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It is therefore a general object of the present invention to provide an improved method for manufactur-
ing with an improved yield and selectivity a specific dimethyltetralin isomer or set of dimethyltetralin
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The aforesaid zeollte employed in the catalyst for the cyclization step of the method of this invention is

in the hydrogen form and contains from 0.05, up to 3.5 weight percent of sodium, calculated as elemental

55 sodium and based on the weight of the zeolite. If the cyclization step is performed batchwise, the
cyclization catalyst preferably contains from 1 to 3.5 weight percent of sodium, calculated as elemental
sodium and based on the weight of the zeolite. If the cyclization step is performed continuously, the
cyclization catalyst preferably contains from 0.05 to 0.5 weight percent, calculated as elemental sodium and
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When 5-(p-talyl)-pent-1- or -2-ene is the feedstock to the cyclization
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ei t her uns@afshBe pEepnbeonFigsf the @kenylbgnzges feesistogke pnd-the pareent selsctiviefithe formiatine of
that |s i n8sireqpreduet frorethe: ioiptipnaqupl ot alkenyibengeng corvarad feradli of Examples 1 frArqeresented
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enptoyed nfihes rﬂ !H?tg% Egi‘u 51116, 2he sun, i 4dimgthyltetralin and 1,7-
silica-& 'Q 'a T i 9 PEY S ﬁ%t%%'ﬁ'r"t @‘dcbﬁfw‘?@\ﬂgap?t%‘??? 1,
pref er abl y g o™ .tpnei,f Y ok s 4 80 i et b
wei ght  of Fangerﬁ n%xamé%; the ngeF of Ya? [ c% on o%w ferl'? ult g ?ﬂl
basi s, thefala rEnts'c%n\% o df b
preferaggy from1.0, 5, pre era wel g t percent of the zeollte
conponent of the catalyst based on the melght of the al kenyl benzene
feedstock, and the reaction tine is fromO0.5, preferably from2, to 10,
preferably to 6 hours. If the cyclization is perfornmed on a continuous
basis, the space velocity is in the K. range of fromO0.1, preferably
fromabeut 1, to 10, preferably to 5, parts of al kenyl benzene feedstock per
20 part of zeolite conponent of the catal yst by weight per hour. The
catal yst enployed in the dehydrogenation step of the method of this
I nvention is any solid dehydrogenation catalyst that is capable of
effecting the dehydrogenation and exhibiting a reasonable lifetinme under
the conditions enployed, including catalysts such as noble netals on
carriers such as reformng catal ysts. Preferably, palladiumon an active
carbon or alum na support containing fromO0.5, nore 25 preferably from
1.0, to about 15, nore preferably to 10 wei ght percent of palladi um
cal cul ated as el enental pal |l adium and based on the weight of the catalyst,
i s enpl oyed as the dehydrogenation catalyst. |If the dehydrogenation is
performed on a batch basis, the catalyst is enployed at a level in the
range of from 0. 005, preferably fromO0.01, to 1.0, preferably to 0.2 weight
percent of the noble netal conponent, _
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cal culated as the el emental noble netal and based on the weight of the
dinethyltetralin feedstock, and thE iﬁ‘é”ﬁﬁii on time is fromabout 1,
preferably from2, to 20, preferab ? 519 urs. If the dehydrogenation is
perfornmed on a continuous basis, the space velocity is in the range of from
0.1, preferably from10, to 100, eraably to 50 parts of the
dinethyltetralin feedstock per pa?éﬁEUEL—l?he nobl e netal conponent _
(calculated as the elenental noble netal) of the catal yst by wei ght per
hour. The catal yst enpl oyed in theExsmpI®y ilzati on st epexdmgliee 2net hod of this
i nventien conprises either beg.geg_S zeolite or an E’l%é(?l c ultrastable --

that is, a thermally stabilized or deal um nated -- -S/pe crystalline

al umi nosi Regek oy Londi& ipasi ngtacki | i caBredurtini naStRfkar r RTEGUSE from 4: 1
preferably from5:1, to 10:1, preferably to 6:1, and having pore w ndows

provi ded ve- red rings,containi ng gxygen,, and a uni ell size
of from02§¥§%y%¢"eﬁér%§g?§’§?om 24.%, to f4. 7, gr ef er aool y to324. ‘gngstrom;.
A suit abl Bemperptag® i(t€)i s nmarketed by4Bni ohd4&ar bi de undd68t helfBne LZ- Y72

o PR A A RSN qs'w‘zngﬁg%’#;i a0 (53]
pref er ajl &X%‘yr#ﬁtiagé?%bg?’ ‘Jeolite. T&?Z’io Bsf'ti on, str L#(,OIHT eghn pr epar a-

tion of beta zeolite are described in Wadlinger et al., U S. Patent No.

3, 308, 069cuhbsdt tildnl Y gre@yirety is specifically incorporated herein by
ref erence; f beta zeolite is_also reported iin J. Haggin,
" Shedict urRFBFRERSePee IReRa Det 1R ned 3 4in Entrmi BB+ & Endicdeerin8 News, p.

23 (Jung 246LverdB88). Beta 45 zedlile i 9.8 sooceomerkilal |y awail abbe from PQ
Corporation. The aforesaid ultrastable Y-type zeolite which can be enpl oyed
in the catalyst, for the isonerization step of the nmethod of this invention
isinth S and contains fromO. 01, preferably from1l, up to 5,
preferably,agpMro 3, wei ght percent ofsgsadi agyscal cul at ed1a2 ebawpsnt al

sodi um%npﬁﬁ;giﬁd on the weight of the zgolite, 50 Prgf grabhy,the

i someri zati'on catal yst conprises a hydrogenation conponent “conprisi-ng a
Goup Vill nmetal, which nore preferably is palladium platinumor nickel.
The af or eBsipdodaektst e of the isonerization catalyst can be enpl oyed either
ungupport eq_heaklgpgrted on a porous gegr acjofy, i nor gan'bcsoxi deothat IS

i nert Jdhder the conditions enployed, 3u€h a$'Silica, alufiifa,

si | i ca- alOWR Asomasgnesi a, bentoni®%te oP.éthe®-%uch cllays. Orf a Bebport is
enpl oyed,adylebenelhy the supporgt,255 008prigss silp.@a, abugi naz20g¢

silica- aIJ_urHi_BgN Wien a support is enployed, \t@e zeolite cogpri ses from 10,
prefergply Trom 20, to 90, preferably to 80 i ght percent "based” on the
wei ght ofl7mBMBat al yst. If the isoneriz@tionqs perforned 8n a bhtch basis,
the catalipightss enpl oyed at a lggyel im,ghe yange @f ifrompQal, preferably
from1.0,,t0.5, preferably-to 3 \eei ght perce of the ze Igte &ogponent of
the cataff&’*®8 = EP 0351 04 Bi based Bn the wei gh® of .

di met hys @epeEhal ene feedstock, 1lafd thé.feacti®dn tiln® is 2edm 0262
preferably from2, to 10, preferably to 6 hours. If the isonerization is
perfornme n,a continuous basis, .the_ space velogity is_i h ge of from
0.1, pre&é’gﬁﬁl y from0.5 to i@?"ﬂref %5a§|§°96j 5&;9&'105 5*’86 fod ¥

di met hyi napht hal ene feedstock per part of zeolite conponent of the catalyst
by wei ghtg e8hyEAon > The presenggigveggipn will beggpge; ghepr!y
understogd fromihe foll owing specific exanples. EXAVPLES é-8 | n_each of
Exanpl es ¥1581e0BivHa0 granms of an al R2njl bgi'zgene were i AfrBdut®Plinto a
stirred glass 1o reactor, and dry nitrogen gas was enployed to
continyously purge the reaction nediumto preclude noisture therefrom The
al keny benzene enpl oyed was 5-(o-tolyl)-pentene-2 in Exanpl es 1-6,
5-(p-tolyl)- pentene-2 in Exanple 7 and 4-phenyl -pentene-2 in Exanple 8.
Unsupported ultrastable Y-type crystalline

55



al um nesilieate nol ecul ar sieve catalyst (union Carbide's LZ-Y72) having a
unit cell size of 24.51A and containj .5 wei ght percent of sodium

(cal cul ated as sodi um oxi de) were agﬁg‘g@ﬁw\% to the al kenylben- i5 zene
in the reactor at a tenperature bel ow conmencenent of the cyclization of

t he al kenyl benzene. The catal yst was in the formof an unsupported powder
in Exanples 1-4, 7 and 8, and i f fypell ets containing 80 wei ght
percent of the sanme sieve supp(;ﬂrltsg"g:eén?éghg (Ii t percent of an al um na
support in Exanples 5 and 6. The catal yst was mai ntai ned under dry,

noi sture-sfree conditions prior to usexampixa@pl es 1-3 apgabpBe but was

all owed to adsorb noisture fromfféleh_saturat ed wth gg{aagure at 30-60 * Cin
20 Exanple 4. The catal yst enployed in Exanple 4 contai ned 10-20 wei ght
percent of \RRAGtiommEondupiong useosk the ¥ qton nB&PEkn wasPERUEY ai sed
qui ckly \tmca) the desired reaction tinme. Sanples of the resulting reaction

pr oduct r j ra r he reagtor Aat.various reagtiongtgd d

anal yzed toeRnétl)grﬁttP%rn }tyﬁreng g%?c%)l on. Tﬁe de@isred cycli zedspro%'& n&_gg@

1, 5- di et hy|iesresatyren (Bhnpl es 1-6, 1,243Hinethyl - tetral i¥Wdn B8nple 7
andI 1, 4adi N gugsinrter 3pkbg) @Exjirr})l eh8. fTi\ﬁo@cp%ri rrelnt al dcormja(;nbrus. 0fe)

enpl oyed,, t onpasi t.i.ons of the tock enpl oyed a

resul ti n65 p:}ﬁe(fu%‘stcsa%ggﬁfgi {ﬁ'tn‘g up to 13 %%’r on atons and thy'pée)rc“teir}t%
conversion of the al kenyl benzene feedstock, and the percent selectivity of
thﬁvgor mat | Qonposiesbhefwl/Pduct fromthe total anmount of al kenyl benzene
cohverted fqr _each of EX ;e's 1. re presented in | e or, e

cal cul atboon%orfyqi ﬁfagg%?cg%) sel e3§f€i ty, the desi reaggfodu%?'fs Stz;'g sum of
1,5- di met hyfol¥en&l i n and 1, 5- di met Byi nabdit hal ene i n0Eanpl®d 1- #,.0t he sum
of 1,7-dimethyltetralin and 1,7- 30 dinethyl naphthal ene in Exanple 7, and
the sum of éi 4-.di geg héht etrali-n and 1, 4-di net hyi napht hal ene i n Exanpl e 8.
Conpari son 8 E5f Exanples 2 and 4 illustrates that, even at the
| ow f eed?st oled-BMFst wei ght rati o4ehpl Be® i n Exanpl k-4, t2fe &rddefice of a

| ar ge concent,sapmgn of water thergip resylfed in subst@ntiglliy reduced
percents conversion, even after a reaction time of about 12 hours. 35 40 45

50 55 7 EP 0 351 074 Bl TABLE 1 Exanple 1 Exanpl e 2 Feed-
Fedd!/ React BEmPeoduttsons stock - Pr oduct st ock Product 10
Reacti on®ti yatebnediate O 49 o) 0 0.3 3 2.8 Begperature
(00 . 148 148 _ ,168 168 Pressure (psig) (Veok)
1.0(6.9)1. OMT isomers 5 4 5429100 (6- F*Feed/ Cat al y‘gt (wt .94 0%k
50.1 50.1 Aryl-pentan&(.1 50.1 483 Condodition (w .84 ArylQ.Zent 8nd feed
98.6 3. .41,4lpdn 98.6 1.7 g 0 20 Solvent - " 0.0 o0.00.1
0.6 0.4 1,9'-&MN 0 0 I%am redoPr oducts 0.0 0.0
Lights 0.2 1.5 0.5 0.4 0.5
Heavies 0 0.1 0.0 0.0 0.0
“  other 1.5 3.2 1.4 1.5 2.0
Total 99.9 99.8 100.1 99.8 99.9
pu _
% Conversion - 100.0 28.9 45.4
% Selectivity 90.2 : 92.8 94.6

50

65



1, 5- DMI 89.2 92.5 91.2 93.5 25 1,5-DWN
0 0. 0.5 1.2 By-Pr nt'er nedi at e .
3.2 2.5 2.5 ['ﬁ#%ﬁﬂi‘r@l 0O 0.4 0.4
0 0.6 0.6 Aryl -pent ane 0.3 0.5 0.2 0.9
2.0- 1,4-DW e 0 0 0 0
1, 7- DWN TABLE 10 (Cont0d.) ' 0 0 Li ght )
0.1 1.3 1.0 0.1 0.1 0 Heavi es
0 0 0 0.3 0.4 40 QG her 1.5
1.0 2.3 2.2 Total ExamplenB g 99._9._16&2&?_5.0.0_0 100.0
100. 0 % Coreattsiam Conditions "Feedstolk. fro@ic® PFeedstock BBodud®0.0 %
Sel ectivity 93.7 94.9 94.6 96.0 50 55 8 EP
0 351 074 Bl TABLE 1 (Cont'd.) 5 Exanpl e 3
Exanpl e 4 Reagkion time (hrs) Feed- Reaction?Condition® stockd
Pr oduct"’ TaﬁpﬁﬂaturePr(dect 10 Reaction tinmerfdrs) 0 N
0 .
170 Pr essure 385 Si g) ?’EEW gk 5 1.(Z.) o,(?AGb) 0.0(2 b %{
Feed/ Cat al §2%d/Gatalyst “"t ) 49.9 8.3 43.5 43. 54‘13097'p05| t| on
(W . % ,80 Aryl - pentene feed 93.6 0 ' 96. 1 68.3 52.5
Sol vent 0.7 0.3 0.0 0.0 Desired
Product s 2FoRResitign (wt. % L s 1.1 26.8 41.0
1,5-DWN Aryl-pentene feed] 2.3 97.6 0.0 097.6 0.3 B2 Products
30\Lnt er mesh adent 0 0.9 0.1 0.3 0290 23DM
i soner $p 0.1 1.4 0.0 0.4 0.6 Aryl -pentane
0.3 4.4 0.4 0.2 0.1 35 1,4-DW 0
0 Desired Prgdpets(. o 1, 7- DWN 0 0
0.0 0.0 1/s3Dme 0.8.0 1.82.1 0005 79.¢¢ 0.5
Heavi es25 1,5-DMN 0 0.1 2.0‘, 0 0.0 0.0 0.0
By-Products
W Intermediate 0.2 0.0 0.2 - 0.3
30 DMT isomers 0.1 1.2 0.1 1.3
Aryl-pentane _ 0.1 4.0 0.1 3.9
1,4-DMN _ 0.0 6.0
95 1,7-DMN : 0.0 2.4
Lights 0.0 0.1 0.0 0.1
Heavies 0.0 0.4 0.0 6.3
Other _ 0.0 7.5 0.9 10.8
o .
Total 99.7 99.7 99.7 99.9
, ¥ Conversion 100.0 94.7
% Selectivity 88.5 84.4
50
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glghgr : - 8 1.5 1.4 1.5 2.0 Tot al
: . 8 100.1  99. 8 nver si on
100.0 28.9 45.4 (%S‘Zf’g‘s? 4i/é:fy 90. 2
92.8 94.6 50 55 EP 0 361 074 Bl TABLE 1 (Cont'd.) 5
Exampl e 5 Exanpl e 6 Reaction Conditions Feedst ock Product
Feedst ock Product Reaction tiPABLEhAs)XCont'd.) 0 4 0
11 to Tenperature CO) 171 201
Pressure (psig) (kt) a) Og0 (O
Feed/ Catal yst (w.) Examnlg -'( ExampJ. ( ) Conposi tion
(Wwt.% AryRepehiemdondddions Feedg;ogk Produ@to Feedstcg:}t @roductc 5
gol \éent L 5. DM 0.9 0.1 0.9 0.0 20 Desired
roduct s - 0 84.1 0.0 75:6 25
8 0
1,5-DWN  Reaction time (hrs) g 2 0.0, B Product s
| nt er nedPaffemperature (°C) 0.2 0.0 170 o 2
|Osgmars 4pressure (psj'f) Q.?J.% o 1.2 1. 00( &) kh ,1 3 Aryllmpégg @
: : . .9 1,4-DW <
0.0 1,7_Dwﬁeed/Catalyst (wt.) (f%)o 2 4 nghts
0.0 150. 1 0.0 0.1 Heavi es _ ' 0.0 0.4
g.OOT | Ocompbéttion (wt.%) 0.0 7.5 0.9 10. 8
ota _ 99.7 99.7 9%y, 99095%
Conver si on Af¥L-pentene feed (gg é 3.3 i . 7 409550
Sellect i vi t polvent °%4.4 53'3/5 10
20
Desired Products
1,5-DMT ' 90.0 92.7
1,5-DMN 0.0 0.0
25
By-Products
Intermediate
o 5 DMT isomers 1.3
Aryl-pentane 2.9 : 2.5
1,4-DMN 0.0 1.6
117-DMN l.s 0.9
85 Lights
Heavies :
Other ' 1.1 1.0 1.0 2.8
“ rotal 100.0  100.0 100.0 100.0
% Conversion ' 96.6 99.5
s % Selectivity ' 95.7 ' 96.4
EXAMPLES 9-23

50
in each of Examples 9-23, a cyclization catalyst was packed into a stainless steel reaction, and the

reactor was immersed into a fluidized sand bath at the desired reaction temperature. A mixture of 5-o-tolyl-
2-pentene in the liquid phase and nitrogen was passed continuously through the reactor. At least once
during at least one catalyst cycle, the resulting product stream was sampled and analyzed. The experimen-

s5 tal conditions employed, the compositions of the feedstock employed and of the resulting products
containing up to 13 carbon atoms, the percent conversion of the alkenylbenzene feedstock, and the percent
selectivity of the formation of desired product from the total amount of alkenylbenzene converted in each of
Examples 9-23 are presented in Table 2.

1"



EP 0 361 074 Bl TABLE 1 (Cont'd. ) Exanpl e 7 Exanple 8

Reaction Conditions _ Fee ct Feedst ock Product
Reaction tine (hrs) CE;ESE’ @40&# , 0
3 10 Tenperature (00 170

170 Pressur e catalei @ble Wisleontluddd b{ discontinuing the flow of the 5-o-tolyl-2-pentene into tVe rebeldr and

.0 (Z  tieh plrginglthb-adadloy st tthe réablion)temperature with nitrogen to remove the hydr&chrbbns. The reactor
56 0 Conpeaasd fiexDibalodMio 860 Arapd pydgHatveth @ir uhtl @@ carbon dioxide content of the BfActor effluent was 3. 3
98. 3 less tharb0.Sodelghtndercent. This procedure resulted in the regeneration &F.thb catalyst. The reactor was
0.8 5 thef) cébletiCio D@sdesiced réactimiUiemneralyré -apii/lhen the mixture of 5-o-tolyl-2-pentene in the liquid

90.0 phase and nitrogen was pass@dcoptinliously[DKd\the reactor.
0.0 In each of Examples 902 @nd19-33y theresdtaichad an euigidegiametercof DEAS ¢re (ASrirch), an
1.3 Aryl - jreide digmeter of 0.457 cm (0.18 inch), a length of 13.97 cm (5.5 inch), gndgpne gram of the catalyst was
2.5 1. 4- Mpd into the reactor. In each of Examples 13-18, the reactor had an ougidg diameter of 0.952 cm (0.375
1.6 1: 70 ), an inside dlameter of 0.71 cm (0.28 inch), a length of 12.7 cm (6 mg_h) 5and 2.5 grams of the catalyst
al

g' 8 35 Li gﬁfﬁg %\gfé&: J 14, an unsupported ultra-stable Y-sne\f ggnﬁumng iﬁ urb and copper 0
1 0 0.0 b é g This catalyst was prepared by adding to 9 grams of ermal ultra-
99 5 4 -s% 3&?5 |Xn eps LZ-Y20) 15 milliliters of distilled water and 30 %ﬂ f an us solution

%ﬁp rcent of Hz PtCs- zoﬁn‘clcula latmum, an rcent of rin
0. 4 B Lt ﬁg" 6 o Gl R e
packed i NiGromn Sadhdd die® Tﬁé l% mnb %aﬁwae Balcirféd €c En%%rqfhomscrdsﬁé@arnﬁ %&eén@& 0 a

f1 ui di zedwosopRsh ddAb40.6878 indP 2426 el pdrffbst | ON tenper at ure. A m xture of

5-'a=t ol yl - 2n pRRAlde BERanpibs 11898, d Sigbdhe® DRE-BtHE ¥-sidld EdABRIMg \WREnuRPSRISdpper compo-

cont i NUPURdNYs wis' Briigbyell. TEhis” CatdhisDivas fropdraiobit crOshing it Istrdghirgt a kberadrci@@mple of

cat al yst patidies, cohtaifing @8 Uelght flerdinD 6fLI0RionS Cérbiass W2-y20 auppbrivd crnzd asight \peeeht of he

exper i menalubiba id yidld patidistin tha sangerpl 2#y40dnesh.Te 10 @EIEIf the@npspoadd didve whe ediisd AT k

enpl oyed wvillifitecsf of 0I9eveightperdentg HpRtClelLakcwatecbast platinurm @ndi p8 weighit Percent oheopper dmibe

t he per ceform obeupde gitrde) caltulatdrbasodidmental ¢opparcThe résultiotsslerykwas abebd tuhi@ itpyes oeifom
sel ect i2yi ayd than dripd Theyrepriting gelid was erloirted elcb0P 1@ aix for fHhens-t he t ot al anount of

al kenyl benzigh efoRgmplee - ?%wafawormed [Ringr e cappayatyssang rRioceeuss einb@mPlph -T2t & 2.

EP O 351 mmBP"Refetateaaf P‘é“t Fépa&%&!e"l%\h?fﬂddﬂ”& Oﬂgﬁnmagwéﬁ'ﬁ"mw amipes 10jagdy of
the 5 9. \pydrogt é'y 91: lﬁ’c ei‘dt ea"? & grea in Exa 'Pr?& K 52 ?fﬁ’é"ﬁ"b*aéﬁd?'!"éf
}t, 22:{ g%g t Exampr,é’ db was rlg-sta lo -S|eve ( 0)t m%Ex p98§aﬂnﬁ5§ ble -vqsneve

containing 2 weight percent of copper in the form of cupnc nitrate, (calculated as elemental copper) in each
of Examples 20 and 21, ulira-stable Y-sieve treated with SiCls in Example 22 and ulira-stable Y-sieve
containing 2 weight percent of copper in the form of cupric nitrate (calculated as elemental copper) and 1
weight percent of platinum in the form of H2PiCls (calculated as elemental platinum) in Example 23. In sach
35 of Examples 19-23, samples of the product stream were taken at several times after the beginning of the
catalyst cycle and analyzed. From these measurements the yields of 1,5-dimethyltetralin were calculated
and in Figure 1 are plotted versus the number of hours since the respective catalyst had been regenerated.
The results indicate that the addition of copper to the sieve or the treatment of the sieve with silicon
tetrachloride improves the selectivity of the catalyst but that the catalytic activity decreases with time.
40 However, the addition of both platinum and copper to the sieve affords both substantially improved
selectivity and excellent catalyst activity mainienance.

50
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was next heated to 500 IC and purged with air until the carbon di oxide
content of the reactor effluent wa Flﬁgg 6_{};@ 0.1 weight percent. This
procedure resulted in the regenerat } 1 cat al yst. The reactor was s
then cooled to the desired reaction tenperature, and then the m xture of
5-0-tolyl-2-pentene in the Iiquid phase and nitrogen was passed
continuously into the reactor. |In e&ABLEf 2Exanpl es 9-12 and 19-23, the
react or had an outside dianeter of 0.635 cm (0.25 inch), an inside dianeter
of 0.457 c¢cm (0.18 inch), a length of 13.97 cm (5.5 inch), and one gram of
the catad yst was packed into the reactor. In = t he
react or had Reactuibsi dendi tiherier of 0. ¥eedcm (09375 1@ i ngh), an ipside

di ameter of 0.71 cm (0.28 inch), a length of  12.7 cm (5 1nch), "and 2.5
grans of the catal yst were packed into the reactor. In each of Exanples
9-14, an uns@d ﬁSrPédsEFﬁ% stabl e Y-sieve cof?ed niGly Ol d86n8m 484. EBpper
corrponeﬁ‘fs wasiacpl ogtgeheﬁuﬁm:at al yst was prepared by adding to 30 grans
of the co bl e Y-sieve (Union Carbide' s LZ,Y20) 15

mlli I|te?2?%?5§}' F H"al Sr{ er and 30 grans of "an aq%eous sl ution %45
cont ai ni ng T%Fgﬂt“b%rb&it of H2 PtCI6 | 6HAS®), d&Bcul al®d as P&t i num

and 2 wej ghpraggﬁegt(gguﬂopper in the form of3 cgjprll > ghi t@gtg andsgad cul at ed
as el errentag gggperl hiexre E slurry Wi)rs.rpg ‘untiL [ was unlform
and then drPBa-- The T%% §8F 4 was cal d dt-%00 2-&% n afr?Qor 4

hours, cr usheutandamm@@mro obtain 0.0164-0. 027 |nch 24- 40 )
particl es. [Bressach (0P ?arrpl es 15-18, a suppSft@d [$4ra- 3tHvl e Y-s eve
cont ai nesng Rl ati num an er conpo- 20 nents was enployed. This catal yst
was prepar eg—‘gg—%-&iﬁﬂ-#é&a-%g screening a comercial sanple of particles

cont ai ni ng Beedei ght percent of Union Carbide's LZ-Y20 supported on 20
wei ght per ceg{,ypip@,]ggﬂéﬁa to yield pag4i @j eg .ok tlae ?angg Q{ 24- 61(§3mash To
e 0.

10 grans of ﬁﬁf L@Arte si eve was add 11 ‘mlli

per cent 2of VY ALIAOEREEBA as pl ati num2-d8d 2- perc?e-r?c of
copper in themdle madfioccupric nitrate, cal cul ated as eI errent al copper. The
resulting slurry was mxed until it was uniform225 and then dried. The

resulting solid s calcined at 500 - Cin air for 4 hours. Each of

Exefipl eg 13‘2@5&_%&‘3&‘&&&% usi ng the appar atus and procedure of Exanples
9-12 at *a rkzsDMI t enperature of 154 .annd3agspgqe3aelgmmy ofggl,.s8. The
di l uent ga liumin Exanples 19 2 yd 0, arrpl eg .21 and
22 and nltflo\é%ﬁ)% Exanpl e 23. The nol ?:%ra'?l ofaﬁf’fuen‘? Fd( ﬁ'gl yl -2-
pentene was 1.3 in Exanple 19 and 2.1 in each of Exanples 20 23. The

cat al ysj, V\wg ed in each 30 exanple, and was ultra-stable Y-sieve
(Union Car ¥g0) in Exanple 1 | t a; ta nlngz
wei ght per?el%%tﬁ?hgop%er in the form(;%f gupp a ng Sj(euéec Q’[g

el enental FpdBPmRRSeach of Exanpl es 023lanf. 22 Q14Q3a $£.85 e Yﬂsi86ve
treated w Iﬂmmﬁu@bﬁerg Exanpl e 22 and ulot,loa-gt,g_’pl eg Yo eve geont algnu;mg 2

wei ght per _ er in the form up ni te cul a

el enent al %}l nEQ 81 wei ght percenm é&iﬁ u?tmﬂu I(Qeﬂfgo 2Pt Cl's
(cal cul ated as el enental platinun) in Exarrpl e 23, In each 35 of Exanpl es
19-23, samuotalgf the product stream wgre taieg adg SEVergy, gli megqagter the
begi nni ng of the catalyst cycl e and anal yzed. From these neasurenents the
yields 8f 1,5-dinethyltetralin were calculated and in Figure 1 are plotted
versus the$nGebegersiomours since the respectdve cead yst93hz0d been.o
regener at ed. géligceespt§s indicate that the ggldstipn @@pRer tgitpe sieve
or the treatnent of the sieve with silicon tetrachl orlde i nproves the

sel eCtlélty of the catalyst but that the catalytic activity decreases with
time. 40 However, the addition of both platinumand copper to the sieve
affords both substantially inproved selectivity and excel |l ent catal yst
activity mai ntenance. 45 50 55 12
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EP 0361 074 Bl TABLE 2 Exanpl e Reaction Conditions Feed - 9

10 11 12-- Hours on st 62.5 69.0 186.5
192. 75 10 since regeneration Egtasgsotncsgcl e no. 1
2 2 2 Temperature (0C 154 153 153
204 15 Pressure (psiQg) /3.5 19.5 32.5 53.5 Space
velocity (w. feed/ TAELB72 iC%%t d'2)20 2.20 wt. catal yst/hour)
| X69 20 Conposition (wt.% Feed Aryl-pentene 97.80 0.04
0.02 6. 81 0.93 25 Di | uent/ Aryl - pent ene Example 2.16 2.26
2.22 s 22 ol e rat Desi red Pro ucts T 5- DV
0.0 g3, oReARERET gotigi®ioRy {2 Pranpie ' pxample 38, o,
0. 95 0.10 4.18 35 By- Products I nt er medi at e 0.11 0.00
0.00 3.frs dh ¥k i soners 167 0.-11 @Q239950.03 0.55
0.86 DWN isoners 0.0 0.11 0.00 0.05 0.41 40
Aryl - fent arfince regeneration 17 8.76 1.61  0.32 3. 67 Total s
98.2 95.ChAtdlysk cy¢le8no. 94.9 45 % Conver Si ons 99.9
99.9 9 Iect|V|t 88. 97 5 95.7
91. 6 50 g’s&i%e ‘M‘é% 5@?%( 81’ TABLE 2 (Cont™ ?HSxarrpl e eaz
Condi },j orRressure (pedgd mpl e 13  Exanpl e #(3urs on st ,?
167 spac%ZbéNBCIQy (waLns?%%§generat|on Gahal yst cyclelggs 5
5 tur 15 15
Pressure (ﬂﬁ'g)a§ﬁ§§2%/g ? 3 (aill) 11 Space velocity

f eed/ 1.14 1.25 _

20 Composition (wt.%)

Feed
Aryl-pentene : 97.28 0.00 0.02
2 Diluent/Aryl-pentene 2.69 0.44

mole ratio

\_ Desired Products
% 1,5-DMT _ i 0.00 94.45 94.48

By-Products

35

Intermediate 0.32 0.47 0.13

DMT isomers 0.25 0.03 0.30

DMN isomers 0.00 0.00 0.02
“  aryl-pentane 0,01 2.55 2,15

Totals | 97.9 97.8 97.5
45 _

$ Conversion 100 100

% Selectivity 97.4 97.5

50

55

14



wt. catalyst/hour) 20 Conposition (w.% Feed Aryl-pentene

97. 28 0. 00 0.02 25 || yen | - pent ene

2. 69 0.44 nole ratio DesiE%&Léngé‘ﬁws 30 1,5-DMT

0. 00 94. 45 94.48 1, 5- DWN 0. 00 0. 26
0.35 35 By-Products Internedia 0. 32 0. 47 _

0.13 DM i soners &%BLE ZZéCont %fb3 0. 30 DW i soners
0.00 0.00 0.02 4 Aryl-pentane 0.01

2.55 2.15 Total s 97 g%amp1e 97 8 o
gzl2C3FV?2CHQXS&?&&"bondltlons EQEQF 15 lu%607 51Zg 55#&52_ OEP 0
351 074 Bl TABLE 2 (Cont'd.) Exanple Reaction Conditions Feed
15 16 Houré.?on streky Hours on stream 15.00 10.50 162,25 306 2715 00
10. 50 162. 25 § 10 i.nce regeneration Catalyst cycle

1 pad ln?F regen5§ &¢MBer ature (0c) 152
154 15QatalystsTyrlesswr.e (psig) (kfo) 1 2 :1 2, 512L (2I2)
204) 2 (1Pémperatracqowgl ocity (w. feed/

1.20 1.2 d% catalq dgapr) 20 Cbnp05|t|on Qyﬁ ge AryI pew}ene
98. 30 essurm (29ig)d k™)’ 0 00 D | uent / Ar it en?é’#

2.53 2. 29 Spadbjuklocxty15w25 geeé/rati o Degj.rred Erqductg ih) h,QgDNW

0.00
150 s oy peeRtaigmdle(n o
o/
20 Composition (wt.$%)
Feed
Aryl-pentene 98.30 1.01 0.00 0.00 0.00
Diluent/Aryl-pentene 2.53 2.49 2.13 2.15

25
mole ratio

Desired Products
so0 1,5~DMT 0.00 81.97 93.14 95.18 94.79
1,5-DMN 0.00 1.59 1.88 0.70 0.68

By-Products

35

Intermediate 0.31 1.31 0.00 0.00 0.0C

DMT isomers 0.17 1.53 0.39 0.32 0.42

DMN isomers 0.00 0.00 0.00_ 0.00 0.00
4 Aryl-pentane .10 10.47 2.69 2.10 2.33

Totals 98.9 97.9 98.1 98.3 98.2
45

% Conversion _ 99.0 100.0 100.0 1l00.0

% Selectivity : 85.9 96,7 97.5 97.1
§0

EXAMPLES 24-29

In each of Examples 24-29, the liquid feed and a 5 weight percent palladium-on-carbon catalyst were

55 charged to a flask and nitrogen was continuously passed through the reaction mixture to remove oxygen.
The temperature of the reaction mixture was raised to the reaction temperature, and periodically samples
were removed from the flask and analyzed. Hydrogen generated by the reaction was permitted to vent from

the flask during the reaction. The experimental conditions employed, the compositions of the feedstock

15



35 Internediate 0.31 1.31 0.00 0. 00 0.00 DAT

i soners 0.1 ads g0 39 0. 32 0.42 DWN i soners
0000 % 0.00 0.00 0.00 0.8 oﬁ}X?&;’Pjpent ane 0.10
10.47 2.69 2.10 2.33 Total s 98.9 97.9
98.1 diiploged and9d thd réSultiy PRANEET Soh@iing up to 13 carbon atoms, the percent conversichhf thel00. O
100. 0 lesisBck)arBahecmsident seigctivity of the formation of desired product from tR36tS amB@ & feedst8ck. 5
97.1 50 dexiak$d ifBach4¢ B@mplas 2B20rarafredantadiplTelste 24- 29, the liquid feed and a 5
wei ght per Eherresuliainl Table Gritiustratectbat loean vdth thel nyilitteruperaturdsand pleasuge contliiond efnplagdd and
ni t r ogerin Frgmples 12429 Her ddhydregenation oft the methdd ofHisis mesmtidni affordsrboth excelishioconersine
oxygen. A gelectyiyer ature of the reaction mixture was raised to the reaction
tenperature, and periodically sanples were renoved fromthe flask and

anal yzed. Hydrogen generated byTABBEr&action was permtted to vent fromthe
flask during the reaction. The experinental conditions enployed, the
corrpo’é’i tions of the feedstock 15 EP 0 351 074 Bl enpl oyed and of the
resul ti E&-‘lﬁ s cont ai ni ng.?ﬂ.ﬁ_to 24t ons conver si on
of the feddatecén strkdme percent sel ezidvityd4QB the §pomati @l df desired
product fromthe total amount of feedstock converted in each of Exanples
24-29,,are presented in Table 3. The results in Table 3 illustrate that even
with the RRFalyskpeY@tem®.and pressure donditioks enpl oyed s it Exanpl es
24- 29, theeflpbydtwgenggjon of the net ik of thys inverds on afgar ds both

e sy G s, T i e 10

2.0 20 Fge@/catalystoweight g 3 15 10k al y30.8ycl ShP 50.0

1 1 ratio 1 1 Tenperature (0C) 242
243 °245 . 244 Pressure (psig)(17?) 1.0(0) )1.0 (6-9)
i.0(6 9;—%%—5#—‘59——% 230 (¥ [ cat al yst wei ght 10.0 10.0
50.0 150-DMTati o Conpositi®nd (wt .04H0 1, 4- DMF 0.0 0.0 0.0
0.0 *  ;10s50pyy 0.0 9200 1, 5- 0.0 4.2 9209 2.2
0.0 4.2 1.9 1, 6-DMI 0.0 0.0 0.0
0.0 L oSTPHT 7- DV 0.0 ¢.0p. 9 0.0 9. 00.0 o 0.0
&_g 30 1,3B-DMaT 0.0 0.®.0 0.0 om0 0.00.0
~0 of her; DMigyp : ) .4 0.2 0.3. 0.0
mxylsséne = 0.1 8¢ 0. é"% 8-2 -85 3.0 0.3
non- cycl i gther DMTs 4.90.1 4 #.4 8.3 043 0.043
m-xylene 0.1 0.6 0.5 0.5 0.3
non-cyclic 4.9 4.5 3.9 4.3 4.3
% Products .
1,3-DMN 0.0 0.0 0.0 g.0 0.0
1,4-DMN 0.0 0.0 0.0 0.0 0.0
40 1,5-DMN 0.9 89.8 93.2 88.4 92.5
1l,6-DMN 0.0 0.5 0.5 0.4 0.0
1,7-DMN 0.0 0.0 0.0 0.0 0.0
1,8-DMN 0.0 0.0 0.6 0.2 0.0
® 2,6~ +2,7-DMNs 0.0 0.0 0.0 0.0 0.0
Lights 0.1 1.5 1.0 1.1 0.6
Heavies 0.1 - 0.0 0.0 0.0 0.0
50 Other 1.8 0.5 0.1 0.5 0.4
Total 100.1 100.0 100.0 100.90 100.0
Total DMNs 90.3 94.3 89.0 92.5
$ Conversion 97.6 100.0 95.4 98.0
55 .
% Selectivity - 99 100 100 101
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Products 1, 3-DW 0.0 0.0 0.0 0.0
0.0 1, 4-DWN 0.0 : 0.0 0.0 0.0 40
1, 5- DMN 0.9 85'.’9391 8745&.2 88. 4 92.5 1. 6- DWN
0.0 0.5 0.5 0.4 0.0 1, 7-DWN 0.0
0.0 0.0 0.0 0.0 1,8-DW . 0.0 0.0
0.6 0.2 0.0 2. 6- +2 FABLEc3 (Cont'd.) 0. o 0.0 0.0
0.0 0.0 Lights 0.1 1.5 1.0 1.1
0. 6 Heavi es A 0.1 0. 0. 0.0 so
Cther s cemditions o ™ "Feed OE"‘{?.Sl 9“"‘*‘10.50’5’9‘ 25 4 Total
100.1  100.0 Houps an stream o 100. 0 Tot al8-[BiVNs 3.0
90. 3 94. 3 89.0 92.5 9% Conver si on : 97.6
100. 0 95,4 98, 0.% Sel ectivity 99
i 00 100 c2tal¥SfyFYCLEPRasy 07481 TABLE 3 (Cont' d.) Condith ons
Feed 10 Ex.: Poupergtax@® ( Ckx. 27 Hours on 2BReam 253 -8.5
%-0 Cat ?I yst(gyﬁé@sme (psig) (kotx) 1 g.0(e) )53 Pl Do C?) )
enperat ure X ressure (psig
0k.) ‘Qe%‘iﬁ(%li’s“ weight o o rd09-fatalyst wei ghtfgs}b
100.0 . ratiof9.9 ratio Conpositions (wt.% 1,4-DMI 1,5- DM
93.9 Gompositi®ns 4%t.3)1, 6- DMI 0.6
0.8 1,7-DMI = 89. 4 0.4 1,8-DMTI 25
ot her Df Ms 1,4~DMT 1.2 0.3 0.1 " 0.0 mxylene
0.\ 0. 3,5~DMI. 0 0.0 s cyclicl.l 0.5 2.8 1.7
7.5 n 6.7 R ts 30 1, 3- QW 0.0
0.0 0.0 '1% . 0.8 0.0 0.2
1, 5- DMN 1,7-DMT (7 94. 3 0.0 89045 35 O0.f 6. DWN
0.8 0.0 1,8-DMTO.8 1,7-DWN 0.1 1.5
90.5 1, 8- DWN 0.4 0.0 0.1 21.6-
) ther D . . .
+2,7-Dweg  Ocner DMES 0.0 Bhot 03090 Lol
0.7 0.0 m—xyleng 1 0.1 0.3 0.0 6.0
\,) Products ,
30 113-DMN ’ 0.0 0-0 000
1'4—DMN 0.0 0.0 002
1,5-DMN 0.7 94.3 0.0 . 0.5
35 l'G_DMN 0.8 ) 0-0 0-8
1,7-DMN 0.1 1.5 90.5
1,8-‘DMN 0.4 000 001
2,6- +2'7-DMNS ) 0.0 0'0 . 003
40 Lights 0.7 0.0 0.1
Heavies 0.0 0.0 0.0
Other 0.6 0.4 0.0 0.2
- Total 100.0 100.0 99.9 99,9
Total DMNs 95.5 1.5 92.4
% Conversion : _ 98.8 99.5

% Selectivity 101 100
50

55
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Heavi-es - 0.0 0.0 0.0 O her
0.6 0.4 0.0 0. . al 100. 0
100.0  99.9 09,9 Total RS 074 B! 95.5 1.5
92. 4 % Conver si on 98. 8 99.5 %
Sel ectivity m 0] £'d 100 50 55 17 EP O
351 074 Bl TABLE 3 (Cont'd.) = - Feed Ex. 28
Feed Ex. 29 5 Hours on stream 3.0 6.3
Cat al yst &ynd £ iths Feed lex, 28 Feed Ex. 10 _
Tenpesat uT'e"(TU?'—" 254 257 Pressure (psig)
(Kil)) Hours on gtgepm, 1.8+P( ) Feed/cataySt weight
100.0 10.0 ratio 15 Conpositions (W.% 1, 4-DMr
92.7 , 5- DM 1.2
0020  CEANE cycle nds . 55.2  * 0.0
1, 7-Dr 1, slemperature (°C) 254 36.0 254 éj ot her
DMT's Pressurel(Psig) (Kfo\?)G 1.00.0 (9) 0.0 25 m>1yb66 9
0.4 non-cychd : 3 3.7 242 Products 30
1, 3- DVN Cééecd/?ataly“ geioht 0. 61980 0:8°? 2-ow
1.6 ,  90.ratio 0.0 1,5- DWN
1.3 35 colmpgoddions (wt.$%) 0-096 o 58. 2
1, 7- DWVN _ . 1, 8- DWN
35.6 2,6- +2%80ns o 92.7 0.4 0.2 40
MNeght s 1,5-DMT 0.4 1.2 0. 30MBavi es
1.8 20 10.6Qptsher 550 3 0.0 0.0
Tot al 1,7-DMT 100. 2 100.0 99. 7 100. 1
26 other DMTs 0.0 3.6 1.0 0.0
m-xylene ' 0.4
non-cyclic 5.3 5.0 3.7 2,2
'\/ Products
30 1,3-DMN 0.2 0.6 0.0
1,4-DMN 1.6 90.2 . 0.0
1,5-DMN ' 1.3
25 1,6-DMN 0.9 58.2
197"DMN . 0.5
1,8-DMN 35-6
2'6- +2'7-DMNS . 0-2
40 Lights © 0.4 0.3
Heavies ' ' 1.8 0.0
Other 0.3 0.0
pu Total 100.2 100.0 99,7 100.1
Total DMNs 90.8 95.8
% Conversion 99.5 . 98.5
% Selectivity 96.0 103.4
50
EXAMPLES 30-47

55
In sach of Examples 30-47, the particular isomer -of dimethylnaphthalene employed as the feed was

mixed in liquid form with unsupported catalyst in a stirred reaction vessel with a continuous nitrogen purge

to preclude oxygen from the system. The temperature of the reaction vessel was raised to the reaction

18



45 Total DMNs 90. 8 . 95.8 % Conver si on
99.5 98.5 % Sel ect i gt 96. 0

103. 4 50 EXAMPLES 30-47 55 In each\egfd/%?a B 30-47, the particular isomer
of di nmet hyi napht hal ene enpl oyed as the feed was m xed inliquid formwth
unsuppor t e@mpéthtave Yl dafpids Wole! WihlraW® AE VirRls WRSsS Biter \bbrhierRemén lof MéOréction and
ni trogen paHagged! Thed EG@itibiECentployas thd Eomipobitivas DY tHe r8adstddkCerhfioyBE ladd BI the Qésuliiis
reacti on vesdets cvlEininglius sl 18 @arbbreatorsi Ghd PatcehB converéidn & 1B loolstotk,Bind the percent

t enper at ur seleatidty St the| famativhrat desirbd grocvan fravh theatotabarsouni ofefsedatbtkecongsntearinnaaeiment
of the rseaBtamples ARV @ prbsspiedin Table4condi ti ons enpl oyed, the conpositions of
t he feedst ocHRhenpalysy exiployed i Examiple 30cwas|a Grysipliipe berosiicate owleculdr sions) (HAMSHIB fiod
car bon at oftmocotGhemjsalk Jba catalyshempleyed fn Bamplp 31 wee Heiero Babideln LZ-Yaheultsestablont-type
sel ecti vi tg:;’éf canigising 2 waight Bercent ofcregpar. é&'c\dﬁt%e%?'emQWQﬂﬁef fon eatalvsheroplevedfin

f eedst ock Fpie 3¢ ags Upjons Gerpidess émaa iteacstable. Vitype, pigve i the éﬁf“@'ﬂa pxshanged farmy
The cat & y¥¥ '@H‘?ﬂ H°?"rr°"@>@é %vsaere?l §’E’éﬂ F’faﬁ‘é o5 8% 8 $4 ﬁt@mme":‘a"y
mol ecul ar %"ia'@'é I\9ﬁ =l s'e" ThYIng 2 uaj gg"c s

el O
EX 3@”?' ﬁt 31, en ca:r ampﬁzcga aﬁe si t bee cm 8 %@% %3%'0 g’ e a%#:ﬂ ng
ght pg i%p b 'ﬁ ;.a lighetion .n%
enpl oyeq5| pl 3 a.HL e acid
V-type 3 el é%wﬂﬁabﬁe i P

of 24.73A .nTtn@ hﬁﬁ&ga friy &m&m@ roh esq,mﬁarnﬁ;.@ﬁ Vs
avai | abl e {dninereidina blbiidhes éraéezué@&eveadamuh.hg @s%@hﬂ (SordaRY d?%bﬂuﬂﬁ aftd RQnéavdl Bl @
uRit cel | giygigal plopettbs Aafard N6ty BinRatdb thBdeCd? Whieh barBilie's E5¥72} fidlls AsosuiltdieGbiiuse as
per cent 20 | f cdiROml dithed 3he dybiRativh @K BoMéZation st & tATHBIRbPOf ftids inveatich. Ne-dimahlindpaen
cal ci ned. thaerexaRriecfoddlin Bxhieplas 3w, Ntadfedibesd CAdIREthGPIitaldne inTEtample g dhd gen
form The diabtayinepbthatanp iroGeniplesddand #p. for 85 pumesesiofctahia®r thé ednbentratioaiol ZBDMN in
anor phous #é piodt &ltaken tecbecoprddimatein gqua3o iwei ogirentrationpat 1 TEIMN @i issubiractes . fromitiee
cat al yst eswrl ofy@8-DMN Bich RiF{DMNG Gvhich saree dptanmnined dibdethederi the lpuposep eiddatarmiving rthet he
aci d f ofam conprstraign ai 3/&PMU elone ke effestiveregrigiumscopepntraions of @ paticujeh desirechRMNGY i | y
avai | abl e ' '8 fis enilipjuecogeentatiqrip theririadnwhidhganesie it 40UP Meigd perenéi ved from t he
manuf acturer. The catal yst enployed in Exanple 39 was commercial ly

avail abl e Grace USY sieve containing 2.6 weight percent of sodiumand has
chei cal and physical properties that are very sinmlar to those of Union
Car bi de®s LZ-Y72, and is also suitable for use as 20 a catalyst in either
the cyclization or isonerization step in the nethod of this invention.

1, 5-di met hyl naph- thal ene was the feed in Exanples 30-44. The feed was

1, 7- di met hyi napht hal ene in Exanpl e 45 and 1, 4- di net hyi napht hal ene in

Exarrpl egs 46 and 47. For the purposes of TabI e 4, the concentration of

2, 7-DMN in the product is taken to be approxi mately equal to the
concentration of 1,7-DWN and is subtracted fromthe sum of 2, 6-DW and
2,7-DWN (which are determ ned together) for the purpose of determning the
25 concentration of 2,6-DW alone. The effective maxi mum concentrations of
a partieular desired DWN in its triad is its equilibriumconcentration in
the triad, which generally is 40-45 wei ght percent. 30 35 40 45

55
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50 55
30 Feed
243 Pressure (psig.)

EP 0 351 074 Bl TABLE 4 Conditions .
Ex. 31 5 Tenperature (&5 351 074 B1

Feed Ex.

249

1 ((.1 Catal yst

A?sac 3400 LZ- 20 10_
g(?SEnFEEdlcatalySt neratio 7.é§§§éLﬁ- 1013 15 Product Cégpggggfogn
(wt.% 1,2-DWN 0.0 0.0 0.0 0.1 1,3-DW
0.0 Cchhd;thn{é 0.0 20 1, 4e¢e¥N Egx. 30 Feed Ex. 31 0.0
g g 1, D|\/r\'r"‘*""!’ﬁ"f“t“re g™ 20. 249 118 37, %3%5 o2 67 DWVN
0.0 0. Rlessu:r&(ps:.g%)&\'goj 3- DM\I (1 (.9) ( jO
% Sms Tty 727 2, esM'Q""Q'3‘mo >4 5323 Hegsl 25
000 " 1.9 0.2 5.8 Napht hal ene 2%0Cp 0.0
0.0 0.Feddtcatlangpbt el eneciso 0. Qo 0.2 016 6.5 35
S6's 100 PUEHEM SIS | Torai ows o T3° LYY s
97.3 ,5 84.4 2, 7-DW % 40 2,6-DI4N % in the 0.0 5.7
0.6 42 vbdudr- Cohpbsitieh 2(w.BYN triad 2, 6- DWN sel ectivity
100 1, 2-plk ! 45 50 55 20 EP §. 351 074 BL TABLE 4 (gopt' d.)
—/ 1,3-DMN 0.0 0.0 0.0 0.0
20 1, 4-DMN 0.0 0.0 0.0 0.0
1,5-DMN 93.4 69.3 82.6 8.7
1,6-DMN 0.0 20.1 11.8 37.8
s Le7-DMN 0.0 0.0 1.2 1.5
2,3-DMN 0.0 0.0 0.0 0.0
2,6- +2,7-DMNs 0.0 5.4 1.8 36.3
U Lights 6.3 2.6 1.7 1.4
30 Heavies 0.0 1.9 0.2 5.8
Naphthalene 0.0 0.0 0.0 0.1
Methylnaphthalenes 0.0 0.2 0.6 6.5
5  Other 0.2 0.5 0.0 1.9
Total 99.9 100.0 99.9 100.1
Total DMNs 93.4 94.8 97.3 84.4
2,7-DMN % _ .
“© 2,6-DMN % in the 0.0 5.7 0.6 42.8
1,5-, 1,6- and 2,6-DMN triad
2,6-DMN selectivity 100 71.7

45

50

65
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5 Conditions Feed Ex. 32 _Ex. 33 Ex. 34 Tenperature
(OO 248 2 Pressure (psig) (VPO
1((.03) 1 (66 ( 1i(.9) Catalyst 7€P 0 361 07487 LZ- Y62
LZ-Y82 LZ-Y82 10 Feed/catalyst wt ratio 10.0 9.9
.8 Hours on stream 2 11.8 5.5 15 Product
Conposition (wt.9% 1,2-DWN  TABLE 4 (Cont 'd) 0.0 0.0 0.0
4 1, 3-DWN 0.0 0.0 0.0 0.0 1, 4- DWN
0

9

0.

(7)' 0 @onditiOnd 0.0 20 1,5-0Mdg  Ex. 32 Bx. 33 Ex. 8% 6 82.3
0

3

5.6 AT, 6= DWN L8 12T 183 25.4
- DWN Temperature (°C) 3 ) 1.3 - 348 23496 5 403

0.0 PresSufe (psig). K&} +2, 7- DMNs 1(¢q9) 1(@9

1,7
.0
2 30.4 1. 70 vrol. B 213 K>
Heavi es , Ehgmi“ 0.2 0.1 bz gsf £z %822 ?bzz%\?a ht hal ene
0 8. 0 Feedfcatalyst gt7rabiqyl napht hal ened@. 9.9 0.3
2
t

12. 7 fblies on stream 0.0 120 011.8 0-05.5 3.9 35
al , 99.6 100. 1 99.8 100.1 Total DWVNs
.3 97. 8 98. 3 65.1 2,7-DF4N % 40 2,6-DWN % in the
0.6 9 Qroduczqompoﬂrimlmt-%a, 6- and 2,6-DWN triad 2, 6- DWN

selectivity 1, 2-DM 049. 5 45 fpot notoe,a; 1 not
cal cined 2 calcin 50 55 21 EP 0 35 4 Bi ,TABLE 4 (Cont'
Condi ti ons £,5- 'ﬁ? Ex. 35 Ex. ?600E>< 39 Bx. s c1’1‘é]rrper ature

0
0.
To
97

( 1,49 248 226 227 0.0 252 PrB@ssur e (Psi g) (G0
1 (5) i2(. 3, 5louy 509 1(((.. lg2,9 Cagalyst 7s.6 4.1 S
Mor de- LZY— 72'12Y-72 US-Y5 10 20 ited
Feed/ cat al ys{ DMt i o 10.1 9.8 o4 38-4 588 Hour’®*8n stream
13 11.5 1974DMN 23. 3 11.5 1.2 1.3 1.2 3.6
25 2,3-DMN 0.0 0.0 0.0 1.2
2,6~ +2,7-DMNs 1.8 2.1 3.2 30.4
Lights 1,7 1.8 1.2 1.3
L Heavies 0.2 0.1 0.1  16.2
%  Naphthalene 0.0 0.0 0.0 0.7
Methylnaphthalenes 0.6 0.3 0.2 12.7
Other 0.0 0.0 0.0 3.9
s Total 99.6 100.1  99.8 100.1
Total DMNs 97.3 97.8 98.3 65.1
2:7‘DMN %
“ 2,6-DMN % in the 0.6 0.9 2.1 47.7
1,5-, 1,6- and 2,6-DMN triad '
2,6-DMN selectivity 40.5
45
Foitnotes

not calcined

2 calcined
50

55
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15 Product -Conposition (wt.% 1, 2-DWN 0.0 0.0 0.0
0.0 0.0 1, 3- DIW 0.0 0.0 0.0 20
1. 4- DWN 0.0 Ep‘bsﬂOWQEH 0 . 0.0 1,5- DWN

21.9 41. 2 24. 0 21.3 17.5 1, 6- DWN 42.8 29. 4
39.9 40. 3 41.5 25 1, 7- DWN 1.2 0.7 1.0

0.9 1.0 2, 3-DW TABLE 4 {Cont'8.) 0.0 0.0 0.0 0.C 2, 6-
+2, 7- DMNs 29.3 2/7.0 31. 8 34.2 35.9 Lights

1.2 1.0 1.9 0.9 1.2 30 Heavi es 1.2

0.0 0. §ondigians 31 0 Napht halE%ae35 Ex. 36 Ex. 37 Ex. (38 Exy 39 0.0

0. g 0. 0 dempetataplet hat enes 233 2.0248 0.%226 1.2»7 132%2 ; 3

O her . [ .5

0051 100, BFEIRYS P86 00 o 1o HML @D O18cy A REP gg( 98. 9
96. 7 06. 7Catatyst 40 2. 7-DWN % SLOZ/ Morde- L2Y-72 L2Y-72 US-Y 1.1
1.1 2, g’DNN @6|n t he g;g n?ge% 32.5 35.1 37 2 15-, 1, 6-
and 2, 6- sel.ecti vi 0) 99.9
97.3 45 Footn %ég/sg:\% F‘J‘tlé 1 in H% §§ #tragogtgbl € SI eve

cont ai ni ng ’2‘?‘6% Nﬁ‘ 5troom EP 0 3511874 Bt 5TABEE 4 (@3 d. 1155Condi ti ons

Ex. 40,Ex. 41 Ex. 42 Ex. 43 Ex. 44 Tenperature (0C) 251 248
248 24 4 kP 1(69) 1((.6) 1(6-5) 16(-
(G 9) Ca?ﬁ?d“gt Colip882H16n (AN g‘b(r 7)2 LZY- 72 LZY§72) szf(72 )LZY-(72 1%) (

Feed/ cat al y%t WMMNatio 50.6 50.8:9 50.%0 50060 50 @ HoulsOon stream
3.\ 4,8 1,3-MN 8. 5 10.5 Produot Conyoositoom (wae.d 1, B-.DWN

00 B Suehh, SO OO LM 00w g g Do O
0.0 20 1, 5-OHgMN 23999 442 1 2449 221.39 §17.5g 7
1,6~-DMN 42.8 29.4 39.9 40.3 41.5
25 1,7-DMN 1.2 0.7 1.0 0.9 1.0
2,3-DMN 0.0 0.0 0.0 0.0 0.C
2,6~ +2,7-DMNs 29.3 27.6 31.8 34.2 35.9
W Lights 1.2 1.0 1.9 0.9 1.2
30 Heavies 1.2 0.0 0.9 1.1 1.0
Naphthalene 0.0 0.0 0.0 0.0 0.0
Methylnaphthalenes 2.0 0.1 1.0 1.1 1.3
55 Other 0.5 0.0 0.4 0.2 0.5
Total 100.1 100.0 100.9 1.00.0 99.9
Total DMNs 95.2 98.9 96.7 96.7 95.9
© 2,7-DMN % 1.1 1.1
2,6-DMN % in the - 30.3 27.6 32.5 35.1° 37.2
1,5-, 1,6- and 2,6~DMN triad
- 2,6-DMN selectivity 93.1 >100 99.5 99.9 97.3
Footnotes
? 13% AL,0,
4 .
50 5 in H form

ultra-stable sieve containing 2.6% Na

55
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1,6-DW - 41.6 41.6 41.6 ,40.0 39.7 1,7-DWN
0.9 1.0 1.0 1.2 1.2 25 - DIVN 0.0 0.0
0.0 0.0 0.0 2, 6- +2, 7- DVNs 533335?'}{%%9_ 37.6 40.0 43.0
43. 3 Lights 1.6 1.6 1.2 1.0 1.1 Heavies
0.8 1.1 1.6 2.1 . 2.2 30 Naphthal ene 0.0 0.0
0.0 0.0 0.0 Met hyl napht FaBeEe4 (Cont'd.)1.1 1.5 1.7 2.6
2.8 O her 0.3 0.5 0.7 0.5 0.9 35 Total
100.1 100.0 _.100.0 100.0 99.9 Tota] DWNs 43 9,3 95.2
94. 8 93 M,?-D’VN % Ex. 40 Ex. 41 Ex. 42 Ex. Ex.
1.6 40 2, 6- Dbbmperature (°C) 3251 39248 4248 4&3&9762 2885 t he
1,5-, 1,6- a &) 41 6- DW selgog) vigt 98, 93. 94. 6
92.3  90.5 EE %8 ﬁgwg% *4’?%62)0 351 074 %1)TABL6I§%$ g) d) 5 q}c% t??)ns
Feed Ex. 45Cafadustex. 46 Ex. 47 Fehpkt Ha¥hd2(HEY - RE IS PR NS
251 10 pPeedlddtalyst &2 rBté&ssur®0 (@si go.6O 50.6 50.6 50.6 1(<)
1(c6 Y-72 loZY-72 bZY-T. ZY—1702 g-ZY-72 10
Feed/ cat aI yscﬁgw%gra |%tream _ 3% 1.6 6. 482% 44.0 Hours
on stream 2.0 6.5 1 Product
(C)JormOSl t gprb%c%Cém;?cMon (wt. %) 0 0. 0 0. 00 058 o
. 4. 1.9
51.0 1,4- DI 2™ i _ PP %%  Bofs 0% 7 -0 °°
20 1, 5- DVNL, 3-DMN Q)-.QS 0.0.2 0. Oo.o 0. 0 0.000 0.0
1,6/7- DM\IDWN 1,4~DMN 98 Z oé g 0.0 0.0.0 o.(h.(i e
’ 20 - . -
2. 3- DWN 1,5-DMN 0.0 20.% 0.35-1 .69'2 22(5106 2?.% 2. 6- DVN
0.0 1.31,6-DMNO 0.0 0. 431.257 BWNE6  41.6 40.0 39.7 o 3
2437 c (2) Q 7_m£§)30 306133 > . 0 9 Li gtj_tg 1_9 1.2 1.2 0.0 6.6
0.7 8. 0 2.3-DMNg 3.8 Napht h qa-éin 6.0 0.0  0.0™
0.0 2.02,6- 82 37+0MNsy| napht hal e3® 37.6 40.0.243.0 143.3 3.6
3.9 4. 8 BPgnedt her 1.6 1.6 L2 RS 140
0.0 0.3
% Naphthalene 0.0 0.0 0.0 0.0 0.0
Methylnaphthalenes 1.1 1.5 1.7 2.6 2.8
Other 0.3 0.5 0.7 0.5 0.9
s Total 100.1 100.0 100.0 100.0 99.9
Total DMNs 96.3 95.2 94.8 93.9 93.0
2,7-DMN % _ 1.6
“ 2,6-DMN % 33.8 39.2 42.0 45.7 46.5
the 1,5-, 1,6- and 2,6-DMN triad
2,6~DMN selectivity 98.4 95.6 94.6 92.3 90.5

50
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Tot al’ : 100.0 99.6 100.0 100.1 100.0 Total DMNs
92.0 88.4 91.1 88.1 red DWNL in its 0.3
52.2 0.6 25.1 28.0 trlad%%ﬁ/@?a}lty

89.0 87.5 74.8 45 1 2,7-DWN in Exanple 45 and 2,3-DWN in
Exanpl es 46-47. 50 EXAMPLE 48 7.5 kil ograns of distilled water, 7.5

kil ograns of an aqueous solTABL&n4cdGenthdnp 40 wei ght percent of
t etraet hyl am ne hydroxi de, 50 granms of sodi um hydroxi de and 300 grans of

sodi um nate were stirred s5_ and |ssolvd|n 94 itre (25-gallon)
st ai nlse%&é&i" ank. The resul +£R§Ss d M 2-3_Lk$-€ of a silica
sol cont aiTempgrabunei §if) ercent of silicblwere m xed 840 stia%2d in a 37.9
litre (10 pgakkaps gpgj at 150 | C for 17@@})urs Thel{ ggltu@? xture

was filtered, and ese ar ed_solids were washed

di stil| ed SR&p&¥St dr| ed at 120 - LEY3A4 It'%n"?cé‘lzgl‘ﬂédbﬁif 53d%2¥ 7% or 4 hours.
24 ep Fe@8Zcatdlpit Twe magdol ting dri b gowder cont&énked 018.0 wei ght
percent o di | at ed as el enent odi um and ray fraction
anal ysi s |hn ?ca?g]d ﬂé%ﬂt he powder had tﬁdeo; ray di ffr% ion é;’a tern of
beta zeolite. The following is the x-ray diffraction pattern of the powder
produgt Prodavt ngompdyi tivh |(wtgg)t hat are common to all 4 sources of beta

zeolite 1 ;,Patent No. 3,303, 089, 5 e d(A) Re, ive ensity 4.18
1623999'5’§M 100.0 10 @ Ldrb &a{ an{%

6.1 3.35 1,3-DMN 12 6 3.11 0.0 3.®.3.05 0.6 50.84 604
53 %608 1,4-DMN 115 20 - 0.0 0A-069 90I 6 15 14h1 9’4654|

20 e powder S e yed as. the catal yst
wi t hout b&t ﬁg - exchanged. Sone @o% S 10 8 exch ‘rPged Lpsaang t he

procedur elef—B¥¥nple 50 to reduce @he sodi-¥m coﬂt@nt & af taer0 bei ng i on-
exchangedy, 'qhm@owder s al um na cegient ,4QS|5I | caotg aI Lunma nmy.q ratio and
silicon-t num atomrati o wer as r ght er.cent, 68 1
and 33:1, 2 gs%&tl vely. EXAMPLE 49 EQdSTE | I gr aﬂsoof il |22!d drat er er,

kil ogr ans2e6- RBMN aqueous sol uti on cldt ai nilng 40 0edght Gdr centd.@f

tet raet hypapign hydr oxi de, 3.81 kigograng,gf angagiueoys, gsol utg,gn cont ai ni ng
wei ght Percent of tetraethyl amag1e hydrOX| de, 0,6 Ki | rqram_jof6 sodi um

msgate WP 12. 2 ki I ograns of $1ic& 30l c‘én?al ni .

Heavies 0.7 0.0 1.8 3.8
Naphthalene ' ' 0.0 2.0 3.3
Methylnaphthalenes 0.2 1.7 3.6 3.9 4.8
a5  Other © 1.3 2.8 0.0 0.0 0.3
Total 100.0 99.6 100.0 100.1 100.0
Total DMNs 92.0 88.4 91.1 88.1 84.2
“ 4 desired DMN' in its 0.3 52.2 0.6 25.1 28.0
triad
Selectivity 89.0 87.5 74.8
45

1 2,7-DMN in Example 45 and 2,3-DMN in Examples 46-47.

50
EXAMPLE 48

7.5 kilograms of distilled water, 7.5 kilograms of an aqueous solution containing 40 weight percent of

tetrasthylamine hydroxide, 50 grams of sodium hydroxide and 300 grams of sodium aluminate were stirred

56 and dissolved in a 94.6 litre (25-gallon) stainless steel tank. The resulting solution and 12.2 kilograms of a

silica sol containing 40 weight percent of silica were mixed and stirred in a 37.9 litre (10 gallon) autoclave at

150°C for 72 hours. The resulting mixture was filtered, and the separated solids were washed three times
with distilled water, dried at 120 °C and then calcined at 538 C for 4 hours.
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30 40 weight percent of silica were mxed and stirred in a 10-gallon (38
1) autoclave at 150 IC for 72 hourg %ﬁdﬁ?‘ilti ng mxture was filtered,
and the separated solids were wash Eq g I'mes with distilled water,
dried at 120 e C for about 16 hours and then calcined at 538 0 C for 6
hours. The r qrdllokditing dibd SsvaBObHEIheCOS \ﬁél%ﬁeger&ent_]-t?f 98] Hhic RS B lentdhtaSsdiumMm
cal cul at edanascrgy} GiifedtibmbnafySislindiBatedthatane Fdwtdr Mad: the KiayaifRdclichl dattdri B Bo@!286litd.
t he powder fofhglid e X-rdyadiiratiiér’ patierh ioDthe podeproduof, std@ing oAig tel lihes thata® cdmmon to
fol | ow ng ails4 dolreescof bety zebiith frr AS.tRadAt Npa8,8a81089.0f t he powder product, show ng
only the lines that are cormon to all 4 sources of beta zeolite'in U S

Patent No. 3,308,069. Line d(A[ 0 i Ty 4.19 17.7 40
4.01 100.0 3.54 i@?ﬁﬁh ﬁég,'atl"m"%% 13,8 3.11 Weak

3. 05 13.4 45 4.18 16.2 2. 95

2.8 2.67 Weak 2.49 399 o 6 2. @90 7.6 50 The powder

was enmpfbyed as the catal yst wi}hot®? bdi ng |d‘?11 exchianged. After being

i on- exchanged using the procedufe EXdanpl e 2% in prder to reduce the
sodi um content, the powder's si|ic Ut o-lal umi B2 nol € ratio and
silicon-to-alumnumatomratio per 4rreesured 30:]1 and 14.8:1,
respectiyely. 55 EXAMPLE 50 2. 3| kiJQgrans of e untion-exchanged cat al yst
powder produced in Exanple 49, B Kk 409rjans of 1 glistillled water, and 12

kil ograms of an aqueous sol utioh %t aifni ng 1’L195 wei ght percent of anmmoni um
nitrate were 25 EP 0 361 074'*B3+—st++rred—+n—ea—22-liter flask at 72 C for
A\podurs. The_m xture was then cooled, the i UId was renoved by

decant akd on, T%Bm’{‘ﬁé WF%?[E‘P'P g%cé éﬁdﬂ'@% E'Q%éﬂ ‘Eha\)ﬁig § p%g’g E'EF M n

wat er . Thee"é’ &‘? % @d'éﬁth 3’_’@ Er 5 gifier peipg fon-
hours. Thef’ re i ,a ;f we, o SM?§4¢E, ﬂg s i oot
(cal cul at ef'ad enment’ ‘Fcent of al um num

(cal cul ateml_é“eel errental aI um nur‘r) and a S|I|ca to-alumna nole ratio

and a sPditonm-to-alum numatomc ratio of 30:1 and 14.8:1, respectively.

163 granms of gtlbgrant! ¥ didtfar Watér N8 kA  Bn 28Rbid é‘onHS}V‘%Eam: 51% \Geﬁg'l\%eré’efm G L

al um na soky4efhmingi Hyrodddl Wi Iiﬂérarﬁ@ lof @Rt agdbous %Iuﬁlﬁ cohdfhing 23 éadent of
distilled pedefiylanis Bydidxie Jesl kilogram bk SdckurmPalsiiegd, Bnd 102 Iful@ﬁrHﬁ@bfWé‘lbéa sai‘f)aanarhw ry
was/ mai Nt adowedightberdeht 8f sflicd @ére ik Wh® stin@d Med 10-galldni (38! & CautoblawdVaA AU &t for 2 dRst he
sl urry. *Thenesrbsultiny miiite was filtblee rand trieesdpardtedlsdiids| ward washadmigh tih6s Witdistillanwater,

cal ci ned adrie8 318120 * CCiof gfout2t6lhours and thed cal&:hemradsaaoblfds howsmt ai ni ng 80 wei ght
percent of bd@beresultingidried pawderXOntaieddyht? wright pant¢entodf sediumricaleylatadhascdiemeetalesotiiben
ground andX-sydlifsattignoanilysisrindigated thhtethe nmngadathee—:ayommw prtisra .of BX{ANBYliESThe
51- 69 | g eflowingfis ¥ ey difilacion getiem ohthe A produgl stioeiag Soly 8te lisephas peecromenen to

m xed in | 3Mfusorrcdssyf hetdvraofie inrs$: Fatont No; @308088-al yst in a stirred reaction
vessel with a continuous nitrogen purge to preclude oxygen fromthe

Line d(A) Relative Intensity
© 4.19 17.7
4.01 100.0
- 3.54 Weak
3.35 138
3.11 Weak
5 3.05 134 -
295 28
267 Weak
' 248 06
2.09 76

50
The powder was employed as the catalyst without being ion-exchanged. After being ion-exchanged
using the procedure of Example 50 in order to reduce the sodium content, the powder's silica-to-alumina
mole ratio and silicon-to-aluminum atom ratio were measured as 30:1 and 14.8:1, respectively.

55 EXAMPLE 50

2.3 kilograms of the un-ion-exchanged catalyst powder produced in Example 49, 4 kilograms of distilled
water, and 12 kilograms of an aqueous solution containing 19 weight percent of ammonium nitrate were

25



system The weight ratio of the feedstock to-zeolite conponent of the
catal yst was 49:1 in each case. 5 of the contents of the
reaction vessel was naintained at ag%f ff'u%ﬁund per square inch gauge. 20
The tenperature of the reaction vessel was raised to the reaction

tenper at Yidahd BMIPHAR P52 11 I RO Wi itk WhPiien EdoBBShé liduRtf wasGERERE BFrENt
of the rQaGhtfn, #adneR3alitng f-exchaiyed ea&liét e fhorP WEhEW With, wdidd €THe QBRIS iWeb @RS  Of
the feedah@Ck LOPE Qi ealchiRd £E38-1Sior & idhrb.i THY iGHFGBHARGeT  calaljt dOREIRENG.0OMeiGHRE
1,5-, 1, @ercént@f Jodium @luibkted asl eleﬂneﬁilCdad'tn’ﬁﬁ r2a10 f weight Perpt o Blimindm JcalzulbldiN ak N
eac h S&IC lelethertial ,aluthjnGm), aidla Zilida-tdRhibd inslel ratib A&l P Slicos PtalghibmeAses ratidl ofcd@ahand., 5- ,
1, 6- and 128:6.-r&lpbttively.ad, t he percent gains in each 1,7-, 1,8- and 2, 7- DW
triad and 263 ghespéthisaing, iqpsxehangad beta adolitawbwder, #8p brams bfeanaluging sol containing 8.8

t ri met hy iweighttpetsant ohsolidso andct2B grams ehdistillest wetdr amers| kisndesiito @blain B smpetiy siaiferne dluing
Tabl es 5-Tbe siqrryawas majgtajned ¢ doy & hoyrs torpeamitdiauid tosevamsate jeos B Apr Eheatlyry was
avai | a@p| dheudrieshat 480 17 fgeahbout, 5@Rq ealrined at 5382C jfqq 2hwrs.Hy @ifcsdealids epntainiag 80
recei ved "PRBRSRE dnbpiaarie and 20 weight Reteal §f SlumbApYR e HerERaYAg| Y S8Yeddy was
an unsup RSP retcesdedng 2 10eesh S8 ng a rel atively high silicon-to-al uni num

ratio an%g_g!ﬁréggazy the 30 procedure of Exanple 48. The catal yst enpl oyed
I n Exarrp S an unsupported beta zeolite having a relatively | ow

::lnélcgnsgé%pa %ﬁ br&f%ﬂ%&&.&ﬂa@ﬁ?g anlStE eW&Sﬁa é‘r?‘.n8$.a ﬁj@ %Z;r-%
tl a

R o MR R 1020 %Ja st sasz e ng
rel arpl'e¥§1l'eyof|tﬁw\éo$lteht’s P the trédictih WBdsBIUVEs rn?a'in'taﬂteélﬁ bRt SIPsHURF pd? YeqiaRLingl Qagsdur e
of Exewptrﬁe BperRtiis of e tdaktion veksd) MBS RisbdIB HRYERAHIE RS SIALSAPIbYWors AbfidkWh
content andarBud BABS aftbr Fommidncaert! 6f thé) eddin! and &lyEdde THY @ErRIAIUKSE eriploysd 2P| €
50. 40 A4%oriysitiéns of thiciedbtodo dmployéd Bdd of ABLrésultingproducts, the percent of the 1,5-, 1,6- and 2,6-
Feed BEoMnStliad ikeachSRsredE the fmeiceficin d)6iDMMNIA ohiht sathy £S5, 1,6- and 2,6-DMN friad, the percent
LZ- Y72 |dgbrédgés in babh B2 1150 anbe2)gRMu triad athe ibdent gains in each 1,7-, 1,8- and 2,7-DMN trigdt=@d
250 25 tHeTerchiggain i tptebmethginaphthalene and trimethyinaphthalene content in $ach of Exampls 51-694. 75
15 Pr odesterasenigsds T%h'@ﬁ'% wt.% 1,5-DWN 91. 03 38.70
18 30 12.7ha citalpst pyplpyed in Examples 51-53 was commerciallg availeble Upign Garbide's gnsgpportedild- 35

DWVN Y72 in the hydrogen form as received from the mandaciyper. Thg Eatglgst emplgysggn fgpnples SHoR
OLZA (yag3 gn unsueooggd beta fqug having Dm{ptlvely high silicon-to-aluminum ratio and prepate d by e 7

1.37 % fmﬁuﬁb st employed in Exampl 66 wasnan; suppo:ie ta zeo
25  Tri mgf ar}oéfst ?xg ﬁl (g)n-to-alumlnum ratlcoan repare %é:t_e pro of Exa

:@ge st was %ig f@ éecles n Examples 1-6 hec 0

3222 ota zeolite the relatively low suhcon-to-alummum ratlo thQ

4. 00
mple 49, but in this instance ion-exchanged to reduce the sodium content and supported

100. 00 %&QZ@Q'

35 on an alumina matrix by the procedure of Example 50.

50
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1,5-, 1,6- rand 2,6-DVN tri ad content 94. 76 94. 04 91. 37 89. 37

2,6-DWN percent in 1,5-, 1,6- 35 - triad 0

19. 59 35. 46 40.49 1,5-, 1,6- anﬁgggE%B%NE?Piad percent |oss

0 0.72 3.39 5.39 40 1,7-, 1,8- and 2,7-DI4N triad percent gain
0 0. 80 1.56 2. 15 Mdet hyl napht hal ene and tri nmet hyl napht hal ene
percent gain 0O TaABLEls 2.32 3.61 50 55 27 EP O
351 074 Bi TABLE 6 Feed Ex. 54 Ex. B5 EX. 56 Ex. 57 5 Conditions Catalyst
from Exanpl e 48 48 48 48 10 Tenperature (00
250 250 250 250 Hours on Streapfeed Ex. 51 Ex. 52 Egf. 53 3
5 7 5 Product Conposition (w.% 1,5-DW 91. 03

54. 00 28.9%: LE:94 14.09 1, 6- DZN 3.73 28.76 37.62
39.70 40. 41=SABQES 0 0 12.91 28.63 35.96
1,7-DNN70 Catalyst 0.74 0.61 0.58Lz-¥7@0 LZOYBZ 2LZ-TRN

0 0.6 0b,28 Met hyl napht hal enes 0 2

0. 29 0.41 .%ﬁéﬁggé'{r?%ethylnaphthalenes 258.44 2%910 %%%3
0.34  0.46 RQYxs on Stream  ° 4.06 2.831 2.67 3 2.9%:752 97
Tot al 100. 00 100.00 100.00 100.00 100.00 30 1,5-, 1,6-

and 2, 6-PWN 41 .94 .76..95.67 95.18 94.60 94.05 2, 6- DWN
' 3%%é§“%;gﬂﬁgg&ltgéﬁdi¥$egwa triad 0 13 49 30.08

percent in .
38.01 42.05L4ASPMN 1 6- and 2, 6-DWN tri & (& ce@B.78ss 18.30 12¢84-0.91

-0.42 0.16,6-ud 1,7-, 1, 8- and 2, 7-DMN 79 trigadaper gals79ai §o.35
0054 G lpmd- %9 12t 0 18.42 32.40 36.18
1,7-DMN 0.74 0.81 0.93 1.08
2,7-DMN 0 0.73 1.37 1.81
Methylnaphthalenes 0.06 0.62 1.43 2,03
2%  Trimethylnaphthalenes 0.44 0.53 1.33 2.02
Other 4,00 . 3.27 3.57 3.69
Total 100.00 100.00 100.00 100.00
N\
30 .
i,5-, 1,6- and B _
2,6-DMN triad content 94.76 94.04 91.37 89.37
2,6-DMN percent in 1,5-, 1,6-
% and 2,6-DMN triad 0 19.59 35.46  40.49
1,5-, 1,6~ and 2,6~DMN
triad percent loss 0 0.72 3.39 5.39
o 1:7-:°1,8- and 2,7-DMN
triad percent gain 0 0.80 1.56 2.15
Methylnaphthalené and
.trimethylnaphthalene
4 percent gain 0 0.71 2.32 3.61

50
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thhylnaphthalene and trimet hyl napht hal ene 45

0O -0.23 0.04 0.31 0.59 50
i ondEERa 881 o7s

percent gain

0 351 074 Bl TABLE 7 Feed

Ex. 58 Ex. 59 Ex. 60 Condition rom Exanpl e

49 49 49 10 Tenperature (00 :

250 250 Hours on Stream 1.25 3 5
15 Product Conposition (w.% 1, ZABLR 6 _ 91. 03 21.94
10. 79 8.20 1, 6- DWN 3. 73 38.62 40.89 41.20
2, 6- DWN 0 .5 44.94 1, 7 DIWN

0.74 & 0.52  0.60  0.64 2, 7-BERS- 22 %54 240 S8 me. S8 Be 2 0.30
0.53 0. 47 Met hyl napht hal enes -0 0. 33 0. 59 0.84
25 Trinetgxh@gpgagalenes 0. 44 0.16 0. 46 0.78 O her

4. 06 'SH"“Z‘? 93 Tot al 100. 0Q_ 100. 00
100. 00 158t84Y3H fHom. Exaf‘Fele and 2,6-DWN t#8ad cottent 48 04876  96.15
94.96 " 94'eﬁpe2aﬁu£?é/l\(‘flarcent in 1, 5- 1, 255 2sond 2280DWN gs0ad

0 37.02 ) 31,5, 1,6- and 2, 6;: DWN trqd ad- percent

0 -1.3930u?g.§§ Str% 2 1,7-, 1,8- and 2,7-DW 4 triadspercent gain

0 0. 08 0. 39 0. 37 Met hyl napht hal ene and tri net hyl napht hal ene 45
percepl g@kBduct Composition (wt.3%0 0. 05 0.61 1.18 50 56 29 EP O

351 074 By 5 pun 91.03 54.00 28.93 18.94 14.09
; 1,6-DMN 3.73 28.76 37.62 39.70 40.41
- 2,6-DMN 0 0 12,91 28.63 35.96
® 1,7-DMN | 0.74 0.61 0.58 0.60 0.67
2,7-DMN 0 0.67 1.09 1.13 1,28
Methylnaphthalenes 0 0.12 0.29 0.41 0.57
25 Trimethylnaphthalenes 0.44 0.10 0.19 0.34 0.46
Other 4,06 2.83 2.67 2.92 2.97
Total 100.00 100.00 100.00 100.00 100,00
N\
*® 1,5-, 1,6~ and
2,6-DMN triad content 94.76 95.67 95.18 94.60 94.05
2,6~-DMN percent in 1,5-, 1,6-
35 and 2,6-DMN triad 0 13.49 30.08 38.01 42.05
1,5-, 1,6~ and 2,6-DMN
triad percent loss 0 =-0.91 -0.42 0.16 0.71
i,7-, 1,8- and 2,7-DMN
“ ‘triad percent gain 0 0.54 0.93 0.99 1,21
Methylnaphthalené and
trimethylnaphthalene
45 percent gain 0 -0.23 0.04 0.312° 0.59

50
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TABLE 8 5- Feed Ex. 61 Ex. 62 Ex. 63

Condi tions Catal yst from Exanpl e 49 49 49 10
Tenperature (00 EP 0 351 072"451 240 240 Hours on
Stream ' 3 3.9 3 Catal yst Cycle

1st 1st 3rd 15 Product Conposition (w.% 1,5-DWN

88. 14 9.63 7.99  26.62 1, 6- FABLE 7 3.66 39.45

39. 53 35.39 20 2, 6- DWN 41. 50 42. 34

| 0
29.83 1, 7- DW . 0.74 66 .69 0.57 2,7-DWN
0 1.26 1.50 1.02 25 Methyl na-éﬁ%l e%&_s‘i Ex. 59 Eb-i%-"z 0.99

1.17 0. 26 Tri net hyl napht hal enes 0.54 0.53 0.70 0.17

Q her Conditions 6.79 5.98 6. 08 6. 14 K) Tot al
100. 00 100,00 . 100-00 100.09 30 1,5-, 1,6- and 2,6-D14N triad content
91.80 90.G@Fal¥ss fFom &xameles ' 6. DWN percent 4¥n 1,5-491, 6- 4% 2, 6- DW
triad " Temperatur® {°¢).82 47.12 32.48 1,%50 1,6-2%nd 2, @SDWN tri ad
percent |lo 0 1.22 1.94 -Q. 40 1,74, 1,8- and

2. 7- DWN trislg°d“pser°c“erﬁt‘geaa|‘“n ot T h BT v

Met hyl napht hal ene and 45 tri met hyl napht hal ene percent gain

0 0.,85 Prddutft ConpoditionSpwB0s) EP O 351 074 Bl TABLE 8 (cont'd.) 5

Feed Eﬁg ﬁlg_dﬁ& 65 Ex. 66 Condltiorbsl.Jo% Ca&%xst {60% EXS%JZE\O

49 49 Tenperature (OC) 265
65 Hours ok &SIOMMM 3.73 38.62 40.89 9, 20
2,6-~DMN 0 35.59 43.28 44,94
*® 1,7-DMN | 0.74 0.52 0.60  0.64
2,7-DMN 0 0.30 0.53 0.47
Methylnaphthalenes 0 0.33 0.59 0.84
25 Trimethylnaphthalenes 0.44 .16 0.46 0.78
Other ' 4.06 2.54 2.86 2.93
Total 100,00 100.00 100.00 100.00
~ 30 ’
1,5, 1,6~ and i
2,6-DMN triad content 94.76 96.15 94.96 94.34
2,6-DMN percent in 1,5-, 1,6~
% and 2,6-DMN triad 0 37.02 45.58 47.63
1,5~, 1,6- and 2,6-DMN
triad percent loss 0 -1.39 -0.20 0.42
1,7, 1,8- and 2,7-DMN
“ triad pércent gain 0 0.08 0.39 0.37
Methylnaphthalene and
trimethylnaphthalene
4 . percent gain . _ 0 0.05 0.61 - 1.18

50
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OO0 OO0OOW

Cat al yst Cycl e 3rd 4t h 4t h 15 Product
Conposition (w.% K> 1, 5- DIVEL 88. 14 17.73
11.47  8.16 20 1, 6- DWN 0 351 074 B1 3.66 38.10 39.23
39.73 2, 6- DWN 0 36.25 40.02 42.31 1, 7-DW
0.74 0.59 0. 66 0.72 2,7-DW 0 0. 97
1.20 1.13 25 Met hyl napht hal enesTABLE 8 0.13 0.33 0.48
0. 70 Tri net hyl napht hal enes 0.54 0. 29 0. 37 0.52 O her
6.79 5.74 6. 57 6.73 K> 30 Tot %I 100. 00
100. 00 5100.00 100.00 1,5-, 1,6- and e fd Ex. 6397 go
92. 08 90. 72 90.20 35 2,6-DWN percent in 1,5-, 1,6- and 2,6-DWN tri ad
0 39. 37 cdkhidiong?6- 91 1,5-, 1,6- and 2,6-DW 40 triad percent |oss
Condi
0O -0.28 ons 01,7-, 1,8- and 2,7-DWN triad percent gain
0 0.82 Catplyst frP“‘lExﬂEPh?l napht hal ene and 4%9 t dSet hyl #8pht hal ene
per centgaiTemperature (°C) 0 -0.05 0.1840 0. 24050 55238 EP O
351 074 Bi gﬁﬁl,g Feed
Ex. 67 E?% §I§>§eam69 Condi tions 10 Cat al ?/st from ExarrBI e
50 Cymlyst Cycles) Tenperature (00 1st lst 3rd
250 15 250 250 Hours on Stream
1 2 3.15 , Praoduct Conposition (w.% 1,5-DW
88. 14 Prpduct Compositidn (we.$) g 3 1 6. pwN
. 66 1S -DMN 39. 30 39. B8.24 2,63DWN7.99 26.62
~ 37.421,6-pun 41. 07 42.15 1, 73D6¥  39.45 39.53  35.39
.74 . 53 0.55 0.58 2 7- DWN' .
o 972 ~DMN g4 1.00 Met hyl Raph#haP@nesd2-34  29.83
.13 0. 32, 7-DMN 69 0.83 25 Tri mdt.7gl napdt 66l enaks, 69 0.57
. 54 0. 62 0.75 her
29 2, b 2. 62 o 12 Gpher 1.26 1.50 1.02
25  Methylnaphthalenes 0.13 .99 1.17 0.26
Trimethylnaphthalenes 0.54 0.53 0.70 0.17
Other 6.79 5.98 6.08 6.14
W/ , Total 100.00 100.00 100.00 100.00
1,5", 1'6- and
2,6-DMN triad content 91.80 90.58 89.8§ 91.84
35 2,6-DMN percent in 1,5-, 1,6~
and 2,6-DMN triad 0 45.82 47.12 32.48
l,'5‘, 1'6- and Z'E'DMN .
w© triad percent loss 0 1.22 1.94 -0.04
1,7-, 1,8~ and 2,7-DMN
_triad percent gain 0 1.18 1.45 0.85
Methylnaphthalene and
4% trimethylnaphthalene
percent gain 0 0.85 1.20 -0.24
50
56
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Total : 100. 00 100. 00 100. 00 100. 00

30 1,5-, 1,6- and 2,6-DW triad 91. 80

92. 02 91. 57 91.08 2, 6- uﬁﬁéﬁﬁéﬁﬁ’tn 1,5-, 1,6- 35 and
2,6-DW triad 40. 67 44. 85

46.28 1,5-, 1,6- and 2,6-DWN triad per cent | oss

0 -0.22 0.23 @ABLE8 (conf! &'J 1,8-.and 2,7-DW triad
percent gain 0 .76 0. 65 0. 84
Met hyl napht hal ene and tri net hyl napht hal ene 45 percent gain

0 05 17 0. 64 0.91 CopfgedsorBof Gdhe Bxas@bt sEXpn GBI es
5-9 illustrates clearly that (1) the use of a beta zeolite catal yst 50

af f ords reduged Ig ses of the 1.5-, 1,6- and 2, 6-di net hyi napht hal ene tri ad,
reduced for n&ﬂﬂ&h—gﬁ—&et hyl - napht hal enes, tri et hyl napht hal enes and the
1,7-, 1,8- acat2lysti feomyExemgleral ene triad relatid® to tHe use od9the
LZ- Y72 zdbli ‘r%mi:@EQt:M?é (qf},d (2) the use of a betagggpeolitgg $at al yp¢g €i t her
unsupported or supported on a base material and haV|ng a relative y | ower
si i con-to- aB@RFRURPr 8EFRRBf f ords greater formati ofdf 2,6-3

di net hyi naphClazbégetaogcleduced | osses of the 1,5-3rdl, 6- 4md 4th

2, 6-di nethyl napht hal ene triad relative to the 55 use of a beta zeolite

cat al yst having a relatively higher silicon-to-alumnumratio and permts
the use of | u or the use at a higher tenperature

even a paint, isabMy deactivated cat al ystsaeuttl vpyt-pgthqluaq of a.1&€- Y72

ze te catalyst romthe above descriptio r.e

objects ef t é%ppggent i nventi on have bee gﬁh .‘Qﬁegl.tfi 53 Qé §555‘1907451
1111 1] 11 || 2lpFDMN| ||| 1] * C L M S *0C a36w251l. AO0RO2hod4Redl
preparing a dgifmepRyl tetralin fromb5-(o-, gryge0r mytgy vl ) oRget - 1-00§2- 2-ene

or 5-phenyl - or -2-ene as feedstock (first feedstock i ng:
contacting t eéf'h‘gt feedstock in liquid for#n 93 )2bsol :Tg if

cycli zat fon Methy}saphthplersgsig an ul trasfable Y-Q)&tﬂe cioyg8al | i #e70
alumnosilic Bifegeolite t has lic alu nmol ar
rati o of fro%tr?mg?hgﬂf%ﬁﬂtﬁé ore s\fm ndows p?g%/l ded (ﬁ 2 @e?qmenbgrgg rings
cont ai ni ng 09)';655 and a unit cell size ;I.Oa_lﬁlt 0-28: %3 x
10"\¢6m (g4 2TbeaR4. 7 angstrons), and is1e0bso arttO(Bde fuoec 00f 30OBOOMed
water, and at an el evated tenperature and at a pressure that is

suffici ently high to maintain the first feedstock substantially in the

| i quid phaselrPos18:6~ ardhereby cyclize the first feedstock to forma first

l'iquid product 2¢6ApAN St fitad dontewte of doresdyl -97.818 al igns72whegeizo i f
present, sswat cent rat.d on 'E-t he first feedstock of |ess than

about 0.5 vve?dﬁt Bﬂ@rgﬁﬁ‘fer&baﬂ%& n t ke Shei ght of the feedstock, wherein
either (1) theanfir2:6+RMNIstIAd conpri ses 5- (®-t 33437 pedd-1lor 46.2he, and

1,5-, 1,6-, 2,8=,01,8-6a8d njetd]gd,metral in, or a mxture t hereof, conprises

at Ieast 80 We Q percent the mxture of.dine tetralins f d, (2)
the firse feedb? 28 R t'sce)ls"s§ 15 (mt9 yI'5 t-1de 8? ghgF and
1,5-, 1,6-, 1,7=, 1,8- amdsz,,'/—mm 2,7-, and 2, 8-di net hyl tetral in, or a

m xture ther eofcngarrﬁéi.ég,& auIueast 80 vei ghy perggg of jt.he m xgufge of
di met hyl tetraI [ BS for ned e first feedstock conprises

5-(p-tol yinaphthal d1,7-, 1,8-, 2,7- or
8-di ne hyI tetrainehhybmawthalene

percent gain 0 -0.05 0.18 0.55

50

55
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m xture thereof, conprises at |east 80 wei ght percent of the m xture of
dinethyltetralins fornmed, or (4) i, eedst ock conpri ses

5- phenyl - hex-1-or -2-ene, and 1, 3_EF%1:¥§1_0?3?T13_, 5,7-, 5,8- or 6,7-dinethyl-
20 tetralin or a mxture thereof, conprises at |east 80 wei ght percent
of the m xture of dinmethyltetralins fornmed. 2. The nmethod of Caiml
wherein the cyclization is perforneaABGE @ tenperature in the range of from
150 * Cto 230 C. 25 3 The nethod of Caim1 or daim2 wherein the
cyclization catalyst contains fromO0.05 up to 3.5 wei ght percent of sodium
cal cul a&ted as el enental sodium and b.agﬁ.on By 6ipi EHJ:_EE tBe. 289 ite. 4.
The nmethod of Claim3 wherein the Y-type nol ecul ar sieve zeolite is in the
hydr ogen fgrgéapd contai ns 30 fromO0.05 to 3 weight percent of a noble
metal conp cted fromthe group consisting of platinum palladium
iridium agdtahpsit ufyom Bxampdteed as the el enent al50et al , S&nd on $he basis
of the™wei ghhLofatdife Cpog)i zation catalyst. 5. Thggmet hodsgf O aigg 4 wherein
the cycli zatlgn catal yst "al so conprises fromO0.01 to 5 weight per&ent of 35
a conponenHOBBRPPRSFHELAP transition netal sel ected fromtRe group

consi sting of copper, tin, gold, lead and silver, calculated as the

el emenjsal ggggh gn@o £k | t(%_ ight of the catalyst. 6. The nethod of
any preced T i zation catalyst i.s free of g support
material. 4e3BPMNThe nethod of any of &Balds 2&PB whdréPn thd-€¥clization

catalyst ig,sdppnrted on an inert, porogsesef ragilyy, 39n30g9ande.nai de
stpport ma eéi_ﬁg & The nethod of any pre&edifpﬁ ai qllv\/@grei Rt he
cyclizatiofi’Ca Fyst enpl oyed in the cyclization contains | ess than 15

wei ght per 3e@tDBR wat er adsor bed-t her eof.bhsed &b he BeiBfht of -BBe zeolite
45 componepint hereof . 9. The nmethod ofgC aigngy wheipgiga additoonal ly a
m xture of _di hyl n t hal enes is fornged, _conplisjng: .cantactng.,the first
liquid proﬂﬁﬁggh%?ﬁ‘%?%?ﬁef as a secongsf%%dst o‘&f# n | i°q§?d fobhgavi th a

sol i d fehyarigebbylmaphitialerss i n a reaibé4n vebs¥ at 0alb2el evAr @8

tenperaturg.gagd at a pressure that is 5g 79 suffdLi entgl yy3hi ghgt ggnui ntain
t he secondgfegdst ock substantially i n‘rn'e—'?" i t € ﬁ1 ef f ect
| FBFF

|Wa :
conver si onT8kathe aforesaid first |ian9-?590 ¢.49, m
déhy'drsggenati on reaction to formhydrogen and a second |iquid product
conprising,agli x{ uge of 4 di met hyi napht hal enes, and renoving a substanti al
portion of t’ﬁe'h Ejroge_n being forned in the dehydrogenation r cé' on from
the reacti onzvésé@‘ tpiag ndhift tﬂ!rﬁ?ore%%‘i‘ba eq@H?ri urhtt b\/ard t he
formati on @f, 6-bANNp&icect afn di,/me4,hyi, Baph- 55 t hal enes, wherein either
(a) 1,%-, 1,6 , 5- re2.6gdinmethyltetrajlin m xtuie@ t hgge

conpri ses at gpgaéfésla"we?%h%a percent of théa digntse’tﬁ]yl t)£4r'z§?’i nsQ orQrgred in (1)
of O ai m1labespteendnd netfrdPMecond feedstock, and 1,5-, 1,6- or

2, 6-di net hyi papRlhpbesén®r1gsdr xture theregf ceoppz2 ses (at23 eas0.3@ wei ght
percent of _the dingthyi I nes in the second liquid product, or (b)
1,5-, 4, 6- ,1' , I1- i',TESXnE'g'Pg} WG 33 EP 0 351 074 B1 :

| 1t 11 jI triikd! petrceptig@n | M S 207-, @78 8- A+®5t hyl PeBfalin or a
m xture theeeal1aapREhsEénattadg@ast 80 wei ght percent of the dinethyl -
tetralins forned i -aim1l are present in the second feedstock, and

d i 2) of
1.5-, 1,6-, f,"’?‘!“?tgyg'-‘;p%%? -8Nf 2 7-di net hyi napht hal ene, or a nixture
t heredf conppeseenatgakmst 80 wei ght perceft of Otk di rt@d/I- Ma@Bt hal enes
in the second |iquid product, or (c) 1,7-, 1,8-, 2,j- or
2,8-dinethyltetralin or a mxture 5 t hereof conprises at |east 80

wei ght per %n\'barBSn thtﬁe %sﬂlﬁt ipWalglgst g-glilfugnsatefs %e%dlhét r]1)(ﬂ$3 us%]c ofca':I l?'eltan;e%litg' I;:éatalyst
s0 affords reduced losses of the 1,5-, 1,6- and 2,6-dimethylnaphthalene triad, reduced formation of methyl-
naphthalenes, trimethylnaphthalenes and the 1,7-, 1,8- and 2,7-dimethylnaphthalene triad relative to the use
of the LZ-Y72 zeolite catalyst; and (2) the use of a beta zeolite catalyst either unsupported or supported on
a base material and having a relatively lower silicon-to-aluminum ratio affords greater formation of 2,6-
dimethyinaphthalene and reduced losses of the 1,5-, 1,6- and 2,6-dimethylnaphthalene triad relative to the
55 use of a beta zeolite catalyst having a relatively higher silicon-to-aluminum ratio and permits the use of
lower reaction temperatures or the use at a higher temperature of even a partially deactivated catalyst

relative to the use of a LZ-Y72 zeolite catalyst.

From the above description, it is apparent that the objects of the present invention have been achieved.
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present in the second feedstock, and 1, 7- - or .2, 7-dinet hyi napht hal ene

or a mxture thereof conprises at |eas 80 i ght perce
di et hyI napht hal enes in the second ﬁpchémcp-’ﬂ%dgct IOor n||ﬁlul‘ulml|MI |”I||3
5, 7- - or 6,7-dinmethyltetralin or amxturethereo eorrprlsesMats

80 melght aﬁr ent of the dinmethyltetralins formed in (4) of Cdaim1l are
present in fe second feedstock, and 1,3-, 10 1,4- or

2, 3-di met hyi nag F.Ja%@d?&psm@ra &nmmaenrefranhetoem & DB oS! - B -24ofaGr 5-pRehylaaicght
percent of 't hp. gk aei RebAGR Hirl MeBAGK), boinpribiRg: Soeanb the frsl fdedsbekdil tduid fin witie
met hod of O aim &cmtwnaiamy&tf&mdﬂhﬁ%agﬁaaﬂe @iypb Scrxaallihe aiomitosticata motengie rsizvair e
in the range Rbiitd thatrhag 3Gilica-fo-afufing Adlal ralio oflfoml4:1 tol 101, pere windowsf pr@dlided oy Telve-
wher ei n the dedmbaied GRgsadontaining Sxyper dnd arveitl calltsiza offroaps24.8 3210710 to B&7 k APJln @21t om
0.5 to 5 atneaphagssms)bandisisubstarfidliytiee SDauskrbeay) water.Jand Than elevelnd tpmppratirpang it a
Cains 9 to Ilnlessherret is sufiicientiy highrto geaintein the ficsh fastisiosk suksieptialiys Bsthe, lighishPheserdq a|
20 ao o rteaneby sayplize theefifsioisedstogutosfprama ifigst fiquid praguct g‘lﬂPﬂﬂ?Gt a r‘i"ﬁ’t"é’? |°§iF""‘°W't h
the nobl e nettsifalinsowhrseim rit Presept weterdis 4t a goncenfiafiondp the fEﬁ‘nf
percent, cal cvslight esicents baspg o fhe isight-af “\‘?d?ﬂdéw‘?'t’e '29(9'“61‘% orif r{: Ff °
t he dehydr oge§1‘a't‘9'\(9rP°Eta‘t°él‘%7%’1° ang 3.5-, Tﬁe zﬁe‘&ﬁﬁ " "]p il 0
wher ei n” addi t'?ﬂih%ﬂ 3ot prpagt pfdh ‘1% r‘1 ed%r °k fos &

ereq,] 1 ﬁ1 e ral ! or a

p rbe d1| erl)"f‘g fo nrﬂad
d

of the t'dtal @t ‘i?el’ﬂe C(g
n--or--e él etra ﬁh

second |i qui c{“rg}"(‘? g P m ' ftol
1,5-, 1,6- iy VLA
ixture thereof, ‘cpm S, %f tn8 nt |)hlﬁe d%ﬁﬁsﬁ%t it S6rRaE or )
lz'%whd prﬁdrc{t eg%&co % hbdl- -.p?uce?. "apl 13PNt £ 28 of 6,7-dimethyl-
' y |n o} @the se;’a? leaﬁrhd wLpgﬁt ;@\’d&ﬁ ﬁﬂeﬂﬁﬁbkmhmﬁﬂwwﬁlm& he
_aforesald secy, I'i quid product (c) of daim9 t

2, 7-di net hyi napht hal ene, or (D) the 1 3- and 1, 4- d| rret hyl napht hal ene in the

af or esai d 2€CTHaUnetidd of Cldirh G Uitarepil thél Uﬁilzatlcm i (ili)rfcm'f\etﬂtau tamPerétare in the range of from

2, 3-di met hyi nsph¢ Badsen®, conprising: contacting the aforesaid second |iquid

product N liquid formwith a solid isonerization catalyst conprisin

ei ther bet a. zE®lndiedof Claim toiGhin 2uthbreln Sheadybliaatign catpyst enjains &omi008 UEM?W@QM

havi ng a si | i meecebioof sddiwm calsulated 2erelementalsodiem.fand hasahenthe weight oiheyeglite- 10: 1, and

haV| ng pore w ndows provided by twelve-nenbered rings cont al n| n ox‘y en, and
a ynit cel 4 S&”’;ﬁ'};ﬁ?if% @wmggio\memt(zg ‘QWP%“S.'%I?:!}E sigvg 290"% : gﬂgf ‘E m '"s

el evat ed®ot enp rpight Pescapt eisg feble matal comppneg; seiegtod [fpm; 1ag

mai ntai n the H"%‘B%rﬂaﬂagt“%ﬁ'd‘f"ée%t’mﬂ?ms cRiculater 2p Hjo| pmental el ‘T"&%ﬁgﬁj

The net hod of wRighhpfifereyclizptiop gatalyst Ieast 25 vvel ght percent of the tot aI

di met hyi naphtpt?elﬂg ecq | ed |tne ls(( n!e@fr at"adég’ rn%e,&;,pof

op

i someri sed 2t & 1620

C ai m 14%wher 2FINRPIE "s'" tr "s'{o se|e re’int
range of fror‘r?rflfﬁe;‘c HU'% ié&‘#ﬁ{g b(r%eetgr?o of égﬂoﬁiﬁgﬁgﬂ égu nms 13 tg 15

wherein the | HRMTRM ¥ ! IBRIFRERFA % sl hloriahtS 17.
The et hod%ofﬁ%ny c??%é gp?s?@&@%?g%gfg{én t he ?gﬁneftélgzg?%gﬁwcat alayst
conpri seg &, hydl AGRIA aRNofTHIRO N NS WhQEIP ko Ty dligation Eatdlispis \upplorteiBinan. ineltBporduia e
met hod of anyreRictds), #orgenicd SideGuphért waeriai N t he isoneri zation catal yst

enpl oyed is free of a support 50 material. 19. The nethod of any of
Claims 13 teo e imbieE binartyhpredesiogrelainy ahérem twacislizatnn ¢atalysupmprioveddn $he eyalization

i nor gani ¢ supgbtains st afrah o5 wefght pa@nt ok waisr dsdrbad theredt heged an Aeywaightelelie ARplite
cl ai m wher ei ncandpeneptbéreat i on is performed at a tenperature in the range of

from120 0 Cto 250 C. 34
9. The method of Claim 1 wherein additionally a mixture of dimethylnaphthalenes is formed, comprising:

contacting the first liquid product from Claim 1 as a second feedstock in liquid form with a solid
dshydrogenation catalyst in a reaction vessel at an elevated temperature and at a pressure that is
50 sufficiently high to maintain the second feedstock substantially in the liquid phase, to thereby effect
conversion of the aforesaid first liquid product in an equilibrium dehydrogenation reaction to form
hydrogen and a second liquid product comprising a mixture of dimethylnaphthalenes, and removing a
substantial portion of the hydrogen being formed in the dehydrogenation reaction from the reaction
vessel to thereby shift the aforesaid equilibrium toward the formation of the mixture of dimsthylnaph-
65 thalenes, wherein either (a) 1,5-, 1,6-, 2,5-, or 2,6-dimethyltetralin or a mixture thereof comprises at
least 80 weight percent of the dimethyltetralins formed in (1) of Claim 1 are present in the second
feedstock, and 1,5-, 1,6- or 2,6-dimethyinaphthalene or a mixture thereof comprises at least 80 weight
percent of the dimethylnaphthalenes in the second liquid product, or (b) 1,5-, 1,6, 1,7-, 1,8-, 2,5, 2,6~,
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EP O 351 074 B911 CI 1LY 1liji Thl~ L1 i l |
nmet hod according to any of C ains erein the del“! !@g‘l@mﬂurﬂl
performed at a tenperature in theE?é’n%é?og?wrom 200 * C H xR
met hod according to any of Clains 13 to 21 wherein the isonerisation is '
per forned atz 72 of 8 BRfle &bﬁrﬂmebr a mixturb ﬂlekbﬁcohﬁﬂg? atObasf 80°W8i QQchGI S Qne>8REmy1-C.
Pat ent anspr ks lormdleih (B13F BBimZU4re bREsHE Al iheLdaEbna fddBstocl) 478 i BY h 64 72k BB 6AHS
5-(0-, M odeuinthiMbphthaioRs BE a tnixtsl @ereocoRiprisdd &F lodst BﬁQvelght peRJaﬁ!rBf liheh@otdyi-
oder -2-en ahghthBiessshin &elsatond Bigsd eroB&s Wi Kimas-, 2| o RBsimbifyRétialin or a mixture
Kont aktsi er efhefbor copripti$es Mat RAastCAd wight Gercent bof B8 Jingittyltdtalng) forinbd @ (301 Claisi €rare
Zykl i si er unpssdttirathpssecand, fechiztocieiane 1,7l 1,8-a0rs2, Adimbtayinaphthaiah adr [d mbdure thereof
Al um nosi | i kerbprists a HaabtcBOSveight pbemht df the\dimetiyinaphthalends ie the eacoh liquist fredutthors{dy on
Si lizi unoxi d.3zU.4Al 2@ BV 98X iod 6.7-dimethylietrilinsor I0mikiuredtheredf compiises gl least 18D grepight
Sauer st of f  @ercent bk thendieetiylitplingyformed dif MbefcClamn 1 aref Rsppentdy the petord faedstock, and 1,3-,
Ei nhei t5szel 'gr ged3imethyinashthalenpg o1 @ mixkyre therqof gommriseatfeasp B0 weightperant ot the
Angstr6r’r) 1gimethylngphihalesies ifyihe saseridigWhPPduShen frei an adsor bi ert em Wasser

, und zwar bei einer erh6hten Tenperatur und el nem ausrei chend hohen
Dr uck unt% iﬁ %‘;%?@E%@‘Erﬁ whasRiYy E‘Pré’?@r%?"a?'% RO #RAMPIRYP (0P 88 Phase

zZu haI t en, Fste Beschickungsmaterial zyklisiert und ein erstes
fl Ussi 5651?‘%99 KhodGidid § w%é.ﬁ’the% %hé?.%mﬁ(‘.é& oo %{?%&sﬂ’rﬁq‘% tabd &' dofhen
unf aBt, wob 85 1 phores n dem er

Beschi ckungsma erral” 1n el ner Konzentratlon von weniger als etwa 0,5

Gl - % bﬁzq%ﬂmﬁ& of _any @Pélaﬂ@% 3 whdtbin %rde%ﬁiﬁaﬁ&ﬁ%ﬂiystv&h 488 8 Robis® netal
wobei gnt wedgh ap%néar 3t & SRSGRRIGKMEH sippb® mbkid! Mith BRNoblb- maEICEompéreRt
unfaflt und eﬁhpl5yed ot alovel &, fom OSI&Y 152wﬁg@|p&’6$n|ﬂ}ﬂafcﬁitécﬁ£§ o QEMENtAY NBRE WREHE Bnd
davon weni gsédsn 5O weight.ofthél Bshyddbgenition Gatayt. gebi | deten Di net hyl tetralinen
unfalt, (2) die erste Beschickung 5-(m Tolyl)-pent-1- oder -2-en unfaBt und
1, 5-, 1, 613. The/methdd @ ey d Cleims Ptp B2 whedeiry addisirchiy2th&e Bi isoptetizel tatibast2d weightigercent
M schusgen dathetotavehsithert @Ahthe 3S- @win 6-dimebyindphthddnes iy ther sepeinl Sadidtpeoluct in (a) of
Di net hyl t et Ciin 9ete 2rfipBrhyingphthalene, (B3)thali1§-, et &7-Bexic hB-dkngthginaphthalenss in the
5- (p- Tol yl ) afgteppid geconddiguid proguct in (et LM @1iel2,7-dimsthylpapgthaler@ apd tapR@gdimethyinaph-
2, 8- Di net hylﬂtabﬂe 1G) dhei 17~ gefbls Ws’bﬂfﬂm@}bﬁhf‘aﬁmfw %F@gﬁtﬁe’ﬂﬁs"ﬁ% Predyet indg) @b plaim
Mischung an2de R rdieetainaphthaione, ar () tha 130 and dnimethyinepibplonein the aloresaid escond
Beschi ¥kung "‘53"‘1:?{%%‘ in ﬁ’éRf Cia'"‘ad‘é? S-dimeflyinaphithalene. ‘i?ﬁ’ﬂ"sl“93°°"ta%'"9fthe afpresaid sagong

gers- Moggrhuné T ul be qul cr gl;lde glerﬁatﬁ) éﬁta’%?g@ﬁ”v%‘ﬂ 'éefé?ﬁ zq}o'tec% " %
ent hal t . YHW 0 hra V'?F '2 o g é"i' an@E?:te I?f’" '""é%%ﬁﬁt §%‘f E'f'tner

about res%xre

Tenper tur i
Anspru%h 1 g%aer V\‘,@ﬁ{% qer n el solﬁ‘grungs aI ysaa{'t('?ry'\'/:oiz% d éﬁa% I's zu 3,5
GeW. - % 3544, The Nethdd o Bairk i @ﬁd?amt .&L@s%famedakaﬁt%ﬁmm a.u.amymaaﬁkha&w%af@uf

das Gewi cht jilsmaiedd! (rY, [B), (€t ai)hm.s%meﬁé%aioamﬁadueﬁ% gpruch 3, worin
Mol ekul ar si eb-Zeolith von Y- yp in Wasserstoff-Formvorliegt und von 0 05

bis 3 fews: hemensd SARdiMBB D CloRTPORRIGIEthe RdMERMION lid peafdined &f a tSnipefRGIreViA the

Pl atin, Pal raage efifomi2a0 i tzearcd Rhodi um errechnet als el enentares Metall
und bezogen auf das Gew cht des 40 Zykl i si erungs- Kat al ysators, enthalt.
5. Ver f ahtée ihamaethod’efsaoy @t Rlaifs Wde i1H whierein Iplésdneriztiemaialyiiadredioysd tamprisasdistay on
0,01 bis 5 elited ei ner Konponente enthalt, die ein Oobergangsnetall aus der
G uppe#von Kupfer, Zinn, Gold, Blei und Silber, errechnet als el enmentares
Metal | und- 5@1@@‘@%’ elueny B@Eine I8 Eni6 whewindhe &PW%’E’E*@P satalyphFemprisesjashygrogenation

Ver f ahr en n&?!FP°E?"ﬁ@‘mP6§?9 Q/ﬁ@%\"&éﬁ@hden Ansprlche, worin der

Zykl i si er un sat r. freivon Tr~ materi a ahren nach
et nem gortinl e b of 3 & ige 3 1Y v PP e g oiyes B g A “Brftom
i nert eff por 6s- hi t zebest andi gen, anor gani schen Oxi d- Tr ~ger nmat eri al

auf QEb J a%t Tﬁesrtnethod of any of Claims 13 to 17 wherein the isomerization cata!yst is supported on an inorganic

support material.

s6 20. A method according to any preceding claim wherein the cyclisation is performed at a temperature in
the range of from 120°C to 250°C.
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& Verfahren nach ei nem der vorhergehenden AnsprUche, wo }{!m"m Il
Zykl i si erung verwendete Zyklisier - sat or weni ge ﬂ ﬂl
adsor bi ertes Wasser, bezogen auf é(ﬂgﬁfﬁm}ﬁ{ von dessen enedt e,
enthalt. 56 9. Verfahren nach Anspruch 1, worin zusftzli ch e| ne M schung
von Di mekiyA nedifel abdrdi®) w0l brdGhiméi g & zd\@h&aﬁ&hdl BérpérbgeniiRn tialpbhdphé aldg's
ersten fl @@mg@m@m&%ﬁ@mmmﬁnsmmml als ein zweites Beschi k-
kungsmaterial in flUssiger Formmt einemfesten Dehydrierungs-Katal ysator

i N ei nem2&em kbihahadkerdisgto adpof Clairhd>13 o 26 Whéréirl thB1somerisation is performed at a tempetature hi m
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6. Verfahren nach sinem der vorhergehen en Anspriiche, worin der Zykllslerungs-KataIysator frei von

Trdgermaterial ist.

7. Verfahren nach einem der Ansprllch 1 bis 5, worin der Zyklisierungs-Katalysator auf einem inerten,
50 pords-hitzebestindigen, anorganischen Oxid-Trégermaterial aufgebracht ist.

8. Verfahren nach seinem der vorhergehenden Anspriiche, worin der flir die Zyklisierung verwendete
Zyklisierungs-Katalysator weniger als 15 Gew.-% adsorbiertes Wasser, bezogen auf das Gewicht von
dessen Zeohth-Komponente, enthilt.
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9. Verfahren nach Anspruch 1, worin zuséitzlich eine Mischung von Dimethylnaphthalinen gebildet wird,
welches umfaBt: Kontaktieren des ersten filissigen Produkis nach Anspruch 1 als ein zweites Beschik-
kungsmaterial in flussiger Form mit einem festen Dehydrierungs-Katalysator in einem Reaktionskessel
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consi st ent : néhntdR tzivéiten Alssigen P@dikt hazh ngpnick 9e(c)CAuca, HRImsbylsaphtbatingodei @y it deundv ec
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Produkts in filissiger Form mit einem festen Isomerisations-Katalysator, der entweder einen beta-Zeolith

45 oder einen sauren ultrastabilen kristallinen Zeolith vom Y-Typ mit sinem Molverhéltnis von Siliziumoxid
zu Aluminiumoxid von etwa 4:1 bis etwa 10:1 umfaBt und durch zwdligliedrige, Sauerstoffenthaltende
Ringe geschaffene Porenfenster hat, die eine Einheitszellgr6Be von etwa 24,2 bis etwa 24,7 AngstrSm
aufweisen, und bei siner erh8hten Temperatur und einem ausreichenden Druck, um das Isomerisations-
Beschickungsmaterial im wesentlichen in der filissigen Phase zu halten.

50
14. Verfahren nach Anspruch 13, worin wenigstens 25 Gew.-% der gesamten Dimethylnaphthaline nach
den Alternativen (A), (B), (C) und (D) zu den entsprechenden Produkten isomerisiert werden.

15. Verfahren nach Anspruch 13 oder 14, worin die Isomerisation bei einer Temperatur im Bereich von
55 240° C bis 280° C erfoigt.

16. Veriahren nach einem der Ansprliche 13 bis 15, worin der verwendste Isomerisations-Katalysator beta-
Zeolith umfaBt.
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d' i sonbrisation Grrlise 84t urvu de mat 6riau support. 20 19. Proc6d6
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Procédé selon une revendication précédente quelconque, dans lequel la cyclisation est effectuée 2 une
25 température de I'intervalle de 120°C 3 250°C.

21. Procédé selon une quelconque des revendications 9 & 20, dans lequel la déshydrogénation est
effectuée & une température de I'intervalle de 200°C & 300°C.

30 22. Procédé selon une quelconque des revendications 13 & 21, dans lequel I'isomérisation est sffectuée 2
une température de l'intervalle de 200°C 3 300°C.

35

60



