alcl3 cannot be reused. 4 TypicdP alkylation zone conditions and
catal ysts are taught, e.g., in US. 5 Patent No. 5,149,894, the disclosure
of which is incorporated herein by 6 reference. 7 8 Typical reformng

condi tionsq e.Qonvetitdnal residence timesfaremsaday aﬁ@lfﬁpelalte} Forteadh paxinoular
1000[err]F, a pressure from abgut anbient taﬁ bou F£SI 89
preferred @rboeatalyst. Af‘r?é"%?@@'é‘!ﬁ@")’@“??&ﬁ* greeql ét‘-bB"Lﬁ enzg psi g,

11 the tengper t 1 R:\%ftee

cat al yst |s§pa %Hé gtd-aae A %%H am)rp oqjése'ar elﬁo@r?nmr#s'(c'g@g{ %‘?ﬁ&ﬁﬁ ight

Hour |y Spade IBypitéallalkylatiorn wﬁy)cooﬂltpastqndcatalgnsﬁsarstaugmt,oagl,ynu 8m about

0.01 to ab ut 4 0 hler I n._sqme, enbodi s, preferab from bot 0.1

ferr] to Souitatent hoer s 4biod, e SREIGSIER B TGN iSnEpGT ARt et By

about 1 h[ﬁr % fepcaDl ar ratio of hydrogen 16 to hydrocarbon feed |s
roma

typically out 1:1 to about 15:1. In sone 17 enbodinents, the ratio
is preferaflly from about 1:1 to about 6:1. 18 <Conventional residence tines

Condi 11 one Bar oPyrlBANRICIRG BRATGRE, &ia: wbta Sinn § R rel e, bl Rlo-E55°L 1"
and 4, 645, $86, agcgﬂ g}tl I=0§ 6§Sl% fréth Gbodt @nrblent BCASRRISB0SSIGE NS bRely

references ona prior to passi ng the pentyltol Uenes to the
reform ng mnepreﬁrrédzea’nbadlmm nhetpressmé i$ frenpaboyt ambientde about 360 @sigd

bor £ on o1l nelsdaTnaralie S 5oR eRow S F 6 ARt DRGTF GaRg the el ina
S V2t ot oA A o W QP
pent enyl t dl3uenyeloc’P (\M—iSVpufSpentylmmenes mtprlyyfrcbmlatmmi) Grhtb about
ES”&EP%L{ %‘;fﬂi&; hi hy Orrg%tde ejg &él%qﬂaqls \é@fg@ﬁly ?rom a H{ 8.1Cr?'mtgla %uI ‘58?\11?b0m
15 more preferably from about 0.1 h™ to about 1 h™'. The molar ratio of hydrogen

16 to hydrocarbon feed is typically from about 1:1 to about 15:1. |In some

17 embodiments, the ratio is preferably from about 1:1 to about 6:1.

18 Conventional residence times are used as appropriate for each particular

19 catalyst. Typical reforming conditions are taught, e.g., in U.S. Patent

20 Nos. 5,401,386, 5,328,595, and 4,645,586, the disclosures of which are

21 incorporated herein by references.

22

23  Optionally, prior to passing the pentyltoluenes to the reforming zone, at least a

24 portion of the pentyltoluenes is converted to pentenyltoluenes. This is '

25 accomplished by contacting at least a portion of the pentyltoluenes with a

26 conventional dehydrogenation catalyst at conventional dehydrogenation

27 conditions. As a result, at least a portion of the pentyltoluenes is

28 dehydrogenated to form pentenyltoluenes.

29

30 Thus, a mixture of pentyltoluenes and pentenyltoluenes is formed. Preferably,

31 the mixture contains from about 10 weight percent to about 90 weight percent



16 1 pentenyltoluenes. Mrre preferably, the m xture contains from about
25 weight 2 percent to about 65 wei ght percent pentenyltoluenes. At |east
a portion ofWPRBP4T478@ nixture is passed to the refornm ng zone PCEAUSINASRR
with the reformng catalyst 4 as describgg above. Optionally,

pentenyl tol uenes are produced via toluene 5 alkenylation wth pentadienes
on acid catalysts. The production of 6 pentenyltoluenes via toluene

the* ot oduct onpeeBERBERER. Mi® RIPle-aEP tnbmbauRSERifRls A Al 22 et "
in the samp pr éﬁt t‘d QBeut 65 Welght percent pentenyltollénesPEANeaEDa Povidh B tHR\

OF THE DRAW N difications of the process that is shown in the
drawi ngs ard d@wuteb@cpassedltg theHefgr@;ng:mn%&nqmmmwtmﬂte afornaing qatalyslose

W thin ¢ hedscopeasouidfalibue opaly. PeatehifigtERad e HoauEA R Kol s
of the inventi ﬂkenylatsbhwﬁth péntadiendston &tig watalpfts. Thé préductisreoe- cont ai ni ng
stream 15 is contacted with a gentene contal ning TAVE 17 raffinate stream

10 obt ai ne® fr%ﬁ‘@ﬂu@'%f‘?s yia neAKEBYIAHEN Yk Rantafiencs 'santlynaﬂy on zone
20 in the pi ﬁ%m 'efhél’lxbl duefich lﬁﬁPeﬁfgﬂ%}luﬁh‘é‘é‘Vlat

| east a pOI’tIO ene an pen enes reac orm penty Puenes

20 Pentyl 8ol uaikgthattenevlﬂepemned in thessamerprabess 8tep22 At | east a portion
of pentyltoluenes stream 25 is passed to a reform ng 23 zone 30. The
reform ng zone 30 contains a dehydroaromati zing type catalyst 24 (not
shown). Ingeform ng zone 80, DETAIRED DESURIPTEON QFSTHEIDRAWINGS 25

cont act ed B'Oth a dehydroaromatizing type catalyst (not shown) under 26
reform ng nditions. At |east a portion of the pentyltoluenes is converted

to 27 DINE: ioBiRiAbhy of s PHiLositnkios Shodrifth ehafindd nPibkerided in

recovered as 28 stream 35. tionally, prior to Passing stream 25
to the refl@ nithis speeifi mt;on thataré pbmous 1o theressieardinaryskilbinghe oil refinery

dehydr ogeni%t ! OBro%ré'sts ar? are lntencr'eycf]I o 15 Withinfhe'd rz':'obe on 'the invention.
14
16  One embodiment of the process of the invention is illustrated in the Figure 2B.

16 A toluene-containing stream 15 is contacted with a pentene-containing TAME
17  raffinate stream 10 obtained from TAME unit 5. The contacting occurs in

18 alkylation zone 20 in the presence of an acid alkylation catalyst (not shown).
19 Atleast a portion of the toluene and pentenes react to form pentyltoluenes.
20 Pentyltoluenes are recovered in stream 25.

21

22 Atleast a portion of pentylioluenes stream 25 is passed to a reforming

23 zone 30. The reforming zone 30 contains a dehydroaromatizing type catalyst
24  (not shown). In reforming zone 30, the pentyltoluenes in stream 25 are

25 contacted with a dehydroaromatizing type catalyst (not shown) under

26 reforming conditions. At least a portion of the pentyltoluenes is converted to
27 DMN's, preferably 2,6-DMN. At least a portion of the DMN's is recovered as
28 stream 35.

29 '

30 Optionally, prior to passing stream 25 to the reforming zone 30, it ié first

31  passed to optional dehydrogenation unit 22. in dehydrogenation unit 22,



17 1 pentyltoluenes are contacted with a conventional dehydrogenation
cat al yst at venti onal dehydrogenation conditions. As a_result, at

| east a por?vi onwo the 3 pentyltoluenes is dehydrogenated t BETAISHg/05693
pent enyl t ol uenes. 4 Figure 2A is the stifre as Figure 2B, except that it
does not show a 5 dehydrogenation unit 22 between the al kyl ation zone 20
and reformng 6 zone 30. 7 Figure 1 is the sane as Figure 2B, except
that it dogs ?;@Tnt t@%&n@%‘@e%r&aé_‘ted&v:tlﬁﬁ%o’ﬁ%ﬁ%ﬁél%é dfEyerdRtidH S%tﬁg'st at
cont ai ni ng st Figure 3 is the sane as Figur 1 except

shows a separ @pnuent:meé debydmgenagiph eangiionse Aseacreaulngﬁtzleast sﬂprttmnnfstm

ecycre st? capeapoiiess sinydfbashated % Kt AdeRiRoBpe ey T om -

reform ng a C7 naphtha co-feed) fromthe separation zone 40 13 to the

al kyl at i on4 zoFigie. 2ANs theasime apFigue 28] ex tlﬂh@mdbésrrmeh@w as 14
stream45. 15 16 Figure 4.is the sane as ﬁgﬁg except that it shows

a co-feed/ ¥l a@wdrogpmpné@lﬁ%%bwet%theealbyl ZQBﬁe'ZQS@nd refogming

VI, ILLUSé’RA‘Eb}{ES@VBODI MENTS 19 20

Example 1 "21 Tol uene Al kyl ation with TAME Raffinate and 2-Pentene
over ZeoI ite Y 22 A catalyst was nade by binding 80% Y zeolite and 20%
al um na, ektr lFatyun'g1 B&heesadne:abcﬁlgmnegZB,te)dcemﬂ'ﬁairthiﬁes fibt showt PAME unie§
crushed an& Si eve STV a]ri. ? e 20/ 40 mesh size range. A
1.0 gram s@np/@® oq.rqq{@ 9.'5@83’»‘352%9 E&?I" Q'B'“@aﬁﬁﬁ%t was packing in a 1/2"
OD tubul ar reactor such that the catalyst 26 was |located in the isothernal

region of @ SIanﬁr@ FRPeFPid b Fglne h%&s@ét that ntféﬁdw&aas“egﬁre it EEné ko

reactor. Packin i nert_al undum was pl aced above 28 low th
catal yst 1@ héq:lngmgutwe pefapming/eana 0 oshaws arma-feggédilugad stneam 17 to the

11 reforming zone 30, and shows a recycie stream 50 (e.g., for recycle of toluene
12 produced from reforming a C; naphtha co-feed) from the separation zone 40
13  to the alkylation zone 20. At least a portion of the DMN's is recovered as

14  stream45.

15

16  Figure 4 is the same as Figure 1, except that it shows a co-feed/diluent

17  stream 17 to the reforming zone 30.

18 VIl. ILLUSTRATIVE EMBODIMENTS

19

20 _ Example 1

21 Toluene Alkylation with TAME Raffinate and 2-Pentene over Zeolite Y

22 A catalyst was made by binding 80% Y zeolite and 20% alumina, extruding,
23 and calcining at 1100°F. This catalyst was crushed and sieved to give

24  particles in the 20/40 mesh size range. A 1.0 gram sample of the sized Y

25 zeolite catalyst was packing in a 1/2" OD tubular reactor such that the catalyst
26 was located in the isothermal region of a single zone electrically heated

27 furnace containing the reactor. Packing of inert alundum was placed above
28 and below the catalyst to hold it in place. A flow of dry nitrogen gas at



18 1 100 sccmwas introduced and the catal yst heated to 392[err] F. The
catalyst was 2 maintained at 392[err]F for 12 hours and then cooled to
room t enper Q9474763  Tol uene was then introduced into the reBETHE9956fhe
upflow node at ca. 4 0.25 m/mnute. Aft about one hour, the pressure
was increased to 175 psig 5 by neans of a back pressure regulator. After
the pressure stabilized, the 6 reactor was heated to 320[err]F. Wen the
tenperature stahilized, the toluene 7 flqwwas. s ang. was _ r.epl aced
wth o foed ctbseinyastonbestand se caivstiiatid R8G5  fndiayel §es
2.48 m / hoyr. i i e HEH edd ' rfursl errl
speci es (cgnt éﬁﬁ?{nﬁdﬁg%%;%&%fg%ﬁ% gﬁgs; ?([rfom tﬁ%élggft? g%%’ﬁ&gﬁdaé 10 reactor
nmaki ng TAME (tRoltéme wasntheniriroglcett ints Jhe reatior ifitke LpfAidwomogesticaon was

such that the toluene/pentenes nolar ratio s 12 equal to 10:1,, S | es of
the react of oid-PaaMMiste Ader sapuEPe hour e REassite Was ngreasedtie TS B8

chr omat ogr gph | 1 LR A C f the
une ol o B 0y, /HEHS oF LS PRI reliEr | ARBL M pritsute StaBizEU the
287.5 hour 8 i meactonavasuhneatedaof3209Fr Whendise teroperadund stabiljized, the taluaHsy of

3.2 h[err]. AOefin conversion decreased slight]y. Wth a further 1
et b7 WHOW PaSEIEd AR VS Siacks Wi & (56d ASAIRMG IHENS Bnd TAME
decreased g8 i ' ' [ 0 o3

ot ot hedr odaTre Y ai Parbitr 248 MUHORATTAME SIRIBIOR Bt odisicti

si mul at ed Beednainhy af G5 spegies (2opiainieg @about &Y% pertenasiiroml therafflugéntidfa sane

hor eased 100 doBORY Ehaing JANE{iPtHansimyl Bt B ol et  n conver si on to
88.5 nole % Wth a decrease in WHSV to 23 2.0 h[err] at 359 hours, sone
fo 1.0 nair] e fass seripastignovas swdhinat ity s nabienssunoiag ra Wattol o oo
The run wag fidildl Yo 40gedSamfids of fHe feaetct effliierk e prR di&llydeMestdd dnd
robustness and long catalyst life of a Y zeolite catalyst fof the 27
al kyl ati oA3of ansilygedbyiges qhsamategraphy. Results are shown in Table 1 below.

14  During much of fhe run, olefin conversion was essentially 100% (i.e.,

16 >99 mole %). At 287.5 hours into the run, the feed rate was increased to give

16 a WHSV of 3.2 h™'. Olefin conversion decreased slightly. With a further

17  increase of WHSYV to 4.2 h'' at 305 run hours, olefin conversion decreased

18  slightly again but still remained above 98 mole %. At 336 hours, the feed was

19 changed to a feed based on 2-pentene (i.e., a simulated feed containing

20 2-pentene, n-pentane, and toluene of the same approximate composition as

21 the TAME raffinate feed) and the WHSV increased to 6.0 h™!, causing a

22 decrease in olefin conversion to 88.5 mole %. With a decrease in WHSV to

23 2.0 h'' at 359 hours, some of the conversion loss was restored and with a

24  further decrease in WHSV to 1.0 h™ at 380 hours, olefin conversion increased

25 1098.5 mole %. The run was finally ended at ca. 480 hours. This example

26 shows the robustness and iong catalyst life of a Y zeolite catalyst for the

27  alkylation of toluene with pentenes.
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Table 1

Sel ected Yi el ds and

Sel ecti vi t| Jfl uene Al kylation with Pentenes at 320[err]
(Sel ectivit | es @al culated on Mole % A efi n Consuned Basi s) g"’”é%%%ﬁ“?
Run VWHSV, Pentene Aefin Pentyl- Dipthtyl Heavies[err] Nunber
Hour s hlerr] Sour ce Conv. toluene -toluene Yi el d,
Mle % Yield, Yield, Mol e %
Mble % Mle % 13 160. 5 2. 1Tabl8AVE 99. 9 83.5 -
Raf fi nate 14 173 2.1 TAVE 99.9 75. 1 6.7
4.1 ; ! ; ; oFAMVE
elds and Selecffdtibs Btréluene ARkylation w9 Pentenesatl320
99.4 g4 7 Seleclgdyieldsand § Y nienesaf 320!
23 300 3. SelediVifies Calculated¥h Mole %8BI€fin Con8ufhed Basia) 7
Raf fi nat e 24 324 4.2 TAME 98. 6 90.0 1.6
0.5 Raf fi nat e 25 352 6.0
2-pent ene Bhmple | Rur® | WHSV, L[ PenteRe 2 Oleﬁ?\6 Pentyi> {Dipentyl a-léhwes
2- pentene ber | H6urd | h®- 4 Sourde 2| Coné toluenéE 9—toluene 1. Yield,
2- pent ene 5 92.6 6.8 0 Moleé';‘ Calid! gt edens Fem&?@%
ol i goner . 1 nmé,g 0/2 l?vlole"/ .
Tol uene Al ky|_at -on—Wi-t-h—T AN Raffi nate oved Variol es q3 Ot-her
zeolitic catallysts wéﬁ@v‘t est é’d1 f O#T/NHE al kyl aﬁ%%n of83t 5I dene W th pentengs.
4  The procedure fdr the hl kyl at| Bafipgl§s was t he [sane ag descrilbed in 5
Exanpl e 1. Catal yst |dgscri ptizns pnaMexperiimgg.@l jcorglitijonseffor |t hege runs
6 are listed in Tahle 2. Raffinate
18 280 21 TAME 99.4 84.7 3.7 2.1
Raffinate
23 300 3.2 TAME 98.7 85.9 3.0 2.7
Raffinate
24 324 42 | TAME 98.6 90.0 1.6 0.5
Raffinate
25 352 6.0 | 2-pentene 88.5 88.4 11.1 0.2
26 373 2.0 2-pentene 89.7 90.2 9.4 0.2
27 469 1.0 2-pentene 98.5 92.6 6.8 0.5
2 Calculated as pentene oligomer.
1 Example 2
2 Toluene Alkylation with TAME Raffinate over Various Zeolites
3 Other zeolitic catalysts were tested for the alkylation of toluene with pentenes.
4 The procedure for the alkylation runs was the same as described in
5 Example 1. Catalyst descriptions and experimental conditions for these runs
6 arelisted in Table 2.



20 [err]

Exanple 3 2
Al C 3
liter flask 4

21 1

Tol uene Alkylation with 1 -Pentene over Zeolite

cooled to <1 O[err]C by udf

490 grams of 5 1-pentene under stirring over 2 hours.
350 M of water were then added.

m xture 6 overnight.

After the reaction,

3 PYOOY4Haes of toluene and 4 grans Al Cl 3 were added ROTVUS99/05693
ng an ice bath. Then slowy add

Subsequently stir the

The aqueous 7 |ayer was geparatgd—amd dirsTar u'e'. |||e organi c | ayer was
washed with 8 additional é pa:d dl‘le(]CWith This reaction
produced a 9 hydrocarbon é@ E2cont ai r&g pe ylﬁ oI uenes. The dried
sol ution was 10 concentrated by| tenoving nost pt tthe|extra tol uene by
distillation. The 11 resyltihg, fdistillatle was pnal yzed by gas
chromat ogr aphy. About 110Q §igy 12 of Fcént_yltol ueneg were obtai ned. 13
Exanmple 4 14 T @hB Al kyl a8 on w8h TAVE Raffinate over
Zeolite Y 15 6.5 grans lof zeolTte Y we | in N2 flow at
572[err]F for 1 hour. 16 3063_ grpms of tqgluene pnd 80|grans of TAME
Raf fi nate (containi n%abmtg?é%
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17 pentenes) were mxed with the zeolite Y dehydrated above. The m xture

was 18 heated at 302-31 1 [err]F under autogenous pressure i |
aut ocl ave f&OX 747}5 hours. The m xture was then cooled to aﬁg‘?‘n}%%%é's%j

tenperature and filtered. 20 The pentyltoldenes were collected fromthe
reaction products by distillation. 21 The resulting distillate was
anal yzed by gas chronmat ography. About 22 49 grans of pentyltoluenes were

obt ai ned. 23 - Example3 Exanple 5 24
Tol uene Al I!yl ation with TAME Raffinate O'V'é'I’_ERI"CIB 25 920 grans of

t ol uene were nmixed wth ol d I i talyst. To
Lplene e M o ThifghdWHRattn FRAYUPBHRNE Sdct A50IRE Al 3 Y

22 1 pentenes) were added dropw se over a six-hour period. The solution
was 2 stiyrr ' i Ayt U i ] ntly,

3 0.66 g_rgnse:g?éﬁgﬁﬁ%%#%ﬁg‘lli?%gh\%e%hagdgpﬁy%ﬁe me?t'ﬁpie? e§?g$r§erature
4 was rai ged ésoldd@d en0P€ byausihgan ibebath. Thénslowdlly adu 490 geamstdfen added.
The 5 aqueous |ayer was separated and di scarded. The organi ¢ |ayer was

vvasged d6 5ni t trpgitene wnder stifing oved 2diows. wubsesyertly stining mbders on
roduced a, 7 ) el j
ol ut on wds oVt ARER ik Fostiort 380THNLAGRE NatpfiotEadea, e deyétls

distillatign. [Gherwas §?‘awitb'drahdidisbéfdau eThexorgamit jeverd was washed with
chr omat ogr egl)hy. About
9

Sanpl e 6 o additonal wate! and drgc e MER el SaCHA FERI08ed Bover Zeol i 1o
Y hydrocarbon mixture containing pentyltoluenes. The dried solution was

10 concentrated by removing most of the extra toluene by distillation. The

11  resulting distillate was analyzed by gas chromatography. About 1100 grams

12  of pentyltoluenes were obtained.

13 Example 4
14 Toluene Alkylation with TAME Raffinate over Zeolite Y

15 6.5 grams of zeolite Y were dehydrated in N2 flow at 572°F for 1 hour.

16 368 grams of toluene and 80 grams of TAME Raffinate (containing about 35%
17  pentenes) were mixed with the zeolite Y dehydrated above. The mixture was
18 heated at 302-311°F under autogenous pressure in a stirred autoclave for

18 4.5 hours. The mixture was then cooled to ambient temperature and filtered.
20 The pentyltoluenes were collected from the reaction products by distillation.
21 The resulting distillate was analyzed by gas chromatography. About

22 49 grams of pentyltoluenes were obtained.

23 Example 5
24 Toluene Alkylation with TAME Raffinate over AlCl3

25 920 grams of toluene were mixed with 0.65 grams of anhydrous AICl; as
26 catalyst. To this mixture, 70 grams of TAME raffinate (containing about 35%



13 An FCC C sanple was taken fromthe refinery FCC unit and had the 14

fol | ow ng gprom mat e assay: 15 22.3% isoanyl ene 16 '
21. 3% 1 WfAdE7617 0.03% dienes 18 1. 4% PCTHSUIES 19
1.5% cycl opent ene 20 53.5% otpers (paraffins, naphthenes) 21

Tol uene (2829 grans) and 463.3 grans of the above FCC C5 sanple were 22
blended. In a 1 |liter autoclave, 750 ml of the above tol uene/ FCC (Jerr]

bl end 23 ' d fl
at “505(or 1 17 DL el aduc? dRiIES Elvef B3H-hBuTpERAIC TRESbI TPl ' O
[err] F under aaiirmgiemagaeﬂﬁaltyrﬁsmorretampaaﬁlreromdmght oSleseqtﬂeth, 75 hours
h ' h ' I d he
pentyl 1 o usned. G ARSI ey AR e SHBRB TP Gi6 FRshite: J sy emperatur
distiilatian Waerdiesdtd 1ager kst %ersmm@mbym@eme@ﬁaeeﬁadded The

chr onat ogr aphy. out 96 grans pentyl t ol uenes were obtai ned
23 1 5 aqueous layer was separated and discdidadplTde/organic layer was washed

Preparation of Ref r_mn al re esent Ilve n-zeolitic
ref orm ng gat Wiha QQQPSHWF‘E%’ %@@Wq W'Wéﬁ@goﬁ} 8’&5&%&@ was a
Pt - Re/ Al 203/ C | 6 w.%
Re and 1. Oglwt Q}fd@ érérﬁéprg?(% O@%@g@@ﬁ%ﬁﬁ@?@hﬁgsZ’he%r‘%cdé‘%%lff‘hgtlgv %nd their
anal ogues @i t conmentrated:bypermovingrmoat ef themeutra toludnesky distillation. ddei n t he

art. 8 9 resulting distillate was analyzed by gas chlr%(%g{)olgeraghy. About 48 grams of

10  pentyltoluenes were obtained.

11 Example 6

12 Toluene Alkylation with FCC Cs's over Zeolite Y

13  An FCC Cs sample was taken from the refinery FCC unit and had the
14 following approximate assay:

15 22.3% isoamylene

16 21.3% n-pentenes

17 0.03% dienes

18 1.4% butenes

19 1.5% cyclopentene

20 53.5% others (paraffins, naphthenes)

21  Toluene (2829 grams) and 463.3 grams of the above FCC Cs sample were

22 blended. In a 1 liter autoclave, 760 ml of the above foluene/FCC Cs blend

23 were combined with 13 grams of zeolite Y dehydrated in a Nz flow at 595°F
24 for 3.5 hours. The resulting mixture was heated at 311°F under autogenous
25 pressure in a stirred autoclave for 1.75 hours. The mixture was then cooled to
26 ambient temperature and filtered. The pentyltoluenes were collected from the
27 reaction products by distillation. The resulting distillate was analyzed by gas
28 chromatography. About 96 grams of pentyltoluenes were obtained.



9 Pretreatnments of Reform ng Catal ysts

Dependl ng t zoperties of the catalysts used in the exp ;f%

this 11 ?ﬁl\?egﬁﬁ"g’:l a pretreatnent step called sulfiding masi; gaegz‘lflgé‘?'ed
to reduce the 12 hydr ogenol ysi s activity23 The sul fiding reaction of the
Pt-Re/ Al 203/ Cl catalyst 13 of Exanple 7 was conducted in down flow fixed
bed reactor system The 14 procedure is described as foll ows: 15 The

catal yst was nmeshed to 24-42 chi ps and g¥#fifiplecaded into stainless steel 16 -
tube reactors. The catalyst was first drred tn a N2 flow (300 m/m nute)

from 17 goomtenperature tom-ggggt'bhlfofepgeﬁrmﬁﬁ Catalysse of 1

O[err]F/ mnute and kept at 4007®erriF for 30 mnutes. The catal yst was
t hen reduced as follows: the catal yst vvas 19 heated in a H2 flow (300
m/mnute)gfr fe¥ehtdtivedn Ptd

S5[err]F/m nut‘gﬁgﬁgg keepi né at&g% “ﬁd'i: i?agfbga%%l‘yﬁu% ggé&fcﬂénﬁcgwt?luene

then 21 cbol eaforingOio] BMN's wast @ Pé-Ra/ALQ+/Gl ¢atalyst|b0nnunlg1gam1omnately 22

Sulfldl ng ont act hn cons stin anh rous n-
oct ané coRCVRTHBtI08 hth REPNGT p3e % GETRPAlRtSH pReksturpf oY
cat alyst 2 ééﬂa%t@énh'&héﬁ‘@rﬂa ueEhﬁltHl \IQWII‘I? cBAthdsitioms’ areskritivn tb thdse
m/mnute and the H2 owraewas m nute. The sulfiding reaction
was carried oskiled "Bthﬁéﬁir]F 26 and atrnospheric pressure for 60 ninutes.
24 1 After sulfiding, the catalyst was heated in a H2 fl ow (300
mM/mnute) from 2 800[err]F to 900[err]F within 10 m nutes and then held
at 900[err8 F for an additional 3 30 rExampe 8n order to renove the excess
sul fur species occluded in the pores 4 and/ or on the surface of the

catal ysts.@ Final |y, the cat alBretreatmertscf@efdrminmCalalysts r oom t enperature
within 5 hours in the same H2 flow (300 m/mnute).

10 Depending on the properties of the catalysts used in the experiments of this
11 invention, a pretreatment step called sulfiding may be required to reduce the
12 hydrogenolysis activity. The sulfiding reaction of the Pt-Re/Al.O4/Cl catalyst
13  of Example 7 was conducted in down flow fixed bed reactor system. The

14  procedure is described as follows:

16  The catalyst was meshed to 24-42 chips and then loaded into stainless steel .
16  tube reactors. The catalyst was first dried in a N; flow (300 mi/minute) from
17 room temperature to 400°F at a heating rate of 10°F/minute and kept at 400°F
18 for 30 minutes. The catalyst was then reduced as follows: the catalyst was

19  heated in a H; flow (300 mi/minute) from 400°F to 900°F at a heating rate of
20  5°F/minute and keeping at 900°F for 30 minutes. The catalyst was then

21  cooled to 800°F before starting the sulfiding reaction.

22  Sulfiding was accomplished by contacting a feed consisting of anhydrous n-
23  octane containing 200 ppm sulfur (as dimethyl! disulfide) with the catalyst

24  using an Hz carrier. The liquid feed flow rate was 0.43 ml/minute and the Hz
25 flow rate was 30 ml/minute. The sulfiding reaction was carried out at 800°F

26  and atmospheric pressure for 60 minutes.



6 Exampl e 9 7

Catal ytic Testing Procedure for Reformng 8 Prior to the reformng '
testing, th®WOP4a#Asts (sulfided if required) were first 9 BET/EKHAI6E N2
flow (100 m/mnute) fromroomtenperaturego 400[err]F at a 10 heating
rate of 1 O[err]F/ mnute and kept at 400[err]F for 30 mnutes. The
catalysts 11 were subsequently heated in a H2 flow (100 m/mnute) from

400 Ft ' . / i ol t at
500 or 1 F |t or ARGt Ehfiing, The BhudiyiGaq REated'if o0, AORI(RD ARl P
cool ed dovih t 800¥FtPHEST withfnot Orimigutesrgrer thienrtseld 4t 90€°F for 8 @idditionkal or

950[err]F). At the sane tinme, the reactor systemwas pressurized 15 to the
preset préssud@ niautes insyder to gIMeYe e excenssidiur spestesgcaluded irsthe pores

17" the  prios oy oh S G calfifty Fufaly. Wi Cigysty wilte BOIGtFdGln

condi ti onss f ofo reirA temperatarewitBR0S Ho0finthe, same &, oy (36D pdmipbite)! uenes
ratio of 1:1 to 15:1 and pentyltol uenes WHSV of 0.1 to 20 10 h[err]. The
reaction pressure was varied in the range of ~5-300 psig. The 21

f eedst ocksg used were pentyltol uenes prm@etyer various catal ysts such as
22 AIC 3 or zeolite Y via the toluene alkylatton with various (err]

olefins suych as 23 1-pentgagytitNestingf Pideabiardforféioffig ] 's- 24 The
reform ng products and unc yzed using 25

on-line GC (HP 5890 Series Il equipped with a 50 neter long HP-1 or AT-35

26 capillgry v £ ; ) ,
ety npnihel 1k Yle AR ARGGREERL ot hRa ERSHEE v st
separ at i orB of déiediENN2 flow (100 mi/minute) from room temperature to 400°F at a

25
ond 2.7 DI Thyshec o A6 n, 1 LISl v biRecrSachon, et ang e
L) B0l R A RN B, oS OB SR ol a0 BBbPR

12  at a heating rate of 5°F/minute and kept at 900°F for 30 minutes. Finally, the

),

1

13  catalysts were heated up or cooled down to the preset reforming temperature
14  (e.g., 870°F or 950°F). Atthe same time, the reactor system was pressurized
16 to the preset pressure (e.g., 50 or 130 psig) if pressures other than

16 atmospheric pressure were required. Meanwhile, the H, flow was adjusted to
17  the preset rate (e.g., 5 or 15 ml/minute).

18  The typical screening conditions for reforming were: 800-980°F, molar

19  Hapentyltoluenes ratio of 1:1 to 15:1 and pentyltoluenes WHSV of 0.1 to

20 10 h'. The reaction pressure was varied in the range of ~5-300 psig. The

21 feedstocks used were pentyltoluenes prepared over various catalysts such as
22 AICl; or zeolite Y via the toluene alkylation with various Cs olefins such as

23 1-pentene, TAME raffinate or FCC Cs's.

24  The reforming products and unconverted pentyltoluenes were analyzed using
25 on-line GC (HP 5890 Series Il equipped with a 50 meter long HP-1 or AT-35
26 capillary column), being capable of analyzing all resulting ethylnaphthalenes
27  (EN) and dimethylnaphthalenes (DMN) except for the separation of 2,6-DMN



5 6capi Ilary colum (a 60 neter |ong AT-35 capillary colum connected with
a 60 nmeter | ong AT-50 capillary colum) was used. In addit} was
7 used al S¥OPY4f oduct identification. 8 #Efssstosts3
Exanple 10 9 Pent yl t ol uene Reforni ng db Anor phous Catal yst versus L
Zeolite Catal yst 10 This exanple conpares the catal ytic performance of a
representative 11 anorphous reformng catalyst to a zeolitic catal yst made

fromzeolife bnyd FISNRE/ hd bpediBPdeaghiriine Renaybessaptorysting anlbiepl ¢ 3

from1l -pentene ol uene was reforned on the sul fided Pt-Re/ Al 2038/ Cl
catal yst f2omuse oftherbigh tereparatiueresistantyalives ard tubings gparanterdtheecol i te

cat al yst cont ai.ni ng,.-0. 7 Wt .2 ~ . O s Th
reaction 16 c alﬂ%lﬁ)ﬂﬁgt%P@@% ?@ﬁ%ﬁgésg 8{2&??@% %‘g?ggs\ﬂgw §88 pgi g,
VWHSV of 3 p[ enr-DMRdaA 6if-inegTBIC(HPISS80) vitielp intouplet weitrea 128t meterfloagout
5:1. The on-line GC analysis 18 results col | ect_ﬁd at ~3 hours of reaction
tinme are showsapilanaselanin (acf0 meter Pndfibrihearilant eolyain c‘?'m?"g@gt‘i‘f' $g

DW s were,es gl l ' [ t hyl
aroups. on 8 t Eo BTG AT 8 CRRER Db EE Lot adaRidh, GRS
2,6-DW ang 2 ugeBibo foriprodustadgnication. | amount of et hyl napht hal enes (EN)
was fornmed. The off-line GC 23 analysis showed that the ratio of
2,6/2,7-DW was about 1:1. Wth Pt/Ba/K-L 24 zeolite catalyst, |ower

pentyl t ol ugne conversion and | ower DMNBXampleelQd/ sel ectivity were observed.
Because of such | ow DWN yields over 26 Ba/ K-L zeolite catal yst, the

sel ectivity of BMLgtBRENENRERMMHiIMEONAABrphous CataiydNersudt [Addlite Catdsy,
2,6-DWN and 2, 7=DVMNTIT tTTe DVN products 1 s 28 highér than Wt h the
Pt/ Al 203/ C catal ysts. The results show that anorphous 29 catalysts

per f or medget tijis bRaniplie comiparéd e ehta! forfdraiBneadnd represantative
26 1 able 3

11 amorphous reforming catalyst to a zeolitic catalyst made from zeolite L

12 (PYBa/K-L). The pentyltoluene feed prepared in Example 3 from 1-pentene
13  and toluene was reformed on the sulfided Pt-Re/Al,03/Ci catalyst from

14 Example 7 and compared to an unsulfided Pt/Ba/K-L zeolite catalyst

15  containing ~0.7 wt.% Pt, ~5 wt.% Ba, and ~1.0 wt.% K. The reaction

16  conditions were as follows: 950°F, 50 psig and 200 psig, WHSV of 3 h*, and
17  a molar Hz-to-pentyltoluenes ratio of about 5:1. The on-line GC analysis

18 results collected at ~3 hours of reaction time are shown in Table 3. On the
19  amorphous catalyst, the resulting DMN'’s were essentially only those DMN

20 isomers which have the two methyl groups on different aromatic rings,

21  namely, 1,5-DMN, 1,6-DMN, 1,7-DMN, 2,6-DMN and 2,7-DMN. Only a very
22 small amount of ethylnaphthalenes (EN) was formed. The off-line GC

23  analysis showed that the ratio of 2,6/2,7-DMN was about 1:1. With Pt/Ba/K-L
24 zeolite catalyst, lower pentyltoluene conversion and lower DMN

25 yield/selectivity were observed. Because of such low DMN yields over

26 Pt/Ba/K-L zeolite catalyst, the selectivity of EN's and DMN's other than

27 1,5-DMN, 1,6-DMN, 1,7-DMN, 2,6-DMN and 2,7-DMN in the DMN products is
28 higher than with the Pt/Al,O4/Cl catalysts. The results show that amorphous
29 catalysts performed better for the formation of DMN’s from pentyltoluenes.
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5 Example 11
6 Pentyltoluene Reforming on Pt-Re/AloO4/Cl Catalyst
at Various Temperatures and Pressures
8 The pentyltoluene feed prepared in Example 3 from 1-pentene and toluene
9 was reformed on the sulfided Pt-Re/Al,02/Cl of Example 7 under various
10 reaction conditions: 850-950°F, 50-130 psig, WHSV of 3 h™!, and a molar
11 Hz-to-pentyltoluenes ratio of about 5:1. The on-line GC analysis results
12  collected at ~3 hours of reaction time are shown in Table 4. The resuiting
13 DMN's were essentially only those DMN isomers which have the two methyl
14  groups on different aromatic rings, hamely, 1,5-DMN, 1,6-DMN, 1,7-DMN,
15 2,6-DMN and 2,7-DMN. Only a very small amount of ethylnaphthalenes (EN)
16  was formed. The off-line GC analysis showed that the ratio of 2,6/2,7-DMN
17  was about 1:1. The results show that higher temperature and lower pressure
18  were favorable for the formation of DMN's,



2 Ref orm ng of Pentyltoluenes on Pt-Re/Al 203/ 3
under Vario tions (WHSV = 3 h[err]) 4 Condi ti
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Example 12
Pentyltoluene Reforming on P{-Re/Al.O1/Cl Catalyst

- at Various Weight Hourly Space Velocities

under

The pentyltoluene feed prepared in Example 3 from 1-pentene and toluene
was reformed on the sulfided Pt-Re/Al,O4/Cl catalyst of Example 7 at 950°F,
50 psig, molar Hx-to-pentyltoluenes ratio of about 6:1 and three different

WHSV's: 1, 3 and 6 h™'. The on-line GC analysis results collected at various

reaction times are shown in Table 5. The resulting DMN’s were essentially

only those DMN isomers which have the two methyl groups on different
aromatic rings, namely, 1,5-DMN, 1,6-DMN, 1,7-DMN, 2,6-DMN and
2,7-DMN. Only a very small amount of ethylnaphthalenes (EN) was formed.
The off-line GC analysis showed that the ratio of 2,6/2,7-DMN was about 1:1.
The results show that higher WHSYV of the pentyltoluene feed resulted in
lower DMN yield and higher catalyst deactivation rate.



VHSV, hlerr] 1 3 6 React i on
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100 86 WO 7476 55 77 34 DW Yield, % PCT/U$99/05693VN
4.8 4.5 6.1 1.6 4.2 0.5 28 1, 6- DWN 20. 2
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5 Example 13
6 Pentyitoluene Reforming on Pt-Re/Al,O3/Cl Catalyst
7 .at Various Weight Hourly Space Velocities
8
9 The pentyltoluene feed prepared in Example 3 from 1-pentene and toluene
10 was reformed on the sulfided Pt-Re/Al,O3/Cl catalyst of Example 7 at 950°F,
11 ~b5 psig, molar Ha-to-pentyitoluenes ratio of about 6:1, and three different
12  WHSV's: 1, 0.5 and 0.25 h™'. The resuits are shown in Table 6 in terms of
13 pentyltoluene conversion, DMN yield and DMN selectivity versus reaction
14  time, respectively. The resulting DMN's were essentially only those DMN
15 isomers which have the two methyl groups on different aromatic rings,
16  namely, 1,5-DMN, 1,6-DMN, 1,7-DMN, 2,6-DMN and 2,7-DMN. Only a very
17  small amount of ethylnaphthalenes (EN) was formed. The off-line GC
18  analysis showed that the ratio of 2,6/2,7-DMN was about 1:1. The results
19  show that lower WHSYV of the pentyltoluene feed improved the catalyst
20 stability.



3 _ under Various WHSV (950[err]F and ~5 psig) 4 VHSV,
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6 Example 14

7 Pentyltoluene Reforming on Pt-Re/Al.O3/Cl Catalyst
8 at Various Pressures

9

10  The pentyltoluene feed prepared in Example 3 from 1-pentene and toluene
11 was reformed on the sulfided Pt-Re/Al,O4/Cl catalyst of Example 7 at 950°F,
12 1 h" WHSV, molar Ha-to-pentyltoluenes ratio of about 6:1, and two different
13 pressures: ~5 and 50 psig. The results obtained under these two sets of

14 conditions are shown in Table 5 (Example 12) and Table 6 (Example 13),

156 respectively, in terms of pentyltoluene conversion, DMN yield and DMN

16  selectivity versus reaction time, respectively. The results show that relatively
17  higher pressure improved the catalyst stability.

18 Example 15
19 - Pentyltoluene Reforming on Pt-Re/Al;01/Cl Catalyst
20 under Various Conditions

21 The pentyltoluene feed prepared in Example 3 from 1-pentene and toluene
22 was reformed on the sulfided Pt-Re/Al,04/Cl catalyst of Example 7 at 870°F,
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gmailfamount of ethyl%aphthDaIYe'a\lnes (Ewaas formed. a#};:geofﬂgﬂéc 38.0

Ref orm ng1@f BaBkEls SHowee thatthe 246l of 2B72 ALDMN K dBoutl1ei] Theaesars

Thi s exanpl e comp

ares the catal

ytic

perfornance of the sulfided 20

Pt - Re( Al 208/ csh@wbayl@waffprgawfm improyest the:Pbiyigld off hgesupariragniene f eeds
21 prepajgd GLHBIHaUENSIsd &Y LAhs Py SthBIe Rkt BEAbINSNES ukELt Histe

sour ces:
13 conditions.

14 Table 7
15 DMN Selectivity on Pt-Re/Al>05/Cl under Various Conditions
Reaction Time, h 41 71 89 101 173 236
Pressure, psig 100 50
DMN Yield, %
1,5-DMN 0.9 1.0 1.0 1.9 2.0 2.1
1,6-DMN 5.2 54 5.4 9.9 10.5 10.6
1,7-DMN 4.5 4.6 4.8 8.4 8.6 8.5
2,6/2,7-DMN 0.7 10.2 10.5 18.4 19.2 18.9
Total DMN's 20.3 21.2 21.7 38.6 40.3 | 40.1
16
17 Example 16

18 Reforming of Pentyltoluenes Prepared from Different Cs Olefin Sources

19  This example compa-res the catalytic performance of the sulfided
20 Pt-Re/Al,O4/Cl catalyst of Example 7 for reforming of pentyltoluene feeds
21 prepared from toluene alkylation with Cs olefins of various sources:




31 1 (1) 1 -pentene (Exanple 3), (2) TAME Raffinate (Exanple 5) and (3)
FCC C[err]’ rrpl e 6). 3 The reaction conditions Werﬁiﬁﬁ WS
950[ err]F, gld;%gél g, molar H2:PT ratio of 4 ~6:1, and WHSV of f%?ﬂrsisﬁ The
on-line GC analysis results collected at 531~3 hours of reaction tine are
shown in Table 8. The conversion of 6 pentyltoluene feed was ~100% The
resulting DMN' s were essentially only 7 those DW i soners which have the
two nethyl 4gr Mq; ;ﬁhtéhé tlexmpreaspm)tmm Ruffingte (Bxarable 5)land BNECC, G5 H&W,
1, 7-DWN, 2, Only a 9 very snmall anmount of

et hyl naphtBaI e(EéS@fT@ENﬁ)was formed. The off-I ine GC 10 anal ysis showed t hat
the ratio of 2,6/2,7-DW was about 1:1.

Table 8 12 Ref or m ng_ of Pen t ol uenes Prepar ed from13
Tol uene Al &yl ditieoreastion cohditionsavere ag Bjlows: [9%#’5; oA psish pelag H2:PT ratio of

Oo/(ljef 'n S°“£§egwnd ISR S 1 h‘1T% Lne@é%nalys?%&ggs%ollected goVN i gl 8

i ? % 5 ~3 hours of re%@’ﬂé’n time are shown |n1'3al5le 8. The conversidh Bf

2,6/ 2, 7-DVMBl  pentyltolugse ﬁeed was ~100%. ibexesultmg DMN'owere essentlallyor@,ya|
DIVN S

Baanpl e 177 14n6SeONYeamsmuhialtive the tyo et plodthpdifterent sromatic
Di | uent / Cogf eafhgs, hdmelyiet,BEDIMN, Ho6-DMIN, fi FToDMN emnlaMN an&2aTHDMNG Onlyra FCC
Cerr]'s and toluene 18 was reformed on the U|f|d R(?J 0383/01 of
Exanpl e 7 8t oe0y smaliramgynpef ethyingphthaleneg %Vm%‘i’rd ngioffline GC

H err] - t oggentyl it 8GR etthhPtHY ratB Y2, B2 - ome WESHbSt 1:1.

11 Table 8
12 Reforming of Pentyltoluenes Prepared from
13 Toluene Alkylation with Cs Olefin(s) of Different Sources
Cs olefin source 1-pentene TAME Raffinate FCC Cs's
DMN yield, %
1,5-DMN 4.8 4.0 2.0
1,6-DMN 20.2 13.5 14.0
1,7-DMN 16.9 20.5 8.7
2,6/2,7-DMN 33.2 32.1 20.1
Total DMN's 75.1 70.1 448
14
16 Example 17

16 Pentyitoluene Reforming on Pt-Re/Al,04/Cl Catalyst without Diluent/Co-feed

17  The pentyltoluene feed prepared in Example 6 from FCC Cs’s and toluene

18 was reformed on the sulfided Pt-Re/Al,O3/Cl of Example 7 at 870°F, 50 psig,
19  0.17 h™" WHSV, and molar Ha-to-pentyltoluenes ratio of about 6:1. The results
20 are shown in Table 9 in terms of DMN yield versus reaction time. The

21  pentyltoluene conversion was ~100% during this experiment. The resulting



20 are shown in Table 9 in ternms of DW yield versus reaction tine. The
21 pentyltol uene conversion was -100% during this experinment. The
resul ting WO 99/47476 32 PETY§IR0INer o
essentially only those DWN i somers which fave the two nmethyl 2 groups on
different aromatic rings, nanely, 1,5-DWN, 1,6-DWN, 1,7-DW, 3 2,6-DW and
2, 7-DMN. Only a very small anount of ethyl naphthal enes (EN) 4 was forned.

The off-Iline i j ; . out
17, “he. oo s PAEREXE S3RRafl oy Rose OME nofnets hich (e B e R
show t hat 2DM\yrgligs @nvdiffetepitarsriati eings reamely; 115-DIMiN€,6-BMN 71, 7ABIMN,f r om
FCC C5's was used instead af . the rPent | t ol Uﬁ e fee{j m%e f r?_lrp 8‘ 1- g?gmne
(al so see3ExahftRMNsandgpf-DM). Only a eryswf%mﬂm of ethylnaphthalene
34 1 i i y&haBtheratio of 2,6/2,7-DMN
Pentyl t ol ﬂenewiéfogprﬁdﬁgT%% ogth-nl-eie(/;gl %ra%sfl?]%)%m%t al ystra l

5 was about 1:1. The results when compared with the results of Example 15

6 (Table 7) show that DMN yield was lowered when the pentylitoluene feed

7 made from FCC Cs's was used instead of the pentyltoluene feed made from

8

1-pentene (also see Example 16, Table 8).



3 , _ in the Presence of Benzene as Dil uent 4 The

pentyltolue repared in Exanple 6 fromFCC C5's and to 9780[5 S

r ef or med on%%é;}%moi ded Pt-Re/ Al 203/ C 3glat al yst of Exanple 7£§FM§ g%] F

6 and 50 psig in the presence of benzen€ as diluent. In this case, the 7
h

pentyl tol uene (PT) feed was hlepded wit enzene at a weight ratio of PT to
8 benzene of 1:2 and the joliar| Hjer ik fo-|Rendyj t ol uenes rati o was about
6: 1. The 9 WHSV of pen{yli ollfiehes & Kkilkd [®ept to 0.17 h[err]. The
reaction conditions 10 |wefg |ot herjw $€ | dent | to those reported in
Exanpl es 17,19 and 20. Thel&1 T€sU ay e |shp in Table 9 in terns of DWN
yield versus reaction tiee}Bl2{oded g t;"g The results obtained in
Exanpl es 17, 19 and 20. |TheE1% | pgnt ehesrclonver si on was ~100% duri ng
this experinment. The resul kg4 ' ssentially only those DWN
i soners which have the two] mgt hyl JlQues|an different aromatic rings,
nanely, 1,5-DW, 1, 6- , (L, 1¥DWN, Jﬁfio?_ g-@n\éﬁamd 2, 7-DW. Only a very
smal | amount of ethyl naphthallenes |(EN) 7 {wa$ Tlorned. The off-line GC
anal ysi s showed that the rptijo ¢f |2, /2| 7-[DVN 18 was about 1:1. Conpared to
the results from Exgnpl ¢ 1 ()b {houe @diff | T} under ot herwi se identical
conditions), the diguting pf }5%“21?‘( Rgs- WAt 20 benzene significantly
i nproved the DWN yidéld. Pl H-haddi-ti-ep—it-he—esul ts froma reference
experinment using p@e be=nzegegg:; A2, fleeflnsies ot her wi se i denti cal
condi tions indicat e t hat harldene RIFNI IR YF2B didn't undergo any
chemical reactions @ldata np [shown) . P4
Exanpl e 19 25 0 Pept y[l t 9l ugnsg Reform ng on Pt-Re/Al 2derr]/d
Catal yst 26 5 o| |9 |EhpeRtesEnce wf Tol uene as Diluent 27
28 The pentyltol ued® feed pr gpat ed Tr%@nﬁfe“ﬁ f@m FCC (Jerr]'s and
tol uene 29 was ref";"")rrrec op—thetsu-Hdet—Ht—ReHAl 203/ A cat al yst of Exanpl e
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1 and 50 psig in the presence of toluene as diluent. In this case, the 2
pentyl tol uene (PT) feed was blended with toluene at a weight ratio of PT to
3 tol uene WP 9MM78nd the nolar H err]-to-pentyltol uenes rat FETHDY483dt
6: 1. The 4 WHSV of pentyltoluenes was stid4 kept to 0.17 h[err]. The
reaction conditions 5 were otherw se identical to those reported in
Exanples 17, 18 and 20. The 6 results are shown in Table 9 in terns of DWN

yield verspys reaction tine, 7 togethegﬁmcge results obtained in
Exanples 17, 18 and 20. The 8 pentylt nversion was ~100% during
this exper iment. The resy ] D

i SoOners ch have the

nanely, 1,%-DWN, 1,6-DW,.1, hw\Pre‘sbncédBBBWeaemsZDTuam\l o~.|y a very
smal | amount of ethyi napht hal"'enes (EN) 12 was tfornmed. The off-line GC
anal ysis showed that the ratio of 2,6/2,7-DW 13 was about 1:1. Conpared

to the resl t?hfer;%ﬂt?t’(@ﬂéhéfégd mﬁdi@@lﬁn Bikbhpié 6¥bm IFCEICss brd tolaene

i dentical conditions

f_pentyl Lol tal
i gni {1 canb |y wansebarsed BB {TRRUSRA - RAALSYELCEaNeE of Examile 7 BANEE 16

from Ex 18 with b di | d |
o XL 18 BB IRE e g B clbrRlH pigheshfe’ SSuLL S,
| dent i cal ¢0n<i5efnt érigl} Wﬁfi%édt\ﬁ@é blepudndtiobénzers giha Weugwt ratlod:frﬁl‘\'étu

sonme chem cal react I ons émal nly <2% benzene det ect edl) gdat a gq _ﬁ1hown)
21 benzene of 1:2 and the molar Hetenpenty atio was a t

Pent yl t ol u 4 I n
the presenge drsvCat %&Pﬂl&g?ﬁa@@ﬁ“ﬁp@wﬁ odh eegfion cenptions
pr epar ed |10 EWéF@' athéndis e idérticaCiethosesepoded i Eﬂampﬁs 1%at9 aefi@hethen t he
sul fided Pt-Re/ Al 203/ d, cat al of . I .870[err]E_2 d 50 psig
in the prddendesyis araghown "hiﬁhﬁé"h@efg% ‘%edMﬁt %ﬁﬂ%g??&?ﬁa@f‘ew this
C7 napht hgsco- hblies 2919 and20PeMHe/| t ol uene 28
(PT) feedqa/as téﬁ%ﬁ&egnwg}te h?lés-r% aﬁnaécﬁmh%%t Ba V\‘g? ghtarat io of PT to
Cerr]'s 48 2$entyltc2uemmi cohvsemﬂmwam[-éﬂﬂ% during thig lexpetment. Theireswlisgabout
6:1. The \‘{\HSV ISJMN s were essentially only those DMN isomers which have the two methyl

15  groups on different aromatic rings, namely, 1,5-DMN, 1,6-DMN, 1,7-DMN,

16 2,6-DMN and 2,7-DMN. Only a very small amount of ethylnaphthalenes (EN)

17 was formed. The off-line GC analysis showed that the ratio of 2,6/2,7-DMN

18 was about 1:1. Compared to the results from Example 17 (without diluent

19  under otherwise identical conditions), the diluting of pentyltoluenes with
20 benzene significantly improved the DMN yield.

21 In addition, the resuits from a reference experiment using pure benzene as
22 feed under otherwise identical conditions indicated that benzene essentially
'~ 23 didn't undergo any chemical reactions (data not shown).

24 ‘Example 19

25 Pentyltoluene Reforming on Pt-Re/Al,O3/Cl Catalyst
26 in the Presence of Toluene as Diluent

27

28 The pentyltoluene feed prepared in Example 6 from FCC Cs's and toluene
29 was reformed on the sulfided Pt-Re/Al,O3/Cl catalyst of Example 7 at 870°F



36 1 pentyltoluenes was still kept to 0.17 h[err]. The reaction

condi fi ons were otherwi se identical to those reported i nPla.?(gga
17-19. The ‘P'8593'14{"§6are 3 shown in Table 9 in ternms of DW yie v@?ﬁsgas

reaction time, together with the 4 resuBbs obtained in Exanples 17-19.
The pentyl tol uene conversion was 5 ~100% during this experinment. The
resulting DMN' s were essentially only 6 those DWN isoners which have the

two met hyl1 9r8H8~‘5 igin Ry eﬁé@@ﬁtdl@en&asrdlmeﬁt llnatmd yasél, the DWN,
1,6-DW, 1, 0‘;,55& |§1Fefs y smal |l anount of

eL hyl naphtm?| paefe'!tptgam&ﬁﬁ )ﬁ%@ms bimdftq wﬂh ﬂﬂ'élecs@ at@ W&lsmtyaﬁl% otRdvied t hat

the ratio

Exanpl e 1719 Wfqlﬁér%? 3@%@% '31%%' e\n g 818 %E%WYFE con |%E”|‘ E)ns rO{nh

E)I(\)/N f eed: 394 3;1 Wqﬁs\/ydft;sdnmltmentms wﬁgétlmaeth svmﬂ fTha:neacytldtecomdlbomed t he
I e Icn was sim | ar t t

Wi t hybenze51e wede cihenaise gjgngpgldgﬁﬁgsree?%gqg&q %W“S{ég 18? JB Zoanch

Tabl e 10
Conposi t $5,. resuls are shown in Table 9 iIFI8RAS bf D‘Rﬁ}\l‘ﬁela’t %&5(973 RRBRbRaime,

3, 3, - di nethy! psgstheewith the results obtained in Examples 170182and 20. The

| oh
g’\/ﬁef hsmfﬁ an@entyltoluene conversion was ~100% during this g)g%ament The resuiting
2, 3-di met hyl pesNiREwere essentially only those DMN i isomers, &h?cfh have the two inethyl
- d| met hyl cycl opent ane
3- met hyl h&&angroups on different aromatic rings, namely, 1, 5 DM(N A96-DMN,.1,7-DMN,

© |25 dilngt ﬁuncsy?‘y %@éﬁl&%@ 75MN. Only a vsryl'ﬁmall amount tf: e%ylnaphthalenetsr(ﬁﬁ’)‘ 1

trans-1, 314l Ngdeformetdo Y &ff¥ine GC analysis showed that3n@4atio of 2,6/2,7- lMNept ane
7.98 Met hyl cycl ohexane
Et hyl cycl bpenwaseabout 1:1. Compared to the results from Examplg 17;(without dnluent

14  under otherwise identical conditions), the diluting of pentyltoluenes with

15 toluene significantly improved the DMN yield, which was similar to the results

16 from Example 18 with benzene as diluent.

17  In addition, the results from a reference experiment using pure toluene as
18 feed under otherwise identical conditions indicated that toluene only slightly
19 underwent some chemical reactions (mainly <2% benzene detected) (data not

20 shown).

21 Example 20

22 Pentyltoluene Reforming on Pt-Re/Al,03/Cl Catalyst
23 in the Presence of a C; Naphtha as Co-Feed

24 The pentyltoluene feed prepared in Example 6 from FCC Cs's and toluene
25 was reformed on the sulfided Pt-Re/Al,04/Cl catalyst of Example 7 at 870°F
26 and 50 psig in the presence of a C; naphtha as co-feed. The composition of
27 this Cy naphtha co-feed is shown in Table 10. In this case, the pentyitoluene
28 (PT)feed was biended with this C; naphtha at a weight ratio of PT to C;'s of
29  1:2 and the molar H-to-pentyltoluenes ratio was about 6:1. The WHSV of



37 1 The toluene yield obtained fromthe experinmental run of this

exanple was 2 about 32% The resulting toluene consisted of the ’
contributi omo w47t h C7 3 reform ng and pentyltol uene deal RGA/HEINS693The
toluene yield can be adjusted 4 by adjugging the PT-to-C7 ratio in the
reform ng feed. 5 When the C7 naphtha was co-fed, toluene was the major
ref orm ng product fromthis co-feed. The advant age of using this kind

f f eed, h f h
Wi thin the :ﬁptsa&kp@@nwasﬁtﬂﬁmﬁﬁﬁ TR reFear R o
ol efins i pt hgtdrivideritieRticalit6 Rhodd repuHed m°~Exér’ﬁp!es|17-'l9)’T¢ié| nesuﬂgtér@ Clerr]

or (Jerr]-Cferr] naphtha streamfor co-reformng to nmake t ol uene and

no extra tdl ushewndedable 8imterms oeDMN waltéuersuﬁdeaﬁm@ytlmeeaogqmer mtbéegs

naphtha stf ealt s BhipbeHdb ExamdIgh 47018 288 geriyioldere cohyaicas,
resul ting 83 ~00%cderidgthisekpagmestt Yhecrés@mng D¥MNGhwere és@mttaﬂlgmrﬂpf or ned

to DW s with 14 toluene as mmjor deal kyl ati on product)
s 2 & thete PEIN-ISArALS Wideh havs the 1w metyl Wpéfomﬁuﬁfieﬁ@ntrﬁmmthe

et hod conpr i fings: namefy 1.5-DMN? 6-BRNSEZLAN, 2 SN TamAer Onig

t enper at ure 0 roma t o about
pressure d fwvery srhallamodntedethyinaghihalengs (EN) was formes0 0T hes off;line GC

wherein tre nanabSISRIGIE tiabtograta i S84 ToMLwEs abgut 1:1. Comipdrd
cont ai ni np st yRAFGURts Bt E3RPnple 15a(vithbWeolfaéd undkP ofidr&iB identical
11 conditions), the co-feeding of pentyltoluenes with C; naphtha significantly
12  improved the DMN yield, which was similar to the results from Examples 18
13 and 19 with benzene and toluene as diluents, respectively.

Table 10
Composition of the Cy Naphtha

Composition: wt.%
3,3,-dimethylpentane 0.72
Cyclohexane 0.64
2-methylhexane 20.63
2,3-dimethylpentane ' 8.76
1,1-dimethylcyclopentane 5.75
3-methylhexane 20.49
cis-1,3-dimethylcyclopentane 10.0
trans-1,2-dimethylcyclopentane 9.14
trans-1,3-dimethylcyclopentane 13.24
n-heptane 7.98
Methylcyclohexane 2.33
Ethylcyclopentane 0.05

14



10 . _ fromabout 4:1 to about 12:1; and the WHSV of said tol uene-
11 WO 99 gplt‘;ai ning streamand said TAME raffinate stream conbined is
12 fom about 1 h[err] to about 8 h[err], wherei f J4yeP9/05693
contacting is in the 13 pres&ice of an acid al kyl ation

catal yst selected fromthe group 14 consi sting of alum num
chloride, acid clays, heteropol yacids, acidic 15 zeolites

having a poreTHeaoleae yidldatbthinadfroth thd edpsrira8eial FIHTB thid Bxample wa
solid phO?#)hOI‘I c acid catalysts, and m xtures thereof, wherein at 7

| east a pcrti8ROW3&%; df elasaifingloliieng eonsisted ohthe aentsbutians of both €,
formpentyto : er4 r i | at.l o one
at | east ?potétflsgﬁiﬁgfangaé %ntggoluene%eall{ﬁ&%\ﬁpe'lr'] y} I%?ﬁ%ﬁ%ﬁ cgl'\ge a&juspedzc_
passi ng a4C7 byphjustingdhe #Thitorg;satie antheefamingfedd.a portion of 22

said pentyltoluenes to a reform ng zone containing an anor phous 23

pl ati nunmf al um na reform ng catal yst conprising a netal selected 24

from the & ouphemihiesC; ngplthaawas Bo{fed tolueme@ras! theVinaid? %m‘iing%ﬁoduct

rhenium gernpnium tin, lead, gallium Jindium and m xtures 2 ]
t her eof ; €' "from this °°-?eed-d?heasiﬁ(?atﬁge®f ysingstisi kingrefroa-fagdrisitbat i d C7

napht ha- cgnt ?#;Bﬁ?bl'?ﬁna praduct toluene cat 65ﬁgbgreﬂ?eﬁﬁtﬂin%@iﬁﬁq}%ﬁd@mnd sai d

ref orm ng catal yst, ormng con rising a
pressure f& onprusess famtoluarte alkylation with Cs olefins #bthe afkQRitipni stepa I mepAs at ur e

from about, 70 r]F to, abou 000Lery]F, 5 the polar ratio
of hydr og?n t té{"ﬂ oﬂyprﬁ??fsagi%n?raéﬁﬁr‘\%"gPlPtBﬁrﬁtW for co-reforming to make
entyl t olqgen j i : i t

pent yl t ol{genelssHE AR Ro édfd%é}@@edjstﬂeaﬁfnm%ru uieéj.hTﬁe?thgggarg

pentyltol uenes WHSV is fromabout 0.1 h[err 0 err
C7 napht Hd t opfeeass iof this invantiaei may require; therefarenorlydd) alCAot G2

about 100& 1, g%hg'gﬂrﬁgm glg rpgke toluene)(zizlgd (2)%5 (lalgﬁr% (t% é?l%;lgleo&eogesa tgn(gj;

pentyl t ol dene
13 toluene for making pentyltoluenes which will be then reformed to DMN’s with

14  toluene as major dealkylation product).

8dthe 8



11 DW s; and 12 (i1i) at least a portion of

said C7 naphtha is converted to tol uene; 13 e. recovering ‘from *
sai d refornVRPIFHTE at | east a portion of said 14 PCT/IA99/95693nd
15 f. passing at |east a portion of ggaid toluene produced in step (d)

to 16 sai d ' ne in step (a). 17 2. A nethod of
maki ng DW' s, conmu“y“ﬂzm‘\m\\mg in areformng zone a 18

pentyl tol uenes comit eed wi'th a | & cont ai ni ng anor phous 19
reform ngulgat al yst, conprising a met ap“geﬁ“@ﬂ-@from the group 20
consisting@ of a non-platinum Goup VIIIB netal, rhenium gernmani umd 21

tin, |ead, | 1 i i ndi u d m xtures thereof, at reform ng conditions,
22 Q/ﬁ:\’\&'&pﬁ Mﬁg%gbrt ion of said pentyltoluenes is converted to
DWN s. 23 3. The nethod of claim2 wherein said reform ng catal yst
further conprises 24 a support selected fromthe group consisting of
al unina, € 1ita, Aimethod ofrgaking DM, theimethed comptising:r coni a, and ni xtures
t her eof . ' 40 1 4. The
met hod of claim2 wherein said reform ng catalyst further conprises 2

an al um n® suppor@. comacting inmga alipdation zene atisriempereiwerofSrm abeubr mi ng

Coni Lt e of i 11 oay S8 e out S90SF, dhf URO8Surs LA ol Bttty Sty

m xtures tzereof. 500 psig, a toluene-containing stream with a TAME raffinate

8 stream, wherein the molar ratio of toluene in said toluene-

9 containing stream to pentenes in said TAME raffinate stream is
10 from about 4:1 to about 12:1; and the WHSV of said toluene-
11 containing stream and said TAME raffinate stream combined is
12 from about 1h™ to about 8 h™", wherein said contacting is in the
13 presence of an acid alkylation catalyst selected from the group
14 consisting of aluminum chloride, acid clays, heteropolyacids, acidic
15 zeolites having a pore diameter of at least about 4.5 angstroms,
16 solid phosphoric acid catalysts, and mixtures thereof, wherein at
17 least a portion of said toluene and said TAME raffinate react to
18 form pentyltoluenes;
19 b. recovering from said alkylation zone at least a portion of said
20 pentyltoluenes;
21 c. passing a Cy naphtha-containing stream and at least a portion of
22 séid pentyltoluenes to a reforming zone containing an amorphous
23 platinum/alumina reforming catalyst comprising a metal selected
24 from the group consisting of a non-platinum Group VIIIB metal,
25 rhenium, germanium, tin, lead, gallium, indium, and mixtures

26 thereof;



6 6. . The nethod ein said reform ng catal yst further

conpri ses u ﬂ The nmethod of claim?2 V\/nerel n sai d
ref orm ng c&f)aag%‘f%fure*ﬁmj”uw H ‘" ger mani um TRE-T7HS99/05693

met hod of claim2 wherein sald reform ng ¢ al yst further conprises 11
tin. 12 9. The nmethod of claim2 further conprising separating said
DW s from 13 any unreacted pentyltoluenes and recycling at |east a

portion off said 14. contacﬁngemstamirewmmgtz@heesaisi @pnaphmar-@érﬁémmi@ zone.
15 10. The nethod of claim?2 wherein said reform (g conditions conprise a

16 dHressure fr (§Fﬁeéﬂbﬁﬂd §ﬁiﬂ rentykeuanes;andsaid eefgrmingycatalyst, unger

met hod of Ia|m2 wher, mﬁ‘?q
pressure f rom about angfl nt gﬁ'{iﬂé‘g’g'pﬁ%g 4 bfgl%u?ﬁg%ﬁf\_%ﬁoﬁt %ﬁ'boent fo
claim2 whrein said abbat Bmg)scg)rmhempmatwerﬁnmm aboat 200°F to abeutpEOGOoH, e

from about_700[err]F to about 000Q[err] F. 21 13. The nethod of claim 2
wherein sd@d reform néh%mﬂiﬁﬁ Eaé'ﬁsofdtyﬁimg%toeﬁzgaphtha-corﬁiamlryg streaghard WHsV

of from ahout 0.01 h[g goorm & cong ) about 1: 1t8 about45: 1. tRe TeL hod

of claim 2 wherein sa ons conp
7 pentyltoluenes WHSV is from about 0 1 h! to about 10 h™!, and the
8 C7 naphtha to pentyltoluenes weight ratio is from about 0:1 to
9 about 1000:1, wherein:
10 (i) at least a portion of said pentyltoluenes is converted to
11 DMN's; and
12 (ity  atleast a portion of said C; naphtha is converted to toluene;
13 e. recovering from said reforming zone at least a portion of said
14 DMN's; and
15 f. passing at least a portion of said toluene produced in step (d) to
16 said alkylation zone in step (a).

17 2. A method of making DMN's, comprising contacting in a reforming zone a

18 pentyltoluenes containing feed with an platinum-containing amorphous
19 reforming catalyst, comprising a metal selected from the group

20 consisting of a non-platinum Group VIIIB metal, rhenium, germanium,
21 tin, lead, gallium, indium, and mixtures thereof, at reforming conditions,
22 wherein at least a portion of said pentyltoluenes is converted to DMN's.

23 3. The method of claim 2 wherein said reforming catalyst further comprises
24 a support selected from the group consisting of alumina, silica, titania,
25 vanadia, chromia, zirconia, and mixtures thereof.



2 pentyl t ol uenes ut 0.1 h[err] to about 10 hl[err].
and the nolar 3 lm-m“ “'MH[B‘ to pentyltoluenes is from about

1:1 to abowO 57476 netshod of claim2, further E%WF?géqsﬁ%? 5
a. contacting, in an aI kyl ati on zone, at allgj ation conditions, a toluene-
6 containing streamwith a C5 ol efin containing streamin the 7

presence of an acid al kylation catal yst, wherein at | east a portion of 8

b Cpassing 4| kaet 11 RORtBYSTHAEES wisei (T PERING SHEIN T BRE: comlprisesy
zone. 11 6. The gﬁtalmﬂir@smpﬂrm 15 wherein said C5 olefin containing .

stream 12 conprises a TAME raffinate. 13 17. The nethod of claim
15 wherein said Cferr] olefin containing stream 14 conprises an FCC

Clerr] stream@ 515 TAE mdthedoftdiich 2witdraingdig réfb?ﬁmglcéﬁlyikt&’bhbféﬁéérﬂ?rises

conditions conprise a 16 pressure of from about anmbient to abou
psig, a tenpdrature 8rsupport selected feara e gryun epmsistingpbsilicadtitpaia, venadia,

tol uene to oI efin Pgllyn%% %?&#rﬂ? %né ely? g%“}ﬁf eof. about 4:1 to about 12:1,

and a WHSV of from ab 0 about errj]. 19 19. The nethod
of claim 15 V\,herel n said alkylation catalyst is a Y-zeolite 20 and

00F t o about Hooper r TRe SHEETE R 2 RE! S hercRidd SRV Youfier pamprises

22 20. The method ofhgHiginm 15 wherein said al kylation catalyst is AIC 3
and said 23 al kyl ation conditions conprise a tenperature of from
about 32F to 24 about 300[err]F, a pressure from about anbient to

about 300 psig. 7. The method of claim 2 wherein said reforming catalyst further comprises
9 germanium.

10 8. The method of claim 2 wherein said reforming catalyst further comprises
11 tin.

12 9. The method of claim 2 further comprising separating said DMN's from
13 any unreacted pentyitoluenes and recycling at least a portion of said
14 unreacted pentyltoluenes to said reforming zone.

15 10. The method of claim 2 wherein said reforming conditions comprise a
16 pressure from about ambient to about 500 psig.

17 11, The method of claim 2 wherein said reforming conditions comprise a
18 pressure from about ambient to about 300 psig.

19 12. The method of claim 2 wherein said reforming conditions comprise a
20 temperature from about 700°F o about 1000°F.

21 13. The method of claim 2 wherein said reforming conditions comprisé a
22 pentyltoluenes WHSV of from about 0.01 h™ to about 100 h™.



Is selecte nsi sting of alum num ' cid
cl ays, sol S’HO%%WWG wﬂﬁluﬂm, ﬂﬂcat al ysts, heteropol y%%}r@?gg/gislggi C
zeolites having a pore difanBt er 48f at | east about 4.5 angstrons,
and m xtures thereof. 5 22. The nmethod of claim 15 wherein said acid

al kyl ation catalyst is selected 6 fromthe group consisting of Y
zeol ite, Heta1geolhé methioddfieldim 2 whareihisald reférming conditiews cofpriseal i t e,
SSz-20, SSz-24, SSzZ-25, SSZ-26, SS7-31, SSZ- %g 48 SS{- 33, SSZ- 35,
SSz-37, S€-42, Sntyioluenes WREVse! fram-about Oo1 h™ to abaytd0ih™ aagithe maigr 11,

ZSM 12, ZGM 35, : M{:,ﬁ : Mt M' ixf Ur es
t her eof . % 11 2@%@“%%%%‘% C |§1m§n%§r'?ﬁgpggnprléﬁﬁg pas‘frsﬁ‘isﬁg' a

diluent to said 12 reform ng zone. 13 24. The nethod of claim 2

benzene, ool ultie, 10y MnB8 BEIFR 2 RANCRERRARE s 1 5 T iherear. 16

25. The nmethod of claim2 wherein the weight ratio of said diluent to said

16 26. THb methoR of COTAERNG Pt AlsvEBEnsPrer ALRRNAHbo st &bl
naphtha- % copbitialing streafPwith@ Saokfinaioptaining steeam intB® 27. The
met hod of claim 2 wherein the weight ratio of said co-feed to said 21

pentyl t ol denes cont ai Bfesgnce&d ansagid @kviatian catalyst.ovhersin alteast & portion of

42 .1 21, The met homﬁmd ai m 15 wherein said acid al kyl ati on cat al yst
4

8 said toluene and said Cs olefins react to form pentyltoluenes; and
9 b. passing at least a portion of said pentyltoluenes to said reforming
10 zone.

11  16. The method of claim 15 wherein said Cs olefin containing stream
12 comprises a TAME raffinate.

13 17. The method of claim 156 wherein said Cs olefin containing stream
14 comprises an FCC Cs stream.

15 18. The method of claim 15 wherein said alkylation conditions comprise a

16 pressure of from about ambient to about 500 psig, a temperature from
17 about 32°F to about 500°F, a toluene to Cs olefin molar ratio of from
18 about 4:1 to about 12;1, and a WHSV of from about 1 h™* to about 8 h™.

19 19. The method of claim 15 wherein said alkylation catalyst is a Y-zeolite
20 and said alkylation conditions comprise a temperature of from about
21 100°F to about 400°F, a pressure from about ambient to about 300 psig.

22 20. The method of claim 15 wherein said alkylation catalyst is AlCls and said
23 alkylation conditions comprise a temperature of from about 32°F to
24 about 300°F, a pressure from about ambient to about 300 psig.



1 28. A nethod of makj ' t hod conpri si ng: 2 a.
passing a (Jerr]-( err“wm‘almmmalmi ng stream and a pentyltol uenes- 3’
cont ai ni ng V@ PY¥EIHTE 0 a m ng zene*cont ai ni ng an anor phou$CA/USI9/05693

pl ati nunfalum na reform ng catal yst; and 425 b. contacting in said
reform ng zone, said (Jerr]-Cerr] naphtha-containing 6 stream

and said pentyltoluenes and said reform ng catal yst, under 7

reform ng Conﬂ Ui PR mhBH 'Y ajm f50 wherein said acld alkylatibn 'c%@ﬁgﬁs%%’idé&@qf OOf

sai d pentyltoluenes is conver

(ii) at I2east a fromtthergrolipaingdistihgrof jaluChiun chinpideh acidsclagsyvsolided to 1 1
aromatics. 12 29. The, net.hod, of .cl aim 28 wher,ei n_.gai d errj-gerr

napht ha cohsi sts E'BOSF;I;‘O”C a“é&§§??ﬁ¥§$§4 Qet&fo%f)lﬁc'fﬁ'p‘m'a'& Z&?ﬁ%é%\@%ta P%@st a
portion ofy said C&iametfar of at Iegﬁpgﬁ&ﬁ 4.5 B Gnidmb@lré8tReretd fur ther
conprising passing at least 1 a portion of said toluene to an

al kyl ati on zone. 16 30. The nethod of claim 28 wherein said reformng

catal yst faurther ' tadls e+ o,
conei 4ting of 28 nofepeied SEEH S rR Bl SE|PRIRIEh AR 1B seletted
ger mani um6 tin, | fremh thgagrouproonsistingrof Yarelolite, beta zeolite,xhardeniteh effeatite, 20

Somori Sen honi onpmeda, fements, sa2-20; 6825468245, §82'26) s52/84 86732,
8 S§SZ-33, SSZ-35, SSZ-37, SSZ-42, SSZ-44, EU-1, NU-86, NU-87,
9 - UTD-1, ZSM-5, ZSM-11, ZSM-12, ZSM-35, ZSM-48, MCM-22, MCM-36,
10 MCM-56, and mixtures thereof.

11 23. The method of claim 2 further comprising passing a diluent to said
12 .reforming zone.

13 24, The method of claim 2 wherein said diluent is selected from the group
14 consisting of benzene, toluene, xylenes, Cs naphtha, and mixtures
15 thereof.

16 25. The method of claim 2 wherein the weight ratio of said diluent to said
17 pentyltoluenes containing feed is from about 0:1 to about 1000:1.

18 26. The method of claim 2 further comprising co-feeding a Cs-C12 naphtha-
19 containing stream to said reforming zone.

20 27. The method of claim 2 wherein the weight ratio of said co-feed to said
21 pentyltoluenes containing feed is from about 0:1 to about 1000:1.



22 32, The nethod of cI aim 28 wherein said reform ng catal yst further 23

(iorrggl S?’ﬁegﬁg{’rﬁgﬁﬂg& cl ,MHWMHQM id reforning catal ystP‘FUPF??é‘\“g%g

conprises tin.

3 34. THe hetho Ia43n28 further conprising

separating said DW s from 4 any unreacted pentyltol uenes and

recycling at

| east a portion of said 5 unreacted pentyltoluenes to

sai d reforn n@g on% method of fakindDMEhte Metiiddtompisinger ei n said
reform ng conditions conprise a 7 pressure from about anbient to

about 500 psi.

8 36. The nethod of claim28 wherein said reformng

condi tions2conprisg a _Ipaﬂssmg a c(r fFﬁéﬁlﬂhﬁfcﬁ)ﬁtémmga&?éém@ﬂ@bbh@lfoﬁjé@%ut 1
(6] (6]

00O0[err]F.

10 37.

he met claim?28 wherein said reform™n

condi ti ons3conpri se a containing stp%am@adetmﬁuagmsvcontammmamorphms _
h[err] to gbout 100 h[crﬁéﬁrlum/a'&f%g??’f%formﬁggg yy%bgﬁgcl aim 28 wherein said

reform ng conditions

onprise a nes WHSV of from about

0.1 h[err] to about 10 h[err], the nolar 14 ratio of hydrogen to

Cerr]-C12 naphth
IS fromab ut 1:1

o eBtee b TRt rone, saiCorcre RS R fafaing

Cerr]-desr] napht ha ﬂmﬁmbhdfwtébéﬁ@ﬁbmnégfﬁnﬂ dand 'ﬂ@l’@ﬁ‘hmgecétbw lunder

about 0:1 t7o about 1000:

10
11

12
13
14
15

16
17
18
19

20
21

22
23

29.

30.

31.

32.

reformlng conditions, wherein:

(i) at least a portion of said pentyltoluenes is converted to
DMN’s; and

(i)  atleast a portion of said C¢~C4; naphtha is converted to
aromatics.

The method of claim 28 wherein said Cs—C12 naphtha consists

essentially of a C7 naphtha and where at least a portion of said C;
naphtha is converted to toluene, and further comprising passing at least
a portion of said toluene to an alkylation zone.

The method of claim 28 wherein said reforming catalyst further
comprises a metal selected from the group consisting of a non-platinum
Group VIIIB metal, rhenium, germanium, tin, lead, gallium, indium, and
mixtures thereof.

The method of claim 28 wherein said reforming catalyst further
comprises rhenium.

The method of claim 28 wherein said reforming catalyst further
comprises germanium.



18 39. The nethod of conpri si ng: 19 a.
contacting, in sal d al iun“””ml" E!s‘l rﬂ,l al kyI ation conditions, a 20
t ol uene- corWaiIMMMIbst ream wi t h ser =] ol efin containing st PERMSPHOI6AE 21
presence of an aci d al kyl ati on cat al yst, wherein at least a portion of 22
said toluene and said Cferr] olefins react to form pentyltol uenes; and 23
b. passing at least a portion of said pentyltoluenes to said reform ng 24
zone. 1 : t ' | rl olefin
cont ai ni n& st?%am-rég mé'ih%@igﬁ'f%ﬁ géeg\mae?#@l\%% wﬁmhpeéﬁlgigu%.e}ﬁe met hod
of claim 30 wher ecompeises fherr] ol efin containing stream4 conpri ses
an FCC CJerr] stream 5 42. The nethod of claim39 wherein said
al kyl ati on conditions conprise a 6 pressure of from about ambient to
about 500 3psi 84, aThelmesthedtof cldify 28 frttedricombprising sepamtlng sh&l DM ffloram
about 4:1 to about 12:1, and a WHSV of from about r!
about 8 h[err], aﬁﬂYblanﬁﬁ{S%‘ﬂ%OB@@WMWW?‘[@?"]'P@"@RBH!R Sf(ﬁé'ﬁrr]F
9 43. The net hod catalyst is a
Y-zeol i te%lo uﬂltea%’t s ﬁaltptﬁngkﬁgﬁag%#wg Tst@grrprl se a tenperature
of from about 11 1 OO[err]F to about 400[err]F, and a pressure from
about anbi o] Lk aai : : ai m 39
wherein s %1$ky .l’l{a%é‘g’g%cﬁlas'{“ ?é)gv,&% % Sgr'%;es%glnﬂﬂg CUP]%HWJ'&QT\BFIS&E

7 pressure from about ambient to about 500 psi.

8 36. The method of claim 28 wherein said reforming conditions comprise a
temperature from about 700°F to about 1000°F.

10 37. The method of claim 28 wherein said reforming conditions comprise a
11 pentyltoluenes WHSV of from about 0.01 h™ to about 100 h™.

12 38. The method of claim 28 wherein said reforming conditions comprise a

13 pentyltoluenes WHSV of from about 0.1 h™ to about 10 h™, the molar

14 ratio of hydrogen to Cs—C42 naphtha-containing stream and

16 pentyltoluenes combined is from about 1:1 to about 15:1, and the weight
16 ratio of the Ce—C12 naphtha-containing stream to pentyltoluenes is from
17 about 0:1 to about 1000:1.

18 39. The method of claim 29, further comprising:

19 a. contacting, in said alkylation zone, at alkylation conditions, a

20 toluene-containing stream with a Cs olefin containing stream in the
21 presence of an acid alkylation catalyst, wherein at least a portion of
22 said toluene and said Cs olefins react to form pentyltoluenes; and
23 b. passing at least a portion of said pentyltoluenes to said reforming

24 zone,



14 . al kyl ation conditions conprise a tenperature of from about

anoet w00 pebdoerers [HMHETRMAYIN 277 P55 oher of oo Heiysfohass®

al kyl ation catalyst is sel‘ected"17®* * frd4finthe group consisting of

al um num chl oride, acid clays, solid 18 phosphoric acid catal ysts,
het er opol yaci ds, acidic zeolites having a pore 19 di aneter of at

| east abou{ 449. anMis metitod efhclalth 80uviesrelmsaid G5 olefid @onélninghstramh hod of
claim 39 wherein said acid alkylation catalyst is selected 21 from
the group 2onsi st iCRERsises 3 SAME gafflipalea zeoiite, nordenite, offretite, 22
onega, ferrierite, SSZ-20, SSzZ-24, SSz-25, SSZ-26, SSzZ-31, SSz-32, 23
SSz-33, SSz-35, SSz-37, SSz-42, SSzZ-44, EU-1, NU-86, NU-87, 24 uth- 1,
ZSM 5, zsM1 #1. zSheimethxwlphelain SOrwiaereinnaid £s alefin gentaining strearvom 56,
and m'xturzs t her 46

1 47. The net hod%g)}n%rfsaﬁsrﬁrbg%%ﬁgﬁag‘mrpri si ng paséi ng a diluent to said

2 reform ng zone. 3 48. The nmethod of claim47 wherein said

di | t i I t f t . . LSti .
ol tiene, 51 offds, TecmBar B a9 hereln epid OB B8ndinBE BBftse o 49
The net hodgof cl aipredsuréfsTiirRin aboat ambistit t6 abbat 500 paig] ol td Os BRI (7)

pentyl t ol uenes containing feed is fromabout 0:1 to about

The et hodof ol aMela8raPEAT ARoUkr LR abaut 12:0 SBARINESY of fomahaght ha-
9 cIt i N o318 SRALE 8 SR RERRAd A HE it SBBLEBSHE b B8 S60%H O

about 10 to a

9 43. The method of claim 39 wherein said alkylation catalyst is a Y-zeolite

10 and said alkylation conditions comprise a temperature of from about
11 100°F to about 400°F, and a pressure from about ambient to about
12 300 psig.

13 44. The method of claim 39 wherein said alkylation catalyst is AlCl; and said
14 alkylation conditions comprise a temperature of from about 32°F to
16 about 300°F, and a pressure from about ambient to about 300 psig.

16 45. The method of claim 392 wherein said acid alkylation catalyst is selected

17 from the group consisting of aluminum chloride, acid clays, solid
18 phosphoric acid catalysts, heteropolyacids, acidic zeolites having a pore
19 diameter of at least about 4.5 angstroms, and mixtures thereof.

20 46. The method of claim 39 wherein said acid alkylation catalyst is selected

21 from the group consisting of Y zeolite, beta zeolite, mordenite, offretite,
22 omega, ferrierite, S§2-20, SSZ-24, SSZ-25, SSZ-26, SSZ-31, SSZ-32,
23 SSZ-33, 882Z-35, 882-37, SSZ-42, SSZ-44, EU-1, NU-86, NU-87,

24 UTD-1, ZSM-5, ZSM-11, ZSM-12, ZSM-35, ZSM-48, MCM-22, MCM-36,

25 MCM-56, and mixtures thereof.
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47.

48.

49.

50.

6

The method of claim 28 further comprising passing a diluent to said
reforming zone. '

The method of claim 47 wherein said diluent is selected from the group
consisting of benzene, toluene, xylenes, Cs naphtha, and mixtures
thereof.

The method of claim 47 wherein the weight ratio of said diluent to said
pentyltoluenes containing feed is from about 0:1 to about 1000:1.

The method of claim 28 wherein the weight ratio of said Cs—C4, naphtha-
containing stream to said pentyltoluenes containing feed is from about
0:1 to about 1000:1.



