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tion of alkylbenzenes, isSomerization of paraffins, and
hydrocracking reactions which produce fight gaseous hydro=-
carbons,‘g.g,} me thane, ethéne, propﬁne and butane,
Hydrocracking reactions are to be pafticularly minimized
during reforming as they decfease the yield of gasoline
boiling products and hydrogen.

Bécause_of the demand for high octane gasoline
for use as motor fuels, etc., extensive research is being

devoted to the development of improved reforming catalysts

‘and catalytic reforming processes. Catalysts for success-
ful reforming processes must possess good éelectivity,
i.e., be able to produce high yields of liguid products in
the gasoline boiling range containing large concentrations
of high octane number aromatic hydrocarbons and accord-
ingly, low yields of light gaseous hydrocarbons. The
catalysts should po$sess good activity in order that the
temperature required to produce a certain quality product
need not be too high. It is also necessary that catalysts
either possess good stability in order that the activity
and selectivity characteristics can be retained during
prolonged periods of operation, or be sufficiently
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.y|eId alkylated aromatics such as ethylbenzene, cumene and
dodecylbenzene by usxng the appropriate mono-olefins to
20 alkylate benzene. Another example of this demand is in
the area of chlorlnatzon of benzene to give chlorobenzene
which is then used to prepare phenol by hydrolysls with -
sodium hydroxl.d_e., ‘The chief use for phenol is in the
manufacture of phenol-formaldehyde resins and piastics.
25 . Another route to phenol uses cumene as a starting material
and involves the oxidation of cumene by air to cumene
'.hydroperox;de which can then be decomposeéd to phenol and
acetone by the action of an appropriate acid. The demand
for ethylbenzene is primarily derived from its use to
30 . manufacture 'styrene by selective dehydrogenation; styrene
' is in turn used to make styrene—butadlene rubber and poly-
styrene, Ortho-xylene is typically oxidized to phthallc
. anhydride by reaction in vapor phase with air in the
preéence of a vanadium pentoxide catalyst. Phthalic _
anhydride is in turn used for production of olast1c1zers,
polyesters and. resins. The demand for para-xylene is

35

caused primarily by its use “n the manufacture of tere-
phthalic acid or dimethylterephthalate which in turn is
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measure of effectlveness for catalytic reformxng xnvolves _
the ability of the process to convert the feedstocks to
the desired products over extended periods of time with
minimum interference of szde reactions, .

25 - The dehydrogenatlon of - cyclohexane and alkyl-
cyclohexanes to benzene and alkylbenzenes is the most
thermodynamically faéorable type of aromatization reection
of cetelytio reforming. This means that dehydrogenation
of cyclohexanes oan yield a'higher ratio of (aromatic

30 ' product/nonaromatic reactant) than either of the other two

~ types of aromatization reactions at a given reaction'
temperature and pressure. Moreover, the dehydrogenation
of cyclohexanes is the fastest of the three 4romatization
reactions. As a consequence of these thermodynamic and

35 kinetic considerations, the selectivity for the dehydro-

§enetion of cyclohexanes is higher than that for dehydro-

isomerization or dehydrocyclization. Dehydroisomerization
of alkylcyclopentanes is somewhat less favored, both
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o achieved wh1le ma1nta1n1ng adequate catalyst activity and
20 stability. .
| | In the dehydrocyclization reaction, acyclic

hydrocarbons are both cyclized and dehydrogenated to
' produce aromatics. The conventional methods of performing
these dehydrocyclization reactions are based on the use of
25 catalysts comprxs1ng a noble metal on a carrier. Known
catalysts of this kznd are based on alumina carrying 0.2%
to 0.8% by wezght of platlnum and preferably a second
auxlllary metal. ' '

. A dxsadvantage of conventlonal naphtha reformxng
30

catalysts is that with CS‘CS parafflns, they are usually
. more selectlve for other reactions (such as hydrocracklng)
than they are for dehydrocyclization. A major advantage
of the catalyst of.the present invnntidﬁ is its high
select1v1ty for dehydrocycllzatlon. _
33 The pOSSlblllty of usxng carriers other than

alumina has also been studied and it was proposed to use
_certain molecular sieves such as X and Y zeolites, which
have pores large ehough for hydrocatbons in the gasoline
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ately satlsfactory results with heavy paraffzns, but less
satisfactory results with CG'CS paraffins, partlcularly Cg
.20 paraffins. Catalysts‘based on a type L zeclite are more
| selective with regard to the dehydrocyclization reaction;
can be used to improve the rate of cohvefsion to aromatic

hydrocarbons without requiring ‘higher temperatures than
- those dictated by thermodynamic cohsiderations'(higher
25 temperatures QSually have a considerable adverse effect on
the stability of the catalyst): and produce excellent
results with CG‘CS parafflns, but catalysts based on type
L zeolite have not achleved commerclal usage, apparently
_ because of inadequate stablllty.
30 | In one method of dehydrocycliZing aliphatic
_ hydrocarbons, hydrccarbons are contacted in the presence
of hydrogen with a catalyst cons1st1ng essentlally of a
type L zeolite hav1ng exchangeable cations of which at
least 90% are alka11 metal ions selected from the group
33 consisting of ions of llthlum, sodxum, potassium, rubldlum
and cesium and contalnlng at least one metal selected from
the group which con51sts of metals of Grouo VIII of the
Periodic Table of Elements, tin and ge:manlum,_saxd metal
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erably barium).
Preferably. the catalyst contains a type L
zeollte containing from 0.1% to 5% by weight platinum
25 {preferably from 0.1% to 1.5% by weight platinum) and 0.1%
to 40% by weight barium (preferably from 0.1% to 35% by
‘weight barium, more preferably from 1% to 20% by weight
barium). The catalyst preferably also contains an inor-
' gan;c oxide binder. The majority of the : '
30 type L zeolite crystals are preferably greater than 500
Angstrams, more preferably greater than 1000 Angstroms. In
the most preferred embodiment, at least 80% of the crys-

tals of type L zeolite are greater than 1000 Angstoms. )
The inorganic oxide binder is preferably either a silica,
35  alumina, an élumindsilicatg-or a clay. The hydrocarbons
are contacted with the barium-exchanged ﬁype zeolite at a
temperature of from 400°C to 600°C (preferably 430°C to
SSO‘C), an LHSV of trom 0.1 to 10 (preferably from 0.3 to
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i R geateRn? B Gy L byBRodblond 1Y d Biaf BRGS0V E
process in convert| a%@%mlcsﬂ§€F§é3i§anaﬁou§ﬁé éésﬁhedPSRéeveluable :

products: mverrermsd CiSs asuifméia osenthéSpepeeﬁqagEOothﬁaollsgs ofeakiellie
product s  of Qy crackin % g%selectlve cat roduce fore hydrogen
e

than | es{YSHOSA & & TE u§§°ﬁ98?8§eﬁei§¥ﬁyﬁd PeBO3I8SWREA~acyclic
hydrocarb@m&eawtcuzrumatibsoamdonnackedapdobudtegen is consuned where = -

acycid4 ¢ hydrocarbons are con- £ ¥ d products. Increasing the
selectivity of the process |r§g§ ﬁ% éﬁg Egngf hydr ogen produced

i.e., Select1v1ty = converted to aroma.zcs
moles of
acyclxc hydrocarbons
converted to aromatics
and cracked products

20 | | Isomerization &f parafflns and interconversion
of paraffins and alkylcyclopentanes hav1ng the' same number

of carbon atoms per molecule are not consxdered in deter-
m;ning selectlvxty._ . '
The term selectzvzty for n-hexane' as used in
23 the present invention is derzﬁed as the percentage of
moles of n-hexane converted to aromatxcs relative to moles
_ converted to aromatzcs and . cracked products. _ ’
The selectivity for convertzng acyclzc hydro-
carbons to aromatics is a measure of the efficiency of the
.30 process in converting acyclic hydrocarbons to the desired
and valuable products: aromatics and hydrogen, as opposed
to the less desirable products of hydrocracking.
Highly selective catalysts produce more hydrogen
than less selective catalysts becauSe.hydrogen is produced'
3 when acytlic'hvdrocarbons are converted to aromatics and
hydrogen is consumed when atvclxc hvsxocarbons are con-
verted to cracked produsts. In creasing the selectivity of

the process increases the amount of hydrogen produced



(1 &ss céfacking). Anot her .,advant age of using highly selective catalysts is

tehat  t he hydrOgen produced by highly sel ec- 5 _ tive catalysts is purer

- than that produced by | ess selective catal? Thi s -higher purity results
‘because nore hydrogen is produced, ile I ss_| ow boj dro- _c :

(cracked product fﬂﬁ?% %hﬂﬁ%ﬁ? Q%g ?cﬁﬁaﬁ?ﬁrﬁé%ngﬂ?ﬁﬂﬁcgﬁ ﬁggrogen

reformng is CH1udh§uméd EEES§ dﬁhckiﬁ@ﬁlly the case in an |ntegrated
refinery, the hydrogen pro é}l I Qe P

~ hydrotr=eating and hydrocra €% é%*%#é% |r§faf9?§§s$§%§2§a fﬁ? %ﬁﬁn1

parti‘ak pressure$aﬁalkm33gles*l thdtf the hydrogemepovodecedobyobighhy agliecgen

can no | ongerg be wsgd ¢ 5 ;E?suggggggf‘eéf’thaﬁ“ &‘%‘%t@é’ué@@dﬂﬁénlé‘séess

val uabl e may, for exanpl Feedst 0 Regar di n acyclic
hydr ocar bons t hatsec]é‘F tb‘é’%léﬁﬁ'cﬁ i ze%hl%W%WﬁeE‘%Htibf r?ﬁ‘élﬁ eB%ﬁ?‘Jse

i nvention, 20 w?f&d/ud@dﬂf%nﬁe bmsgamwnbaeneﬁgl hp&raay
acyclic hydrocarbon C%Pab e of upder ? L ﬁkclogﬁ a#o uce
racked Bratyq el ek Bred B8 ROE REY (26 pe

aronmati c ‘hydroca
of the presentllhyﬂuogsn pﬂnﬁuhﬁqmtnmgeiaumdm@n1mfcanyxaaycifp agdiscar bon

;ﬁgagggagr ezlé bei'ng vg}porl zeé(}%etC qﬁe de%&)%é)%pyc ron &%@%{%{,&E@%@Rn

herein. Mre par tHradugsed), l%mﬁhﬂ@%cﬁI?@W%@Msﬁ neydeeteegting

hydrocarbons con-ad@inydibdratik ifY © W dP e PiPe P [PASE U Er BALH lﬁﬁnﬁﬁmﬁ:

30 paraffins, and b[lerr] ol efins. Lﬁﬁp&:‘* fi c exagﬂg es, of sujtable acg/

hydr ocar bons areP HEATHSS TRFRAanelt 2the  AYFhER Bgeomes tSo

g rrethh?/l pent ane, Memwezy&og‘eﬁ m&mm@r&n&m&y&ﬁmh this purpose
et hyl pent Yy 0 t e n

3- et hyl hep?’a%ﬁe %3% qﬂuf%{ "H*uhe%t ne rhf% y?Jh xairg g%ﬁegnmple as -

2-met hyl oct ane, Fuedt lgasact ane, n-decane and the |ike conpounds and (2)
ol efins such as 1-hexene, 2-nethyl-1- pentgggdskogﬁptene | -octene, 1-nonene.
and the |ike conpounds.. P — ’ ' '

9 .
-8- (nore aromatization) and decreases the anpunt of. hydrogen consumed (EEEi

Regard1pg the acycl;c hydrocarbons that can be
dehydrocyclized by the method of the present invention,
20 _they are most commonly paréffins'but can in general be any
acyclic hydrocarbon capable of undergoing ring-closure  to
' produce an aromatic hydrocarbon. That is, it is intended
to include within the scope of the present invention, the
dehydrocyclization of any acyclic hydrocarbon capablé of
25 = yndergoing ring-closure to produce an aromatic hydrocarbon
‘and capable of being vaporized at the dehydrocyclization
temperatures used hérein. More particularly, suitable
acyclic hydrocarbods include acyclic hydrocarbons con-
taining 6 or more carbon atomé'per’molecule such as C6=C20

30 paratfins, and Cg=Cyo olefins. Specific examples of
suitable acyclic hydrocarbons are: (1) paraffins such as
-ﬁ-hexane, 2-methylpentane, 3-methylpentané, n-heptane, 2-
methylhexane, 3-methy1hexane, 3-ethylpentane, 2,5-di-

- methylhexane, n-octane, 2-methylheptane, 3—methy1heptane,

4-methyvlheptane, 3-ethylhexane, n-nonane, 2-methyloctane,
.. 3-methyloctane, n-decane and the like compounds; and (2)

olefins such as l-hexene, 2-methyl-l-pentene, l-heptene,

~l-octene, l-nonene and the like compounds. ) '



01 * In a preferred enbodi nent, the acyclic hydro- carbon is a . '
ffinic hydrocarbon having about 6 to 10 carbon atons per nolecule. It
0 be understood that the specific acyclic hydrocarbons mentioned above .«
a be O5charged to the present nmet hod individually, in adni xture with one: X
nore of the other -acyclic hyergarbons or in adn1xture wi th ot her o

hydrocar bons such as napht henes, arogaélcs g %F Thus, nixed hydf
ocarbon fractions, Kbt #T8FRTEeGnePrPLaiPeRSant: é§ &c}"cﬂq‘(?'hyd
r ocar bongakfbort hai arﬁwmmia nyarbahkbonnhavungl ca;bbultefsl reer W0 are
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extract|¢meoeg§eyﬁxn|anyc1{erhydpacqrbbnsrmencgpnsdnsbane cha beke ' :
reflnery éaﬂastc‘@hé“ﬁﬁf?@ﬁﬁ'ﬁetﬁcﬁr§ ﬁib?duﬁﬁggd'ﬁﬁ”%th%thﬁs a chapge

st ocR3 wh I's ‘a par g a fraction g in the range of
Terr] GemaﬁﬂIQPelﬁﬁnm9¥§nﬁfst%?e° he&i AcHichiFhhydsRaRy °§§oc?fcéﬁpr|5|ng a

glxgurebguﬂrﬁydﬂemufﬁﬁIifheﬁswgetaéhvbtﬁérkueara%fhl Ptﬁ@nes,

et s BFOTIRIES AT LRE- | oFRpE: B ketoR §a?apé‘éﬁo‘r’=%m=3'cé£8§syst s
Especi?Ibﬁﬁ;ﬂtﬂxﬂ#lsmgﬂrffn&ﬁurquaKBEtieedcfOacycamcbﬁyaﬁggagbbﬁbantIa'|y
ree.o ur i t he ons

Comeifl; She ara ittty TEOE1 Panf00: 8 BOE/KIOKR, BRETRRRYIOSRY, ¢,
conpoundsukabﬂheahaxs&ﬁscpcksdﬁoncthmhiohtaatnmetabdeaﬁyrlexamﬁ sul fur,

tab I d

et eat Ble S HIGhIE bdal CALIC s BYa At Srun hEDRENRBT BERURESKLEI | O

catalystfnﬁﬁéﬁaﬁssr§§Qﬁeﬂﬂ°@%ﬁ%ﬁn¢ﬁtt§%t§©mlﬂg a¢§§§?t&9ﬂe §gt§byst for .

this hydb@@%&?&huw£EH¢§¥féH£§*§ﬁﬂ'éhéolzﬁeaﬁ@f?ne39 8t #&h8; CORhai niNng
suppget and. a. m

P $aget i1y AR o d DR LR P Ty Comaat: BhOSE oot 1o 2
[err] atwﬂ@&ht052@0@amuﬁ;nﬁuiichJﬁupmxﬁawfﬁacaﬁdnaboﬁlithtd Eperly space
velocity ghab ¢ §4oTPe(§HLE‘)”t8”958“£~rPQ?‘? EPM A8 d Ty, best |
results are obtaxned with a chatge stock comprising a
_ mzxture of Cg=C1p paraffins, especxelly Cg-Cg paraffzns.'
20 - Preferably,’ the feedstock is substantially free
of sulfur, nitrogen, metals, and cther kncwn“poiscns_fcr
"reforming catalysts. This catalyst is especially_sensi-
tive to sulfur. The feedstock can be made substantially
free of'sulfut,'nitrogen, metals, and. othér known poisons
25 by conventional hydrofznxng technlques plus sorbers that
remove sulfur compounds.
In the case of a feedstock whzch is not alreedy"
low in sulfur, acceptable levels can be reacted by hydro-
fining the feedstock in a pretreatment zone where the |

30 naphtha is contacted with a hydrofining catalyst which is
resistent to sulfuf poisoning. A suitable catalyst for
this hydrodesulfurization process is, for example,.an
alumina-containing suapott'and a mihcr‘procorticn of
. molybdenum oxide, cobalt oxide and/or n1cke1 oxide.

Hydrcdesulfurxzacxon .is ord;nar*ly conducted at 315°C to
455°C, at 200 to 2000 psig (15 to 141 kg/cm )._ and at a liquid hcur'ly

- space velocity of i to.5. The sulfur and nitrogen contained in
the naphtha are convetted';o hydrogen sulfide and ammonia,
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t he naphtha are converted to hydrogen sul fide and ammoni a, - 10 -
respectfvely whi ch can be renoved prior to refornlng by suitable
Qonventlonal processes. Dehydrocyclization Reaction According to one aspect
- of the present inven- 5 tion, the acyclic hydrocarbon i's contacted with -
the cata- lyst in a dehydrocyclization zoh@ maint ained at =
dehydrocycl i zati peaspecdivedps. whitch cant det iregoved b&u@&CQﬁPMeﬂwiﬁﬂﬁglﬁyr@

the catalyst in be ed system a fluidized.
system or in a %53 ﬁggﬁo gn?énggbgiagD§ﬁggﬁg ver, in view of the danger
of att™riti-on | osses of the. vaJLwnﬁﬁydzngﬂsé;eammbmﬁRe!¢tloknomn oper at i onal
advanw&ges, it is preferre ekkh S red s -
ﬂcEBrH?ﬁg (35 Sﬁe aghé@@ ategg h%%%@nt inven

dense- phase noving bed syste al'so co t the contacting
step .15 canSbe ptPRor kB€ #ﬁyshéCphxéﬁﬁeérapnalshygn@aptﬁﬂxwuﬁe \wiheh cata-

Partthez of ? cpﬁyeninoaaaeayako&yamihaalaat%bﬁétma&nEBQnaal?& Ert In a
i xed bed syste rocar hon-contain charge stock is
preheated by angaﬁﬁysﬁﬁFéckéﬁfP%B"nﬁgﬂg tdopge dgbﬁge8°F§gEFﬂ8ﬁ Pa¥pBeat ur e
20 and then pasaecbmplbshedehydustugl that cakalgse ¢ﬁnhafﬁugg aealsgétbmd
of the catalyst. 0f .80 unde a de ,QCyC I on
zone may be one or$%%?%gs%%§-g fegcgibga$féﬁ %X%?gﬁre %eaﬁs% %%%

t her ebet weedOt 0 tyRerepenationeg ugseveu,cenveingqftehpedangee of

mei ntai ned at 25at£P§tﬁ8ﬁr§8ﬁ§eéoofaﬁﬂergaihﬁﬁle Ehthi ESQBB”Bﬁrb@ﬂﬁ-to

note that the reactants ma e contacted wth the cata ¥ I.n el ther
upwar d, downwar KRN (SRR ERALiPRAL f Ad¥RBRATRR, ad8i LBORFeERETPEAEPaHBS may be

inaliquid phaseltmeﬂ1seﬂzkeQUbddvapeteﬁhaeea 6én§e¥9ﬁﬁﬁephaﬁﬁn§h88dthey
30 contact the catal

h h
The dehydr ocycl i 35t tOh syg?eh?tﬁgﬁ°p$§$ 38}9 EgngEFEeghé SontadtiRg”step

dehydrocycl15at|®mnz@mepeoﬁoamadngnohheopreaeacélQédabpﬂysmcademastphese
movi ng beds of t l??%?éﬁf&leé”o@ Q“ééh@éﬁt?gﬂaiyéﬁgflfhﬁch?o EaEQi?§E of

within the scope o resent ‘1nvention_to us esent cata
| ess than all fth¢m9¥&9§ AFEh alRod- fvéﬁéubﬂé|smﬁaemiuﬁbeueﬁyséﬂa|yst

bei ng used in_tfﬁydrocarbon-cpntaxnlng charge stock is preheated by any
‘'suitable heating means to the desired reaction temperature

20 and then passed’ into a dehydrocyclization zone containing
| a fixed bed of the catalyst. It is, of course, understood
that the dehydrocyclization zone may'bg.one or'mcre[sepa-
rate reactors with suitable means therebetween_to ensure
that the desired conversion temperature is maintained at
25 the_enﬁrance to each reactor. It is also important to
| note that the reactants may be contacted with the catalyst .
- bed in either upward; downward, or radial Elow fashion.
In'addition, the reactants may be in a liguid phase, a
mixed liquid-vapor phase, or a vapor phase when they

__30 contact the catalyst, with best results obtained in the
vapor phase. The dehydrbcyclizatién system then
prefefably comprises a dehydrocyclization zone containing
one or more fixed beds or dense-phase moving beds of the |

',35 catalyst. In a multiple bed system, it is, of course,

within the scope of the present invention to use the
'present catalyst in less than all of the beds with a con-
ventional dual-function catalyst being used in the
remainder of the beds. The dehjdrocyclization zone may be




remai nder of the beds. The dehydrocyclization zone may be .one ,or nupre
separate reactors with sui'tabl e heating neans therebetween to conpensate
or the endothermc nature of the dehydrocyclization reaction that .takes
pNace in each catal yst bed. 05 ' Al though hydrogen i-s the
WAE ferred diluent for use in the sl ect dehydrocyclization nmethod, in sone

cadses ot her art- oqni zed dil ue LRy, be, a, : ously ;uti Li , . either
|ndiOldugﬁﬁyggr#4?é;§%éaiﬂi?v&%*?%&%?dqu%ngxggéﬁggsuﬁé¥%r%pg%§§ i ns such
as net hanberebeaweenlo waprensateit fore the pedoshermibenaitigedoifuent s,, and
m xtures ¢haeaeRlya rJHHIOAEIL I 5 RESLELLIEH PREAUESKEE BELUES ihhgadhal ',
function of not “only~lowering the partial pres- sure of the acyclic ~ .
hydrocar 68%21¥&t &esb of suppressing the formation of hydr ogen-defi ci ent,
car bﬁg-aceous deposiplkhdudis HyPrdgers i & eehé Okea £@Prbedsabahyt Eprconposite.
Odinarily, h d&@gen is.utilgéﬁxil-h.a unts.suffic%eSt to ensure a hydrogen
to hydroEéFbéﬁ e SRRI&S Hideh A TRLyRt y2ahiomh BREPOTestPt 89BBtained in the
range of c3sést othek abhte-reubqyizedhdileents nay BO adeapdagepakiyati on

zone wil| pLcal 1yt nt ai neds iy /4. hydrogens ri ¢k s.:stream.recycl ed
from theusttiaete $tbey R Houty SE PELER g u T bh RPREREY” ©
separ at i ganst spchTies 1Gydree LHPrRAfINSCcyeth zas | Dathane; t ebhan@b used in
t he es hog,,JeRGe ' 108, S SU{ S : Wi IS | ected fromthe
rang 6ofsgaggﬁrr%s'p%grt%q[éej?ﬁét%&g%%&ép's%ﬁé(%{ %lz?r'n éﬁg\nlsf ha§ﬁe preferred
pressur ePbELHEES Shersof ¢ o FHAF QR IS Brefpireq besayse IfcSeEWpBrature
of the dehydaaRIClfiunditith iof i il V1dwdFingdOrhéspast 1811 pkaeun to those
skilled in_the_deh drOEX%LIZ§; _|onzH§ - the injtial_selection, of the
t enper at BFESWPERIHS BCY SHish Xéﬁﬁﬁ?q O RG240 P SUPBTREALEFon of the
desired thevéosmanibavelf dfydduvgerciydd fic it oczabbonsoecusi depoageshe -
charagt ef L3t | f g, st he. ¢ Odinarily, the’
Compi ot hESORERLS, chlled Yeke ] i Ul e RaldBE NG ne LT TN
conpensa@gdioarily. hydroggn is utilized in amounts.sufficignt to

ensure a hydrogen to hydrocarbon mole ratio of 1:1

to 10:1, with bestlresults"obtaiﬁed in the range of 2:1

to 6:1. _The hydrogen_chargéd to the : —

20 dehydrocyclization zone will typically be cbntgined in a
hydrogen-rich gas stream'rééycled irom the effluent stream
from this zone after a suitable gas/liguid separation
‘step. L | S '

' The hydrocarbon dehydrocyclization conditions

25 ysed in the present method include a reactor pressure
which is selected from the range of 1 atmosphere (1 kg/cmz)
to 500 psig (36 kg/cmz), with the preferred pressure being
.50 psig to 300 psig (4.5 to 22 kg/cm;).' The temperature of
‘the dehydrocyclization is preferably 430°C to 550°C.

30 as is well known :6 those skilled,in'ghe déhydrocyciiza-
tion art, the initial seléction”bflthe_températqrg within
this broad range is made primarily as a function of the

" desired conversion level of the acyclic hydrocarbon con-
sidering the characteristics of the chérge stock and of

.;5 the catalyst. Ordihériiy; the temperature then is thzre-

after sliowly increased during the run to-compensate for

the inevitable deactivation that occurs to provide a.

relatively constant'viiue'for'conversxbh. |
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t he |neV|tabIe deactivation that occurs to provide a relatively constant 2})/
val ue for conversion. - .- 12 - ‘The liquid hourly space vel ocity (LHSV) '
--gsed in the i hst ant dehydrocyclization nmethod is selected fromthe range of
about 0.1 to about 10 hr.[err] with a value in the range. of about 0.3 to"

about 5 [err] being preferred. 5° = 12 -Reformi ng general ly results

in the production of hydrodéhe lignid "howrkn otRass dYdbeal reeiLH8Y) used in

-necessarily be adqgdpd frisddiee r@érgrdwgyéyﬁé@mam&@énéarlargelaélelsal 8PoRf the
t he catalyst and .when t} feed i's first |ntraﬂyced {Eener

“reforrting i s und&3REF Bt e H3RIrAROUS . rbdﬂbgﬂ ¥sv?g%?rtﬁI5P%d

over ke catal ystrang'&e:ﬂoraﬁmncenm‘ &Q’Cﬁblgm Semm% tive Leglupee fderédl mat i on

of coke which tends to poi %ﬂk&ﬁﬁ ‘t“%ﬂpva‘?f; s'isrh%lﬁ% elg,?gé%%% n gt

i ntroduced i Bto the reformng FreRet Img
mol es. of hydrogerhndmom.e dﬂ'hulﬁ, exmnousrﬂwriwergeme&nn@'e hecasisarilye

wi th |ight gaseoyy béJﬁ ? presﬁ%‘*%é’; pf’&at#PéLréé‘@c*t-lon

catal yst has. becone actlvat y t car onaceogus deposits

sai d deposits ca® é= rﬁi}a:lﬁsr%rﬁ‘l%é'm Ahstfema igEirsti ipteeduced. |
oxygen- cont ai ni NGetharaldysh cifceidedBcrfing i luhdORiae) pdEd 6flet1€éltl@drd’§$-

at ‘an el evated tenperat order to hurn the car onaceo deposjts from
the cata. 1 gor. O BSLIRSd AT asiT B 4] Gy T8 RACATY The e
sem regenative mgxttesencdqlafh uym:oga‘mrsammuﬂs ateduce St formaemmpaﬁd

ft | t

sfter & more or i LSt o TGRSt SO s
the catalyst is.@Qﬁﬁﬁﬂ&h&xﬂxﬂﬁnQ§QQQﬂrkﬂtﬂrﬂhﬁ;ﬂﬂﬁﬂtﬂin91#QﬂQk9n|QMGﬂ vAke
the remai nder of & iGRf dpeif 1 tB\udRES PimdAEd r@@rﬁf&o?éﬁwrrﬁ’éié’%ﬁr e..

known in the prior art,” cyclic and contrnuous reformn

reforning, 2Be c&L8C8pst The Hydzagen san ke g admixfure s"’r%e%’cﬂth"t ARIPYR

reforning |? gonhgaraéifbddxﬂrest ofséhe pl ant . | Ln conthnuous reformng,
a portion o eactivated c V. S ro t he

eGenerated in a separate nafelRSRR oh RRRAT T RSN EPE SAERT R o
in the - has become deactivated by the presence of carbonaceous

depOSLts, said depo51ts can be removed from the catalyst
20 by passing an oxygen-containing gas, such as dilute air;
into contact with the catalyst at an elevated temperature
in order to burn the carbonaceous deposits from the cata-
lySt. The régeneration.can'be performed either in the
_ semiregenative mode in which the reforming operationais
25  interrupted after a more or less long period of .time and
'catalyst regeneratlon is carried out, or in the onstream
‘'regenerative mode, in whlch a portlon of the catalyst is
'regenerated while the reforming operation is continued
over the remainder of the catalyst. Two types of onstream
-39 regeneration'are_known_in the prior art, cyclic and
' continuous teﬁorming. In cyclic reforming, the catalyst
in one of a series 6fnrea¢tors is regenerated while |
r2forming is continued in the rest of the plant. 1In
_ continuous reformlng, a portlon of deactlvated catalyst is
35 removed frow the plant, regenerated in a separate '
regeneration system while reEorang is continued in the
plant, and the ragénarated.catalyst is returned to the
plant. The method of'regenerating the catalyst will



pl ant,
of regenerating'the catal yst will -13- 01 depend. on whether there’is a’

| xed bed, nmoving bed, or fluidized bed operation . Regeneration nethods

and the regenerated catalyst is returned to the plant. The net hod

. J

QL‘ d condi- tions are well known |r1#he art. The Catal yst 05 ' : "The -
C .

talyst according to the inventio

pr ef
eart
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Is a zeolite of the L fan1|y, :
abﬂppbhﬂeoh.HmﬂﬁHét Eﬁﬁ&ediﬂﬁhhfaxéﬂobpdVIMbvuugabedndo&n al kal i ne

ool i o5 3RS0k, o Mndids 2enC " AR BRBRLBR B e UBR, pod BopE T ¢

whi ch M msOaScamﬁomdiinnmpwmelwatbacyrn. The real formula may vary wi:thout
changi ng the crystalline structu.f.ﬁi gggaggggple the nole ratio of si | ™on
to alumnum (Si/A) may vary fr . 15 . AIthough t hére
are @5nunber of cafihehSataYStREFORRING: LA dhe iyention ie a zeglitgRf .
enblodl nmeghe U Eam-ﬁ.yp][ﬁ-eféﬁmgdtm Byzﬁohmhzehéﬂgednmtasalatat@ oapI of the
zeolite, e an e cations present are
substantF%ﬁ$583% _ ﬁ_ ;£$§ Qxﬁghgo %5%%1Fa|ngf H%Toyed~
- are readily avallable and generpgpe maxeolSEéuble The exchangeabl e
cations present in e n repl ced by ot her
-exchangeabl e catloﬁéflg éWAﬂ#f%é?%H%ﬁﬁ %ﬁﬁﬁﬂ?giﬁ %é§§9§F§Fd| g i sonorphic
formof zbepresical>Formula is Mg/m bhalodp)§b8i0s)saki g wbbthtd L, the
potaSS|qufgrgth°5ew|Jf5&_d5§[$§§§“ | Ry suitably heating an aqueous

met al
mol e ratios of oxi 388 TeAY £QFMKIH FaY Yaryewibbout changing the From

about 0. ggyteailene kt[r@fdt]ure% B@ra,ampliep Qﬁetﬁoﬁboyétﬂefbfe”]
From about 110 t 0 _aboyt *Tgr{# 1 From aboug io abou#rT 41 The desi r ed
product P&*AEPBLFOC Pyﬁﬂ%ﬁ Y1} P2y iYRYY 55°M:1eR FPorr2eolites of -
di ssisn | ar cryst al Adtthoutghr eheltee gxrd aassnmmbénraf ofazibohst ehat nayyal so be

pre-

20

25

30

35

alun1n05|llcate m xt°ur e .whose ¢ osition, expressed in terns of the

be present in zeolite L, in one embodzment, ‘it is pre-

. ferred to syntheszze the potasslum form of the zeollte.
i.e., the form in which the exchangeable catxons present
are substan*xally all potassxum ‘ions. The reactants
accordingly employed are readxly avaxlable and generally
water soluble. The exchangeable cations present in the
‘zeolite may then conveniently be replaced by other

- exchangeable cations, as will be shown below, thereby

yxeldxng isomorphic form of zeolxte Lo |

' In one method of making zeolxte L, the pdtassium

_form of zeolite L is prepared by suxtahly heatxng an
agqueous metal alumxnos1l1cate mixture whose composition,

'expressed in tetm; of the mole ratzos of oxides, falls

within the range: ' : L L

KZO/(K20+NaZO) «sse From about 0.33 to about 1
(K,0+Na0)/Si0; ... From about 0.35 to about 0.5

8i0,/Al1303 ...vs... From about 10 to about 23
20/(K20+va20) ...s From about 15 to about 41

The desxred product is heraby crysballlzed out raxaglve;y
free from zeolites of dissimilar crystal structure.

' The potassiam form of zeolite L may alsc be pra-
pared in another method along uxth other ~e011t1c caﬂ-
pounds by employ1n~ a reaction mixture ‘whose composition,



pared in another method along with other zeolitic com pounds by enployiné}%fg/

a teaction mxture whose.conposition, . - 14 - expressed in terns of nol
r\ati os of oxides, falls within the followng range: [err]. .... From about
Q.26 ta about | [err] .. From about 0.34,40_about 0.5 5. [err]

e - From about 15 to about 28 [err] +7.° From about 15 to about 51 It
is to be noted tlexpressew deermomd obhdiale iratims reficoxddes) xfalksi @ithin
critical to the phiesentyyvely i 0 © \When the zeolite is
‘prepared fromr e%ﬁ?r?%%ﬁ%s%&%ai ning sodi.um sodiumions are

gener &-l y al so i ncl udédgQ 8yqFNapd broduct FEem pabupfl ¢ e excabegeabl e
catiOsg together with (tﬂ(}?m RHY940,] ONS, Frhsh PISIHE Lo OP4 akdIesbéd oMo { e
above ranges _has a co i 110 15 “expressed in terms of noles of oxides,
- corresponding to the %I%Z%er'r']-' antrer ei FFO rabQk plo ¥R 3RPYe 28om o0 to
ablc<)gt 0. _75I and I_y rrayiimy(aqtpﬂmizlm fran (Fdom adbsoit 95 éiltfb Iabo_ut: 51 I'n
maki ng-zeolite L, representatiyve Jeact r cti.vated alumna, ga .
al um na, alumna trihydrat el'é£<';ln]'(1"s s%odfbuem a %rﬁn%l% 2% BRI %h %?ﬁirﬂgm m
Silica may be obtthenagactdons odixtuner isotnedsiarisiddlc st thee | prssemt s, _
silicic acid, aqyeQehti@d.0idal silica sols and 25 reactive anorphous

solid silicgﬁ.' The preparation of typical sjilica sols which are suitable
for use in tHe process of @M the AeQlhiehtiDHPRERARS FrPREIarion

Patent No. 2, 574miQRuaed dontaRditk S¥aiukh bS¥bdiitn {OHY Gite Yerddia TP UL 6
o 20T DO G, S o SRS e 2 4 TSRS,
preci pi tated andcprtdong ttagether withsdhe pedtamsssiiumm jons sodithengyatiwet de
may SUpply the ekl iald Qo EaSYeiied kaUd Hdd 9 Rlod i dRKI N0 zeolite
L, the usual .net hod conpri-ses di ssol Ving pot-assi um or sodi um al uni nate and
al kal i, viz?? . expressed in terms of moles of oxides, corresponding to
the formula: R o . '
10.9-1.3[(1=X)Ky0, %Naj0]:Al,03:5.2-6.95i0,:yH,0.
wherein "x" may be any value from 0 to about 0.75 and "y"
: may be any Value from 0 to about 9. o
20 In making zeolite L, representative reactahts'
are ractivated alumina, gamma alumina, alumina trihydrate
and sodium aluminate as a source of alumina. Silica may
be obtained from sodium or potassium silicate, silica
gels, silicic acid, aqueous colloidal silica sols and
25 reactive_amorphous solid silicas.  The preparation of
typical silica sols which are suitable for use in the
process of the present invention are described in U.S.
Patent No. 2,574,902 and U.S. Patent No. 2,597,872.
' Typical of the group of reactive amorphous solid silicas,
30 preferably having an ultimate patticle size of less than
1 miéron, are such materials as fume silicas, chemically
-precipitated and precipitated silica sols. Potassium and
sbdium hydroxide wmay supply Ehé'metal cation and assist in
3 controlling pH.  ' B _
- In making zeolite L, the usual method comprises
dissolving potassium or sodium aluminate and alkali; viz.,

potassium or sodium hydroxide, in water. This solution is



ot assi

um or sodi um hydroxide, in wat er. This sol ut

“WNh a water solution of sodiumsilicate, or pref-
ilicate m xture derived at least in part froman agueous col) oi dal
sol. The resultant reaction mxture is placed in a contai ner nade,

honogen
fromab

corresp(plammgfrmn tare aeug rasbls Blal sﬂaliaa:ausanuurh@rwsumahtt he 7=

m xture
appar at

pr oduct

shoul d

wash water, in eqaitd tﬁedmwu tﬁh%*’@%tlﬁmﬁllfiaﬁr@p@ﬁ@f aget wveen about

9 and ‘1
the zeo

been ch

John W

These 1
no stac

ionis ° -15- adm,xed
erably with a -

exam 5 ple, of nmetal or gl ass= The container should be closed to
prévent daanked WIRE'a watdr rﬁtﬁtf&h rwtswmxs ébEﬂc&EéU@ﬁ' bgeknsSUr e

t enper at ur es of

ty.. Th 1 t tisfact t
SEHIR P ik KRS b AN R ABRLYSY. BF LPaPBalt (ha
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RS WAfle 1€ DA E TR Fro £ Waddl LEBETRBERL 00 1y be

usea. H@ela.ng:ﬁ smenait iQoeagkassd | The dontaimer relulovclc}sbel tlogedetdite '

ss BFE A%y | tﬁé”&’éié”%f?ﬁrrﬁd@@%f iétéfnéﬁ of f and washed
er I quor e zeo

to separa te t en1fron1the f eact ant . not

s igrede o grsuraahiomegene it il ated water,

Ite crys- tals -
until. the effluent .

As th t h h bl t f
Eemperay re =&Y | LA, AR o S e ST bl BESRRSTRpl aced by
hydloogebeaafgl modp‘hdﬁm: \mmmgleastilm cotressondingt be pheof the

of the CPPCE,pianBuned PV th ediibtinelbdWupd el Sl gbike TP 10C1©

zeol i tereﬁpﬂa&lt@ ady the dvigher ctemperatuye. | mwyvmb%bbﬁ'elrﬁaZM| te L has
%b%%fr%rth%e,de' .2 idversD sardd!sstt Ao ayfen &Y PadwdeedV Breck,

Iey sons, as having a franpwor K conpr.|sing, 18 tetrahedra
unit cafd |11aé’°t'y|5\§1’c d36dy e FOALAINS WRniRued uRkilntReand -
crassl i diesdren wﬁwﬁlwwrkdmmﬁq:ﬁauda ni$)|mﬁed2 PR e @s-r i Ngs.

1Y PRyt e G o R

Xis with

L TRERI T I

are syntbem Eziomy queammmanmmdtmwﬁ- riThe Lmqﬂs:,te crys-
tals should be washed, - preferably with dlstxllated water,

20

until the effluent wash water, in equilibri
product, has a pB of between about 9 and 12

‘zeolite crystals are washed. the exchangeab

25

30

Molecular Sieves" by Donald W. Breck, John

the zeolzte may be. partially removed and is
replaced by hydrogen cations. IE the washi
tinued when the pH of the effluent wash wat
about 10 and 11, the (K20+Va20)/A1203 molar
crystalline product will be'approximately 1
after, the zeollte crystals may oe drzed, K
a vented oven.
Zeolite L has been characterized

1974, as having a framework comprising 18 ¢

. cancrinite-type cages linked by double 6-ri

35

and crosslinked by single oxygen bridges to
12-membered rings. These l2-membered rings
channels patallel to the c-axis with no sta
Unlike erionite and cancrinite, the:cancrin
symmetrically placed actoes-the_double 6-ri
There are four types of cation locations:

um wzth the .

. As the

le cation of
belleved to be

ng is d1scon—

er is between
ratio of the
.0. There-

onveniently in

in "Zeolite

Wiley & SOns,__'

etrahedra unit
ngs in columns
form planar
produce wide
ckihg faults.
ite cages are
ng units.
A in the double

&
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There are four types of cation IOCatlons A in the double - 16 - L
6- rlngs ‘B in the cancrinite-type cages, C between the cancrinite-type Jlé
cages, and D on the channel wall. The cations in site D appear to be the

oniy'exchangeable cations at roomtenperat yige- During dehydration, cations

5  insiteD b hl d mth I fifth

Site B Cwhich | SPinesr Bhivbcd BAME PR iad Yaged 0 ¢ hetaded e
pores are approxmmtceuyu?te:-d:}&:eﬁ\rmesmsanm D:Ilcanethae cl'iamle wabb! et The
description of t%%%‘%.oﬁ%o" "s%]ﬂes pt&p gpeﬁﬂé’% te %he '6}11;{ %J:ESCI’I tl%ir)]eof

3,216, 789 which, nore particularly, “dives conventi o
t hese zeol i tes. C@tONSatadnraqR R mpEY I Sh o RUEL RG ey deat 9k (GRELPNS

Td hfefpretsent '§¥teﬁhl %riftevcy lﬁ‘b‘-’ol ts‘ba %&Havaeuf Iaﬂ'cﬁ\f fied SHaddel X%dBys 1€ a
iffraction patter a.zeolite act or erature,
pressure, crystal #f%e sitey gl Er éﬁ’d""ttyp‘eso]fs "@;‘i %3&9 eg‘gsoré &‘ or -
i'nstance, -as-the sdtest.al 'mezexya‘rddn-uq:pedrmﬁn tpmtms:osm spEddeinatdky 7 .
X-ray dlffractloQop%t éﬂmiless preci se. Thus, the term -

;
20 "zeolite L" |nclu§% any zeo |tes mmf of cancrinite. cages having
an X-ray diffraction patteln nmmsmmlaw dﬁsﬁnmt:m (e bhesy zmakitasibn

patterns shaw igiYen, Féa?e 1%@(1%239%:%3& Na.Y 3 2165 7o AP At

effect on the stablllt he catalyst. [For reasons notl{et fuII%;t-

under st ood, cat aPf&td 'atgll"&?sta ‘fﬁ“qlrﬂé‘ﬂ:]r yasgeingion, of (the
zeolite Iarger thamlﬂﬂ&@.AngsSnoDatgnteronge216um89eagohsthaﬁypein]ysts

havi ng S“bStant'@éd&fﬁﬁjdgffhﬁe ﬁr¥§£ab§FgEHEhgng¥Rg}5PzeoI|te bet ween 200

and 500 30 Angstrons ese Cfr fite sizes of type L
zeolite is the preferred éﬁ@pb@us f?ﬁbOESZbQVEtég aﬁéegsnoenthgn&rr;y

Synthes'ZEdﬂsﬂEﬁﬁﬂftébtﬂénpﬁ&éﬁékHbeoénhelete.'”ShEﬁ EQ@QBEE'Q&EIEBE”U|3
gi ven preV|oust nmost . of M cations are gota - sium M “cat.i ons

are exchangeab] et e@EFF%EYr%'gPE%ﬁS?yﬁe cryssel: size, 1mPHrﬂ§b€sk 286 t¥eei n
the potassium f csfn caeions psedeﬁe.obrarnxhsﬁantezeahltne cepsaali Bize of

the type L zeolite becomes smaller, the x-ray dlffractlon
pattern becomes broader and less precise, Thus, the term
20 "zeolite L" includes any zeolites made up of cancrinite.
cages having an xéray diffraction pattern substantialiy
 similar to the X-ray diffraction’ patterns shown in U.S.
patent No. 3,216,789. |
Crystal size also has an effect on the stability
25 of the catalyst. For reasons not yet fully understood,
-catalysts having at least 80% of the crystals of the type
;L zeollte larger than 1000 Angstroms give longer run
length than catelysts having substantially all of the

- crystals of the type L zeolite between 200 and 500
30 '

Angstroms. Thus, the larger of these crystall:.t° sizes of
type L zeollte is the preferred support.’
Type L zeolites are tonventlonally synthesxzed
largely in the potassium form, i.e., in the theoretical
35 formula given previously, most of the M cations are potas-

~sium. The M cations are exchangeable, so that a given
type L zeolite, e.g., a type L zeolite in the potassium
form, can be used to obtain type L zeolites containing



- other cations, by subjecting the type L zeolite to ion exchange

ment in an aqueous sol ution of appropriate salts. However, it i$

fcult to exchange all of ‘the original cations, e.g., potassrunl,since 'Y
exchangeable 5 catlons in Lhﬁ zeoYite'are in sites which are

| dlfflCLHé ﬁég é§@1§§€ f %ﬁgéﬁe? Qegyéﬁohlggglanttgoql wor k in'thie

_|nvent|on are "zeo e.term“zeolite of the L.
famly" ﬁ%ﬂhﬁ#gﬁeﬂréstmﬂytzéblFﬂeaQHﬁeﬁsl§°k§@é°ﬂp°@faPGrO@Gnéﬁﬁnlte cages

Lo give saPOEE SHOWETSES, 1&hfspéiﬁ:.@fxl\‘.\htéheﬁbﬁaheenﬁlhyo% kResided ring
wherein the ze the has dehydr.ocyclization agtivit Goup VIl wetal

i s intr REARNS t%PFh%nieo?rge' OOLERFFLER, nFEBR%aS mFeSF&E@HSeF fve oM™a
"zeoki tacapfide infete | yé olneéudeetypesités whiehl ate ddfdiisallesed in U S

Pat ent 2 78 Al ed in British Patent 1,393, 365; AX as
dlSC|OS§H’Yﬁ€¥ﬁ E%%%é%%?éﬁg ?gégi 163; AGb as disclosed in U S. Patent
3,298, 780; and K, Q%hirzae¢libes th@t Ppauddt wogk21ie, thds investism and _
4,018, 87, t #5 a 2 1 0

ged ru&ég { é@ SE the E§§§n$ gﬁﬁ Fern ”§36%%Q§ 6? wkn essenti al

representatlve zeol1tes_o alitne Earth Meta
el ement lof QGEJYprh%eﬂ%f+%%én?$oﬂ"Ysz?ﬁelﬁﬁeyéﬁSB éf MAdgl KR Phe earth

getﬁb 'rhér{&ir%/p& Lci@é%'é@ ivdas gbkéltsaegeaﬁea rrehal 6%&& be ﬁ'thfr| o
arium stro a refera ear metal is
bar | um VHHh A58 a?xhanijf’aﬁlésﬁ BLRG EbE L SE <TaeBlife baslito by
synthemdehydqnazp&dzamuom actieitpanhen aBaroup1V$Imrméea1edsto t he ot her

| kal hi'gh
aLil S FRreRECPNES LA fEsHLELNO EabRLNER BATc! UP sbbbbin?0, O
al kal i rﬁaiaivq @%)@h’é?@@blbﬁtﬁhf bthe uln faBihy” téUﬁhﬂQQeSY@ﬁoﬁm for ion

exchangedf1 760l dd e&;sci@éédlmod;ves §9€éﬁ€t3”§16h‘?8§eoht:§ea§"th a sobution
cont ai ni hg excess. Ba++ | ops. bari um shoul d preferably constitute

fron1[eﬂﬂSQ§°§?ﬂa%&HEF&tbﬁhtﬁ%tQBBI;t%93n5§§'pP@ﬁePﬁbﬁ}sFﬂeﬁFFeFP] by
weight. British Patent 1,394,163; AG5 as disclosed in U.S. Patent

3,298,780; and K,’Ba-G'zéolite.'_U.S. Patents 3,216,789;
3,298,780, and 4,018,870 and British Patents 1,393,365 and
20 1,394,163 show representative zeolites of the L family. ’
Alkaline Earth Metals _
An essential element of the present invention is
the presence of an alkaline earth metal’in_the type L
- 2eclite. That alkaline earth metal must be either barium,
25 strontium or calcium. Preferably the alkaline earth metal :
is barium. The alkaline earth metal can be incorporated |
into the zeolite by syntheszs, lmpregnatlon or ion
exchange. Barium is preferred to the other alkaline
earths because the resulting catalyst has hlgh act1v1ty,-
30 high selectivity and high stability. |
In one embodlment, at least nart oE the alkali
- metal is exchanged with ba:lum, using technlques known for

ion exchange of'zeolites. This involves ebntacting the
zeolite with a solution contalnlng excess Ba++'10ns. The
barium should oreferably constitute from 0.1% to 35% of
the weight of the ueollte, more preferably from 13 to 20%
by welght.

35 °
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-18- G.oup VITI Metals The catalysts accordlng to t he |nvent|on are charge
with ongor ‘nore G'oup VI.II netals, e.d., nickel, ruthenium rhodium
malladium irfdiumor platinum 5 The preferred Goup VIII

netals ‘are iridium palladium and parglculépl¥ platigunl whi ch are nore
selec- tive with regard to -dehydrocy | so nore stable
under the dehydrocycl|zat|mme%uﬁﬁakystsnuhéatﬂmhgfmﬁltﬁ@etniﬁm@ﬂoﬂﬂéte
netal s. 10 T re I he st
i s between 0.1%- arkll(?rg% Qﬁtg‘ ernee; er ab &ﬁl‘&#) @é%‘g/tj VI '?féﬁéi/'
met al $-are int ro@m:@mmb tﬂt@d_ltmeolpalelasillml}mtheniwﬂ |¢mrpal;ﬂ1mmmm- or
exchahge in aqueousrh%ol#té cg_ﬁpr 1 Hée tare

|1 netaIS|

desired to i roduce t wo ou e zeolite, the op eraflon
may be carried oB@ld |W%ﬁé’@ﬁ§¥%ﬁ‘@éﬂéﬁt9%ﬂqwu@y Wl’bfa@w?& selec~
plati num can be ltritvl‘eodﬁmsm Rgadd td ERERs mii&mlaﬁ& atd Na b afiBeOUS

sol ution of tetra epI atJ h%urﬂ) ‘irat et.ranmm ne lallnufﬁfﬁ%}‘%
hydr.oxi de,. dlnltF ? 5&9%ﬁﬁﬁ§ﬁﬁﬂ9ﬁl?ﬁé%?*9 S n
an ion exchange mm@mesahep|£mGupnvmmtlmeuaﬂsnduced by using cationic _

pl ati num conpl exes such as my & arsbeegtl@et duyu (c{é) lrggd{ﬁ"e ]tnCaé@ElLyst

Pel I ets An iTorgani c oxide canpbe use carrier .
zeolite containi ﬁgtlaﬁ-éfs(‘s‘rd-@pbﬂtlﬂe%toallhrﬂﬁdalw imRrepreferakly "@]IQIG]-%
the catal yst addich Qnalg, 30 strength. The carrier - can be a natural.or a

synt hetical ly produced i'norgani ¢ _oxi.de or_.combi nation or anlc OX|des
Preferred | oadi ngs of i nor AP dilde Metaks cﬁﬁ%%"('if%%etd) Y&l t he

ciat alyst. | Typ| Cahebﬂ.d.ltgg.lblyc sgmtdxlessm)qparraprednmdmroﬂ)eexa&chgmcimchh d
al umi nosi l i ch, acidic
or a%ﬁ%@&s %olu%éqgl - an Jb%‘hla 5 no%ld rrparl{éq {]s |

sites are p exchange catTon strong
acidity. des1red to 1ntroduce two Group VIII metals into the

zeolite, the operation may be carried out szmultaneously
or sequentxally.. d _
By way of example, platlnum can be 1ntroduced by
20 ;mpregnatzng the zeolite with an aqueous solution of
tetrammineplatinum (II) nitrate, tetrammineplatinum (II)
hydroxide,,dinitrodiamino—platfhum or tetrammineplatinum
(II) chloride. In an ion exchange process, platinum can -
be 1ntroduced by using cationic platinum complexes such as
25 tetrammlneplatlnum (I1) nltrate.
_ Catalyst Pellets
. An inorganic oxide can be used as a carrier to
bind the type L zeolite containing the Group VIII metal
| and alkaline earth metal.and give the catalyst additional

30 strength., The carrier can be a natural or a synthetically
produced inorganic oxide or combination of inorganic
dgides. Preferred loadings of inorganic oxide are Erom 5%
to 25% by'weight of the catalyst. Tyéical inorganic oxide
supports which can be used include aluminosilicates (such

35 'as'clays), alumina,-aﬁd silica, in which acidic sites are

' pteferably exchanged by cations whleh do not impart strong
ac1d1ty. '



- One preferred inorganic oxide support is "Ludox" which is a .
cpl Noi dal suspension of silica in water, stabilized-with a small anount of
, li. Wien an inorganic oxide is used as a carrier, 5 there are two
referred nethods in which the catal yst can be made, although ot her

odi ments coul d be- used Tn. Fh3QWrst preferred enmbodi ment, the type L

‘zeolite is made, phrsfe;rpredL inorigandd PRisle suprariedsi th a bari um
sol utionpy, ggama{ {Enomst ke ctb%.rl'di@asl()'é&sp]é?xs:.&d Wy $iigsh afyl calcined,
i npregnat e Wit hA® atlnun1 cal ci ned hen m xed wth the I norganic.

oxi de anUaEQFPuéeébﬂﬁﬂéﬁﬂhwéﬁglé S lﬂﬂ%ﬂqquﬂ'(ﬁﬂ 3eh4 ets. Advanta s
net hods of separ ativhent @a tivpeglandeoloxide riemdded bay idneareigy At i num

sol utions, are b filter This

. enbdalneﬁ

rated onbehmadgpeal theaght othed embodimentsc exquddatted wsed.he inorganic

oxide. It has the gl %ﬂgvag_%.gg;e ?&%:‘é& ‘St gé]eﬁgt i ttq,,é ﬁ%%ml | size,

which is hard to separate onlthe |on an e platinum

sol uti onzePhitpe iscBadg prtoesy rté'G &¥mediln@eol itee iisyjon exchanged s ni xed
Wi th theyigar 4apheigin! Qelﬁ'%do@st rse@ed-atteeo%ﬂ lﬁedlbe:tﬂmf YgPyey! i ndri cal

_ peIIets t hen | ets gre jon _exchange a arlunlsolutlon sepa-.
25 10 5t B0 Prth g EEFI ﬁi§&PGFVoﬁmp Hé%%% MLBYum  separ at ed

fron1thecaletnedn1anauthen mawédcahmmneme Ihcrgaﬂmmﬁaxwﬁeixnatrmaadvantage

that theoRekh8ba ShBoR3RY a A:80RA Bl TG A YAUL ! 2t | num

sol uti on% di'sadvantage t arium i num may be al so
30 depbekuaqmuaemert:bpganp@ separating dhewtiype dom@ldalﬁalﬁ)m

undesi raéhs asestmoaﬁa PIQQ%nuhh%oqlﬁQ'l%sOfat‘m'bfg‘ £LHxdent is used
degggds on trade-of i between cata- |yst seléctivity and ease of *

at|6%"BF1§HEec8FaFyEFePFSﬂ1Fﬁétﬁahlu@wéﬁdﬂmQQQHNQHQNHQi|ﬁﬂ%§ In a

‘third posavbhEagabeﬂaueeu a:he bmeutn andl lgleﬂmunorawmwmb-w th a
and_cal ¢ m.xed W th the i

oot oaecrehtachn EheCEvBY n RePuiss: Al Ront' el AndobycAAtan i 0 2N

the 1norgan1c oxide. It has the disadvantage that the
type L zeolite is of small size, which is hard to separate
20 from the barlum solution and the platlnum solution.
’ ~In the second preferred embodlment, the type L
zeolite is mixed w1:h the. inorganic oxide and extruded
through the die to form cylindrical pellets, then these
pellets'are ion exChaﬁged with a.ba:ium'sQlution, sepa--
25  rated from the barium solution, impregnated with platinum,
separated from_the_platinum solution, and calcined. This
embodiment.has the advantage that the pellets are easy to
separate from the barium and-platinumISOIutione, but it
has the disadvantage that barium and platinum may be. also

30 deposxted on the inorganic oxide ‘carrier whleh could
catalyze undeslrable reactions. - Thus, the choice of which
embodiment is . used depends on the trade—off between cata-
lyst select1v1ty and ease of separation of the catalyst
from the barium and platlnum solutions.

_35 In a terd possible embodlment, the type L
zeolite i3 ion exchanged with a barium solution, dried and
calcined, mixed with the Lnorganlc oxide and extruded

- through the dxe to form cylindrical pellets, then these

¢

f ed . '
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- 20 - pellets are |npregnated with platinum separated fromthe platinum
sol uti oh,, and cal cined. l.n. the extrusion of type L zeolite, various
thru5|on ai ds and pore formers.can be added. Exanpl es of 5 suitable
extrusion aids are ethylene glycol and stegrlc acid. Exanples of suitable

pore formers are wood flour, cellul ose and Boryethylene fibers. After the
desired G oup VI Prliets aze EPregnabed mdh Rﬁ%%kﬂﬂﬂxj5Q9ﬂ¥%ﬁﬁ4ﬂ§@ﬁm|§he

Lrgat ed-in air 0p1hQintinl Weatht3drg! s Waldrdda.and then reduced in.

ydrogen at tenperatures of fr rr pr ef ably [err nore preferably
[err] *At this stage the cattd }g’le [eé‘tr‘]é’a?ﬂ? cﬂgtﬁ’é’q n‘tzhee°]]die§ﬁﬂdro% ¥Sati on
ﬁr ocezs | n sog&x&&ﬁ@ﬁdﬂom\d@ ,anth porfeorformens aarmdae tadderks aIExnmm.’sesal of

ave been i ntroduc an h C :
elimnate anys re% g&?&&c%ﬁ%"%&%@% ﬁaqugseo :%t ee%’gvlterneéatsq%ﬁlﬁe cat a s‘flc\:/vi th
an aqueous sol ut acidef Zxemplesr ofydruddiakdeofpare Aqrases atal woast Cklalri ne
~earth el enent 'anﬁQ%ﬂo%Q 2 d : gg@ﬂgrgﬁea@ﬁ Jogen ions forned durlng
y

the reduction of netal ions Dby % n.. I n order to obtain opti mum

selectivity, tenpera- ture iradFein ELL B84 P JieEals
appre- ciable, byaveoBeans |1(h'trloﬁu|c@$5, tyhen Sl eps:aﬁ@ea/re&&n air or

}ngggL?gu;ﬁd&ng (éig ess r§act|on caq:t %aq?qgag:r%%&br_s(gﬂa@ S on S ecélwty
pressure will pIaqﬂragehemmntempemaUnneammﬂ|ﬂramn200ﬂ0nt0(iﬂﬁﬁﬂicninﬁerk
reaction, espeC| Ulé f4% gg%n%ﬁr,@mt,do%@t I?g%fﬁatr%ltlpcsjm oG qdu essure

nmay result in co activatidn e prlnary ene |t ‘of this
invention is in i rrprow ng Prte thdise afage Wheorca&ﬂ%‘%lkﬁﬁ rFadie &9y use in

khibrmborbe ok iy il e MR e,
nethylcycloééhtaﬁ@rts &nd¥ Iﬁ&ﬁﬁi °ﬁu@$§4§iﬂﬁ%ﬁ€)qﬂﬁﬁﬂ%Qﬁfoduced
conventional ref bymahg iont dxmmdea;mdw!ss:,hlw iide pred fepatdle momlekimiaate
acid catalyzed igauerl23ligq %E"i%u%c%‘fr $nd" 28 14 Yy Yr e iy Sddven-
' catalyst with an aqueous solution of a salt or hydroxide
of a suitable, alkali or alkaline earth element in order to
-ZQ' ‘neutralize any hydrogen ions formed during the ‘reduction
of metal ions by hydrogen.

In order to obtain optimum selectivity, tempera-

ture should be adjusted so that reaction rate is appre-
ciable, but.conversion is less than 98%, as excessive

25 temperature and excess reaction can have an adverse affect
on selectivity. Pressure should also be adjusted within a
proper range. Too high a pressure will place a thermo-
dynamic (equilibrium) limit on the desired reaction,
especially for hexane aromatization, and too low a

30 pressure may result in coking and deactivation.
Although the primary benefit of this invention
'is in improv1ng.the selectivity for conversion of acyclic
hydrocarbons (especialiy Cs-Cé;paraEfins) to aromatics, it
is:also surprisingly found that the selectivity for con=-

35 version of methylcyclopentane to benzene is excellent.
This reaction, which on conventional reforming catalysts
- based on chlorided alumina involves an acid catalyzed

isomerization step, occurs on the catalyst of this inven-

6
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tlon with selectivity as good as or better than on the chlorlged

mor e opr eftdPRHMA th

fran 0. 5cmol—(i)a,edlthunaxm TR E Ty s Ook0th@0ppsbe aEtlL0 36 kg/an ),
nore pre grabI¥ fran

fromO t

3G:+1

BfoRF e&eé’f‘e

i na based catal ysts of the prior art. Thus, the present invention 'can
be used to catalyze the conversron of stocks hi gh in 5-nenbered-ring
| 05 naphthenes“to aromatics. _E{eferably, the dehydroi sonerization of.
arkyl - cyclopentanes Is carried ou

SRS ivitan asigpast &% QrobettsTo8haRoPR §

at a tenperature of fron1L€rr] [err]
ferably,.

eptigny fiah 21E° 18 19S

f ound thamethemmﬂns}oﬁloﬂtsgdans<umguyfnmﬁhmémbetuéﬁexhg bBdxgkne is al

15 exceklgq&PePPreE?

?in he deal kyl ati on of toluene is carried out at a’

t enp@9 at ur romfer §ﬁrﬁeraﬂy,fran[erq an LHSV of fromO0.1 "
to 20 (rmre pr ef er rief e riabdyy ,0.thet demdr@wmeuzetwnfosnabxybﬂoo psig
Lerr] MegcRbBbatabied i Worplle’ ot o mg?&fagu{rerek 256 @fpepHe/ HC
ratio of fromO $nDre preferab fro to f Anot her -
advant ags® fO0PRT L42Aeh BIYE)r SR preE AEARLYy FTRay 820°F( ¥R 9P B 4AB8 itAvent i on
I st rrlnret sug‘gi)e éﬁ‘@ﬂs@rc{fofr@ﬁb zg@i z?l(ﬁof@tpa{ef&tam y Skakh Iol.Sytd)flo]g h;a

- catalys or_resista eactj.v n rmi_nes eful run
engith & plla s a1 MRS RreESEe. | n

regener aErag loatmsphema g 300epsm anySSttocmalkg XAl &6 HMEC imavEnt i on wi | |

be Turthek gldhUstdoabed

partlcul

arl'y advant a-

g¥ hh affh§s which set forth &
ous ﬁ%%%mﬁb%ﬁd conp05|t|on1 bodi nents. Wile the

exam ples are proimdes 83 so| lsusprdsd ngdy (Fatnshtthat cthe oseledrey are not

i nt ended EOéEg”!EBr' tonkéegEba bfA'Ed&‘ru%lﬁ'eark&'

had been h fined to reane sul fur, en amfrntro en was reformed at -

100 ¥si gefsﬂ}eay t hPEEfgTRPdY. &he é&% ationipf (ERkN@RMES ned 80. 2v
par af fi nGarried out at a tenperature of from 800°F to 1200°F (427 to 649°C),

more prefe.ably, from 850°F to 1100°F (454 to 593°C); an LHSV of
from 0. l to 20 (more preferably, from 0.3 to 10); a pressure of from O

20

25

30
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to 300 psig (1 to 212 kg/cm ), more preferably, from 200
to 2000 psig (15 to 141 kg/cm ); and an H /HC ratio of
from 0 to 20:1 (more preferably, from 1:1 to 10:1).

| Another advantage of this invention is that the
catalyst of the present invention iS'more stable than
prior art zéolitic-catelysts, Stability of the catalyst,
or resistance to deactivation, determinés its useful run
length. Longer run lengths result in less down time and
expense in regenerating or replacing the catélys; charge.

EXAMPLES

The znventzon will ‘be futther 111ustrated by the
following examples which set forth ‘a particularly advanta-
 geous method and composition embodiments. While the exam-

ples are provided to illustrate the present invention,

they are not intended to limit it,

Example 1

An Arabian Light straight run naphtha whieh'had

been hydrofined to cemove 5ulfur, oxyaen and nl.roge. was
reformed at 100 psig (8 kg/cm ), 2 LHSV, and 6 [L,/HC by three differ-

ent catalysts.

‘The feed contained BO.Zv!.baraffins.

at nosphere to 300 psig [err d an H /HC ratio of -
F&BF f L?t ?scafgb §ﬁrpr|51 Iy

*

erid 3 ghi1 g4n napht ha which I:



first run the Arabi an Li.ght .straight run naphtha was reformed at [err]
ysing a’ connerC|aI sulfided 5 platinumrheniumal um na catal yst prepared
as disclosed in U S. Patent No. 3,415, 737. in t he second run, the Arabian

Li ght straight run napht ha was ref or med_at err] using a platlnun}potasf
‘siumtype L zeoltte’¥ tpaphthenefedang: 3¢1y3di ApPBaRicEagand 1§ contained

_g\ot atSSI umtypte Lzze@b%tgg/hayzngvsragtahlsavesc of Ehagnahwt C%QOO to 40?0
ngstroms containin 0 nu n a ra i.nu
nﬁ?rate (2) drylnggthe ca §§? 9%57 0538 ﬂﬁ Sﬁgg&gpngégg af F@Fgfg ﬁ§
(4). reduci ng thenaphahaswasnreﬁdrmgénaat499PC]uémnglE .cofimkogiall sufllidéded
third run the PEOLEPRufly {,Q.Fl%e;fam&veg};sgp t! BEeph3ll s kUL 18LEA IN'

run naphtha L usin runmtype Z€o
catal yst formed ByS. RagenbrNexchahdbng3d.potassiumtype L 20  zeolite

having.crystal sizes of frpm gh@ubed6Rd EQn4OQQeAﬂ9§5EQHBL‘£’gh|E @tiuflt;h@ ent .
volume of 0:.17 noiar bariumnitrate sol ution to_cont ain an ixc ess of "barium -

‘conpared to the F¥h RARRERY VRS ERFPTMRE RRe4940Fi PELNEG2R BlptigupRRotas-
refu:tI?Q ?afltnnfumh stzoolttéeﬁhtaEysatabrﬁéa BY: (fl)cahpragﬂetthg
catal yst at  ferr re t he alyst wit n '
ot ram nepfdt: Ak ei3s° RubrEree Boso8 S ondRind thrsEal | sBe85 . BEFIRE Uhe
cata- lyst at [eabquanﬂoqv)toeﬂmeongngatromsatgatamnlhgdaog%npaatﬁanm] for:
} hggr 3?23 o1 mpregnitﬁarEé“LéérQﬁmiH&ﬁfaE?ﬁ@ﬁ EE?? Ei@r?@%?“ﬁh? d2fhifg
[érr] , ~ the catalyst; (3) calcining the catalyst at 260°C; and (4)
' . reducing the catalyst in hydrogen at 480°C to 500°C for

f_'15 1 hour.

] _ : : -
- 22 -h[err]'naphthenes and [err] aromatics, and it contained [err] In t?f}é%/

In the third run, the process of the present
1nventzon, the Arablan nght straight run naphtha was
; reformed at 493°C usxng a platznum—barzum—type L zeollte
_ catalyst formed by: (1) ion exchanging a potaSSLum-type L
20 zeolite having crystal sizes of from about 1000 to 4000
Angstroms with a sufficient volume of 0.17 molar barium
'nitrate'eolntion to contain an excess of barium compared
to the ion exchange capacity of the zeolite; (2) drying
the resulting barlum-exchanged type L zeolite catalyst; _
25 - (3) calecining the catalyst at 590°C, (4) 1mpregnat1ng the
'catalyst with 0.8% platlnum using tetrammlneplatlnum (1I)
nitrate; (5) dry1ng the catalyst, (6) calcining the cata-
lyst at 260°C; and (7) reduclng the catalyst in hydrogen
o at 480°C to 500°C for 1 hour. '
3°f The results of these three runs are shown in
Table I. | o

35



Fegd . Al um na Pt/ K/ L Pt/Ba/L 05 C1 W Fd

s

5.5 3.6 C2 : o, 6.6

1.3 [err] | 9.3 . ' 3.2
1.5 [err] o L . 0.1 .5.8 0.9 0.5 [err]
o 5 6.8 3.8 2 -23-C5 - : 5.1 13.6
6. . 5.6 NC5 . . TABLE I 11.3 9.8 12.6 |
12.6"110 [err] © 81.3 _ 13.4 7.8 9.3

- Benzene : 1.5 15.1 . 40.6 © 43.8 C7+

Aromatics _ .8 15.8 4992C7 15.0 [err]- &,
63 69.9 . 74.4 Hydrogen, SCF/Bt/Re/ - 493°C  433°C v
1660 12050 Selectivity, Mle 9%eed Alumina = Pe/K/L  Pt/Ba/L 87

15 056+ P --> Aromatics This series of runs-shows that the use of a
pl ati nunChaMtuh tBfe L.zeolite catalyst in ?e?orm ng gPv8s a seBedtivity
for conv&mpting hexanes to benzene narkedly séperlor t 8-Bhat of it-Be prior -
art. Nofigce that associated 20 thisds peri or sdkdctivityePs an
_increaseg @r oducti on of hydrogen gas? whi choe8n: be usef+Pn ot hell*fr ocesses.
Notice allsd that the hydrogen purit S hl? for the3PB/Ba/L Ruft since
more hyd{agen is produced and Iess1 elr] p C2 are 0 uced. 1 5 .
Examol e 5AP§ ond series of runsg mad 30 i ng hyd flned exane as
feed. ? in this series werejhide a [frr] 1004 égg [erQ LHSV and
3 [err] E@ HatSled UN, @ platlnun}@otasg ugrtype L 0 eohs g was used
o 1277

whi ch ha bego grqg@qu by the procedures gyown in th gsgcond 9gogess of
Exanpl e hsdkB gelhe ¢yl run, a platlnun}bﬂmlun}typgs ozeol | gsyas used
whi ch hagehgeﬂlpﬁe rg@ﬂg/grmaprocedures seoown in thezathird rgm of Exanple
| exceptcihkat the hxonavids nitrate solution was 0.3 nolar insteadsof -
> ere f1 [ S Lie 8 UL B Jgole 1. - 24

platznum—barxum-tyoe L zeolxte catalys. in reforming g1ves

a selectlvzty for convertlng hexanes to benzene markedly

superior to that of the prior art. Notice that associated

with this superzor selectlvzty is an increased production

20 of hydrogen gas, which can:.be used in other processes.
Notice ‘also that the hydrogen purity is higher for the
Pt/Ba/L run since more hydrogen is produced and less C
plus C, are produced. - '

25 Example I1I

A second series of runs was made us1ng hydro-
fined n-hexane as feed. All runs in this series were made
at 490°C, 100 psig (8 kg/cm ), 3 LHSV and 3 H /HC.

In the first run, a platxnum-potasszun-*ype L
30 zeolite was used which had been prepared by the procedures

~_shown in.the second'process'of Example I.

In the second run, a platinum-barium-type L
zeolite was used which_nad been preparad by the procedures
shown in the third run.of Zxampnle I except thét the bariunm

35 nitrate solution was 0.3 moler'instead'ofn0,17 molar. The
results of these runs are given below in Table II.



<

Select|V|ty for Conversion. n- hexane 5 Hrs 20 Hrs. :

5 Prs. 20 Frs. 5 Pt/KL . - 70 59 76 2
79 Pt/Ba/L LT 85 - 85 : 89 _ 92 Thus, ‘in -
operation, the i ncorporation of bariuminto type L zeolite causes a
dramati c.i nproverment in selectivity for miR&ane. Notice that the
stability:of 10 t he platlnun}barlun}typexﬁgﬁgﬂffe Is excellent. After
20 hours, there was no drop in conversion en plati num bariumtype L
zeolite catalyst was used. Exanple 11l A third series of runs was nade
usingtfferent 15 cation exchanges. .All runs in this serdefsedel i tjpdeor
at [ers] 100 psig, and 6 [err] The m@e\ufymim was hydro- finedn-fdiaiened
80.9v% paraffins, 16.8v% napht hene$, HEs{v72a @ived.l cS, 0. 4v%DIEAS.NS I0\HAS .
contained [er?] CBE/KLr] hydrocar bom®. 20 59 In ith&@girsi rug a
pl ati num bari um t P8£BB/Zeol i te was u88d whi ch83ad been preparé® by the 92
procedures shown in the Sec?ﬂgsruanBpE&%@HB%llthe ﬂﬁggyb& ‘anﬂféﬂbéfﬁ$/

of 2.0. In the second run, platlnun}caIC|un}t pe zeo Ite was used
whi ch had been pr&p&Pe8YB§ Phée9&#§epF635@§dér amatdst improvement gl ar

calciumnitrate sgblkeb®ividy #22dn-hkikanes ! qpjcddeatendt ldnaV é?:fab%.l(}:.t;} g he

third | at t t Lit d whi had

b epar ed by the skh8 Brat By B Bt vBs o reaiiten 16 S XRALYE Kb oRBRRR.
nitrate sol ution 2@shoeed,i theire enshangdroplunwasnwe&@e®namhem Ig1AE iofum-
2.0. In the fourtPﬁEgﬂm_@ IaL'QQgﬁiQﬁ'%ﬁE& & wé%ol was used mhlch:had

been prepared by e sane ures exce ‘nol ar cesi um
nitrate solution was used in the exchanngSEmLJmas_Lested at an LHSV of
2.0. -25- In the fifth rH”thQrB'%Ekﬁé%‘%%r&%ﬁht%B% ha@%owéf%deiﬂfE¥3nt_

whi ch had been pregared bx %he same R 2 _
_ tion exc anges. 1 runs 1n this series were made at

1 490°C, 100 psig, and 6 HZ/HC. The feed which was hydro-
fined, contained 80.9v% parafflns, 16.8v% naphthenes,
1.7v% aromatics, 0. dvs olefins and it contained 2.6v% Cs,
 47.6v% Co s 43.4v% Cq and 6.3vs Cg hydrocarbons.
20 'In the first run, a platinum-barium-type L
'zeollte was used which had been prepared by the procedures
shown in the second run of Example II. It was tested at
an LHSV of 2.0. ' | '
In the second run, a platlnum-calclum-type L
25 zeollte was used whlch had been prepared by the ‘same pro-
~ cedures except that a 0.3 molar calcium nitrate ‘solution
was used. It was tested at an LiSV of 2.0.
| . In the third run, a platinum-s trontlum-type L
Zeolite was used which had been prepared by the same pro~

_30 cedures except that a 0 3 molar strontium nitrate solution
was used in the exchenge. It was tested at an LHSV of
2.0. -
' In the Eourth run, a platxnum-cesxum—type L
35 zeollte was used which had been prepared by the same oro-_

cedures except that a 0.3 molar cesium nitrate solution
'was used in the exchange. It was tested at an LHSV of
2.0, |



. LHSV.

cedures as the first run. It was tested at an LHSV of 6.0. 5

N\.the sixth run, a platlnun}pota35|un}type L zeolite was used which had
prepared by the procedures shown in the second process of Exanple I.
as tested at an LHSV of 6.0. In the seventh run, a
gL i numrubidiumtype L 10 zeoljge.was used whi ch had been pr epar ed. by

the procedures of the W e fumnitrate
sol-ution was used |Irq1\ ttLeer ZEXC 'H‘p ﬁﬁ? pgv%i?‘% e@rpﬁagp'gﬁot{#%\ﬂ In the eighth
_run, a plkecilik® wan h@ﬂﬂnﬂw i % begr PreRagRd b cthehsame HREPDeen

preDarechHuEQQ Ris0 G@RU Sy A ﬂJK*f'fé“wéé”té%@@@tathéﬁ fudv ool ar S
Ianthanug1ﬂltrate solution was used. in the exchange. It was tested at bfo

e ninth run, a platlnun}nagne5|un1type L 20 zeolite was used
whi ch had been’ prefar ahebysidth prurcedirgkaoinimepdtasd iumregyeept that a

0.3 ol ar n S|un1n|tr t] t xch Lt _was
Cested af°Blg b Nredhuhidh Padbedf siiandy Y i Bt quats ™™
zeolite mpwuseu meclsamd)mqﬁsﬁ)a@dimnlm DrocEdwas wistéd® first run
except tQat aa Qﬂgvm@fa% lg.thiumnitrate solution was used in the exchange _
It was tested at 6. LHSV." In the el eventh run, a platlnun}sodlun1type 30
zeolite was used \Aﬂlncﬁh?a(fed’(%ﬁ'-*br%éj At WWM%MQ he first run

except tbablate %aeoheeds@mudnIHAa%ﬂeenuysa avbd%rytrnéi bodd g hange.
#t was te%tgge fxr % EHSV The reﬁylts i?lolar ?éh%é?s aretshggn in
able 11P 55 HP RASSPY (Y08 A iRy~
Aronat i csoCamienswas used in e @xthange. N avd$ Roxstdb at 6.0 3
hrs. 20 Eﬁ%v. 3 hrs. 20 hrs. 3 hrs.. 20 hrs. '
_ ~ In the eighth run, a platinumelanthanumétfpe L .
15 zeolite was used which had been prepered'by the.procedures"
of the first run except that a 0.3 molar-lanthahum'nitrate
solution was used in thg'eichange. It was tested at 6.0
LHSV. | - o
In the ninth run, a pletinum-magneSium type L
20 zeolite was used which had been prepared by the procedures
of the first run except that a 0.3 molar magnesium nitrate
solution was used in the exchange. It.was tested at 6.0
LHSV.
Iin the tenth run, a platinum-llthlum type L
25 zeollte was used which had been prepared by the procedures
of the first run except that a 0.3 molar lithium nitrate
solution was used in the exchange. It was tested at 6.0
LHSV. | - o
~In the eléventh run, a platlnum—sodlum type L
zeolite was used which had been prepared by the procedures'
of the first run except that a 0.3 molar sodxum_nxtrate .
solution was used in the exchange. It was -tested at 6.0

30

LISV, The-reSults of all eleven runs are shown in Table

III.
35



2.0 LHSV Pt/Ba/L 87 .87 83 . 85 75 76

Pt/Ca/L T 96 93, .. 63 70 . 65 70 Pt/ Sr/L

02 83 6l 69 . 62 _2663 Pt/Cs/L. 84 73

73 .. 75 66 - 61 10 - 6.0

LHSV Pt/ Ba/L o1 73 63 80 .83 64 59 Pt/KIL
75 66 71 75 . 60, ?A§9§P%fﬁbfL 84 74
17 & 65 “63 Pt/La/L 63  55. 63 58

50 - . 48 Pt/M/L- 23. - payaffin_ 23selectivity 222 ronat ids
Pt/Li/ 7 72 " conlVersion’4 " MAE ¢ B0 W51 _
74 . 67 72 75 3 hrs.0Q0 hrs.o0 31 HEs. 120 WIS At I:prhrg.nezo hrs.
i ncor por ati or950f barl uminto fypé T 256' Tt es CaUSGS aaranati C Ilﬁl ovVermnent

in selectivity over type L'zeolites having other 2@t iLwsv (nore than 25%
reduction in the PpeyBafLof cracBed pro@dcis 20 sproduc@d for L Z&olite 76
havi ng any ot her BtfCanl. ExanpPé |V A3 ati numéBari umnOype L ze&d ite VIHB
used in two runs BeWEhv/had been9Rrepar 83 by the6drocedfes showé2 n the3
second run of ExaR@f@sfL. In tB8 firsf3un, thd3L 25 78eolite dbystall6ke
si ze was about 1000 to 2000 Angstrons by transn155|on electron m croscopy.
In the secondf un, the L zeold

The feed of both R¢fRa é%ntalned7gerr] ﬁéphthene§° [errg3aronat|@§ and59
[err] 30 [err] B4k ch octanédcl ear ® the f d was @ cata
of the first run Zduced in® ydr og for our s %é [err]. 3
catal yst of the / un was duced< n hydrog n for hour s [errfg
The run conditio 100 psi 7[err]7 1.5 35 3 HSV, ggd [err] checycl
The tenperature éé&rol Ied4to gi % 50 wt. 908l omatiecs in t@ [err]
i quid produd®, I'ch ‘corresponds to 89 research®octanecl ear. he resu+ts -
of the first run are shown ThusTabpeopyrationz7thgABpEorporetisg wE bmrium

Aromatics - it Mypé L zeolites causes a dramatic improvement in
selectivity over type L "zeclites having other cations

'-(more than 25% reduction in the amount of cracked products
20 produced for L zeolite hav1ng any other catxon)
o e , " Example IV _
A platxnum-barlum—type L zeolite was used in two
runs which had been prepared by the procedures shown in
the second run of Example II. In the first run, the L
25 zeolite crystallite size was about 1000 to 2000 Angstroms

by transmission electron microscopy. In the second run,
the L zeolite crystaliite size was about 400 Angstroms.
The feed of both runs contained 70.2v% paraffihs, 24.6v3
naphthenes, 5. ovs aromat1cs,'and 29.7v% Cg's, 43.4vs C;'s,
30 21.2vs C7 S, 5.0ve Ca s, 0.6vy C9 S. Research octane
clear of the feed was 71 4. The catalyst of the first run
was reduced in hydtogen for 20 hours at 1050°F (566°C). The
'catalyst of the second run was reduced 1n hydrqgon fot 2
hours at 1050°F (566 C). The run conditions were 100 psig (8 kg/cm y, 1.5
35 tusv, and 6.0 HZJHC recycle. The temperature was control-
led to give 50 wt, 3 aromatics in the Cg+ liquid product,

which corresponds to 89 research octane clear. The
results of the first run are shown in Table 1V.



n Jine, Hrs. Tenperature F LV %500

: 86.4 1000 : N . 868
2000 876 . 86. 1 2500
'86.2 The resmits of the second.run are shown in =
Table V. 10 TABLE V For 50 wt. % Aromati cs. - [err] + Yield Run: Tlne
Hrs. 01 S Tenperature 'F TaBLE Iv LV 100
870 K 87 15 200 _ B 881
86 400 - .- 893 ' .85 Thus, in

-operation, the |arge crystal sseesoabaLystAebmhhacaresentcsnvqatuan glvés
except i orgdd yrdmeng #¥s. run |ife, Tekseeasubesmal | crystal’ryi ze catal
deac{)‘gr vates nuch fTaster. Exanple V ATifTth series of runs was nade to
sho he ef fe@® of reduction tenperat8b8. The feed used was.4he 25 sane
as in Exanpl €000 Run conditions were 868C, 100 2 psig (8 kébed ), 2.0
LHSV, 6.0 H2/2900 The catalyst used in 8h€ first two runs wa$6a 1Pt / Ba/ K/ L
made as in t@&hird process of Exanp! 880, except that the B&rRum exchange

~was done three tinegenddedhs @fltHP|§écQﬁE'Eﬁh”hkéakﬁo§ﬂ|Hh'?BblEh's gave

only a snmall increase in baritumcontent. The catalyst in the last two runs
was Pt M¢ L nade as in the second process of Exanple |. Results obtained"
after” 3 hours of operation are 35 Tagiu@vwvin Table VI. - -28- 01 :
TABLE VI Reduction Aromati cs Sel ectivity Conditions Mol e
Feed - Mle Pt/Ba/KIL [err] 1 Hr. . ' 59 - ' 78
Pt/Ba/K/IL [err] 20 Hrs. = For 50 w¥9. % Aromatics 89 Cg* Yield
Run Time, Hrs. : Temperature °F LV §
' 100 870 . - 87 .
15 200 o 881 86 - |

400 _ ' 893 85
. N - : :

_ Thus, in operatxon, the large crystal size

_catalyst of the present invention gives exceptionally long
20 run life, whereas the small crystal size catalyst deacti-

vates much faster. o
B o  Example V

a fxfth serxes of runs was made to show the

effects of reduct1on temperature. The feed used was the
25 sape as in Example I. Run cond1txons Qere'490°c, 100

psig (8 kg/cm ). 2.0 LHSV, 6.0 H,/HC.

- The catalyst used in the first two runs was a

Pt/Ba/K/L made as in the third process of Example I.

except that the barium exchange was done three txmes'w1th
30 a 1 molar barlum nxtrate solutlon, this gave only a small

increase Ln barium content. _

The catalvst in the last two runs was a Pt/K/L

made as in. the second process of xampie'I. |
: esults obtained after 3 hours of operation are
35 .shown in Table VI.



85 Pt/KIL [err] 1 Hr. ' 55 : : 66 Pt/ K/ L

[err] 20 Hs., ' 23 . 23 The results show a | ar ge -and
surprising differ- ence.in the ef fect of preparation on the two catal ysts:
The selectivity of the barr um cont ai ning cafeal yst was sub- 10 stantially
i mproved, while the selectivity of the cat #g % t hout . bari um was very
substanti al | mldecreased Exanple VI A net h? g %ent ane feed which had-
been hydro- fined to renove s. ukéductibmpgen andAnprasdes was Scéley:(trlout;bs

i somerized at 920F [err] 100 pstepdBtkomsm ), Molpsy, Faed 6

dehydrwi soneri zati on catal yst. This catal yst was prepared by (1) l_on
exchdrgi ng a pot A Barfydr'i um§er 11 ZBBite with &%ufficient vol’dme of
0.17 nol ar barj urﬂtrfscar/aﬁ/é' sol8Rq v t €0 cBF®ai n an efPess of bari umB@onpar ed
to.the 20 id&? ef p'\e’% capacﬁ?}‘bﬂf IfTzeolite; (2% drying the r&8ulting
bari um exchanged & zeol 1849 Gt a#9sBTS(3) cal cr2 ing the catal ¢St at
[err] (4) inpregnati ng thema&aﬁnwtfh@asa/ophagenanﬁusuagnsmg differ-

tetrarrmneplatrnum I.trate,: 5) ryi heg.catalyst: (6 | Ci t he
cata- 25 |yst at n[c rr’]n 67%? %f]n% ?g%éggiéﬁygf‘ gh"’h&ﬁ%’ ég Sg Fgr’

- The feed contarnd&e?&e&ecumxfgyaytltnzwbemeu ihendasnnhgaca@alnatawaersuhe
feed was start/[ effgln 3% AR A 0 '
(740), 95%[&:0r]%atn 4&113’0. ntz§i.‘552¢2=12.FQ~{@e ﬁf %é? %Q'é/%%?lﬁ g Eld ﬁ%%&
paraffins, 80 vol"l%hr%*r;ht iy Mas rive Y S/‘bq’s/sﬁﬂ'éhﬁuzsdecméaé@ﬂver sion was
lerr] after t hree hours and [err] after tpveshy1&ovEs. The selectivity for
dehydro- isonerization was 82 —HTF%'TU 1. after

twenty hours. Example VII A "s%‘?%ﬁ’b?ﬂ“?u ©¢ eﬁ"{‘r\ﬁpcgaﬁaaeﬁﬁehygr°'
hydr of i ned to refdwneds tiof u'remwa/gﬁﬂﬂﬂd, reiypoenandisnitrogén 0ds dehydro-

Caralyst, hPs CATRFIAR aloodr B AIET hoq bk IBRATHY ZuASA! B 'upRc
pot assi um bar i unbyyeg dehydxioibomerizdatiioni ecatalyss. un'ﬂuéfcdtalys'ﬂrmaarprbmedm
nitrate sol utionplo (§9N4Yn édithanging a potassium-barium-type L zeolite
' with a sufficient volume'qf 0.17 molar barium nitrate
solution to contain an excess of barium compared to the
200 ion exchaﬁge capacitg of”the zeolite; (2) drying the
resulting batiun-exchangeé type L zeolite catalyst; (3)
calcxnzng the catalyst at 590°C- (4) 1npregnat1ng the
catalyst with 0.8% platinum using tetrammineplatznum (II)
nitrate; (5) drying the catalyst, (6) calc1n1ng the cata-
25 1yst at 260°C and (7) reducing the catalyst in hyd*ogen at
480°C to 500°C. _ .
The feed contained 73 wt.% methylcyclopehtane.
‘The distillation data for the feed was start/148°F (64°C),
- 5%/154°F (68°C),'10%/157°F (69°C), 30%/159°F (70°C), 50%/160°F (71°C),
30 708/161°F (71.7°C), 90%/165°F (74°C), 95%/173°F (78°C) and end point/-
| 222°F (106°C). The feed contained 10 vol.% paraffins, 80 vol.$ naphth- -
enes, and 10 vol% aromatics. The conversion was 78% after three hours
and 32% after twenty hours. The selectivity for.dehydro-
isomerization was 82 mclet after three hoJrs and 8&e aftér
35 twenty hours, - |
Exarple VII

An Arabian straight run feed which had deen
hydrbfzned to remcve sulfur, oxygen anid nitrogen was



' drying the resulting bariumexchanged type L.zeolite catal yst;" (3)
qﬁ_0|n|ng the catalyst at [err] (4) inpregnating the catalyst with 0.8% -
ED it i num usi ng tetranmm neplati num4d]Il) nitrate; (5) drylng the 10

'Cg hggroaea%/e} Leéa] thmsbepoCkEgs@a%)ql m&,&l& QB][I]]c:g/G‘J\ ),ig M@lv ?f"i:g B8 vol . %
VO 0 0 \ 0 par a | VO 0 enes,
and 3 voPY o8 %?@ﬂ'%%twﬁ'h‘éa'faejs}(ﬁfts %‘Lah a4 srr{uﬁ'qs p@e\%’ﬁe L tabl e
bel ow (aibnpexcRahagag @i poitaiss iuai-Gar i%m-tybee Iconver = cgupfuﬁiaasni: ~\
par &l 11 ngotSie %8¢ 0f . 191 Botar Bl 33 ot o' U RELR"aRES

7. 660%t hexeess of barium compared t® the ion exch&nqysqapgnnny of

25 [err]the zeo0161€2; [?Eﬁldryzng 5&5 resultzng barﬁ¥d¥}xqﬂfnged
5. 88 type L zeolgtgecpgaAyst, (3) calcxn;ng the cptajyst at

2.81 [ersdoec; &4) 1mpregnat1ng e %%talyst with 0 BQiiﬁéﬁlnﬁﬁ
0 Benzéne 1..69 51.10 C7+

Aromat i (&sing tetra‘“mlnipézn“um (I1) nifrageizds) doydngth@ ol ve: 1. A
zeol Mt e catalyst ; hag) ngaseliadhigvithe Eamadghmdmanmﬂuﬂcﬂlawa(XIWNISIng (a)

a zeolit Ih fa her fore Q5 Ae; ( at | east
one Grou% %ﬁ}r@eh}? mi%lé'?? ik %Xﬁ B a&. 4ga_rt rlre?la Sglo s€l ected from
barlun1 strontlunlﬁhd teakdi gentained 1 vol. % C4, 22 vol.% Cg,.53

vol.% Cg, 21 vol.% C7 and 3 vol.% Cg; 78 vol 3 paraf‘lns,

19 vol.% naohthenes. and 3 vol.% aromat1cs. The results o

© 1.55

15 of this run is given 1n the table below (all percentages
given in we;ght 3). The conversion of C6+ paraffxns was
96.04 mole %, and the selectzvzty for aromat;zatxon was
84.02.

o  TABLE VII

20 | | FEED - PRODUCT
Methane | S ' - 7.66
-Ethane . 0 . . 5.66
Propane S 0  6.49 )

s 1G4 - .08 1.55 .

5 _ . _
nCy .52 - 6.49
iCq . - 5.88 - 3.26
nCsg . - 12.61 . - 2.81
Cg+ 80.91 _ 70.34

30 Hy -.. : ,:' _ Y 2.91
Benzene 1.69 - - 51.10
Cy+ Aromatics | ' 1.62 10.92

35

05 Nexcess of barium conpared to the ion exchange capaC|ty of the zeolllte

i

k4

cdtalyst; (6) calcining the catalyst at -[err] and £ ‘reduci ng the catalyst'



Q' - Acatalyst as clainmed in daiml, wherein 10 the zeolite |stype L, lL
zeollte 3.7 A catalyst as clainmed in Caim2, wherein sal

earth netal is bariumand said Goup VIIl netal is p

catal:yst as claimed in Claim3, wherein 15 the cat al W'lfm M,”ﬂ,r, ,Mn 0. 1%
to 35% by wei ght bariumand fromO0.1%to 5 by wei ght

catal yst as ohaigighmg; G ai m4, wherein the catal yst contains f'rofn 1% t o]

20% by wei ght barTum and fromO0.1%to 1. 5@6by wei ght platinum 20 . 6
A catal yst as clainmed In O ai i Zeodite gatal iﬂﬁﬁeF’éVﬁﬂShéeﬂrﬁFéﬁ-V@yYofoxﬁhe
crystahs of sai ielyyuirdeyeinlddte ol e:dn@rrgerm&;han 500 Angstroms. 7. A

cataﬁySt as clainmed in Caim6, wherein the majority of the crystals_of
said type L zeolite ar 4335 Iané?°%ﬁ§ﬂ ?ﬁoéhﬁnbsfFéﬁéy das hegekﬁ?&tﬁfﬁst
as clained i 30 diefiineddher ei n at least 80%of the crystals of said type L

zeolite are larger thanai000 alned I n
any preceding clalmSOrt 2nd fﬁ? ?gggnﬁs?s?ﬁaugﬁvﬁgg éﬁgé ﬁé .
A catal yst as clainmed i{f¥d aji @B, ahheléme ehethnmsgahueeéQFUedbfnqmr |s a

silica, alumina bardumy Besbhtt@hCand lcalciuf, 20l ite catalyst in
accordance with daim 35 2, substantlally as described in any one of the

f or egoi ng Exagpl es A AefRBRIPFE 125 oFARARER HPdFLRARDON Yaegelin
‘conprising cgﬂpa¢henge9Aideh¥dtQ@arhoteb&&dewnth a -31- 01 Catalyst as

claimed in any one of gainms 1 atQa QQ%YQQ as cl %Hgahgg ¢?%%$4%8gw q%?lm

12, wherein said contactlng octufe 2 tenperatu
an LHSV of . from §31dt 8lkalipepeasth metdl obs baphum a&ﬁnspﬁ@r@rwwaﬂﬁltslg

(1 to 36 kg/cm) megad QstikEiﬁaﬁlo of fron11 1to 10:1. 2 14. A et hod
accordlng to Cla|n113 mherel

1

QA catalyst as claimed in Claim 3, wherein ,
the catalyst contains from 0.1% to 35% by’ weight barium
and from 0.1% to 5% by weight platinum.

5. A catalyst as claimed in Claim 4, wherein
the catalyst contains from 1% to 20% by weight barium

and from 0.1% to 1.5% by weight platinum.

20 - 6. A catalyst as claimed in Claim 2, 3, 4 or 5,

wherein the majority of the crystals of said type L
zeclite are larger than 500 Angstroms.

_ Y P A catalyst as claimed in Claim 6, wherein
the majority of the crystals of said type L zeolite are
larger than 1000 Angstroms.

8. A catalyst as claimed in Claim 7, wherein
at least 80% of the crystals of said type L zeclite are |
larger than 1000 Angstroms. _ .

9. . A catalyst as claimed in any preceding claim

30  and further comprising an inorganic binder.

10. A catalyst as claimed in Claim 9, wherein
the inorganic oxide binder is a silica, alumina or
aluminosilicate. ,

11. 'A zeolite catalyst in accordance with Claim

2, substantially as described in any one of the forea01ng

25

35
?xamyles.

12. . A method of reforming a hydrocarbon feed
comprising contacting said hydrocarbon feed with a



I ng occurs at _a nigzerature of from430 to [err] an LHSV of
0

: 31Ilﬂl|41||ﬂiﬂll Tl

t hod of dehydrocycI|2|ng acyclic

hydr ocar bons under dehy rocycl i zation conditions with a catal yst as ‘cl ai rred

in any one of Claims 1 to 10. 16. =31- A net hod according to Caim15, .
wher nt ctln Qccurs at a er.ature of fron1430 to 0 550 C;
an Laév (]f%tfar%'? Oca% cfi pre S £16f © % g]r?ﬁa%ﬁs[%r 8-300 psig (4.5
to.22 kg/an ); Hhd an I#Q/thﬁ iacqer &ingmte P]taeiﬂsl ypere n A nethod of
dehydr oi st |czmitﬁtnfg Bddlirs B E HaperRard&F Gy oy someri zati o

conditio t pr.oqy ar tics Ry .contacti n sal d aI | cycl opent aned
with a ca alé)oqa&a's & & fﬁrg}rﬂy‘@ng gldllﬁs A met hod
accopédi ngﬁ’t@ Q@ & tmolshheatesrtas 1509aipd igontlaebi B4 ngszu:h%)at a@dtgrrper ature of

from 438 ¢ gycenrd; n f 1f,rom_0 0 10; a pressure of from2 25 1
atm)spher@qto 3 Ol%solfH?¥°R‘ 15 lg]o/%ﬁq?' and an [e[-k?li ratio of from1l:1 to-

10: 1. 19. A‘rrethod‘bﬂ“ecfé’ad&ﬁ%qrérinﬁ toofdadd dfvewhexgimyl ation
condltlorﬁitdoqmmhmd@wmsbmcwtt e&ﬁt%i"edothE%EMOt Roa catal yst as

-

G ai m 10 S3hero M Y i.?zf&'ﬁmrs?g DEBur F1ab BEEIHEEIRY SO0E% SO0 454 (0 0

593 ¥ amsiid¥.5ftof RRrkgdes X;0and anaipHessatie aff £aw2e1 206510 2000 psig (15

to 141 kg/ an ),lgand [err }ne%%od of deh cléz'ﬁg @%QE jkormng a catal yst
as cl ai conprise f anging type L .

zeol it emi‘gﬁlréﬁ%r%%mu °5Y§élit§la|téﬁnc GﬁPéliﬁliﬁgstF-thﬁl ons; -

32- (b) catddyistgasaicdaimedeishangedneypE Clagmki texo(&h. calcining said

dried type L zqglite; fdhorsoq TRc8HIIL"9o°B1L 157, NERab YR | 2o0! Ite

15 said contacting occurs at a temperature of from 430 to
550° C; an LHSV of from 0 3 to 5; a pressure of from 50
to 300 psig (4.5 to. 22 kg/cm ); and an H2/HC ratio of from 2:1 to 6:1.
- 17. A method of dehydroisomerization of alkyl-
‘cyclopentanes under dehydrozsomerlzatlon conditions to
20 produce aromatics by contac*ing said alkylcyclopentanes
with a catalyst as claimed in any one of Claims llto 10.

18, a method according to c1aim 17, wherein
said contactxng occurs at a temperature of from 438 to
510° ; an LHSV of from 0.5 to 10; a’ pressure of from

25 1 atmosphere to 300 psig (1 to 22 kg/cm ); and an H 5/HC
ratlo of from 1:1 to 10:1.

19, A méthod of dealkylation of toluene under
dealkylation conditions to produce benzene by contacting
said toluene with a catalyst as claimed in any one of

30 Claims 1 to 10. '

20. A method accordzng to Claim 19, wherein
said contacting occurs at a temperature of from 454 to
593 C, an LHSV of from 0.3 to 10; a pressure of from
200 to 2000 psig (15 to 141 kg/cm )s anda'lﬂzll-r:ratmaffmnl 1 to 10:1.

35 21, A method of form;ng a catalyst as clalmed
in Claim 2, which comprises: '

- (a) ~ ion exchanging t)pe L ‘eolite containing
potassium with a solution contain.mg barlum ions;

to 300 10 psig [err]; and an H2/HC ratio

é

:3



L

‘Wth platlnumusmg t et r anmi neplatinum (11) nitrate;

| drying:said inpregnated type L zeolite; and (f)- ol ijug"uﬂmumﬂulﬁd @

8 npregnated type L zeolite:. 22. A et hod of

feed according to Caim 12, vvhereln prior #% Tuse said cafal yst"10 tis
‘reduced in-a hydrogen lemsphedﬁyﬂx asaﬂdfpféﬁlté&&aﬁgéd appe Q. tAadiAkd 23
A net-hod according to 9? ¥\/n I n sa%%]cg‘%%e%ytst stcre%ticetd in a _
“hydr ogen at. nospher e at 9 tenpe?% »F 3% 23740
A met hod of refornng &@hydr ocimpoeghaetng maﬂmmwtypﬁmlmmm
| 5“‘."5@“ ally asw@@ﬁ%ﬂ@ﬁnhﬂ AYnd"Eetf adhEnd O LOUEY EAM Aate;
e -5 .(e) - drying said impregnated type L zeolite; and
N ¢ ) B calcining said dried impregnated type L '
zeolite.
22, A method of reforming a hydrocarbon feed

according to Claim 12, wherein prior to use said catalyst
10 is reduced in a hydrogen atmosphere at a temperature
of from 480 to 620°C. - |
23. - A method according to Claim 22, wherein
said cataly‘st is reduced in a hydrogen atmosphere at
a temperature of from 530 to 620°C. |

- _ 15 24, A method of reforming a hydrocarbon feed o

in accordance with Claim 12, substantially as described

in any one of the foregoing Examples.
4




