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REFORMING USING A BOUND ZEOLITE CATALYST

BACRKGROUND OF THE INVENTION

The present invention relates to reforming, especially
dehydrocyclizing, hydrocarbons to form aromatics using a
large pore zeolite catalyst. Reforming embraces several
reactions, such as dehydrogenation, isomerization, dehy-
droisomerization, cyclization and dehydrocyclization. In
the process of the present invention, aromatics are formed
from the feed hydrocarbons to the reforming reaction zone,
and dehydrccyclization is believed to be the most '
important reaction in the present process.

U.S. Patent No. 4,104,320, granted on August 1, 1978,
discloses that it is possible to dehydrocyclize paraffins
to produce high octane aromatics with high selectivity
using a monofunctional nonacidic largepore zeolite
catalyst. The catalyst consists essentially of a typelL
zeolite having exchangeable cations of which at least 90%
are sodium, lithium, potassium, rubidium or cesium and
. contains at least one Group VIII noble metal (or tin or
} 9ermanium). In particular, catalysts having platinum on
\ potassium form Lzeolite exchanged with a rubidium or
; caesium salt were claimed to achieve exceptionally high
6 selectivity for n-hexane conversion to benzene. As dis-
; closed in U.S. patent No. 4,104,320, the L zeolites are

g typically synthesized in the potassium form. A portion,
_ls usually not more than 80%, of the potassium cations can be
o exchanged so that other cations replace the exchangeable
lllpctassium.
82
33Results as in U.S. Patent No. 4,104,320 were also reported
b4 PY J- R. Bernard at the Sth International Zeolite
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REFORM NG USI NG A BOUND ZEQLI TE CATALYST Descri ption

The present §
i'hvention relates to reform ng, especially dehydrocyclizing,

to formaromatics using a |arge pore zeolite catalyst. rac
sever al¥ 3 8404263ns, such as dehydrogenation, isonerizati ongc%%gggﬁm

soneri zation, cycllzation and dehydrocyclization. In the process of the
pr esent invention, aromatics are forned fromthe feed hydrocarbons to t

reform ng reaction zone, and denydsocyclization is believed to be the no
| mport reaction

o1 éonference in 1980. But, while it was clear that the

02 improvement in selectivity was significant, particularly
g3 for CeCq paraffins and especially for Ce paraffins, it was
g4 independently found that the catalyst had limited
g5 commercial potential. At conventional low pressure
06 reforming conditions (about 200 psig) catalyst life was
07 measured in hours and days, obviously an unacceptably
a8 short cycle life. Nonetheless, it had ncw been demon-
gg Strated that a platinumcontaining alkali metal exchanged
1o Lzeolite catalyst could achieve exceptionally high
11 selectivity for the conversion of paraffins to aromatics.
12 Advancing that discovery to a commercial catalyst became a
13 Bew goal of catalytic reforming researcch.

14

15 An important step forward was disclosed in U.S. Patent
16 No- 4,434,311, granted on February 28, 1984; U.S. Patent
17 No. 4,435,283, granted on March 6, 1984; U.S. Patent
1g Ne. 4,447,316, granted on May 8, 1984 and U.S. Patent
19 No. 4,517,306, granted on May 14, 1985. These patents
20 describe catalysts comprising a large pore zeolite
21 exchanged with an alkaline earth metal (barium, strontium,
27 ©OF calcium, preferably barium) containing one or more
23 Group VIII metals (preferably platinum) and their use in

94 feforming petroleum naphthas. An essential element in the

25 catalyst is the alkaline earth metal. Especially when the

26 alkaline earth metal is barium, and the largepore zeolite
27 is L~zeolite, the catalysts were found to provide even’
28 higher selectivities than the corresponding alkali-

29 exchanged L-zeolite catalysts disclosed in U.S

. Patent No.
30 4'104'320-

Moreover, another equally significant benefit
31 achieved by the use of an alkaline earth metal exchanged
32 L-zeolite catalyst is that the catalyst retained its

33 activity over a commercially acceptable cycle life.
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i n the present process. U S. Patent No. 4,104,320, granted on August

1, 78, discloses that it is possible to dehydrocyclize paraffins to

0RO © vapepct ane aromatics with high selectivity usi NG CT/udIPUALt i onal
nongci di c | argepore zeolite catalyst. The catalyst consists essentially of
a typelL zeolite having exchangeabl e cations of which at | east 90% are
sodium lithium potassium rubidiigm or cesiumand contains at |east one
G o VIIl noble nmetal (or tin or germanium. In particular, catalysts
havijtheldi saoweey rbiaas laliiovemearat ider 2k cénoyengad t haageubi di um or
caes clal ned to achi,ev except [ 0 |y _high selectivity for
n- h neégio%?/gglgoﬁ e?&‘t&’e‘ﬁ?eﬁé‘%g&? ol ekt TAL {}’ S PP URe. 4. 104, 320,
t he |exchoamgedsLare otlyifec alonyt asyritilye g lzeri num herpoidsshiighform A portion,
usu

gé’lMlWE? tet}%rr]x %Qeooatqfvet 1) ,Fﬁcf{[eascsoiymgﬁ&ix@ﬂ?g alkali
metal exchanged L-zeolite containing platinum was
surprising. These catalysts are all substantially
"nonacidic" and therefore have been referred to as
"monofunctional catalysts”.

Having discovered a selective catalyst with an acceptable
cycle life, commercialization seemed straightforward.
Unfortunately, that was not the case. It was found that

the high selectivity, large pore zeolite catalysts
containing a Group VIII metal were unexpectedly

susceptible to sulfur poisoning. U.S. Patent No.

4,456,527 discloses this discovery. Specifically, it was
found that the concentration of sulfur in the hydcocarbon
feed should be at ultralow levels, preferably less than 100
parts per billion (ppb), more preferably less than 50 ppb to
achieve improved stability/activity for the catalyst used in
the process.

After recognizing the sulfur sensitivity of these catalysts
and determining the necessary level of sulfur control,
commercialization again seemed feasible. However, as is

} Sometimes the case with an emerging technology, another set
t back was encountered. It was found that certain of the
ilarge pore zeolite catalysts are surprisingly sensitive to
y the presence of water while under reaction conditions.

p Water greatly accelerates the rate of deactivation of some
t Of these catalysts.

2
y #ater sensitivity is an extremely serious drawback. Water

g 1S produced at the beginning of each cycle when the catalyst
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can be exchanged so that other cations replace the exchangeabl e potassi

Results as in U S. Patent No. 4,104,320 were also reported by J. R Berrigd

at the 5th International Zeolite Con- ference in 1980. But, while it w0 89

cl ear WGBYdBa6T mprovenent in sel ectivity was significant PERTEI8NAARY f

Clerr](err] paraffins and especially for Cferr] paraffins, it was

I ndependently found that the catalyst had |imted comrercial potential.

con- ventional |ow pressure reform#ag conditions (about 1.38 x 10[err] F )

(200 psig)) catalyst life was measured in hours and days, obviously an "|Acc?
gceptsatﬂgd\s@@dtwﬁ:yhl nya'rbgenNonwabeke&an iafl stadben dzﬂﬁﬂediemﬂsngat ed Jores

tha 531 uncont |n|B F % exch %Fd ollte C st could oc

acﬁﬂev excé%kl%ﬂaF gﬂ ¥3 %Et%%? ¥ f8F°t 5ﬂ%ﬁ1%ﬁ %a? ffins tof®*
gat ithe manbecgmébat:odtanbmetydt m.ahcamﬂm:«yqﬂn-%ﬁrﬁda/ﬁhﬂi@caﬁe a newj furt

gO%u ‘ﬁ% é'c nggﬁg1ggtaf§§€rmust be protected from water, leve
05 then expensive additional equipment is required. more
06 | | | have

| a7 SUMMARY OF THE INVENTION ) toge
gg According to the present inventian, a process is provided cark
gg for reforming aliphatic hydrocarbons te form aromatic here
10 hydrocarbons in a reaction zone which may be subjected to dehy
11 periodic exposure to more than 3 ppm water. The process
17 comprises contacting the feed under reforming reaction Accc
13 conditions with a catalyst comprisingfa Group VIII metal, a the
14 largepore zeolite and a binder, and wherein the catalyst has havt
15 & water-sensitivity index less than 1.3, preferably less whe:
1 than 1.1. | sil
17 zeo
18 The water-sensitivity index (WSI) is defined in more detail imp
19 below. 1In a broad sense, it is a ratio of rates of the alu
20 reforming reaction for a given catalyst at given reforming the
21 Feaction conditions when the reaction is run essentially dry
22 (for example, less than 3 ppm water) for a period of time The

H 23 Versus when the reaction is run wet (for example, about 100 pre
24 PPR water) for the same period of time. Unless otherwise Lbs
25 indicated, ppm of water referred to herein is on a volume pr
26 basis relative to the total feed (hydrocarbon and hydrogen en.
27 928) to the reactor at standard conditions (one atmosphere  2¢
2g Pressure and 60°F). ) b
29 ' . P
30:P:efe:ably, the WSI for the catalyst used in the process of lCt
31 the present invention is less than 1.1, more preferably, an
32.less than or equal to about 1.0. y 2
13 g ™
34
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nportant step forward was disclosed in U S. Patent No. 4,434,311,

hted on February 28, 1984: U. S. Patent No. 4,435, 283, Lantﬁg 3N Mar ch
| 98 89/06287 Patent No. 4,447,316, granted on May 8, 1 LRE°0085 pyt ent
4,517,306, granted on May 14, 1985. These patents describe catal ysts

conprising a |arge pore zeolite exchanged with an alkaline earth netal

(ba
Go

ium strontium or calcium preferably barium containing one or nore
ip VII1 metals (preferably platinunm) and their use in reformng

pet f steamdiaghtttasa gurteissedrby pteflentednembeddaralkysf ithet he al kal i ne

| ar

L. . i all h | ' ot al i, ' dth
ar JEEAFSRE, APV o0 AT e TRt Cap BFGERE' ReCbeoiha 8 provide even

hi glhproselsectiisvidrieeshdhiang ttte2 caf o espentioged| kalwi WeIchadged L-zeolite

cat
equ

FEELRed i el i hnedi Eftat had aR ua tep AAVaRREENR carch metal
level, preferably less than 100 ppb by weight of sulfur,

more preferably, less than S0 ppb by weight of sulfur. Wwe

have found that when these two features are brought

together, namely, ultra low sulfur content in the hydro-

carbon feed and the use of a low WSI catalyst as defined

herein, a particularly advantageous and reliable

dehydrocyclization process can be attained.

According to another particularly preferred embodiment of
the present invention, as discussed in more detail below, we
have_found that especially advantageous results are obtained
when using a silica bound large pore zeolite, preferably a
silica bound L zeolite. We have found the binding of the
Zeolite, particularly the preferred L zeolite, is markedly
improved by using a binding enhancement agent such as
aluminum nitrate to treat the zeolite prior to completion of
the binding with silica.

The preferred catalysts used in the reforming process of the
present invention have a crush strength of at least 1.8
lbs/mm, more preferably at least 2.0 lbs/mm and most
preferably at least 2.2 lbs/mm. Use of a binding _
enhancement agent has been found by us to be effective in
achieving the preferred high strength catalysts for use in
the present process.

| Crush streangth is measured by the flat plate crush method.
yCatalyst particles are dried to constant weight at 950°F in
pair. Their length is measured in mm. and the weight
yrecessary to initiate cracking of the particle is measured
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exchanged L-zeolite catal yst 1§ tThatthe catalyst retained its activityy

over a commercial ly acThpSRélHas BETRE IS € US- Pat ent No. 4, 648, 960
relates to a class of b %%ich exhi bit superior activity
mai nt WO 89WE26m de- hyimﬂugmm% reactions are defi negTAISS8/000e L
zeol i te havi ng exchange [ % which at | east 75% are sel ected
from Goup | A and cal cium and barium cations and containing well dispers
particles of at |east one Goup VIII noble netal where at |east 90% of
nobl e metal thereof is dispersed & the formof particles having a diane

| g3s 2RamtOlaysnon Ay .sikhe drﬁtdthe’SfBam\iXIleéoahﬁ hd@Rhield edas type L
(B2 LR e S MRS ITREC TG SPTESCErB bR b odudhPof 9F A EFAREE Nor sus
byganés them mweltand)atdd dy |dastding. the weTgrtdbgceuer ¥ et ade@l i ne
eant Nagei gl o hanqad YOS AR ELEl 1F LEEBTTING.RaLALNSLS eopecially
os Tvypical lengths for the particles are from 0.2 to 0.7 cn.

06 :

g7 The process of the present invention is advantageous hoth

gg when the reforming reaction is operated at water lévels in

g9 the feed greater than about 3 ppm water and alsc, when it

1g ©rdinarily is operated dry but is subject to periodic upsets

11 Of greater than about 3 ppm water. The "upsets"” causing

12 vwater to enter a normally dry reaction zone can accur easily

13 2nd are relatively commonplace.

14

15 Examples of such upsets often occur in reforming units where

i1 the feed to the reformer is obtained from a hydrotreating

17 unit, and the hydrotreating unit includes a stripping column

18 Which is operated using a steamheatad reboiler. The

19 Steamheated reboiler can introduce water into the hydrocar-

20 ban feed if minute leaks develop in the reboiler piping or

21 headers, etc. More generally, water can be introduced to

22 the hydrocarbon feed when heat -is added to the feed by heat
23 eXchange with water or stean.

24

25 Another possible source of water is the startup of the

26 C2talytic operation during which time water is formed as the
27 ©3talyst is reduced with hydrogen and when water may be

2g 9esorbed from the catalyst or the reactor internals.

29

30 Likewise, another possible source of water is catalyst

31 F®9eneration. After a period of time onstream, the catalyst

32 becomes fouled with coke and it is necessary to burn the

33 Coke off the catalyst. During the process of burning the
34 €9ke, water is formed. This water may be adsorbed at
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exchanged L-zeolite containing platinum provide high selectivity even
rel ftive to the corresponding alkali nmetal ex- changed L-zeolite

49CON WOB9f@267 at i num was surprising. These catal ysts arePSIT/US8%688RAti al | y
"nopaci dic" and therefore have been referred to as "nonofuncti onal
cat @l ysts". Havi ng di scovered a selective catalyst with an acceptabl e
cycle life, commrercialization seemed straightforward. Unfortunately, that
was|not. the case. It was found that the high selectivity, large pore
zeo L‘{ac%l%% aP}acescant &hei fgastdosuFYsHan, nteludire tRefpestedl y

SUS'ﬁ'DéébASlBOaﬁw ftH"e ra@t%wsrtglcue':if Pat@idn Noyhén 48Re SgFodsg! Oses this

di sgcovery - Pat ent 527 di scl oses a hydr ocar bon
conﬁﬁ%ﬁ%ﬁﬁbF@cE?saﬁéﬁﬁngtéevéﬁﬁeﬁ'dﬁfﬂﬁ%ﬂﬁ@%@t®n4oFe@Eﬁ%QFoWlth

cycligatiobycia AY8 c3%RRC gagf ohith eP I RARRPr o Sy EY T HELEROPe hERT RS Subj ect ed
to Qgggtreatlng, t he hydr ocar bon feed

Because there is a high probability of water from one or
more of the sources mentioned abova, or from other
unspecified sources, we have found that it is advantagaous
wher reforming is carried out using a bound largepore
zeolite catalyét, to use a catalyst which has a low
water-sensitivity index.

{Thus, among other factors, the present invention is based an
our discovery that catalytic reforming to produce aromatics
carried out using a bound largepore zeolite catalyst is
surprisingly disadvantageously effected by the presence of
even small amounts of water, such as about 3 ppm to 20 ppm
water, whereas in other reforming processes, for example,
those using bifunctional catalysts, such as platinum gr
platinum rhenium on halogenated alumina, the presence of 3
to 20 ppm water, is frequently deemed advantageous, or at
lgast not substantially detrimental. 1In this regard, see
Nevison et al, NPRA Paper AM-7420, 72nd Annual Meeting,
March 31lapril 2, 1974. '

Further, according to a preferred embodiment, the present
invention is based on our finding that a highly advantageous
reforming process for aromatics production, especially in
terms of run length and activity, is achieved by using an
ultra low sulfur feed and a low WSI catalyst. Still
further, according to another preferred embadiment, the
present inventien is based on our findings that highly
advantageous results are achieved in terms of run length and
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I s passed through a sul fur renoval system which reduces the sul fur
concentration of the hydrocarbon feed to bel ow 500 ppb, and then the

hydroqaobgyma‘zggd is reformed over a dehydrocyclization capgys53%00029i sh,
a large pore zeolite containing at |east one group VIII

metal to produc
aromatics and hydrogen. Specifically, it was found that the concen-
tration of sulfur

o 8¢

I n the hydrocarbon feed should be at ultral ow | evel s,

preferably | ess than 100 parts per bi-8+ion (ppb), nore preferably |ess

h@j %mr&QnéEhh?\ﬁﬁri EH'EQ‘I?@tSt&Qjédéﬂé@ﬁd vidd/dOrafigccat al yst used. H,}ﬂve!
rocess er recoghi zi the sulfur sensitivity of these
canm ﬁf%"%t‘ﬁaedépeﬁﬁﬁﬁllngmphétﬁe@e‘gﬁ%ﬁq'éA/é:PY oFARR¥¥RG *Bht EBR, com pind:
meé%' zénéieé‘nigzs?ﬂgagi‘b'&é%eﬁ%@nﬁeﬁs'sQ|IQCé'|CH@Yr?d wé‘@al?s@onﬁ%é E‘E%ah'i‘? case
gi g technol og anot her set back was encount ered

f opuhd 3k 28PLAkA of LiKe %81“@61 (Forte LSt i YRe el §R% sCEREhsur pri si ngl y |#e®

SeggltSW@éﬁchhSE the catalyst has been improved by treatment of form
06 the zeolite with a binding enhancement agent, such as rand
g7 2luminum nitrate, prior to binding the zeolite with silica. the
08 ' by ¥
g9 The largepore zeolite which is used in the process of the reve
10 Present invention is a zeolite having an effective pore Reve
11 ©°prening of 6 to 15°A in diameter. Particularly preferred binc
12 zZeolite for use in the catalyst u;ed in the process of the or :
13 Present invention are type-~L zeolites. cat:
14 : hyd
15 Preferred L-zeolite compositions for use in the catalyst ait
16 Which is employed in the process of the present inventian ' lan
17 2are alkaline earth metal exchanged L-zeolites, especially be
1g €2lcium, strontium or barium exchanged L-zeolite. Still zec
19 Bore preferably, the alkaline earth metal is barium. cre
20 | pe!
21 We have found that bound zeolite catalysts are more | be:
92 Susceptible to the effects of water during reforming to : re:
23 Produce arcmatics than unbound zeolite catalysts. While the po
24 problem of water sensitivity does not tend to occur when su
25 Using a catalyst selected from various of the catalysts )
26 comprising Group VIII metal on unbound zeolite, such unbound i A%
27 Catalysts are usually not practical for commercial use. | j S*
28 ca
29 In the present process a bound zeolite catalyst is used. We i
3¢ Bave found that preferred binders for the catalyst used in st
31 the process of our invention are silica, alumina, and L 3
32 silica/alumina combinations. Other inorganic refractory 2 ©
33 9Xides may be used, but it is critical in our process that 32
34 the water-sensitivity index requirement of the present 4
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th

sence of water while under reaction conditions Water greatly accel erates
rate of deactivation of sonme of these catalysts.

wO 89/06267 - PCT/US89/00029
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invention be satisfied. We especially prefer silica
pinders.

Wwe have found that the L zeolite, particularly the potassium
form L zeolite, has a negatively charged surface in the pH
range 0f 3 to 11. We have also found that the binding of
the L zeolite to the preferred silica binder can be enhanced
by modiinng the zeolite surface to

reverse the negatively charged surface of the zeolite.
Reversing the negatively charged surface and enhancing the
binding can.be done with a cationic species, such as Al, La
or Zr. Nitrate, chloride and sulfate salts of the indicated
cationic species can be effectively used, such as alumina
hydroxynitrate (ARN), aluminum chlorhydrol (ACH), aluminum
nitrate (Al(NO3)3), aluminum sulfate (A12(804)3), and
lanthanum nitrate (La(NO3)3). Thus, various metal salts can
be used, provided they reduce the negative charge on the
zeolite surface and enhance the binding so as to improve
crush strength of the bound catalyst. Al(N03)3 is a
particularly preferred metal salt for this purpose. We
believe that aluminum sulfate is not preferred in the
reforming process of the present invention because of the

potential of catalyst poisoning from sulfur from the
sulfate.

Alkali metal ions have been used as crosslinking agents in
silica binding of zeolites, but such use is detrimental to
catalytic activity in many instances. In the present

invention, we have found the use of an aluminum compound
such as aluminum nitrate is not detrimental to catalytic

L

f activity. We believe the aluminum compounds can reverse the
k charge on the zeolite surface and allow for mutual
y attraction between the zeolite and the negatively charged

4
-
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Water sensitivity is an extrenely serious drawback. Water
t he begi nning of each cycle when the catal yst

Wat er can al so be produced during process upsets when wat er
ref Or Bk g9/06267

01
02
a3
0t
a5
06
07
a8
09
10
11
12
13
14
15
16
17
18
19

-10-

silica binder and coansequent enhanced binding integrity or
strength.

In preparing the silicabound L zeolite catalyst in
accordance with preferred embodiments of the present
invention, either the zeolite is treated in advance with a
binding enhancement metal salt or the zeolite is comulled in
the presence of the metal salt added to the muller followed.
by addition of the silica binder. In the embodiment where
the zeolite is separately prepared with the binding
enhancer, binding enhancer such as an aluminum salt can be
mixed with the zeolite in a slurry, followed by pH
adjustment to precipitate aluminum species on the surface of
the zeolite. The modified zeolite is separated from the
slurry, combined with the silica binder, and either extruded
or spray dried to form product. The product can be
subsequently treated, as with platinum addition aﬂd other

Steps as described elsewhere herein, to produce a reforming
catalyst.

20

21
22
23
24
25
26
27
28
29
30
31
32

33

34

Electrophoretic measurements preferably are carried out on
the zeolite to determine the amount of binding agent
enhancer to achieve strong bindiné between the zeolite and
the binder, such as the silica binder. Preferably the
amount of binding agent enhancer is adjusted so that the
zeolite surface will be approximately at the isoelectric

point (IEP) or slightly past this point to the positive
side.

We have found that the moisture content of the L zeolite-
binder material to be extruded to form the catalyst base -
Preferably is controlled to a low level in order to achieve

good crush strength on the product. For the L zeolitesilica

Praduct material, preferably the moisture of the material

Sheet Has Been Reraced
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or the feed becones contaninated with an oxygen-containing conpound.

e catalyst nust be protected fromwater, then expenS|ve adﬂ%%;&nal

i 189/06267 equi r ed. According to one aspect of th®

*nvé tion, a process is provided for reform ng aliphatic hydrocarbons to
aromatic hydrocarbons in a reaction zone which nmay be subjected to

di c exposure to nore than 3 ppm-water. The process conpri ses

cont act.ing the feed under reforn1ng reaction condltlons with a catal yst

conppmspmgtw(axxmn5A¢m heteontrol hedepor abeusl i*fe ShaPii§ &F ef fective pore

LOfarh b 19 dp539m Gt P. 1(516\;5a3q a Ial,_laq«arn,) amgreherein the

cat al st has a wa er-senéltlw I ndex gefl n eI O\éo | ess, than 1. 3.
Accomdﬁﬁ;ﬂibkﬂmﬁ&e$ whbpestlof. %heP1H§eﬁF|8ﬁnu§h é‘ls P0\A € refornng

cat aly§ts GUTY{ 58P, A1 FrOlRi Yhte TBbAkent, it is preferred to

reduce the moisture content of the L zeolite used to form
the L zealitesilica mixture to less than 15% L.0.I., more
preferably less than 13% L.O.I. In experimental work in
this area we obtained suitably dried L zeolite by drying L
zeolite powder at 100°C for 16 hours to reduce the L.O.I.
from 21.75 wt. % to less than 8 wt. %,

The catalyst used in the process of the present invention
can be prepared in various manners, but, again, it is
critical that the preparation be such that the catalyst have
the aforestated lowwater sensitivity index. When using the
particularly preferred silica binder, we have found that
overwashing of the silicabound catalyst can induce unwanted
water sensitivity to the catalyst. When using an alumina
binder we have also discovered that the alumina should not
be sﬁbjected to extensive peptization with acid during
binding as such peptization was found by us to also
introduce water sensitivity to the catalyst.

In our examples below, we illustrate alternate preparations
for the catalyst, which can be followed to achieve the low
water-sensitivity index catalyst required for use in the
dehydrocyclization process of the present invention.

Testing the prepared catalyst for water-sensitivity index is
y not fundamentally difficult. The water-sensitivity test is
t.described in more detail below.

e ——
—

e

e
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a large pore zeolite having an effective pore dianeter of 0.6 to 1.5 nm (
to 15A) and a binder, and wherein the catalyst has a water-sensitivity

i ndex (wWe) glﬁb&ﬂgd bel ow) | ess than 1-3. In a broad senm/ggggloqozg wO 38
wat er-sensitivity index (Wsl) is a ratio of rates of the reformng reactidp
for a given catalyst at given reformng reaction conditions when the
reaction is run essentially dry (for exanple, less than 3 ppmwater) for a
period of time versus when. the reagpion is run wet (for exanple, about 100 co
PPIY YalRido {8 n NEoS 8T B2k daOtnbbiEmelil & AN Wi oyl capgd, ppm of ¢
wat referre o herefnis on a volune basis relative to e tofal feed [jnve
(hysz oA Snfandthgdragedyghspapdorrd Asadttorl-aeskiyridreundndi thons (1 x

. . DE -and- more
prefhr i S Fher DEERS, O s BLEARYLR:ARY v o RELFILEL resent  |1um
i nveat iRFfferakly inashe PotasséuBr eFePaslipm form, more preferably -
05 2 potassium form L zeolite which has begn barium ion- for
g6 ¢©exchanged, and whose last processing before application of the
g7 Platinum is contacting {(washing) with water at a pH for

gg Preferably above 7, more preferably above 8, and still more pept
qg DPreferably above 9. Preferably, the upper limit of the pH grea
1g in this wash step does not exceed 13.5, more preferably 12,

11 and still more preferably 11. The water in equilibrium with :ii:
12 the catalyst base for this wash preferably contains an preg
13 alkali or alkaline earth metal in a concentration of greater less
14 than 50 ppm by weight, based on the water, or more of z
15 Preferably 100 to 250 ppm and most preferably 150 to 170 comg
16 Ppm. Preferred alkali and alkaline earth metals for this amot
17 Purpose are potassium, sodium and barium. Potassium is

18 Particularly preferred. The alkali or alkaline earth metal Pre:
19 San be added to the wa;h water, or the desired equilibrium usec
2q 2mount in the wash water may be achieved through such Pla-
21 ©omponent being present in the zeolite or bound zeolite adv.
22 prior to washing. The pH and ion concentration conditions in
23 rteferred to are those in the wash water when the final wash ing
24 Step is being finished. After washing, preferably the sup
25 2e0lite base is then dried, calcined, platinum-loaded and the
26 fecalcined. : wit
z7 com
28 According to a particularly preferred embodiment of the chl
29 Present invention, the base for the catalyst employed is a zec
39 Parium exchanged L-zeolite bound with silica and the bound

31 %e0lite is washed and platinumloaded as described in the in
32 Preceding paragraph.. Preferably the L-zeolite is contacted plsz
33 ¥ith a binding enhancement agent, such as aluminum nitrate, the

34 Prior to binding the zeolite with silicé.
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than or equal to 1.0. According toa particularly preferred

enbpdi nent of the present invention, the catal yst selected for use in the
pr of¥©8@6267e havi ng the aforenentioned | ow W8l and f uPCHEESSY/PRO ?eed to
t he] process has an ultra | ow sul fur level, preferably |ess than 100 ppb by

wei
hav
| o
cat
deh
part
nor
obt

ht of sulfur, nore preferably, |less than 50 ppb by wei ght of sulfur. W
found that when these two _figatures are brought together, nanely, ultra
sul fur content in the hydrocarbon feed and the use of a | ow W8I
Cmfdislgieifd: nego bike i pre fe paedi embatdliyeatyaift ddeopremwhir el i abl e

e_att ai ned Accordln t.o anot her

atlon rocess, can
|culaql br%?%rg g%ﬁ%d?ﬂ%ﬁ?YS? ?ﬁe p&@é@ﬁt PO ekt t%S di scussed in
mqnﬁzpdefn&amwyweahbaeiﬁmuaﬂchhagedspecmauhyaadw@mmmgaaus1results are

%&%ﬁﬂJﬂPe” using a silica bound large pore zeolite, preferably

for catalysts prepared using an alumina binder, preferably
the alumina is subjected to only mildly acidic peptization.
For example, we have found in several instances that the
peptization was tog severe when the alumina was treated with
greater than about 9.15 grams of nitric acid per gram of

A1203 (anhydrous). Preferably the alumina component of the
aluminabound catalyst used in the present invention is
prepared under less severe peptization conditions, such as
less than 0.10 grams of nitric acid, or equivalent, per gram
of alumina. However, the effect of a;id on the alumina is a
complex phenomena and in some instances we have found higher
amounts of acid do not result in a water sensitive catalyst.

Preferred Group VIII metals for preparation of the catalyét
used in the present invention are platinum and palladium.
Platinum is particularly preferred. We have found that an
advantageous method of preparing a low WSI catalyst for use
in the process of the present invention comprises introduc-
ing the platinum component to the zeolite or bound zeolite
support by "pore £ill". Pore fill is a technique known in
the art. 1In the pore fill method the catalyst is wetted
with a Group VIII metal component, such as a platinum
Component, for example, a solution of platinum Letraamine

chloride, and the platinum component is adsorbed onto the
Zeolite.

In contrast to using an ionexchange method, an excess of
Platinum is not used when using the pore fill methed. Alsa,
the catalyst does not require washing after the pore £fill

e e
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h silica bound L zeolite. W have found the binding of the zeolite,
particularly the preferred L zeolite, is markedly inproved by using a

ised in the reform ng process of the present invention have a crush
strength of at |east 816.5 g/nmm (1.8 I bs/nm, nore preferably -at |east
PDO7.2 g/ nm (2. 0 | bs/ mm) and nost prefiérably at | east 997.9 g/nn1(2 2

Dr eqent t[hreow&lyst ﬁmhmtt&agpbesanr&eawree&m the gard PiBle crush

e s STHAS] DR EAS' SPa 8 Sul LolpbRe s Rl o Y &1, 2591810 P

04 calcining without intervening water wash after the pore
gs £fill.

g6

¢7 The Group VIII metal component, such as the platinum

g8 component, can be added to the zealite prior to binding the
gg zeolite, but more preferably, for the catalyst used in the
10 DProcess of the present invention, the Group VIII metal

11 component is introduced to the catalyst after the zeolite
12 has been bound.

13

14 The present invention encompasses reforming and especially
15 dehydrocyclization under conditions and with catalysts as
16 described herein, and encompasses the catalysts per _se for
17 use in reforming and especially dehydrocyclization.

18 _

19 DETAILED DESCRIPTION

20 Extrudate catalysts comprising a large pore zeolite having
21 2an alkaline earth metal incorporated into the zeolite and
22 containing a Group VIII metal can be prepared accarding to
23 techniques known in the art. These techniques usually

24 involve four basic steps or procedures. The order in which
25 these steps are carried out is not generally critical,

26 2lthough there are preferred sequences.

27

28 The four basic steps or procedures are:

(1) ionexchange of
29 2an alkali metal large pore zeolite with an alkaline earth
30 metal; (2) calcination; (3) impregnation with a Group VIII
31 ®etal; and (4) binding the zeolite to prepare an extrudable
32 Rixture,

33

34 : S
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prior to cgﬁgﬁégfon of the binding with silica. The prefgﬂﬁgéggh(gsyst< ,

Y

bs/ i ndi ng, enhancenent agent h heen f nd to be i
07l s iin b o AL RL a0, FeRbRRRR et Thyire RrsAScred(bp Beke n tnd U

yaris
No.
cata
ione
nati
embc
toge
The
cals
one
cal:
Gro
the
the
ten

Pat
re:




- ——

in air. Their length is neasured in mm and the wei ght necessary to
inifiate cracking of the particle is neasured as it lays on its side on one
f 1 at W6} 82/8626d anot her flat plate is brought into cont amgﬁg 6?029The
crugh strength is then calcul ated by dividing the weight by t é ength for
at lleast ten each of statistically sanpled extrudates. Typical |engths for
the|particles are fromO0.2 to O_yf5.cm The process of the present

i nvéntion is advant ageous both when the reformng reaction is operated at
wat ¢¥s |iguxki satedt hehbéeed fgueakeepshaan3 bepraraticsd anrt alrsa when it

ordi d | S-opeLated dr ut _is subject t erj qdi Ipsets of greater
tha#gyﬁéﬁkwife$+g$ﬁéengp§5?§* Cau§§%g%%ﬁﬁ§i%2)qgﬁkgbéggﬁﬁnnlIy dry
reayﬁ<nﬂz®&&,oaﬁ desuribasi ltheapdepas atdlomt iofelan cormugd tase.

catalyst using the four basic procedures in the order:

E T ——

ionexchange, binding, high temperature calcination, impreg-
nation and low temperature calcination. In the preferred
embodiment, the binding operation is carried out by mixing
together an ionexchanged zeolite with a nonacidic alumina.
The bound mixture is extruded. Then in a2 high temperature
calcination, the extrudate is heated to at least 1000°F for
one to two hours. The extrudate is ionexchanged, washed and
calcined. The calcined extrudate is then impregnated with a
Group VIII metal. Thus, the impregnation procedure follaws
the high temperature calcination. Following impregnation,
the catalyst is again calcined but at a much lower
temperature, about 500°F.

Patent No. 4,434,311 is directed to a dehydroisomerization
reaction using a large pore zeolite catalyst. The catalyst
can be prepared in either of two preferred ways. The first
way uses the four basic procedures in the order: ion-
exchange, calcination, impregnation, calcination, binding
and lowtemperature calcination. This method has the
advantage that since impregnation precedes binding, all of
the metal is impregnated unto the zeolite and none unts the
inorganic oxide binder. The secand way uses the same four
procedures, but in the order: (a) binding and calcination,
(b) ionexchange and calcination, (c¢) impregnation, (d)
calcination. This method has as its advantage the fact that
the bound extrudate can be easily separated from the
ionexchange and impregnation solutions. We have found that
the catalyst used in the dehydrocyclization process of the
Present invention is preferably prepared in accordance with

=3 [~ Eaa —————g -y

this second way, and preferably with three calcination
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Exaﬁbfés of such upsets often occur in reformng units where the feed to
the refornmer is obtained froma hydrot- reating unit, and the hydrotreat

i
unit includes a stripping colum which is operated using a steanmheated T{WC)S

reboi | wQ ggjpg2¢t eanheat ed reboiler can introduce water intpCThesssyadoegarb
feed if mnute | eaks develop in the reboiler piping or headers, etc. Mre
general ly, water can be introduced to the hydrocarbon feed when heat is
added to the feed by heat exchange with water or steam Anot her

possi bl e source of water is the statéup of the catal ytic operation during

which Etiggghat | {?%} S, : SkehSel i:t.hs sy drogen and
ani wat e snaﬁtheé ereg e fr%%ﬂ?ﬂg%gégl %g%ﬁgr%'ggg%g,e\gé?grl IMt ernal s.
Li pgw 38n-g PoFId| impragratb®ivater i s catal yst regeneration

Af t ef
a Bgriod of time onstream the catalyst

04 U.S. Patent No. 4,547,472 discloses a method to prepare a

05 catalyst using a double ionexchange procedure. In one

06 embodiment, the method uses the four basic procedures in the
07 order: ionexchange, calcination, ionexchangé, calcination,
08 impregnation, calcination, binding, and calcination. . In a
09 second embodiment the order is: binding, calcination,

19 ionexchange, calcination, ionexchange, calcination,

11 impregnation, and calcination.

12 :

13 As a final example of the numerous ways to order the four

14 basic catalyst preparation steps or procedures, U.S. Patent
15 No. 4,579,831 discloses a method using the procedures in the
16 order: binding, calcination, impregnation, and calcination.
17 A Separate ion-exchange procedure is omitted because the

18 binding agent containé an alkali or alkaline earth metal

19 aluminate. Thus, ionexchange can take place during the

20 binding procedure as a simultaneous step.
21
27 IR view of the many different ways illustrated by the
23 patents recited above to prepare an extrudate catalyst, it
24 WS surprising to discover that some of the final catalysts
95 are water sensitive. The state of the art prior teo this .
26 discovery led us to expect that silica and alumina bound
27 catalysts would not be inherently different. It was thought

g
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28 that the selection of a binding agent and the manner of its
29 USe were choices from among equivalents without substantive
30 effect on the final catalyst.

31

33 According to a preferred embodiment of the present

33 invention, the catalyst used in our reforming pracess is
34 Prepared as follows.
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mes fouled with coke and it is necessary to burn the coke off the

| yst. During the process of burning the coke. water is formed. This

O 899626y adsorbed at various places in the reacti orPGHEIS88{00028%c] udi ng
tor internals and the catalyst itself. Then, when the process is

rted up again, the water is desorbed and recycles with the recycle

hydr ogen gas to the dehydrocycli%ﬁkion reaction zone. Because there is
i gh probability of water fromone or nore of the sources nentioned
aboyiee feolieRd Qi @oudy S fd£Xi sHYUrsbeming Haveilowndithahal,t is
advlant ageous. when reformng is carried out using a, bound | argepore zeolite
catg?y t?‘F%eﬁﬁ?%ytﬁﬂkﬂ%ﬁﬂ \ﬂﬁﬁﬁgm%st elSﬁFﬂg¥gF-ééﬁg'YF§ity i ndex.
Thugix Bmgnghet eis Ifiddd Orthe Withdy £seid prweatablyi & Baaadagn our discovery

h lytic reformn r
t gn gﬁ@e&%ﬂ% ;%é%éntéJéé%d)éﬁhgﬁzrudable paste.

Alternatively, the binding agent can be used to treat the
keolite before adding the binder. 1In any of these
alternatives, the zeolite is contacted with the binding
genhancement agent prior to completion of the binding. After
the mixing of the zeolite and binder, the catalyst base
material is extruded. Then the extrudate is calcined.

Next the bound zeolite extrudate is preferably exchanged
with an alkali or alkaline earth metal, more preferably the
llatter, and most preferably, barium. A barium exchanged
L-2zeolite is exemplified below. After the exchange, the
catalyst is washed, preferably as previously described. The
washed catalyst is then recalcined. This calcination is
preferably done at about 1000°F to 1200°F, more preferably
about 1100°F, in air for at least one hour.

Next the catalyst is impregnaéed with a platinum component
using a pore f£ill method. This is believed advantageous in
reducing the likelihood of subsequent water sensitivity when
the catalyst is used in dehydrocyclization. The pore filled
catalyst is then dried and then calcined.

Preferably, the calcination of the impregnated catalyst is
carried out at 400 to 600°F, more preferably S00 to S50°F.
Preferably, this calcination is carried out in an air/steam
mixture, for example, a 50% air/steam mixture, flowing over

the catalyst, as described in commonly assigned U.S. Patent

NO-.4.608,356, which disclosure is incorporated herein by
reference.

I

———
e e
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The zeolite used in the reforming process of the present
invention is a largepore zealite having an effective pore
diameter of § ta 15°A as mentioned above. Among the
largepore zeolites which are preferred for use in the
catalyst used in the process of the present invention, are
zeolite L, zeolite X and zeolite Y. These preferred zeo-

lites have apparent pore sizes in the range of about 7 to
9°A in diameter.

Zeolite X is a synthetic crystalline zeoclitic molecular
sieve which .may be represented by the formula:

(0.71.1)“2 Q: A1203 (2.03.0)5102:y320

wherein M represents a metal, particularly alkali and

alkaline earth metals, n is the valence of M, and y may have

any value up to about 8 depending on the identity of M and

the degree of hydration of the crystalline zeolite. Zeolite .
X, its Xray diffraction pattezn, its properties,'and method

for its preparation are described in detail in U.S. Patent
No. 2,882,244. U.s. ratent No. 2,882,244 is hereby

incorporated by reference to show a zeolite useful in the
present invention.

The chemical formula for zeolite Y expressed in terms of
moles oxides may be written as:

-(0.71.1)Na,0:A1,0,:x510,:YH,0

wherein x is a value greater than 3 up to about 6 and y may
be a value up to about 9. Zeolite Y has a characteristic
Xray powder diffraction pattern which may be employed with
the above formula for identification. Zeolite Y is

described in more detail in U.S. Patent No. 3,130,007. U.S.

Patent No. 3,130,007 is hereby incorporated by reference to

show a zeolite useful in the present invention.
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aromatics carried out using a bound | argepore zeolite catalyst is

I singly disadvantageously effected by the presence of even snal
anmy@oB9I62Zemt er, such as 3 ppmto 20 ppm wat er, wher eaRCTUSI%@H29 ef or mi ng
prodesses, for exanple, those using bifunctional catalysts, such as

pl atfi num or pl ati num rheni um on hal ogenated al um na, the presence of 3 to
20 gpmwater, is frequently deeneq4§gvantageous, or at |east not
subqtantially detrinental. In this regard, see Nevison et al. NPRA Paper
AM 20 MOBEIn veffemt edbeéd higte Mochu8é Apr plrepacidgd the catalyst

sed in the dehydrocyclization process of the

resent invention is zeolite L. The chemical form for
eolite L may be represented as follows:

29

(9.91.3)M, , 0:A1,03(5.26.9)510,:yH,0

herein M designates a cation, n represents the valence of
r, and Y may be any value form 0 to about 9. Zeolite L,
lits Xray diffraction pattern, its properties, and method
Eor its preparation are described in detail in U.S. Patent
No. 3,216,789. 1Zeolite L has been characterized in
"Zeolite Molecular Sieves" by Donald W. Breck, John Wiley
and Sons, 1974, (reprinted 1984) as having a framework
comprising 18 tetrahedra unit cancrinitetype cages linked
by double six rings in columns and crosslinked by single
oxygen bridges to form planar l2membered rings. The
hydrocarbon sorption pores for zeolite L are reportedly
approximately 7°A in diameter. The Breck reference and
U.S. Patent No. 3,216,789 are incorporated herein by

reference, particularly with respect to their disclosure
of zeolite L.

) fThe various zeolites are generally defined in terms of
‘their Xray diffraction patterns. Several factaors have an
effect on the Xray diffraction pattern of a zeolite. Such
factors include temperature, pressure, crystal size,
impurities and type of cations present. For instance, as
‘ the crystal size of the type L-zeolite becomes smaller,
the Xray diffraction pattern becomes somewhat broader and
less precise. Thus, the term "zeolite L" includes any of
the various zeolites made of cancrinite cages having an
Xray diffraction pattern substantially the same as the
‘Xray diffraction patterns shown in U.S. Patent Nao.

3,216,789. Type L-zeolites are conventionally synthesized
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based on our finding that a highly advanta- geous reformng process for

aronat i fﬁgi’&t ion, especially in terns of run | ength andp@gfjS8o0n029 s
achi eve y using an ultra low sul fur feed and a | ow W5l catalyst. Still

further, according to another preferred enbodi nent, the present invention
I s based on our findings that highly_ggvantageous results are achieved in
terms of run Iength and performance after catal yst regeneration and/or ]
SI fﬁseﬁpo@ﬂée ,Ca‘mb%%”t Tt S.LH fum die C@Héd’té‘@x@éli Eheniyghor m ng gondl

S usin ound cat al pr-eferably an L zeolite silica bounﬁﬂ o
cat@iyﬁf%b@EFhYt lgd venus mostr &fgt Q)fM 9 in%ldke PRE2HEENR: npMoved by

tre W%Etpanghsrée@slx %n‘@'etalﬁl% RN ik %@Wﬁiyp@@l@r%eoﬁyep as al um num
6

Further, according to a preferred enbodi nent, t he present invention is 1[
] w089

ni t prior to Ing ‘the zeqglite with silica. the f
for example, a type L-zeolite in the potassium form, can
g5, De used to obtain type L-zeolites containing other cations e £
0§ BY subjecting the type L-zeolite to ionexchange treatment juch
. . $ o
g7 0 an aqueous solution of an appropriate salt or salts. ompb
ag Bowever, it is difficult to exchange all the original cat- a &b
gg 1ons, for example, potassium, since some cations in the gane
10 zeolite are in sites which are difficult for the reagents
: ; the s
11 to reach. Preferred L zeolites for use in the present {'rst
£
12 invention are those synthesized in the potassium fSorm. t
.. ours
13 Preferably the potassium form L zeolite is ion exchanged t_
ive
14 Co replace a portion of the potassium, most preferably + 4
. . 44
15 %ith an alkaline earth metal, barium being an especially i
e
16 preferred alkaline earth metal for this purpose as he i
e i
17 Previously stated. - .
upp!
18
19 The inorganic oxide carrier binder for the catalyst used

20 in the process of the present invention can be selected ‘
. ircs®
21 from various materials as stated above. The preferred

72 2mounts of binder are from 5 to 90 wt. % of the finished Z:zs
g3 catalyst, more preferably, from 10 to 50 wt. % and still

24 Wore preferably, f;oy 10 to 30 wt. %. Refe
25 : ‘ kwo

26 It is critical in the process of the present invention that &4/3
27 the catalyst used has a low water-sensitivity index as pre- lat
2g Viously indicated. | . Fata
23 a0

30 The water-sensitivity index test was developed by us to is i
11 rapidly test the effect of water on the fouling behaviar of sic
3 Ffeforming catalyst. The water-sensitivity index (WSI) is ‘

. rat]
33 determined as follows. The activity of the catalyst is /

34 Measured in a microreactor under typical reforming

JE——— d
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| ar gepore zeolite which is used in the process of the present invention
I S zeolite having an effective pore opening of 0.6 to 1.5 nm (6 to 15A)
in beggmgg-, Particularly preferred zeolite for use inpCraisSssy@logst used in
t hq process of the present invention are type-L zeolites. Preferred
olite conpositions for use in the catalyst which is enployed in the
cess of the present inventiq&lgre al kaline earth netal exchanged
eolites, especially calcium “strontium or barium exchanged L-zeolite.

St i fohdiwigny ef : t N ] metal gl I'd s in Ve have
fod!r?d t hat Iﬁun?‘%% f%%égg%rr@i%sgggg“ﬁgﬁe gﬁscsggtaitiglﬂgjtrgourﬁeuéffects of
mau@F RHSTRF 939 ng to produce aronmatics than unbound zeolite catal ysts.

Whijl e the problem of water sensitivity does not tend to occur when using a

the first run is about 40 hours long with no added water.
fhe feed for this first run is hydrofined by known methods

uch that substantially all the water and oxygen-~containing
fompounds are removed. Therefore, the water concentration
{n the mixture of feed and hydrogen entering the reaction
gone is less than about 3 ppm.

fhe second run is carried out in the same manner as the
first from 0 to 20 hours onstream. Then, between 20 to 40
lours onstream, water is added in an amount sufficient to
fjive about 100 ppm water by volume in the mixture of
Pydrocarbon feed and hydrogen entering the reaction zone of
the microreactor. As an example, the water may be added to
he incoming hydrogen with a Dynacal permeation device
upplied by vici Metronics.

The activity (as defined hereinbelow by the pseudo
firstorder rate constant, k) at 40 hours on stream for the
first run is divided by the activity at 40 hours on stream
{or the second run to generate the WSI.

heferring now more specifically to the conditions for the
two test runs, catalyst is crushed and screened to a size of
14/80 mesh. An amount of catalyst containing 4.42 x 1039 of
Flatinum is loaded into a 1/4" stainless steel reactor. The
Fatalyst is then reduced in hydrogen flowing at a rate of
FOU cc/min. for one hour at 900°F. Then a hydrocarbon feed
ﬁs introduced at a rate of 6 ml/hour at a pressure of 100
Psig at 920°F with hydrogen flow sufficient to give a mole
fatio of hydrogen to feed hydrocarbon of 6.0. The reaction

! This Sheet Has Been Relplaced
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on unbound zeolite,

such unbound catal ysts are usually not practical for

comer ci al use. In the present process a bound zeoli ?%ﬁ?%g’b/ﬁéé”i s "fwoO:
used. WO B¥06267ound that preferred binders for the catal yst I'n the
process of our invention are silica, alumna, and silica/alum na
conbi nations. Qther inorganic refractory oxides may be used, but it is
critical in our process that the water-sensitivity index requirenment of the
present invention be satisfied. W especially prefer silica binders. whe:
Wygharrdduntst Age ahalyzedobyt a. 9par CREOM@YOFRARD poittds s um form L nav:
zeol it £a B NEHL RN Ch YaChaEgeHeSUbhaca tibr R ydédange of 3 to 11. W '
ha¥® al’so o%ﬁ% ?ﬁg%hghé %indlng of the L zeolite to the preferred silicajand
bi ggler can be enhanced

g4 The hydrocarbon feed is a light naphtha with a boiling range The

gs ©f 1€03°F to 260°F, a sulfur content less than 0.03 ppm by of

06 weight, a nitrogen content of less than 0.1 ppm by weight, equ

g7 2n aromatics plus substituted cyclohexanes content totaling

as approximately 12.5 mole %, a content of paraffin plus

gg Substituted cyclcpentanes with greater than six carbon atoms

10 totaling approximately 81.2 mole %, a content of paraffin

11 Plus cyclopentane with five or fewer atoms totaling .gzz

12 approximately 6.3 mole %, and an average molecular weight of gtiv

13 approximately 95. |

14

15 The aromatization reactions are characterized by calculating whe

16 conversion and selectivity as described below. hav

17 . '

18 The feed contains 12.5 mole % of combined aromatics and The

19 cyclohexanes. It is assumed that the aromatics do not react "ps

24 and that the cyclohexanes are dehydrogenated to form pre

21 aromatics with 100% conversion and 100% selectivity. The are

22 feed also contains 81.2 mole % of paraffins and substituted rat

23_cyclopentanes,containing at least six carbon atoms. These

24 compounds form a "pool" of reactants that can be dehydro-

25 cyclized to form aromatics by contact with the catalyst. ko

25

1.T'I.'he pool caonversion is defined as the fraction of this pool

zaof reactants that is converted to either aromatics or

79 compounds with fewer than 6 carbon atoms. (See equation 1).

30 Moles of reactants

31 Pool Moles reactants left in product per

3ZConver per mole of feed mole of feed.

sion, % = x100 (1)
33 Moles of reactants per mole feed
34
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by difying the zeolite surface to reverse the negatively charged surface
of t9e zeolite. Reversing the negatively charged surface and enhanci ng the
bi nd}wo gRpedge done with a cationic species, such as A, : N trate,
%hlo i de and sulfate salts of the indicated cationic spegﬁggg§gﬁmgy&
effeftively used, such as alum na hydroxynitrate (AHN), alu- m num

chl ofhydrol (ACH), alumnumnitrate (Al(NJerr])[err]), alumnumsulfate
(Al[err](Sgerr])[err]), and lamBbranumnnitrate (La (NJerr])[err]). Thus,
vari Detse rét fba 88hh§ sC4R2 L& HUS & wro@/iﬁgfg fjﬁry r&dycey LigpRREaMe charge
on tﬁEﬁZBO|ite sur?gchgn gn%gﬁbe t he |r#|ngfso as 10 ? rove érush
strefMAty thelpagindbcsrabpst 2tamENO Y[ PePLRrRe o PEPRAELESS | Y

pr ef add?dci@l@heﬁﬁhgsf gl ot kS 1RMROSE. Ve believe that aluminumsulfate is
not preferred in the reforning process of the present invention because of

the potential of catalyst poisoning fromsulfur fromthe sulfate.
The pool selectivity is definea as the fraction

of converted reactants that end up as aromatics. (See
equation 2),

Moles of
Moles aromatics aromatics and cyclo
Pool in the product hexanes in the feed
Selec per mole of feed per mole of total feed
tivity, & = x100 (2)
(Pool conversion, %) (Moles of reactants per)
100 mole of feed

‘where reactants are the pool of paraffins and cyclopentanes
"having at least 6 carbon atoms.

The conversion and selectivity are used to calculate a
"pseudo firstorder” rate constant for aromatics

| productions as shown in Equation (3). Although the rate of
aromatization cannot be modeled exactly by this firstorder
rate expressioﬁ, it is a useful approximation:

k = (selectivity, %) ln (1 conversion, %) {3)
100 100
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Al kali metal ions have been used as cresslinking agents in silica bindigg
of zeolites, but such use is detrlnental to catalytic activity in many

i nstances. In the preserhis iE‘ W ave found the use of an alumn %339/
conp as alunlnu t detrinmental to tivi

Ve bgflgbzﬂ@ﬁé alun1nun1c everse the charge$§ﬁ7b¥%#@gﬁﬁlte
surface and all ow for nutual attractlon bet ween the zeolite and the
negatively charged silica binder and consequent enhanced bi ndi ng |ntegr|ty

or sprength._ I'n preparing theasilicabound L zeolite catalyst in %¥°th€
faor FRENERY ChBEEaft GECEEREI IROLE, ShakiSall RIRMOUSIN kel 1 "0r Ldngors
aqplBﬂémb;qnnnsldﬁhohedhb eseﬂhe o&tehecmatﬂntxnalanknbdo the nuller
A wwmﬂﬂém@n%ahgp%eé'tf@iéynggeuﬂt@ % U et the
04 second run, that is, the run described above having 20 hours _ Lh; st
g5 onstream without water addition followed by 20 hours 11 anc
g6 onstream with water addition, is denoted lines
o7 k . The water-sensitivity index (WsSI) is defzned by

equation (4):
o8 In rei
g9 K aromat
10 WSI = _drcy . (4) prefe:
11 et more [
12 ‘ | conta:
13 DRAWING aliph:
14 The drawing is a simplified schematic flow sheet showing a in the
15 reforming unit and upstream feed treatment facilities, belies
16 %
17 Referring in more detail to the drawing, naphtha is fed Fhe £
18 via iine 1 to hydrotreating unit 2. In the hydrotreating more |
19 unit, in addition to other reactions, organic sulfur sulfu
20 compounds are converted to hydrogen sulfide and remav:
21 hydrocarbons. The hydrotreated naphtha is removed via to co:
22 line 3 and fed to stripper 4. used
23 found
24 In stripper 4 light gases and hydrogen. sulfide are proce
25 stripped out of the hydrotreated naphtha and removed we sp
26 overhead via line 5. Heat is added in reboiler 6. The bound
27 heat source for the rebailing is steam introduced to the water
28 reboiler via line 7. Typically, the steam would be in the !
Z9 "tube side" of the reboiler but the steam may on occasion . Prefe
30 leak through to the "shell side” where the naphtha is tempe
31 being heated for teboiling. : Ibetwe
32 . ‘ps_ig,
33 The stripped naphtha is removed via line 8 and passed to |hydre

34 storage tank 12 via lines 9 and 10. The storage tank is



separately prepared wth the binding enhancer, binding enhancer such as an
alumnumsalt can be mxed with the zeolite in a slurry, followed by pH

adj ustwiergg/deewr eci pi tate al umi num speci es on the surfacepgf/usss/eesdite.
Jge nodified zeolite is separated fromthe slurry, conbined with the silica
bi nder, and either extruded or spray dried to form product. The product can
be subsequently treated, as with plafi num addition and other steps.as
descri bed el sewhere herein, to pro- duce a reform ng catal yst.

El ect naplthreet igo tedsid Erggic e eiobd y e6eteaifaedofUinoBhhe zeolite to
deterni%e t he amobunt of bindi ng agent enhancer to achieve strong binding -
bet wedfi “PAELADIYR L and the binder, such as the silica binder. Preferably

t he amount of bindi ng agent enhancer is adjusted so that the zeolite

surf age piea % PRI O "BE £ onilg 'OSi £ P8 SELALE PRLRLLLLER Qg
the stripper via piping, shown schematically by lines.9,
11 and 14, or "indirectly" via storage tank 12 and then
lines 13 and 14. '

In reforming unit 15, the naphtha is reformed to form
aromatics. The naphtha feed is a light hydrocarbon,
preferably boiling in the range of about 70°F to 450°F,
more preferably about 100 to 350°F. The naphtha feed
contains aliphatic or paraffin hydrccarbons and these
aliphatics are ccnverted,'at least in patt)'to aromatics
in the reforming reaction zone. Dehydrocyclization is
believed to be the most important reaction.

The feed preferably contains less than loqupb sulfur and
more preferably, less than 50 ppb suifur.. If necessary, a
sulfur sorber unit is employed between units 4 and 15 to
temove remaining small amounts of sulfur in the feed prior
to contacting the feed with the waterinsensitive catalyst
used in the process of the present inventian. We have
found that best results are achieved in our. reforming
process if the sulfur is maintained at ultra low levels as
we specified above, and alsc if the catalyst employed is a
baund largepore zeolite with the aforestated low
water-sensitivity index. e

Preferred reforming procéSs conditions inblude a
temperature between 750 and 1000°F, moré'prefegably
between 850 and 980°F; and a pressure between~0 and 400
.PSig, more preferably between 50 and 300 psig; a recycle
hydrogen rate sufficient to yield a hydrogen to hydrocar-
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slightly past this point to the positive side. We have found that the
noi sture content of the L zeolite-binder material to be extruded to form
t he ca §@6%§§e preferably is controlled to a low | evel in order to WO 89
achi eve Qo ush strength on the product. For the L zeol PEESIS39%M0RE oduct
material, preferably the noisture of the material prior to extrusion is
controlled to 36.5, plus or mnus 2 or 3% L.OIl. (loss onignition), nore
preferably 36.5 wt. %L.O . plus @6-nminus 0.5% To achieve this relatively

| o t .
d%'“yéﬁlﬂéie ratio for the feed to the reforming reaction zone
02 between 0.1 and 20, more preferably between 0.5 and 10;

03 and a liquid hourly space velocity for the hydracarbon bosim
04 £feed over the reforming'catalyst of between 0.1 and 10, ?hat
05 mare preferably between 0.5 and 5. | tn th
06
07 A product stream rich in aromatics is withdrawn via line
-03 16 as schematically indicated on the drawing. A
09 :
10 EXAMPLES pasis
—_— type)
11 Example 1 | sepat
12 Alumina Bound Catalyst Not of this Invention alumi
13 To 478 grams of pseudo boehmite alumina (340 of ni
14 grams Alz 3) was added a mixture of nitric ;cid and water. ' gram
15' 0.42 grams of nitric acid per gram ofialumina was used to The t
16 Peptize the alumina and the £final loss on ignition (LOI) water
17 ©of this mix was 39%. The peptized alumina paste was driec
18 mulled with 1360 grams of potassium L-zeolite (anhydrous zeol:
19 basis) and the LOI adjusted with water to 39%. After in E:
20 ®mulling, the mix was extruded, dried and calcined at 500°C
21 with flowing dry air. Barium icnexchange was performed at
22 a ratio of 10 cc of 0.3 molar barium nitrate per anhydrous A
23 9gram of extrudate at 180°F for up to three hours. This Thi;-
24 barium ionexchanged material was washed to a potassium ian the
25 concentration in. the final wash of 160 ppm (a pH between 8 at a
26 2nd 9) and calcined. This material was then calcined in
27 2ir at 1100°F for at least one hour.
28
29 The bound and barium exchanged extrudate was Pota
30 then porefill impregnated to 0.64% by weight platinum and to ¢
31 calcined for about one hour in a 50% steam/air envicoﬁmept weig
32 between 500 and 550°9F. as a
33 - S . ' usec
34 - T
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Example 2
Alumina Bound Catalyst Not of this Invention

A similar catalyst was prepared as in Example 1, except
that only 0.14 grams nitric acid per gram alumina was used
in the peptization step.

Example 3
Alumina Bound Catalyst in Accord with this Invention

1600 grams of potassium L-zeolite (anhydrous
basis) was charged to a sigma blade mixer (bread dough
type) and the LOI was adjusted to 29% with water. 1In a
separate sigma blade mixer 563 grams of pseudo boehmite
alumina (400 grams of A1203) was peptized with a mixture
of nitric acid and water. 0.06 grams of nitric acid per
gram of A1203 was used and the LOI of this mix was 58%.
The two mixtures were combined, blended and adjusted with
water to a final LOI of 43%. The paste was extruded,
dried and calcined in flowing dry air at 480°C. The bound

zeolite was then carried forward to a finished catalyst as
in Example 1. )

Example 4
Alumina Bound Catalyst in Accord with this Invention

This catalyst was prepared as in Example 3, except that
the calcination of the bound zeolite was done for one hour
at a temperature of 593°C.

Example 5
SilicaBound L Zeolite
Potassium form L zeolite was dried at 100°C for 16 hours
to reduce the L.0.I. from 21.75% to less than 8% by
weight. A 2 molar solution of aluminum nitrate was used

as a binding enhancement agent. The aluminum nitrate was
used in a ratio of 0.133 ml of 2 molar solution per

This Sheet Has Been Reﬂlaced
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content. It is preferred to reduce the noisture content of the L zeolite
used to formthe L zeolitesilica mxture to less than 15% LA, nore WO 89/
. pref s than 13%L.O 1. In experinental work in
obt aﬁrégbéﬁ#&gbl y dried L zeolite by drying L zeolite pomgr@%%@(?gferr] C
for 16 hours to reduce the L.OI. from21.75 wt. %to less than a wt. %
The catal yst used in the process of the -present invention can be prepared
i n various nanners but againr284 is critical that the preparation be sgghth
that t st hay f.qre | ovwwgt t ndex. When
83i n¢ %ﬁeggg 3 pre eeir]%:adséaff%% bi nde?ér&s{lias Foér? uElhat ibove.
gzerMHQM|n§ @hommmqhuytbﬂamﬁuﬂ(hﬁ%ﬂ@%ttbann¢h§u€§ennﬂénﬁédlwater

sens&iéglé Q% alyst. Wien using an al um na binder we have al so .
B8scovere Et%&ﬁ t uﬁ%ﬁh shoul d not be subjected to extensive set mu

papti zation with aC|d during binding as such peptization was found by us to

a}SO:&”&&BGH%&f%%‘?h&?ﬂE&&'Hﬂéﬁﬂ%ﬁ@, approximately 1/4 of the

et mu
g6 2 molar sclution was added to the zeolite in a muller at 10istL
g7 S-minute intervals over a l5-minute period. After the
gs f£inal addition of the binding enhancement agent, Ludox? g ruC
gg Silica sol is then added to the mull followed by water srope:
1g 2ddition to bring the moisture to the preferred extrusion
il level of about 36.5% L.O.I. ory.
12
13 Many samples were prepared using the above general calei-
14 Procedure, but using ﬁiffe:ent binding enhancement agents
15 and some with no binding enhancement agent, to determine The
16 the affect on crush strength, extrudability, operational
17 feasibility (e.g., corrosivity, etc.), and catalyst Raa
18 Performance (after Pt impregnation, etc.). Preferred
19 results were attained, particularly considering catalyst 220
90 Performance and crush strength, using aluminum nitrate.
21 60C
22 A summary of the aluminum nitrate preparation is
33 2s follaows on a gram basis for an 80% by weight L zeolite
a4 bonded with 20% silica. .
25 . *Ludc

Anhydrous As Is .

26 : con:
27 KL zeolite powder (6.81 wt. % L.O.I.) 2200 2361 wat
28 Ludox?* AS-40 (40 wt. % silica) 550 1375
29 2 malar aluminum nitrate 375
3q Water added to mull to extrude, ml 2758
31 Procedure: ' | ; An ?
32 , - jders
33 Ad§ KL to muller, mull for 10 minutes. | extr
34

e

e
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t he catal yst. I n our exanpl es bel ow, we illustrate alternate

premagq@“ggg for the catal yst, which can be foll owed top equﬁﬁﬁ | ow
9Water-sen5|t|V|ty i ndex catalyst required for use in the é ocycllzation

process of the present invention. Testing the prepared catalyst for
water-sensitivity index is not fundanentally difficult. The
water-sensitivity test is describ@8-in nmore detail bel ow According to

a pi&d egnedaepedi T g&;ﬂh&urlc@ﬂ@'muw@nb@é%é?&fmsdcm al yst enpl oyed

is an L-zeolite boun ica, alumna or silicaalumna, wherein the
L- zeRPY®e i s preferably in the potassiumor bariumform nore preferably a
potassiumformL zeolite which has been bariumionexchanged, and whose [ ast

proce53|n? before application of platinum
et 1l for 15 minutes, then add Ludox? (binder).

;et mull for 10 minutes, then add water to bring the mull
s;oisture up to the calculated L.0.I. of 36.5 wt. %.

ixtrude after mull has broken (achieved proper rheological
sroperties).

ory.

Calcine to 600°C.
The exﬁrudates were calcined as follows:
Room temperature to 220°C held 90_minutes
220°C to 600°C hold 2 hours

600°C to room temperature

*Ludox? AS~-40 is a silica sol available from Du Pont and

containing 40 wt. % silica stabilized by ammonium ion in
water.

Example 6 _
Silicabound Catalyst Not of this Iavention

An extrudate was formed utilizing 20% by weight of silica
derived from Ludox? AS-40 silica and 80% potassium L zeolite
extrudate. The following steps are followed: (1) binding

P
e
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I's contacting (washing) with water at a pH preferably above 7, nore

preferably above a. and still nore preferably above 9. Preferably, the
upper woigploeeé7 the pH in this wash step does not exceed 1BCH/US8H@N029 WO 891
preferably 12, and still nore preferably 11. The water in equilibriumwth

the catal yst base for this wash preferably contains an al kali or al kaline
earth netal in a concentration of ghgater than 50 ppm by wei ght, based on

the water, or nore preferably 100 t© 250 ppm and nost preferably 150 to %%gs ¢
pe? fppénceadnil Ia:gleiéxtanduall )'iue‘ ey, nis adisssollveﬁi inpwart@sef dar eh N
potasgi odi_um ariu o) hum i i referr.ed. The with ¢
oo A0 SerTethiatt B AdEEL thRobRb il Bhrh RERaRTIHE pe” U
dggir@dtébuthbbmbmﬁmammummdraudmavs@htwameanhpgrbesabhhewddtmhdaugh such 2 i

AP oREBhE S GET SR | 280116188 PNz QLR o vash g of 15

n con I onsS erred to are

ose in the wash

m@ﬁprAwheﬁl cellulose extrusion aid is added to equal 1.25 wt.
o Percent of the anhydrous zeolite; (3) again, following The'rt
a7 mixing, sufficient Ludox AS-40 is added to make an 80% as in
a8 zealite, 20% silica binder mixture on an anhydrous basin; The a
09 (4) additional water as necessary is added. ‘' The paste is )
1a further mixed and extruded. This extrudate was calcined at ::iei
11 705°C in flowing air. : descr
12

13 This extrudate was then barium ionexchanged and washed with
14 ¥ater (initial pH approximately 5) to an equilibrium

Ccatal
15 potassium ion concentration in the final wash of 23 ppm by Examp
16 weight (final pH of 7.5).

1
17 _ 2
18 The resulting material was then porefill impregnated, etc. .
19 as in Example 1. 4
2C¢ €
21 Example 7 -
22 Silicabound Catalyst Not of this Invention

[aal

23 A similar catalyst preparation was made as in Example 6,

24 except that deionized water was used to wash the barium

25 exchanged zeolite instead of water of pH 5, the final pH was

26 9.62 instead of 7.5, and the potassium ion concentration of
the final wash solution was 40 ppm instead of 23 ppm.

27

23

29 Example §

10 Silicabound Catalyst in Accord with this Invention

31 Following the procedure of Example 6, an extrudate was

12 formed utilizing 20% by weight silica derived from Ludox?
33.AS-40 silica and 80% potassium L-extrudate. This extrudate
14 was calcined at 705°C in flowing air.
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the final wash step is being finished. After washing, preferably the
zeolite base is then dried, calcined, platinuml| oaded and recal ci ned.
gccorvimgspezer particularly preferred embodi ment of the ppE€Bg/S89j00UZENt i ON,
- the base for the catal yst enployed is a barium exchanged L-zeolite bound
with silica and the bound zeolite is washed and pl ati num oaded as descri bed
I n the preceding paragraph. Preﬂgngly the L-zeolite is contacted with a
bi ndi ng, enhancenent agent, such as alum numnitrate, prior to binding the
zeol iTEl S entshipte. was thescdatiiup tionenchenged cdedr¥asbagodi nent of the
presepeh | t Iy st I | : pese.zeQhite, nore
pr ef Z’fha%_l gggagg?ief}mb’g?%?aﬁg%@ Teé;};ﬁfégpéﬁ%ﬁir] Q,:}_M t?% 2? u'r:n'an%l

equilibrium potassium ion concentration in the final wash

of 156 ppm by weight (final pH of 9.19).

The resulting material was then porefill impregnated, etc.
as in Example 1.

The activity and water sensitivity of the above catalysts
are shown in Table I. These properties were

determined in microreactor tests under the conditions
described hereinabove under Detailed Description.

IABLE I

Catalyst of Pool Paol

Example No. Conversion, % . Selectivity, §% WSI
1 51 89 1.4
2 50 88 1.4
3 49 86 1.0
4 53 85 1.0
6 48 ' 84 1.3
7 55 87 1.3
8

60 88 1.0
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For catal ysts prepared using an alum na binder, preferably the alumna is
subjected to only mldly acidic peptization. For exanple, we have found in
sever aW Q@ 8%/062Fes that the peptization was too severe wherpChA S89000D8 WaswO 85
treated wth greater than 0.15 granms of nitric acid per gram of

Alferr]Jerr] (anhydrous). Preferably the alum na conponent of the

al um nabound catal yst used in the present invention is prepared under |ess
sever%gﬁsgtigation condi ti ons, such a¥+ess than 0.10 grans of nitric

ac0d, qt? vaFBAMEDRES tgr am of al umi na. However, the effect of acid on
thgsalumna is a conplex phenonena and in sone instances we have found

hi gher, anoupts _of acid do naot result in a water sensitjve catalyst.
Pr@Ber%eq oHpOGEFF %@FaF§fPoPH&%ﬂi%¥HqiﬁF?ﬁhY§E°E%F P9§tteseq in the
prggent i nveetnoa ramd thkahivddcantdind liatlidinteadt BbhNgdhbSwRakhi cularly o,
preterred. W have foynd that an adv%Ptageous net hod of gregarlng a | ow W
ca08l yst f Jp2fsBe subjected to periodic ‘exposure to more than 3

0§ - ppm water, which comprises:

07 . 10.

08 contacting the feed under reforming reaction condi-

09 tions with a catalyst comprising a Group VIII metal,

10 a largepore zeolite and a binder, and wherein the 11.

11 catalyst has a water-sensitivity index less than 1.3.

12 .

13 ) - 12‘

14 2. A process in accordance with Claim 1 wherein the

15 water-sensitivity index is less than 1.1.

16

17 3. A process in accordance with Claim 1 wherein the

18 water—-sensitivity index is less than or equal to 13.

19 about 1.0.

20 .

21 ¢+ A process in accordance with Claim 2 wherein the sulfur 14.

22 content of the feed is less than 100 ppb.

23 _

24 5. A pracess in accordance with Claim 2 wherein the sulfur 15.

25 content of the feed is less than 50 ppb.

26

27 &+ A process in accordance with Claim 1 wherein the 16.

28 -zeglite is L-zeolite.

29

30 7. A process in accordance with Claim 6 wherein the

31 - L-zeqlite has been ionexchanged with barium, calcium or

32 Strontium. '

33

34

, 1
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in the process of the present invention conprises introducing the platinum
conponent to the zeolite or bound zeolite support by "pore fill"

. gore
9f i | | WO 88/0626Rini que known in the art. In the pore fill mBCHdUSIHRIRYt al yvst

is wetted with a Goup” VIIl netal conponent, such as a plati num conponent,
for exanple, a solution of platinumtetraam ne chloride, and the platinum
conponent is adsorbed onto the zeojjte. In contrast to using an

i onexchange net hod, an excess of platin i,s not . used n using the pore
filléneth%UPQQQﬁﬁsth% RAFAUF %?cﬁogégho%q%é&hﬁr@“ﬁiﬂﬁ@ﬁ;ﬁﬁter the pore
fill addi ti-zedlitdchpsabésnnienepohanyed wiith fraefiem.ed to make the -
catal yst used in the present invention by pore fill addition of the

pl ati num conponent followed by drying and calcining wthout intervening
wat ef .waslh gfdetesheiposaecdtdance with Claim 6 wherein the binder

is silica.

10. A process in accordance with Claim 6 wherein the binder
is alumina.

11. A process in accordance with Claim 6 wherein the binder
is silica alumina.

12. A process in accordance with Claim 1 wherein the
catalyst is prepared by a method comprising contacting
the zeolite with a binding enhancement agent prior to
binding the zeolite.

13. A process in accordance with Claim 12 wherein the
zeaolite is L zeolite and the binder is silica.

14. A process in accordance with Claim 13 wherein the
binding enhancement agent is aluminum nitrate.

15. A process in accordance with Claim 14 wherein the
catalyst crush strength is at least 1.8 lbs/mm.

16. A process in accordance with Claim 1 wherein the
Zeolite is an L-zeolite which has been ionexchanged
with potassium or barium and then washed at a pH above
7 in water having an alkali or alkaline earth metal
concentration greater than 50 ppm by weight based on
the weight of water. |

heet Has Been Re(ilaced _
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youp VIII netal component, such as the platinum conponent, can be
to the zeolite prior to binding the zeolite, but nore preferably,
t used in the process of the present inventd up
coir/?p?onent Is introduced to the catal yst after 1iéF:fle/iUzsrg?){%iogegohas
The present invention enconpasses reform ng and especially
@ ocyclization under conditions_agnd with cata- |ysts as described
N, and enconpasses the catal yst's per se for use in reform ng and
‘@70 | y KlepydeosycihzatbeRdance wilbh! rolddine IRtwe/séBncORPri sing a large
pore geolite haying$an al.kaline earth metal incgiporated info the zeolite
Lont aiFTRG 226 8BpO¥ FRenBL 04 e P cP%&d%?E?nge§6 t echni ques
{ in thehat0.Ibegeameslinhqued cuadld,y od repimealenit, bpek cgshaps or
?%he order in which these steps are carried out is not generally

igal, d hdthRina.

é27. A process for dehydrocyclization of aliphatic

' hydrocarbons to aromatics in a reaction zone which may
be subjected to periodic exposure to trace amounts of
water, which comprises feeding to the reaction zone
feed hydrocarbons containing no more than 100 ppb
sulfur and contacting the feed hydrocarbons under
dehydrocyclization reaction conditions with a catalyst
comprising platinum, an L-zeolite and a binder, and

wherein the catalyst has a water-sensitivity index less
than 1.1.

28. A process in accordance with Claim 27 wherein the
binder is silica and the catalyst is prepared by a
method comprising contacting the zeolite with a binding
enhancement agent prior to binding the zeolite.

29. A reforming catalyst ‘comprising a Group VIII metal, a
largepore zeolite and a binder, and wherein the cata-
lyst has a water-sensitivity index less than 1.3.

30. A catalyst in accordance with Claim 29 wherein the WSI
is less than 1.1.

31. A catalyst in accordance with Claim 30 wherein the
Zeolite is L zeolite and the binder is silica, alumina,
or silica/alumina.

————— o
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there are preferred sequences. The four basic steps or procedures

(Vo'

89/06267

are:
earth

o1
02
03
04
05
a6
07
08
a9
10
11
12
13
14
15
16

17
18
19
20
21
22
23
24
25
26
27
28
29
30

32.

33.

34.

35.

36.

37.

38.

39.

31

32
33
34

-36-

A catalyst in accnrdance with Claim 31 wherein the
binder is silica.

A catalyst in accordance with Claim 32 wherein the
catalyst is prepared by a method comprising contacting
the zeolite with a binding enhancement agent prior to
binding the catalyst.

A catalyst in accordance with Claim 33 wherein the
binding enhancement agent is aluminum nitrate.

A catalyst in accordance with Claim 34 wherein the
catalyst crush strength is at least 1.8 lbs/mm.

A catalyst in accordance with Claim 29 wherein the

zeolite is an L-zeolite which has been ionexchanged

with potassium or barium and then washed at a pPH above
7 in water having an alkali or alkaline earth metal
concentration greater than 50 ppm by weight based on
the weight of water.

A catalyst in accordance with Claim 36 wherein the
concentration of the alkali or alkaline earth metal in

the equilibrium wash water is 100 to 250 ppm.

A catalyst in accordance with Claim 36 wherein washing

- is carried out at a pH between 9 and 11.

A catalyst in accordance with Claim 29 wherein the
Zeolite is an L zeolite and the catalyst is prepared by
a pore fill impregnation of the bound zeolite with a
pPlatinum component using a solution containing
Platinum followed by dcying and calcining without

W e

1

I onexchange of an alkali nmetal |large pore zeolite with an al kali ne
PCT/US89/00029

#O 89/

49.

41.




-5- nmetal; (2) calcination; (3) inpregnation with a Goup VIIl netal; and
(4) binding the zeolite to prepare an extrudable m xture. As i ndi cated,
t hesgof veps can be carried out in a variety of dif LUS3YOMAIs. For

) $9/662%

exanpl e,

U. S. Patent No. 4,458,025 describes the preparation of an

extrudate catalyst using the four basic procedures in the order

I onexchange,

40.

41.

-37-
intervening washing after the pore £ill addition of the
platinum.

A catalyst in accordance with Claim 30 wherein the
binder is alumina which has been subjected to only
mildly acidic peptization.

A catalyst in accordance with Claim 30 wherein the
peptization of the alumina is carried out with less:
than 0.10 ‘gram of nitric acid, or equivalent, per gram
of alumina.

-_—
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bi ndithg, high tenperature calcination, inpregnation and | ow tenperature
calcir hla%? In the preferred enbodinent, the binding operation is carried
out b{W W&‘Szoget her an onexchanged zeolite with a nonadt@TAISBIMOR”. The
bound m xture is extruded. Then in a high tenperature calcination, the
extrudate is heated to at |east 538[err]C (1000F) for one to two hours. The
extrudate is ionexchanged, washed and cal ci ned. The cal cined extrudate is
then inpregnated with a Goup VIIlI netal. Thus, the inpregnation procedure
follows the high tenperature calcinatidyl Follow ng inpregnation, the cat-
al yst is again calcined but at a nmuch | ower tenperature. 260.2[err]C

(500[err]F). Patent No. 4,434, 31}, is—ei-+eef &2l gt 0 a dehydroi soneri zation
reaction using a large pore zeolite oaj alegst . The-cat al yst can be prepared
in either of two preferred ways. The f{rgEwway| usgs the four basic
procedures in the order ion-exchange, ‘gg ‘
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cal cination, i rr‘gﬁ EME*NT SQE ri[‘1at i on, Dbi Tds $heet HacBdeORépRBIICT at Ur elio77sz-2 zhe>
calcination. Thig nethod has the|advant age ( egnati on precedes
bi nding, all off §he &NOXI 1996 i fipf egnat ed un‘d Mmmﬂ' mH[ and none unto the
i norgani ¢ oxi de Wi nder. The segohd way uses e sane f procedures, but

in the order (4) binding and cal gination, (b) ionexchange and cal ci nati on,
(c) inpregnati @a—(d)_calcinatigh. This Ttethod has as its advantage the

fact that the bound ' ' h
and i mpr egnat i on Sof o PR N4 L R B A T Lhe

dehydrocyclization process of the present invention is preferably prepared

in accordance with this sg&%mn a@g .@ﬁgf QW%%* h three cal cination

steps. The preferred calc - i on-exchange, and
| mpregnati on. U S. Patent No. 4,547,472 discloses a nmethod to prepare

a catal yStppis| Poe 8e HRURNS I NADLE P5 0E8UYeF o dli Y especially

dehydrocyclizing, hydrocarbons to form aromatics using a

LT

large pore zeolite catalyst. Reforming embraces several
reactions, such as dehydrogenation, isomerization, dehy-
droisomerization, cyclization and dehydrocyclization. In
the process of the present invention, aromatics are formed
from the feed hydrocarbons to the reforming reaction zone,
and dehydrccyclization is believed to be the most
important reaction in the present process.

U.S. Patent No. 4,104,320, granted on August 1, 1978,
discloses that it is possible to dehydrocyclize paraffins
to produce high octane aromatics with high selectivity
using a monofunctional nonacidic largepore zeolite
catalyst. The catalyst consists essentially of a typel
zeolite having exchangeable cations of which at least 90%
are sodium, lithium, potassium, rubidium or cesium and
contains at least one Group VIII noble metal (or tin or
germanium). In particular, catalysts having platinum on
potassium form Lzeolite exchanged with a rubidium or
caesium salt were claimed to achieve exceptionally high
selectivity for n-hexane conversion to benzene. As dis-
closed in U.S. Patent No. 4,104,320, the L zeolites are
tyﬁically synthesized in the potassium form. A portioﬁ,
usually not more than 80%, of the potassium cations can be

exchanged so that other cations replace the exchangeable
potassium.

‘Results as in U.S. Patent No. 4,104,320 were also reported
by J. R. Bernard at the 5th International Zeolit




enbodi ment, t he met hod uses the four basic p REPHNFEMENH'QHEEPfder

| onexchange, cal cination. ionexchange, calcinpa eg afion

cal cination, binding, and calcination. In a $e o%ﬂ?@ﬁggﬁ% [ fhe order is:
bi ndi ng, cal cination, ion- exchange, cal cinafi ang cal ci nati on

| mpregnation, and cal ci nati on. As a final NuMer ous ways
to order the four basic catalyst preparatlon steps or procedures, uU. S
Pat ent No. 4,579, 831 discl oses a net hod2usi ng—the—procedures—th t he order

bi ndi ng, catéhBatkefle IIFPIIGHAL | Oyt ANGhGAlCiitatiNd. cPedEPAMAE the
| on- exchange procedure i,s omtted because t he bi ndj ng agent cont ns an

al kali or atRBFPKEMERL: }Mheisde %ﬁhﬁ%ﬁ&t@asTﬁkSnﬁ Bhang@ r&AFYLAEL Bl ace

during the bwdc gpmc:e@mm@&@dsespu:amqws &depc, paralfEiview Dt vhe

many differg Il lustrated by th tents recit® bove to prepare an
extrudat e cb?é?9§¥ ePFlMé cund tHat Ene’ 1 d 3hiedd

commercial potential. At conventional low pressure
reforming conditions (about 200 psig) catalyst life was
measured in hours and days, obviously an unacceptably
short cycle life. Nonetheless, it had now been demon-
strated that a platinumcontaining alkali metal exchanged
Lzeolite catalyst could achieve exceptionally high
selectivity for the conversion of paraffins to aromatics.
Advancing that discovery to a commercial catalyst became a
new goal of catalytic reforming research.

DD

catalyst ha

An important step forward was disclosed in U.S. Patent
No. 4,434,311, granted on February 28, 1984; U.S. Patent
No. 4,435,283, granted on March 6, 1984; U.S. Patent
No. 4,447,316, granted on May 8, 1984 and U.S. Patent
No. 4,517,306, granted on May. 14, 1985. These patents
describe catalysts comprising a large pore zeolite
exchanged with an alkaline earth metal (barium, strontium,
or calciunm, preferablfubarium) containing one or more
Group VIII metals (preferably platinum) and their use in
reforming petroleum naphthas. An essential element in the
catalyst is the alkaline earth metal. Especially when the
alkaline earth metal is barium, and the largepore zeolite
is L-zeolite, the catalysts were found to provide even’
higher selectivities than the corresponding alkali-
exchanged L-zeolite catéiysts disclosed in U.S. Patent No.
4,104,320. Moreover, another equally significant_benefit
achieved by the use of an alkaline earth metal exchanged
L-zeolite catalyst is that the catalyst retained its
activity over a commercially acceptable cycle life.
S

cen Replaced

T



surprising to discover that sone of the final cataRE?LAQEN§ﬁ$PSﬁEET

sensitive. The state of the art prior to this di sqoyety—+ee—ts—eyexpect

that silica and al um na bound catal ysts woul d not {bg g %J iifferent.
It was thought that the selection of a binding aggnt éﬂ ?@ﬁﬁ ﬁénner of its
use were choices fromanong equival ents without sybdtantive effec{ ¢n the

final catalyst. According to a prefegred embqdi ment of the pre,ent

i nvention, the catalyst used in our reforiing process—+s—prepared—a

fol | ows boyRd 14%e ng.-asaén Cfe t &1 UBKRRaWNged |1£a@éum na,
nost prefnggly Sﬁﬁ%¥é§ tﬁ%t Qyﬂﬁe catal yst involves ﬁlXIg the zeolite,

the bi nder pané ple@flé{%weéobmhagngaéﬁﬁﬁ-a’rﬁfémrﬁsﬁaﬁhﬁ iy ft&'em%r’e%‘rudabl e

paste. exchanged L-zeolite containing platinum, provide high
selectivity even relative to the corresponding alkali
metal exchanged L-zeolite containing platinum was
surprising. These catalysts are all substantially
"nonacidic"” and therefore have been referred to as
"monofunctional catalysts”.

Having discovered a selective catalyst with an acceptable
cycle life, commercialization seemed straightforward.
'Unfortunately, that was not the case. It was found that

the high selectivity, large pore zeolite catalysts
containing a Group VIII metal were unexpectedly

susceptible to sulfur poisoning. U.S. Patent No.

4,456,527 discloses this discovery. Specifically, it was
found that the concentration of sulfur in the hydrocarbon
feed should be at ultralow levels, preferably less than 100
parts per billion (ppb), more preferably less than 50 ppb to
achieve improved stability/activity for the catalyst used in
the process.

After recognizing the sulfur sensitivity of these catalysts
and determining the necessary level of sulfur control,
commercialization again seemed feasible. However, as is
sometimes the case with an emerging technology, another set
back was encountered. It was found that certain of the
large pore zeoclite catalysts aré-surprisingly sensitive to
the presence of water whfle under reaction conditions.
Water greatly accelerates the rate of deactivation of some
of these catalysts.

Water sensitivity is an extremely serious drawback. Water
is produced at the beginning of each cycle when the catalyst

Sheet Has Been Re laced
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Al ternatively, the binding agent can be used to t r e ARERTACEMBNT t SHEEEF
adding the binder. In any of these alternatives, the feol1Tte IS COnNtact ed
with the binding enhancement agent prior to conplet|oh ofgfifye randi

After the nmixing of the zeolite and binder, the catalyst base materfal is
extruded. Then the extrudate is cal cined. Next | t re—Beura—zeetit
extrudate is preferably exchanged with an al kali or|al kaline earth al ,
nore preferably the latter, and nost pred#erably, barrum a hanged

L-zeolite is exenplified below After the exchange, the catal yst is washed,
pr ef er abl ysas:qmm/ed)uwi yhdbydrioged.. T tvasheancailaloy de iprodecededairdinged.

12000 or ] BEOqsH Sph EpohSnl yiRaE, Rned| FRFL e HEECRieE] FebAPOT 1O
hour . _tH&aﬁe&dmbeapmbysCOn$;mnmanﬁdHWMthﬁah axptgarireomtdEPONGnt usi ng
a pore f'LLu&ELBRQ;_TPfsthE %gkhgv%% %ﬂ%?@tggesggtected from water,

then expensive additional equipment is required.

SUMMARY OF THE INVENTION
According to the present invention, a process is provided
for reforming aliphatic hydrocarbons to form aromatic
hydrocarbons in a reaction zone which may be subjected to
periodic exposure to more than 3 ppm water. The process
comprises contacting the feed under reforming reaction
conditions with a catalyst comprising a Group VIII metal, a
largepore zeolite and a binder, and wherein the catalyst has

a water-sensitivity index less than 1.3, preferably less
than 1.1. '

The water-sensitivity index (WSI) is defined in more detail
below. In a broad sense, it is a ratio of rates of the
reforming reaction for a given catalyst at given reforming
reaction conditions when: the reaction is run essentially dry
(for example, less than 3 ppm water) for a period of time
versus when the reaction is run wet (for example, about 100
ppm water) for the same period of time. Unless otherwise
indicated, ppm of water referred to herein is on a volume
basis relative to the total feed (hydrocarbon and hydrogen

gas) to the reactor at standard conditions (one atmosphere
pressure and 60°F). - -

Preferably, the WSI for the catalyst used in the process of

the present invention is less than 1.1, more preferably,
less than or equal to about 1.0.

LT



in reducing the likelihood of subsequent water se
catalyst is used in dehydrocyclization. The pore
dried and then cal ci ned. Preferably, the cal ¢i pation of the
| npregnated catalyst is carried out at 205 to 316}e r]@N@UdW% 6pojerr]F),
nore preferably 260 to 288[err]C (500 to 550F). Pjeferably, this
calcination is carried out in an air/steeimnm xtur¢, for exanple, a p0%

air/steam m xtuye, flow ng over the catal escrihed ;nrrnw nly

assi gned BC§O Ié‘t’b%tt?\lo:a Bagbscagerly brdfersed FRO AR 2hetPEf or ni ng
process Ofprfelﬁrﬂf eﬁwléntﬂdﬁl)t o icatal gegelecz;eal ifier Rpwe ngn ahef fective
pore di aneter éﬁg err%% tloned abov Anong t he
| ar gepor e f&&%iix&%wﬁ%ﬁ QPglﬁﬂe%Q% b ™ ElPﬁ éQ¥ﬂ%§§sT sed in the
process offultthey eseiné fewdntioonthedrpraeotstRak aeohilitraX owl gebEuke V.
These preﬁgg%ﬁﬂ %%%fé?gbly less than 100 ppb by weight of sulfur,
more preferably, less than 50 ppb by weight of sulfur. We
have found that when these two features are brought
together, namely, ultra low sulfur content in the hydro-
carbon feed and the use of a low WSI catalyst as defined
herein, a particularly advantageous and reliable
dehydrocyclization process can be attained.

t hen

According to another particularly preferred embodiment of
tlhe present invention, as discussed in more detail below, we
have found that especially advantageous results are obtained
when using a silica bound large pore zeolite, preferably a
,silica bound L zeolite. We have found the binding of the
zeolite, particularly the preferred L zeolite, is markedly
improved by using a binding enhancement agent such as
aluminum nitrate to treat the zeolite prior to completion of
the binding with silica. -

The preferred catalysts used in the reforming process of the
present invention have a crush strength of at least 1.8
lbs/mm, more preferably at léast 2.0 lbs/mm and most
preferably at least 2.2 lbs/mm. Use of a binding _
enhancement agent has been found by us to be effective in
achieving the preferred hlgh strength catalysts for use in
the present process. -

Crush strength is measured by the flat platé crush method.
Catalyst particles are dried to constant weight at 950°F in
air. Their length is measured in mm. and the weight
necessary to initiate cracking of the particle is measured

//
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have apparent pore sizes in the range of 0.7 to 0.9 MREPY

di anet er .

si eve which nmay be represented by the formul a: ]
(0.71.1)N[err]CIAI[err]C{err]:(2.03.0)SiC{err]:yH[erM
represents a netal, particularly alkali and al kalinej
val ence of M and y nay have any val ue up to about 8jdependi ng on the
identity of Mand the degree of hydrati-®m of the crystalHnezeolite

Zeolite X is a synthetic crystalline Zze

v NOVToRs

th netals, nli§ the

Zeolite X astdt lays on its side on one flat plate and another flat

plate is brought into contact with it. The crush strength
is then calculated by dividing the weight by the length for
at least ten each of statistically sampled extrudates.
Typical lengths for the particles are from 0.2 to 0.7 cm.

The process of the present invention is advantageous both
when the reforming reaction is operated at water lévels in
the feed greater than about 3 ppm water and also, when it
ordinarily is operated dry but is subject to periodic upsets
of greater than about 3 ppm water. The "upsets" causing
water to enter a normally dry reaction zone can occur easily
and are relatively commonplace.

Examples of such upsets often occur in refo:ming units where
the feed to the reformer is obtained from a hydrotreating
unit, and the hydrotreating unit includes a stripping column
which is operated using a steamheatad reboiler. The
steamheated reboiler can introduce water into the hydrocar-
bon feed if minute leaks develop in the reboiler piping or
headers, etc. More generally, water can be introduced to
the hydrocarbon feéd.wﬁén heat -is added to the feed by heat
exchange with water or steam.

Another possible source of water is the startup of the
catalytic opératioh during which time water is formed as the
catalyst is reduced with hydrogen and when water may be
desorbed from the catalyit or the reactor internals.
Likewise, another possible source of water is catalyst
regeneration. After a period of time onstream, the catalyst
becomes fouled with coke and it is necessary to burn the '
coke off the catalyst. During the process of burning the
coke, water is formed. This water may be adsorbed at

. This Sheet Has Been Reilaced
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various places in the reaction system, including reactor

internals and the catalyst itself. Then, when the process
is started up again, the water is desorbed and recycles with
the recycle hydrogen gas to the dehydrocyclization reaction
zone.

Because there is a high probability of water from one or
more of the sources mentioned above, or from other
unspecified sources, we have found that it is advantageous
wher reforming is carried out using a bound largepore
zeolite catalyst, to use a catalyst which has a low
water-sensitivity index.

Thus, among other factors, the present invention is based on
our discovery that catalytic reforming to produce aromatics
carried out using a bound largepore zeolite catalyst is
surprisingly disadvantagecusly effected by the presence of
even small amounts of water, such as about 3 ppm to 20 ppm
water, whereas in other reforming processes, for example,
those using bifunctional catalysts, such as platinum or
platinum rhenium on halogenated alumina, the presence of 3
to 20 ppm water, is fréquently deemed advantageous, or at
least not substantially detrimental. In this regard, see

Nevison et él, NPRA Paper AM-7420, 72nd Annual Meeting,
March 31lApril 2, 1974.

Further, according to a preferred embodiment, the pfesent
invention is based on our finding that a highly advantageous
reforming process for arématics production, especially in
terms of run length and activity, is achieved by using an
ultra low sulfur feed and a low WSI catalyst. Still
further, according to another preferred embodiment, the
present invention is based on our findings that highly
advantageous results are achieved in terms of run length and

Thls Sheet Has Been Replaced




Xray diffraction pattern, its properties, and nethcgﬁpggggwgggg§*g%g I on

are described in detail in U S Patent No. 2,882. 24
2,882.244 is hereby incorporated by reference to slow éé&gv\(te usef bl in
t he present invention. The chemical fornmula for 3e "w8§pras;ed in
terms of noles oxides may be witten as:
(0.7L. 1) Na[err]O Al[err]Jerr]xSierr].Yiderr]O wherein x is a val lie
greater t ite Y

has a cha%%&é?g‘g?ﬁ;'geiggggﬁg\&%&%léﬁn'?yﬁgﬁgﬁ\%%é’t ﬁﬁl 2h %)‘?eﬁe enpl oyed
wth the awpesdoentbashalli demirficadf osulZeeal, thyy asrgbsgr ohed the
reforming process using a silica bound catalyst, preferably
an L zeolite silica bound catalyst wherein the crush
strength of the catalyst has been improved by treatment of
the zeolite with a binding enhancement agent, such as

aluminum nitrate, prior to binding the zeolite with silica.

The largepore zeolite which is used in the process of the
present invention is a zeolite having an effective pore
opening of 6 to 15°A in diameter. Particularly preferred
zeolite for use in the catalyst used in the process of the
present invention are type-L zeolites.

Preferred L-zeolite compositions for use in the catalyst
.which is employed in the process of the present invention
are alkaline earth metal exchanged L-zeolites, especially
calcium, strontium or barium exchanged L-zeolite. Still
more preferably, the alkaline earth metal is barium.

We have found that bound zeolite catalysts are mdre
susceptible to the effects of water during reforming to

_ produce aromatics than unbound zeolite catalysts. While the
problem of water sensitivity does not tend to occur when
using a catalyst selected from various of the catalysts
comprising Group VIII metal on unbound zeolite, such unbound
catalysts are usually not practical for commercial use.

In the present process a bound zeolite catalyst is used. We
have found that preferred binders for the catalyst used in
the process of our invention are silica, alumina, and
silica/alumina combinations. Other inorganic refractory

- oxides may be used, but it is critical in our process that
the water-sensitiVity index requirement of the present

—_—

—_—
—_—

This Sheet Has Bee

G



mor€ detail in U S. Patent No. 3,130,007. U S. Patent
hereby incorporated by reference to show a zeolite usefpl

i nventi on. The nost preferred zeolite for use in preppr 28NOVSIAL 4l v
used in the dehydrocyclization process of the present ipvention is zeoljit

L. The chemcal formfor zeolite L nay be represented a
(9.91.3)Merr]O A [err](Jerr] (5.26.9)Siglerr]:yHerr]

[REPLACRMENT SHEET

I n the present

Ol 'OWS.

erein M

designates a cation, n represents the valence of M and Y nay be any val ue

formO to;
and rrethoéla
3,216, 789binders.

Wwe have found that the L zeolite, particularly the potassium

form L zeolite, has a negatively charged surface in the pH

range of 3 to- 11. We have also found that the binding of

the L zeolite to the preferred silica binder can be enhanced

by modifying the zeolite surface to
reverse the negatively charged surface of the

zeolite.

Reversing the negatively charged surface and enhancing the

binding can.be done with a cationic species, such as Al, La
or Zr. Nitrate, chloride and sulfate salts of the indicated

cationic species can be effectively used, such as alumina

hydroxynitrate (AHN), aluminum chlorhydrol (ACH), aluminum

nitrate (Al(N03)3), aluminum sulfate (Al (SO4

)3). and

lanthanum nitrate (La(NO3)3) Thus, various metal salts can
be used, provided they reduce the negative charge on the

zeolite surface and enhance the binding so as
crush strength of the bound catalyst. Al(No3

to improve
)3 is a

particularly preferred metal salt for this purpose. We

believe that aluminum sulfate is not preferred in the

reforming process of the present invention because of the
potential of catalyst poisoning from sulfur from the

sulfate.

Alkali metal ions have been used as crosslinking agents in
silica binding of zeolites, but such use is detrimental to

catalytic activity in many instances. In the

present

I . ~
invention, we have found the use of an aluminum compound

such as aluminum nitrate is not detrimental to catalytic

activity. We believe the aluminum compounds can reverse the

. charge on the zeolite surface and allow for mutual

attraction between the zeolite and the negatively charged

is Sheet Has Been Replaced
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Zeol'ite L has been characterized in *Zeolite NblecularfT“?
Breck, John Wley and Sons, 1974, (re- printed 1984) ds iffav+ng

conprising 18 tetrahedra unit cancrinitetype cages Ilmkedlﬁﬁﬁﬁg,ﬁ#g
pIa

rings in colums and crosslinked by single oxygen brldg¢

2menbered rings. The hydrocarbon sorption pores for z¢olli-te L are

reportedly approximately 7[err]A in dianeter. The Breg
Pat ent No. 3,216,789 are incorporated harein by referér

with respect _to their, disclgsure of ze
general | y 8&tifadBindses g fc?ﬂéFH“Rn&a

k reference and

e ,yari aus, zeol

;Ft"ﬁ'}af‘??%\ﬁt}’bﬁdﬁé‘tgt ES TSN

bt es_are

Er8F

factors hagerangehf.ect on the X-ray diffraction pattern of a zeolite. Such
factors include tenperature, pressure, crystal size, inpurities and type of
cations present. For instance, as the crystal size of the type L-zeolite

becomes snphl girepatdng ritlye diiligaboundal tzeelite catalyst in

accordance with preferred embodiments of the present

invention, either the zeolite is treated in advance with a

binding enhancement metal salt or the zeolite is comulled in
the presence of the metal salt added to the muller followed
by addition of the silica binder. In the embodiment where

the zeolite is separately prepared with the binding

enhancer, binding enhancer such as an aluminum salt can be

mixed with the zeolite in a slurry, followed by pH

adjustment to precipitate aluminum species on the surface of
the zeolite. The modified zeolite is separated from the

slurry, combined with the silica binder, and either extruded

or spray dried to form product. The product can be

subsequently treated, as with platinum addition and other

steps as described elsewhere herein, to produce a reforming\

catalyst.

Electrophoretic measurements preferably are carried out on

the zeolite to determine the amount of binding agent

enhancer to achieve strong-bindiné between the zeolite and

the binder, such as the silica binder. Preferably the

amount of binding agent enhancer is adjusted so that the

zeolite surface will be approximately at the isoelectric
point (IEP) or slightly past this point to the positive

side.

g
Y-

We have found that the moisture content of the L zeolite-
binder material to be extruded to form the catalyst base
preferably'is controlled to a loQ level in order to achieve
good crush strength on the product. For the L zeolitesilica

product material, preferably the moisture of the material
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becones sonewhat broader and | ess precise. Thus, the terdﬁ}zgdhlg TTST FT
I ncl udes any of the various zeolites made of cancrinite
X-ray diffraction pattern substantially the same as the X— ray M\”S’%%tl
patterns shown in U S. Patent No. 3,216,789. Type L-zeol]|itles Q
conventionally synthesized in the potassiumform that ijs, k. the |
theoretical formula previously given, nost of the Mcatijons are potassium
M cations are exchangeable so thata givenitype L-zeolit e~ for—exarple—a
type L-zeolite in the potassiumform can be used to obtain type L-zeolites
cont ai ni ngpBtAEr tRaeXGFI HhoR ubs eeenhgot hed:t Jise abowb| BfeSt o Pilovfer@hange

treatment hondd aseeeUP P Ui Onoh. an @mers@prdratiegﬁﬁtioﬁr) sadctz% However,
it is difficult tg&exchan e all _the original cations, fo exanp

pot assi um PERREE2Dd e 3617 o i h BhE- ieoP#P@z%%a@*ﬂ%$t€35ﬁhlCFQM%§hleVG

difficult tRist belaeddrily 16w ReCHubeetontehd, zpel i eprbge e itb the

resent |nve tion are those synthesi zed
P uce t%e mJ}sturg content of the L zeolite used to form

the L zeolitesilica mixture to less than 15% L.O.I., more
preferably less than 13% L.0.I. In experimental work in
this area we obtained suitably dried L zeolite by drying L
zeolite powder at 100°C for 16 hours to reduce the L.O.I.
from 21.75 wt. % to less than 8 wt. %.

The catalyst used in the process of the pfesent invention
can be prepared in various manners, but, again, it is
critical that the preparation be such that the catalyst have
the aforestated lowwater sensitivity index. When using the
particularly preferred silica binder, we have found that
overwashing of the silicabound catalyst can induce unwanted
water sensitivity to the catalyst. When using an alumina
binder we have also discovered that the alumina should not
be subjected to extensive peptization with acid during
binding as such peptization was found by us to also
‘introduce water sensitivity to the catalyst.

In our examples below, we illustrate alternate preparations
for the catalyst, which can be followed to achieve the low
water-sensitivity index catalyst required for use in the
dehydrocyclization process of the present invention.

Testing the prepared catalyst for water-sensitivity index is
not fundamentally difficult. The water-sensitivity test is
described in more detail below.

This Sheet Has Been Rerlaced :
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in the potassiumform Preferably the potassiumformlL ”ﬁﬁNTgﬁﬁﬂﬂ‘
exchanged to replace a portion of the potassium nbst p erably with gn
al kaline earth nmetal, barium being an especially preferjed aBHH%Vﬂ%Mbartr
metal for this purpose as previously stated. The ijngrgani ¢ oxi de
carrier binder for the catalyst used in the process of jthe present
I nvention can be selected fromvarious terials as st ahove The
preferred anounts of binder, are from 55 90 wt. % of the finished
catal yst, NOFOrEidiGrtmdly, presarred: smbpdiment ané Suir [inwentinws ekhBl y,
from 10 toy bAleWeo othe ca££l¥§5‘3[eht u%@led N § Nen PEAGRSI i%e tHWuMd SS9 EBR

i nvention that the catal yst u OM/mater-senS|t|V|ty I ndex, as
previ ousl ysthdic@at @dumina or 5111caa1um1na, wherein the 'L-zeolite is

preferably in the potassium or barium form, more preferably
a potassium form L zeolite which has been barium ion-
exchanged, and whose last processing before application of
platinum is contacting (washing) with water at a pH
preferably above 7, more preferably above 8, and still more
preferably above 9. Preferably, the upper limit of the pH
in this wash step does not exceed 13.5, more preferably 12,
and still more preferably 11. The water in equilibrium with
the catalyst base for this wash preferably contains an
alkali or alkaline earth metal in a concentration of greater
than 50 ppm by weight, based on the water, or more
preferably 100 to 250 ppm and most preferably 150 to 170
ppm. Preferred alkali and alkaline earth metals for this
purpose are potassium, sodium and barium. Potassium is
particularly preferred. The alkali or alkaline earth metal
can be added to the wash water, or the desired equilibrium
amount in the wash water may be achieved through such
component being present in the zeolite or bound zeolite
prior to washing: The pH and ion concentration conditions
referred to are those in the wash water when the final wash
step is being finished. After washing, preferably the
zeolite base is then dried, calcined, platinum-loaded and
recalcined.

According to a particularly preférred embodiment of the
present invention, the base for the catalyst employed is a
~barium exchanged L-zeolite bound with silica and the bound
_zeolite is washed and platinumloaded as described in the
preceding paragraph. Preferably the L-zeolite is contacted.
with a binding enhancement agent, such as aluminum nitrate,
prior to binding the zeolite with silica.
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The ‘'wat er-sensitivity index test was devel oped by us to ra

ef fect of
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wat er on the fouling behavior of reform ng catal ys{-—The

wat er-sensitivity index (Wsl) is determned as follows. The facty th
2800V %,

catal yst i
Measuri ng
first run
i's hydrofi

oxygen- conféd ot dfngotpownttlod © peedeededTembaidiment hef waher peerseerit r at i on

s nmeasured in a mcroreactor under typical reforfpg~co
the WSl requires two separate runs in the m crorgabtor The |

is 40 hours long with no added_water. The feed fpr this first run:

ned by known nethods such thaf substantially all the—water—ane
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fromO to
i s added

m xture of?

@@rhoprefemabmgmna1mmn;uheEMehang&d(Léﬁbmbute.obgumdamlwkﬂer
QH&Q%SgDunt sufficient to give 100 ppmwater by volune in the
arbon

for catalysts prepared using an alumina binder, preferably
the alumina is subjected to only mildly acidic peptization.
For example, we have found in several instances that the
peptization was too severe when the alumina was treated with
greater than about 0.15 grams of nitric acid per gram of
Alzo3 (anhydrous). Preferably the alumina component of the
aluminabound catalyst used in the present invention is
prepared under less severe peptization conditions, such as
less than 0.10 grams of nitric acid, or equivalent, per gram
of alumina. However, the effect of acid on the alumina is a
complex phenomena and in some instancés we have found higher
amounts of acid do not result in a water sensitive catalyst.

Preferred Group VIII metals for preparation of the catalyst

used in the present invention are platinum and palladium.

Platinum is particularly preferred. We have found that an

advantageous method of preparing a low WSI catalyst for use
in the process of the present invention comprises introduc-
ing the platinum component to the zeolite or bound zeolite

support by "pore £ill". Pore £ill is a technique known in

the art. 1In the pore £ill method the catalyst is wetted

with a Group VIII metal component, such as a platinum

component, for example, a solution of platinum tetraamine

chloride, and the platinum component is adsorbed onto the
zeolite.

In contrast to using an ionexchange method, an excess of
Platinum is not used when using the pore £ill method. Also,
the catalyst does not require washing after the pore £ill

—
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feed and hydrogen entering the reaction zone of the mcr Ck Oin 1

exanple, the water may be added to the incom ng hydrogen:BEfLﬁﬁymﬁbﬁ? QEEET
Dynacal [err] perneation device supplied by Vici Metronics. The activjtjly
(as defined hereinbel ow by the pseudo firstorder rate cohs}a®t@NQY 1836 40
hours on streamfor the-first run is divided by the actiyify at 40 hours| dn
stream for the second run to generate e WBI. Referfing now nore
specifically to the conditions for the two test runs, catalyst is crushed

gggt ;_cr _eerg%hagi@nsgzeta% QJ-le]t/il(hL%n_lfic@ﬁp(:ﬁléhﬂg drras&1)is Aprafeuredoftacaait g st

inin : X rr of, - I num i1 s_|L oaded into 0. +(y/ 4"

stai nl ess %e‘FaF%iXL r.“s%ﬁe "Jgt ?S?rggepﬁeﬁn&gd{ﬁ::e%n ?Ryhgg?gge@ﬁ(% ovm') ng

ﬁt da rate £id bPPoRCHE thel @layimimuconpoddafteridll ¢wdd| byr HEyinthend

X 10[err foqgjgggéagspg;@g%ggg@r@eaeas Ohel MW aFle? RRESTY L OF 6.9
fill.

The Group VIII metal component, such as the platinum
component, can be added to the zeolite prior to binding the
zeolite, but more preferably, for the catalyst used in the
process of the present invention, the Group VIII metal
component is introduced to the catalyst after the zeolite
has been bound. '

The present invention encompasses reforming and especially
dehydrocyclization under conditions and with catalysts as
described herein, and encompasses the catalysts per se for
use in reforming and especially dehydrocyclization.

DETAILED DESCRIPTION
Extrudate catalysts comprising a large pore zeolite having

an alkaline earth metal incorporated into the zeolite and
containing a Group VIII metal can be prepared according to
techniques known in the art. These techniques usually
involve four basic steps or procedures. The order in which
these steps are carried out is not generally critical,
although there are preferred sequences.

The four basic steps or procedufés are: (1) ionexchange of
an alkali metal large poéé zeolite with an alkaline earth
metal; (2) calcination; (3) impregnation with a Group VIII
metal; and (4) binding the zeolite to prepare an extrudable
mixture.

-
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(920[err]F) with hydrogen flow sufficient to give a nole r 0 .Qf hvdrogen

to feed hydrocarbon of 6.0. The reaction products are analy ed‘§§’ﬁ%g$§%

chromat ograph with a capillary colum and a flane ionization {detector.

The hydrocarbon feed is a |light naphtha with a boiling range of 71.2 to

127[err]C (160[err]F to 260[err]F), a sul fur content
-15-

As indicated, these four steps can be carried out in a
variety of different orders. For example, U.S. Patent

No. 4,458,025 describes the preparation of an extrudate
catalyst using the four basic procedures in the order:
jonexchange, binding, high temperature calcination, impreg-
nation and low temperature calcination. In the preferred
embodiment, the binding operation is carried out by mixing
together an ionexchanged zeolite with a nonacidic alumina.
The bound mixture is extruded. Then in a high temperature
calcination, the extrudate is heated to at least 1000°F for
one to two hours. The extrudate is ionexchanged, washed and
calcined. The calcined extrudate is then impregnated with a
Group VIII metal. Thus, the impregnation procedure follows
the high temperature calcination. Following impregnation, .
the catalyst is again calcined but at a much lower
'temperature, about 500°F.

Patent No. 4,434,311 is directed to a dehydroisomerization.
reaction using a large pore zeolite catalyst. The catalyst
can be prepared in either of two preferred ways. The first
way uses the four basic procedures in the order: ion-
.exchange, calcination, impregnation, calcination, binding
and lowtemperature calcination. This method has the
advantage that since impregnation precedes binding, ail of
the metal is impregnated unto the zeolite and none unto the
inorganic oxide binder. The second way uses the same four
procedures, but in the order: (a) binding and calcination,
(b) ionexchange and calcination, (c) impregnation, (d)
calcination. This method thas as its advantage the fact that
the bound extrudate can be easily separated from the
ionexchange and impregnation solutions. We have found that
the catalyst used in the dehydrocyclization process of the
present invention is preferably prepared in accordance with
this second way, and preferably with three calcination
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| ess than 0.03 ppm by weight, a nitrogen content of |ess than P@PL@(EMP&T SHEET

wei ght, an aromatics plus substituted cycl ohex- anes content fofaling
approximately 12.5 nole % a content of paraffin plus substitjutied28NOV 1994
cycl opentanes with greater than

-16-
steps. The preferred calcination steps follow binding,
ion-exchange, and impregnation.

U.S. Patent No. 4,547,472 discloses a method to prepare a
catalyst using a double ionexchange procedure. In one
embodiment, the method uses the four basic procedures in the
order: ionexchange, calcination, ionexchange, calcination,
impregnation, calcination, biﬁding, and calcination. 1In a
second embodiment the order is: binding, calcination,
ionexchange, calcination, ionexchange, calcination,
impregnation, and calcination.

As a final example of the numerous ways to order the four
basic catclyst preparation steps or procedures, U.S. Patent
No. 4,579,831 discloses a method using the procedures in the
order: binding, calcination, impregnation, and calcination.
A separate 1on-exchange procedure is omitted because the
binding agent contains an alkali or alkaline earth metal
aluminate. Thus, ionexchange can take place during the
‘binding procedure as a simultaneous step.

In view of the many different'ways illustrated by the
patents recited above to prepare an extrudate catalyst, it
was surprising to discover that some of the final catalysts
are water sensitive. The state of the art prior to this
discovery led us to expect that silica and alumina bound
catalysts would not be inhereht@y different. It was thought
that the selection of a bindihg'égent and the manner of its
use were choices from améﬁg equivalents without substantive
effect on the final catalyst. '

According to a preferred embodiment of the present
invention, the catalyst used in our reforming process is

prepared as follows.
I
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si x ‘carbon atons totaling approximately 81.2 nole % a cont EFP (ngﬁgﬁdeﬁET
pl us cyclopentane with five or fewer atons totaling approxipmtely 6.3 nole
% and an average nol ecul ar wei ght of approxi mately 95. The28 NOV 1994
aromati zation reactions are characterized by cal cul ati ng convlersi on and
selectivity as described bel ow. The feed contains 12.5 jnole % of
conbi ned aromatics and cycl ohexanes. It i,5 assumed that the-aromafics do
not react and that the cycl ohexanes are &ehydrogenated to formaromatics

Wi tp 100‘%:c1$m\/ﬂélapﬂegﬂ§ BORHuS ¥isdGid Ve iYicdhealead ndl sox coiil hcaalBhidanol e
% of paraffins and_su I tuted cycl gpentanes, cont ai_ni,ng .at. | t _six carbon
at ons. Thej,@estccﬁi)%fjﬁﬂégﬁ-bfr fiad 1300l %D’tﬂé’r%icf'gﬁt§attﬁahygsc n"rb"gglfveg
dehydr ocygliixiathy t €hé O 8bAL @Bt ithie Wi rcbnt ashdwpirle fiehabdat @ ysinding The
pool conversion is defined as t fraction, i 0 f reactants that

A ﬁrbC%’f‘?ﬂEragFBﬁatsti"cg%cﬁm arE gx;?ﬂdggl% %%gteo.

i's convert

Alternatively, the binding agent can be used to treat the
zeolite before adding the binder. 1In any of these
'alternatives, the zeolite is contacted with the binding
enhancement agent prior to completion of the binding. After
the mixing of the zeolite and binder, the catalyst base
material is extruded. Then the extrudate is calcined.

Next the bound zeolite extrudate is preferably exchanged
‘with an alkali or alkaline earth metal, more preferably the
latter, and most préferably, barium. A barium exchanged
L-zeolite is exemplified below. After the exchange, the
catalyst is washed, preferably as previously described. The
washed catalyst is then recalcined. This calcination is
preferably done at about 1000°F to 1200°F, more preferably
about 1100°F, in air for at least one hour.

Next the catalyst is imﬁregnaéed with a platinum component
using a pore £ill method. This is believed advantageous in
reducing the likelihood of subsequent water sensitivity when
the catalyst is used in dehydrocyclization. The pore filled
catalyst is then dried and then calcined. .

Preferably, the calcination of the impregnated catalyst is
carried out at 400 to 600°F, more preferably 500 to S550°F.
Preferably, this calcination is carried out in an air/steam
mixture, for example, a 50% air/steam mixture, flowing over
the catalyst, as described in commonly assigned U.S. Patent
No. 4,608,356, which disclosure is incorporated herein by
reference.
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conpounds with fewer than 6 carbon atons. (See equation 1 RFPLACEM& SHFFT
Mol es of reactants Pool Mol es reactants

product per Conver per nole of feed TDQ@3N9V19§bd
sion, %= _ _

x 100 (1) Mol es of reactants per nore
feed where reactants are the pool of paswdfins and cycl openatanes _having at ;

| east 6 capbon, atofe, % RPN e BOHRREC AR £2 CLENEKIN G A éne

invention is a largepore zeolite having an effective pore
diameter of 6 to 15°A as mentioned above. Among the
largepore zeolites which are preferred for use in the
catalyst used in the process of the present invention, are
zeolite L, zeolite X and zeolite Y. These preferred zeo-
lites have apparent .pore sizes in the range of about 7 to
9°a in diameter.

Zeolite X is a synthetic crystalline zeolitic molecular
sieve which may be represented by the formula:

(0.71.1)M2/n0:A1203:(2.03.0)Si02:yH20

wherein M represents a metal, particularly alkali and
alkaline earth metals, n is the valence of M, and y may have
any value up to about 8 depending on the identity of M and
the degree of hydration of the crystalline zeolite. Zeolite
X, its Xray diffraction pattern, its properties,'and method
for its preparation are described in detail in U.S. Patent
No. 2,882,244. U.S. Patent No. 2,882,244 is hereby
incorporated by reference to show a zeolite useful in the
preéent invention.

The chemical formula for zeolite Y expressed in terms of
moles oxides may be written as:

-(0.71.1)Na,0:A1,0,:x5i0,:yH,0

wherein x is a value greater than 3 up to about 6 and y may
be a value up to about 9: Zeolite Y has a characteristic
Xray powder diffraction pattern which may be employed with
the above formula for identification. Zeolite Y is
described in more detail in U.S. Patent No. 3,130,007. U.s.
Patent No. 3,130,007 is hereby incorporated by reference to
show a zeolite useful in the present invention.
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The "pool
end up as aronmatics. (See equation 2).

Mol es of Mol es aromati cs rb tics and
cyclo  Pool in the product hex esn§|$ N8V 4994 edd
Sel ec per nole of feed per nole of total f tivity, % 43
x 100 (2) ( Pool cogMﬁfsion, % (Mol es of reactrarnt s
per)

selectivity is defined as the fraction of conve‘REPLAGEwﬁz tgHEETq

4he most preferred zeolite for use in preparing the catalyst—
ysed in the dehydrocyclization process of the

gresent invention is zeolite L. The chemical form for
geolite L may be represented as follows:

(9.91.3)M2/n0:A1203(5.26.9)Sioz:y820

vherein M designates a cation, n represents the valence of
%, and Y may be any value form 0 to about 9. Zeolite L,
its Xray diffraction pattern, its properties, and method
for its preparation are described in detail in U.S. Patent
No. 3,216,789. Zeolite L has been characterized in
mzeolite Molecular Sieves" by Donald W. Breck, John Wiley
and Sons, 1974, (reprinted 1984) as having a framework
comprising 18 tetrahedra unit cancrinitetype cages linked
by double six rings in columns and crosslinked by single
oxygen bridges to form planar 12membered rings. The
iydrocarbon sorption pores for zeolite L are reportedly
approximately 7°A in diameter. The Breck reference and
U.S. Patent No. 3,216,789 are incorporated herein by
reference, particularly with respect to their disclosure
of zeolite L.

The various zeolites are generally defined in terms of
their Xray;diffraction patterns. Several factors have an
effect on the Xray diffraction pattern of a zeolite. Such
factors include temperature, pressure, crystal size,
impurities and type of cations present. For instance, as
the crystal size of the type L-zeolite becomes smaller,
the Xray diffraction pattern becomes somewhat broader and
less precise. Thus, the term "zeolite L" includes any of
the various zeolites made of cancrinite cages having an
Xray diffraction pattern substantially the same as the
Xray diffraction patterns shown in U.S. Patent No.

3,216,789. Type L-zeolites are conventionally synthesized
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100 nole of feed where reactants jare—the-poot
paraffins and cycl opentanes having at |east 6 carbon a ogga v égg
conversion and selectivity are used to calculate a "gsqu 1Nq ? den fate
constant for aromatics productions as shown in Equatijon_(3). Although the
rate of aromatization cannot be nodel ed exactly by this firstorder rat
expression, it is a useful approxination ~20-
k = (select|V|ty % (1 convers
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any wat er Qgékrtzlo%ll Soret pdmEer 6. thee v L Lonst ape paltadsnad. M

cations are exchangeable so that a given type L-zeolite,

—+

for example, 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 ionexchange treatment
in an aqueous solution of an appropriate salt or salts.
However, it is difficult to exchange all the original cat-
ions, for example, potassium, since some cations in the
zeolite are in sites which are difficult for the reagents
to reach. Preferred L zeolites for use in the present
invention are those synthesized in the potassium Zorm.
Preferably the potassium form L zeolite is ion exchanged
to replace a portion of the potassium, most preferably
with an alkaline earth metal, barium being an especially
preferred alkaline earth metal for this purpose as
previously stated.

The inorganic oxide carrier binder for the catalyst used
in the process of the present invention can be selected
from various materials as stated above. The preferred
amounts of binder are from 5 to 90 wt. % of the finished
catalyst, more preferably, from 10 to 50 wt. % and still
more preferably, from 10 to 30 wt. %.

It is critical in the process of the present invention that
the catalyst used has a low water -sensitivity index as pre-
viously indicated.

The water—sensitivity index test was developed by us to
rapidly test the effect of water on the fouling behavior of
reforming catalyst. The water-sensitivity index (WSI) is
determined as follows. The activity of the catalyst is
measurgd in a microreactor under typical reforming

—_
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usi ng conversion and selectivity results for the end &Eﬁhﬁgﬁﬁﬁiﬂhﬁﬁﬁﬁl

that is,
wat er addi

k[err]. The water-sensitivity index (WBl) is defined py equatlon (4):

W8I =[err]
dr awi ng
upstream
dr awi ng,

hydr ot r eag,

the run descri bed above having 20 hours onstfeam w t hout

tion followed by 20 hours onstreamw th watey pd@igNOW 1994 ot ed

:3) Tfe
s a sinplified schematic fl owxsheet shomﬁng b reformng unit dnd
feed treatnent facilities. Referring in nore detail to the

thaons.f eMedsudime uheowﬁidmaauxﬂemgtUﬂlﬁepafﬁﬁ%tﬁyns in
ng@EETed&tor

fhe first run is about 40 hours long with no added water.
the feed for this first run is hydrofined by known methods
¢uch that substantially all the water and oxygen-containing
¢ompounds are removed. Therefore, the water concentration
jn the mixture of feed and hydrogen entering the reaction
tone is less than about 3'ppm.

fhe second run is carried out in the same manner as the
first from 0 to 20 hours onstream. Then, between 20 to 40
jours onstream, water is added in an amount sufficient to
give about 100 ppm water by volume in the mixture of
ﬁydrocarbon feed and hydrbgen entering the reaction zone of -
the microreactor. As an example, the water may be added to
the incoming hydrogen with a Dynacal permeation device
fupplied by Vici Metronics.

fhe activity (as defined hereinbelow by the pseudo
firstorder rate constant, k) at 40 hours on stream for the
first run is divided by the activity at 40 hours on stream
%or the second run to generate the WSI.

Referring now more specifically to the conditions for the
two test runs, catalyst is crushed and screened to a size of
14/80 mesh. An amount of catalyst containing 4.42 x 1039 of
platinum is loaded into a l/4"'sﬁéinless steel reactor. The
tatalyst is then reduced in hydrogen flowing at a rate of
500 cc/min. for one hour at 900°F. Then a hydrocarbon feed
is introduced at a rate of 6 ml/hour at a pressure of 100
Psig at 920°F with hydrogen flow sufficient to give a mole.
ratio of hydrogen to feed hydrocarbon of 6.0. The reaction
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addition to other reactions, organic sul fur compounds ar
hydrogen sul fi de and hydrocarbons. The hydrot- reated na mmmiﬁcghﬁ@ﬂi&HEET
via line 3 and fed to stripper 4. In stripper 4 |ight} gases—amt
hydrogen sul fide are stripped out of the hydrotreated naphtha %3§@¥
overhead via line 5. Heat is added in reboiler 6. The he %
reboiling is steamintroduced to the reboiler via line 7.
steam woul d be in the "tube side" of t] g_reboiler but thejsteammy on
occasion | eak through to the "shell side where the naphth
for reboi| PRBAUCES IR an3livssdd byapnors FRCPBABISH2RP AWt FRe?8 and passed to.
storage tankpiPlaty ddlnem @ndnd ¥Qaméheocateatfent dakecsoanot her potenti al
source of water contam nation in the reform ng unit

The hydrocarbon feed is a light naphtha with a boiling range
of 1E9°F to 260°F, a sulfur content less than 0.03 ppm by
weight, a nitrogen content of less than 0.1 ppm by weight,
an aromatics plus substituted cyclcohexanes content totaling
approximately 12.5 mole %, a content of paraffin plus
substituted cyclopentanes with greater than six carbon atoms
totaling approximately 81.2 mole %, a content of paraffin
plus cyclopentane with five or fewer atoms totaling
approximately 6.3 mole %, and an average molecular weight of
approximately 95.

The aromatization reactions are characterized by calculating
canversion and selectivity as described below.

The feed contains 12.5 mole % of combined aromatics and
cyclohexanes. It is assumed that the aromatics do not react
. and that the cyclohexanes are dehydrogenated to form

aromatics with 100% conversion and 100% selectivity. The
feed also contains 81.2 mole % of paraffins and substituted
cyclopentanes containing at least six carbon atoms. These
compounds form a "pool" of reactants that can be dehydro-
cyclized to form aromatics by contact with the catalyst.

The pool conversion is defined as the fraction of this pool
of reactants that is converted to either aromatics or
compounds with fewer than 6 carbon.atoms. (See equation 1).

¢
-

Mcles of reactants

.Pool Moles reactants left in product per
Conver per mole of feed mole of feed
sion, % = ' x100 (1)

Moles of reactants per mole feed

e
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Naphfha Is fed to reforming unit 15 either "directly"” fromthe stripper via

piping, shown schematically by lines 9, 11 and 14, or "indi R€$§E§ﬁﬁSHEET

storage tank 12 and then lines 13 and 14. In reformn
naphtha is reformed to formaromatics. The naphtha feed i§ g
hydr ocar bon, preferably boiling in the range of 21[err]C ffo ﬁgamms
(70[err]F to 450[err]F), nore preferably 37.8 to 176.8[er] ¢ (100 to I
350[err] F). The naphtha feed contains aliphatic or paraffiin hydrocarbons-
and these aliphatics are converted,-2t least in part, to awematics in the
ref orm ng whaesi psacanints erydﬁecy@él 768 ipairaiff ihel aededyt bofen tdne oSt

portant (eaehy Olk 1eaccThe cLeRd: %@Ju? aby ugonpghean%es&mmésoo ppb

sul fur and nore referab Pess™t f necessary, a
and cyclohexanes are excluded

The pool selectivity is definea as the fraction
of converted reactants that end up as aromatics. (See
equation 2).

Moles aof
Moles aromatics aromatics and cyclo
Pool in the product hexanes in the feed
Selec per mole of feed per mole of total feed
“tivity, & = x100 (2)
(Pool conversion, %) (Moles of reactants per) :
100 mole of feed

where reactants are the pool of paraffins and cyclopentanes
having at least 6 carbon atoms.

The conversion and selectivity are used to calculate a
"pseudo firstorder" rate constant for aromatics

productions as shown in Equation (3). Although the rate of
aromatization cannot be modeled exactly by this firstorder
rate expressioﬁ, it is a useful approximation:

k = (selectivity, %) 1ln (1 conversion, %) (3)
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The rate constant after 40 hours onstream without any water
addition is denoted kdry‘ The rate constant calculated
using conversion and selectivity results for the end of the
second run, that is, the run described above having 20 hours
onstream without water addition followed by 20 hours
onstream with water addition, is denoted

k . The water-sensitivity index (WSI) is deflned by
equatlon (4):

k )
WSI = _dry (4)

kwet

DRAWING

The drawing is a simplified schematic flow sheet showing a
reforming unit and upstream feed treatment facilities.

Referring in more detail to the drawing, naphtha is fed
via line 1 to hydrotreating unit 2. 1In the hydrotreating
unit, in addition to other reactions, organic sulfur
compounds are converted to hydrogen sulfide and
hydrocarbons. The hydrotreated naphtha is removed via
line 3 and fed to stripper 4.

In stripper 4 light gases and hydrogen sulfide are
stripped out of the hydrotreated naphtha and removed
overhead via line 5. Heat is added in reboiler 6. The
heat source for the reboiling is:.steam introduced to the
reboiler via line 7. Typigally, the steam would be in the
"tube side" of the reboiler but the steam may on occasion
leak through to the "shell side" where the naphtha is
being heated for reboiling.

The stripped naphtha is removed via line 8 and passed to
storage tank 12 via lines 9 and 10. The storage tank is

-
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sul fur sorber unit is enployed between units 4 and 15 to

smal | anmounts of sulfur in the fedd prior to contacting t
wat eri nsensitive catal yst used in the process of the pres
have found that best results are achieved in our reformn

sulfur is maintained at ultra low |levels as we specified pb and al so |i f
the catal yst enployed is a bound Iargeporg zeolite with the o]
wat er-sensitivity index. Preferred ré %ﬁning process onditions includ

a tenperat VeRlt e oot e ECwa el arhtdiDhetibh) inwhe
preferablygﬁgfaggn 455 an&ﬁgg%[errfcé%858zgnd 986:F)?&andba);ressure

bet ween 0 afformi®g Uf{%err] Pa (0 and 400 psig),

yaphtha is fed to reforming unit 15 either "directly" from
the stripper via piping, shown schematically by lines 9,
11 and 14, or "indirectly" via storage tank 12 and then
lines 13 and 14.

In reforming unit 15, the naphtha is reformed to form
aromatics. The naphtha feed is a light hydrocarbon,
preferably boiling in the range of about 70°F to 450°F,
more preferably about 100 to 350°F. The naphtha feed
contains aliphatic or paraffin hydrccarbons and these
aliphatics are converted, at least in part, to aromatics
in the reforming reaction zone. Dehydrocyclization is
believed to be the most important reaction.

The feed preferably contains less than 100 ppb sulfur and
more preferably, less than 50 ppb sulfur. If necessary, a
sulfur sorber unit is employed between units 4 and 15 to
remove remaining small amounts of sulfur in the feed prior
to contacting the feed with the waterinsensitive catalyst
used in the process of the present invention. We have
. found that best results are achieved in our reforming
process if the sulfur is maintained at ultra low levels as
we specified above, and also if the catalyst employed is a
bound largepore zeolite with the aforestated low
water-sensitivity index. )
Preferred reforming process conditions include a
temperature between 750 and 1000°F, more preferably
between 850 and 980°F; and a pressure between 0 and 400
psig, more preferably between 50 and 300 psig; a recycle
hydrogen rate sufficient to yield a hydrogen to hydrocar-

—
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nore preferably between 3.4 x 10[err] and 2 x 106 Pa (50
recycle hydrogen rate sufficient to yield a hydrogen to hyty Tbﬁﬁ“ghﬁﬂﬁﬁT

ratio for the feed to the reform ng reaction zone between|{0j1 and 20, norle
preferably between 0.5 and 10; and a liquid hourly space Ve oal&NOVd‘B% he
hydr ocar bon feed over the reform ng catal yst of between 01} and 10, nore
preferably between 0.5 and 5. A product streamrich iph aromatrcs 1s

withdrawn via line 16 as schematical |y _bgdi cated on the dtawing. EXANPLES |
bon mole ratio for the feed to the reforming reaction zone
between 0.1 and 20, more preferably between 0.5 and 10;
and a liquid hourly space velocity for the hydrocarbon
feed over the reforming catalyst of between 0.1 and 10,
more preferably between 0.5 and 5.

A product stream rich in aromatics is withdrawn via line
16 as schematically indicated on the drawing.

EXAMPLES
Example 1
Alumina Bound Catalyst Not of this Invention

To 478 grams of pseudo boehmite alumina (340
grams A1203) was added a mixture of nitric acid and water.
0.42 grams of nitric acid per gram of alumina was used to
peptize the alumina and the final loss on ignition (LOI)
of this mix was 39%. The peptized alumina paste was
mulled with 1360 grams of potassium L-zeolite (anhydrous
basis) and the LOI adjusted with water to 39%. After
mulling, the mix was extruded, dried and calcined at 500°C
with flowing dry air. Barium ionexchange was performed at
a ratio of 10 cc of 0.3 molar barium nitrate per anhydrous
gram of extrudate at 1809F for up to three hours. This
barium ionexchanged material was washed to a potassium ion
concentration in the final wash of 160 ppm (a pH between 8
and 9) and calcined. This material was then calcined in
air at 1100°F for at least one hour.

The bound and barium exchanged extrudate was
then porefill impregnated to 0.64% by weight platinum and

calcined for about one hour in a 50% steam/air environmgpt
between 500 and 550°F.
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Exanple 1 Al um na Bound Catal yst Not of this Invention REPhﬂCE%ﬁﬂﬁygﬁﬁﬁi

Qf pseudo boehmte alumna (340 grans Al[err]Jerr]) was gdded a m xture
nitric acid and water. 0.42 grans of nitric acid per gramiofi abgNmMA19MS
used to peptize the alunina and the final loss on ignitior (JLO') of th|s
m x was 39% The peptized alum na paste was nulled w th 1360—grans—of

potassium L-zeol ite (anhydrous basis) anek?t-he LO adjusted with water to

)

39% After mulling, the mXx was extrudedl d&led and cal cined at H00[€erT]T
with flowing dry air. Example <
Alumina Bound Catalyst Not of this Invention

A similar catalyst was prepared as in Example 1, except
that only 0.14 grams nitric acid per gram alumina was used
in the peptization step.

Example 3

Alumina Bound Catalyst in Accord with this Invention

1600 grams of potassium L-zeolite (anhydrous
basis) was charged to a sigma blade mixer (bread dough
type) and the LOI was adjusted to 29% with water. 1In a
separate sigma blade mixer 563 grams of pseudo boehmite
alumina (400 grams of A1203) was peptized with a mixture
of nitric acid and water. 0.06 grams of nitric acid per
gram of A1203 was used and the LOI of this mix was 58%.
The two mixtures were combined, blended and adjusted with
water to a final LOI of 43%. The paste was extruded,
dried and calcined in flowing dry air at 480°C. The bound
zeolite was then carried forward to a finished catalyst as
in Example 1.

‘Example 4

Alumina Bound Catalyst in Accord with this Invention
This catalyst was prepared as in Example 3,.except that
the calcination of the bound zeolite was done for one hour
at a temperature of 593°C.

Example §
SilicaBéund L Zeolite

Potassium form L zeolite was dried at 100°C for 16 hours
to reduce the L.0.I. from 21.75% to less than 8% by
weight. A 2 molar solution of aluminum nitrate was used

as a binding enhancement agent. The aluminum nitrate was
used in a ratio of 0.133 ml of 2 molar solution per

Sheet Has Been Re(‘laced
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Bari um i onexchange was performed at a ratio of 10 cc of om@mﬁm.ﬁiﬁﬁf

nitrate per anhydrous gram of extrudate at 82[err]C (180[ gr| or up tp
three hours. This bariumionexchanged material was washedjt ¢ gq

i on concentration in the final wash of 160 ppm (a pH bet wget s?gand
calcined. This material was then calcined in air at 594[ et r}P (1100[b.;1 )

for at | east one hour. The bound and barlun1exchanged2extrudate was

then porefill inpregnated to O. 64@6by2&5|ght pl ati num and ‘leetcTTred T OF
about one gHirdtdud éQ%{QnsfoQarﬂ HdoiWe I poWREL . betpwasse PHh By khard s&AR{-err| C

500 and 550[err]F
( Lgn 1s lhorougn%y giended before the next step of addi-
tion of the silica sol.

To accomplish thorough blending, approximately 1/4 of thé
2 molar solution was added to the zeolite in a muller at
After the
final addition of the binding enhancement agent, Ludox?
silica sol is then added to the mull followed by water
.addition to bring the moisture to the preferred extrusion
level of about 36.5% L.O.I.

S-minute intervals over a l5-minute period.

Many samples were prepared using the above general
procedure, but using different binding enhancement agents
and some with no'binding enhancement agent, to determine
the affect dn crush strength, extrudability, operational
feasibility (e.g., corrosivity, etc.), and catalyst
performance {(after Pt impregnation, etc.). Preferred
results were attained, particularly considering catalyst

performance and crush strength, using aluminum nitrate.

A summary of the aluminum nitrate preparation is

as follows on a gram basis for an 80% by weight L zeolite
bonded with 20% silica.

Anhydrous As Is
KL zeolite powder (6.81 wt. % L.0.I.) 2200 2361
Ludox?* AS-40 (40 wt. % s}licé) 550 1375
.2 molar aluminum nitrate 375
Water added to mull to extrude, ml 275
Procedure:
Add KL to muller, mull for 10 minutes.

i Shiiltlliiillsileﬂieflllm




Al um na Bound Catal yst Not of this Invention A sim'IaREP EhﬁﬁﬂngﬁEET

prepared as in Exanple 1, except that only 0.14 grams nitr a& Ser gran
al um na was used in the peptization step. Exanple 3 8

-29-

i\dd the 2 molar aluminum nitrate solution as described

ibove.
set mull for 15 minutes, then add Ludox? (binder).

et mull for 10 minutes, then add water to bring the mull
toisture up to.the calculated L.0.I. of 36.5 wt. %.

sxtrude after mull has broken (achieved proper rheological
sroperties).

nry.

Calcine to 600°C.
The extrudates were calcined as follows:
Room temperature to 220°C hold 90 minutes
220°C to 600°C hold 2 hours

600°C to room temperature

*Ludox? AS-40 is a silica sol available from Du Pont and
containing 40 wt. % silica stabilized by ammonium ion in
water. i

Example 6
Silicabound Catalyst Not of this Invention

aAn extrudate was formed utilizing 20% by weight of silica

derived from Ludox? AS-40 silica and 80% potassium L zeolite
extrudate. The fcllowing steps are followed: (1) binding

This Sheet Has Been Re [i
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Al um na Bound Catalyst in Accord with this Invention ‘ B~
potassium L-zeolite (anhydrous basis) was charged to a sig

separate sigma bl ade m xer 563 grans of pseudo boehnite al
of A1203) was peptized with a mxture of nitric acid and w
of nitric acid per gramof Al[err]Jerr]-30mas used and the

was 58% Th WO i xtures r i ped, de gg% d; to
a final q’bﬁ“&%‘&fn h@gﬁggem% 3udegl'l Qr’ F‘Z%ﬁe ¥ mt\ﬁg‘tvme%l%
dry air at2 maerrq:éncchermum zaa‘trllaédaéstphmt@eﬁsi\é@ f-@FmalLd'zte@ld-te
Finished caldl ¥S{ndSchlib A% thel above salt to anhydrous L-zeolite is

about 10 wt. percent; (2) following mixing, sufficient

Avicel cellulose extrusion aid is added to equal 1.25 wt.
percent of the anhydrous zeolite; (3) again, following
mixing, sufficient Ludox AS—40.is added to make an 80%
zeolite, 20% silica binder mixture on an anhydrous basin;
(4) additional water as necessary is added. ' The paste is
further mixed and extruded. This extrudate was calcined at
705°C in flowing air.

This extrudate was then barium ionexchanged and washed with
water (initial pH approximately 5) to an equilibrium
potassium ion concentration in the final wash of 23 ppm by
weight (final pH of 7.5).

The resulting material was then porefill impregnated, etc.
as in Example 1. '

Example 7
Silicabound Catalyst Not of this Invention

A similar catalyst preparation was made as in Example 6,
except that deionized water was used to. wash the barium
exchanged zeolite instead of water of pH 5, the final pH was
9.62 instead of 7.5, and the potassium ion concentration of
the final wash solution was 40 ppm instead of 23 ppm.

LExample 8
Silicabound Catalyst in Accord with this Invention

Following the procedure of Example 6, an extrudate was
formed utilizing 20% by weight silica derived from Ludox°
AS-40 silica and 80% potassium L-extrudate. This extrudate

was calcined at 705°C in flowing air.
I —
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Exanpl e 4 Al umina 8ound Catal yst in Accord with this lnve”tiREPLACENg@ﬂZSHEET
1 - —

catal yst was prepared as in Exanple 3, except that the calciha

bound zeoI.ite was done for one hour at a tenperature of 593[ ¢r ]S'BNOV 1996

=31~
This extrudate was then barium ionexchanged and washed

with deionized water (initial pH approximately 5) to an
equilibrium potassium ion concentration in the final wash
of 156 ppm by weight (final pH of 9.19).

The resulting material was then porefill impregnated, etc.
as in Example 1.

The activity and water sensitivity of the above catalysts
are shown in Table I. These properties were

determined in microreactor tests under the conditions
described hereinabove under Detailed Description.

TABLE I

Catalyst of Pool Pool .

Example No. Conversion, % . Selectivity, % WsI
1 51 89 1.4
2 50 88 1.4
3 49 86 1.0
4 53 85 1.0
6 48 84 1.3
7 55 87 1.3
8 60 88 1.0

TV
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WHAT IS CLAIMED 1IS:

1. A process for reforming aliphatic hydrocarbons to

| form aromatic hydrocarbons in a reaction zone which
may be subjected to periodic exposure to more than 3
ppm water, which comprises: |
contacting the feed under reforming reaction condi-
tions with a catalyst comprising a Group VIII metal,
a largepore zeolite and a _binder, and wherein the
catalyst has a water-sensitivity index less than 1.3.

2. A process in accordance with Claim 1 wherein the
water—-sensitivity index is less than 1.1.

3. A process in accordance with Claim 1 wherein the
water-sensitivity index is less .than or equal to
about 1.0.

4, A process in accordance with Claim 2 wherein the sulfur
content of the feed is less than 100 ppb.

5. A process in accordance with Claim 2 wherein the sulfur
content of the feed is less than 50 ppb.

6. A process in accordance with Claim 1 wherein the
-zeolite is L-zeolite.

7. A process in accordance with Claim 6 wherein the
L-zeolite has been ionexchanged with barium, calcium or

strontium.

0 ' “ﬁli’iim‘iiiiﬁiiiuum
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Exanple 5 Silicabound Catalyst Not of this Invention AmR- LAﬂﬁﬁ&@“hﬁgEET
formed utilizing 20% by wei ght of silica derived from Ludox|[ érn] AS-40
silica and 80% potassiumL zeolite extrudate. The following $tép2 &NBY 1996
foll owed: (1) binding enhancenent agent, AlI(NJerr])[err] [egr] 9H err] O
I's dissolved in

~33-
8. A process in accordance with Claim 7 wherein the

L-zeolite has been ionexchanged with barium.

9. A process in accordance with Claim 6 wherein the binder
is silica.

10. A process in accordance with Claim 6 wherein the binder
is alumina.

11. A process in accordance with Claim 6 wherein the binder
is silica alumina.

12. A process in accordance with Claim 1 wherein the
catalyst is prepared by a method comprising contacting
the zeolite with a binding enhancement agent prior to
binding the zeolite.

13. A process in accordance with Claim 12 wherein the
zeolite is L zeolite and the binder is silica.

l4. A process in accordance with Claim 13 wherein the
binding enhancement agent is aluminum nitrate.

15. A process in accordance with Claim 14 wherein the
catalyst crush strength is at least 1.8 lbs/mm.

16. A process in accordance with Claim 1 wherein the
zeolite is an L-zeolite whic¢h has been ionexchanged
with potassium or barium and then washed at a pH above
7 in water having an alkali or alkaline earth metal
concentration greater than 50 ppm by weight based on
the weight of water.

—_—
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wat er at 2 nolar concentration and added to potassium form
the ratio of the above salt to anhydrous L-zeolite is about

(2) following mxing, sufficient Avicel[err]cellulose extrusi ngaéﬂevsg%
ain,
0,

added to equal 1.25 wt. percent of the anhydrous zeolite; (

foll owing mxing, sufficient Ludox[err]AS-40 is added to make

zeolite, 20%silica binder m xture on an gnhydrous basin: (
wat er as necessary i s added. The paste 3

%EHQMIEMEN& SHEET

B) { a

i) additional

Further m xed and™extTruded—Fis

extrudate y@s cal proedsat iAOAHdddanbel hOVhNElalim 25 wHéE&iaXihedate was

t hen bariumionexchangeq and washed th water (initial pH
to an equili briBﬁﬂPEng§§i°ﬁ‘mQ%rF%n% WREAR; & Fr(?ftrﬁé' i Ak

I

by wei ght (finathah 0f.10. @ram of Thetteaubtiidy @Wat arqwd vabenthemerorgfdn |

I mpregn in _Ex le 1.
I npr eg ated,.etgf a uhqna.anp e

27. A process for dehydrocyclization of aliphatic
hydrocarbons to aromatics in a reaction zone which may

be subjected to periodic exposure to trace amounts of
water, which comprises feeding to the reaction zone

feed hydrqcarbcns containing no more than

100 ppb

sulfur and contacting the feed hydrocarbons under
dehydrocyclization reaction conditions with a catalyst
comprising platinum, an L-zeolite and a binder, and

wherein the catalyst has a water-sensitivi
than 1.1.

28. A pfocess in accordance with Claim 27 wher

ty index less

ein the

binder is silica and the catalyst is prepared by a
method comprising contacting the zeolite with a binding

enhancement agent prior to binding the zeo

29. A reforming catalyst comprising a Group VI
largepore zeolite and a binder, and wherei

lite.

II metal, a
n the cata-

lyst has a water-sensitivity index less than 1.3.

30. A catalyst in accordance with Claim 29 whe
is less than 1.1.

31. A catalyst in accordance with Claim 30 whe
zeolite is L zeolite and the binder is sil

or silica/alumina.

/ —_—

rein the WSI

rein the

ica, alumina,
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Exanple 6 Silicabound Catal yst Not of this Invention AsTmaF—- :
catal yst preparation was nmade as in Exanple 6, except that{ eié)g' t el
er H § t

was used to wash the barium exchanged zeolite instead of Ja

final pH was 9.62 instead of 7.5, and the potassiumion cgneentratjon of

the final wash solution was 40 ppminstead of 23 ppm
-36-

e

32. A catalyst in accordance with Claim 31 wherein the
binder is silica.

33. A catalyst in accordance with Claim 32 wherein the
catalyst is. prepared by a method compriSing contacting
the zeolite with a binding enhancement agent prior to
binding the catalyst.

34. A catalyst in accordance with Claim 33 wherein the
binding enhancement agent is aluminum nitrate.

35. A catalyst in accordance with Claim 34 wherein the
catalyst crush strength is at least 1.8 lbs/mm.

36. A catalyst in accordance with Claim 29 wherein the
zeolite is an L-zeolite which has been ionexchanged
with potassium or barium and then washed at a pPH above
7 in water having an alkali or alkaline earth metal
concentration greater than 50 ppm by weight based on
the weight of water.

37. A catalyst in accordance with Claim 36 wherein the
concentration of the alkali or alkaline earth metal in
the equilibrium wash water is 100 to 250 ppm.

38. A catalyst in accordance with Claim 36 wherein washing
is carried out at a pH between 9 and 11.

39. A catalyst in accordance with Claim 29 wherein the
zeolite is an L zeolite and the catalyst is prepared by
a pore £ill impregnation of the bound zeolite with a
platinum component using a solution containing
platinum followed by drying and calcining without

K A - T“Hlsl"llll‘i|||‘|3“|‘|‘”i‘|‘d




Exanple 7 Silicabound Catalyst in Accord with this Inven RERLACWMEQT q
Fol | ow ng the procedure of Exanple 6, an extrudate was f z+né

by wei ght silica derived from Ludox[err] AS-40 silica an
L-Zeolite. This extrudate was calcined at 705[err]C in flfov
This extrudate was then barium i onexchanged and washed wift
(initial pH approximately 5) to an

=37~
intervening washing after the pore £ill addition of the
platinum,

40. A catalyst in accordance with Claim 30 wherein the
binder is alumina which has been subjected to only
mildly acidic peptization.

41. A catalyst in accordance with Claim 30 wherein the
peptization of the alumina is carried out with less
than 0.10 gram of nitric acid, or equivalent, per gram
of alumina.
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equi’l i brium potassiumion concentration in the final wash of 156 ppm by

wei ght (final pH of 9.19). The resulting nmaterial was then porefill
i npregnated, etc. as in Exanple 1. The activity and water. sensiti-vit
of the above catalysts are shown in Table 1. These properj A &E,NT SHEET
determ ned in mcroreactor tests under the conditions dedcr ETT'F\Ta'bﬂ
under Detail ed Description. . -1 - V1996
TABLE | : Cat al yst of Exanple No. Pool nggr%? %
Pool Selectivity, % W8I
51 89 1.4
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50 88

29 36 REFLACEMENT SHEET
53 85 140
48 84 1§. 328 NOV 1996
55 87 .3
60 - 38 - 88 1°0

REFORMING USING A BOUND ZEOLITE CATALYST
ABSTRACT

Reforming to produce aromatics from aliphatics, using
a bound zeolite catalyst containing a Group VIII metal such
as platinum, has been found to be extremely sensitive to
water, even at water concentrations as low as 3 ppm in the
feed, unless certain catalyst having a low water
sensitivity index are used. The water sensitivity index
(WSI) is described and methods for making catalysts with a
low WSI are described. The sulfur content of the feed to
the feed to the reforming/aromatics production process is
preferably below 50 parts per billion. The catalyst used in
the reforming process is preferably a high crush strength
catalyst and is preferably prepared by steps including
treating L zeolite with a binding enhancement agent prior
to binding with a binder .ach as silica, silica/alumina or

alumina.

Figure 1

>
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A

REFORMING USING A BOUND ZEOLITE CATALYST

The prasent nvention ralates to reforming, aspecially dehydracyetizing, hydracarbons (o farm romatics using a
large pore zealite catalyst. Ralorming ambracas savaral reactions, such as dehydrogenation, isomerization, denycroi-
somerizaticn, cyclization and dehydrocyclization. In the pracass cf the prasent invention, arcmalics are larmed trom the
teed hydrecarkions (o the raforming reaction zone, and dehydrocyclizaticn 1s believed to be the most imgortant reacticn
in tha prasant precess.

U.S. Patent No. 4,104,320, granted on August 1. 1978, disclesas that it is gossible to dehydrceyclize paraffins o
produce high cctane arcematics with high selectivity using a monclunctional nenacidic largepore zeolite cataiyst. The
caralyst censists assentially of a typel zaolite having exchangeable catcns of which at least 30% ara scdium, lithium,
potassium, rubicium or casium and contains at least cne Group VIl ncble metal (or tin or germanium). In garticular,
catalysts having platinum on potassium form Lzeolite exchangea with a rubidium or caesium salt were c'aimed to achieve
excepticnally high selactivity for n-hexane conversion to benzene. As disclosed in U.S. Patent No. 4,104,320. the L
zeolitas are typically synthesized in the potassium form. A partion, usually not mere than 80%, of the cetassium caticns
can be exchanged so that other caticns replace the exchangeable potassium.

Results as in U.S. Patent No. 4,104,320 were also reported by J. R. Bamard at the 5th Intematicnal Zzolite Con-
ference in 1980. But, while it was clear that the improvement in selectivity was significant. particularly icr C4Cq paraffing
and especially for Cg paraifins, it was independently found that the catalyst had limited commercial getential. At con-
ventional low pressure reforming conditions (about 1.38 x 108 Pa (200 psig)) catalyst life was measured in hours and
days, cbviously an unacceptably short cycle life. Nonetheless, it had now been demenstrated that a platinumcentaining
alkali metal exchanged Lzsclite catalyst could achieve exceptionally high selectivity for the conversicn ¢f paraffins to
aromatics. Advancing that discovery to a commercial catalyst became a naw goal of catalytic ratorming research.

An important step forward was disclosed in U.S. Patent No. 4,434,311, granted cn February 29, 1984: U.S, Patent
No. 4,435,283, granted on March §, 1984: U.S. Patent No. 4,447,316, granted cn May 8, 1984 and U.S. Patent No.

.~#4,917,3Q6, granted on May 14, 1985. These patents describe catalysts comprising a large pore zeolite 2xchanged with
an alkaline earth metal (barium, strontium, or caicium, grelerably barium) containing ane or more Group Vil metals
(preferably platinum) and their use in refarming petraleum naghthas. An essantial element in the catalyst is the alkaline
earth metal. Especially whan the alkaline earth matal is barium, and the largepora zeclite is L-zealite, the catalysts were
found to provide even higher salectivities than the correspanding alkali-exchanged L-zeolite catalysts disclosed in U.S.
Patent No. 4,104,320, Mareovar, ancther squally significant benefit achieved by the use of an alkaline earth metal
exchanged L-zeolite catalyst is that the catalyst retained its activity over a commercially acceptabie cycle life.

US-Patent No, 4.548,960 relates to a class of bound catalysts which exhibit superior activity maintainance in de-
hydrecyctization reactions are defined as a type L zeclite having exchangeable cations of which at least 75% are selected
from Group IA and calcium and barium cations and containing well dispersed particles of at least one Group Vil noble
metal where at least 30% of tha ncble metal thereo! is dispersed in the form of particles having a diameter less than 0.7
nm (7 A). The catalysts | may also be identifled as type L. zeoclitas lcaded with at least one Groug VIl noble matal which
have a terminal cracking index (as a measure of production of gentanes versus butanes from hexane) of at least 1.5

The discovery that.lkaline earth metai exchanged large pore zeolite reforming catalysts, especially the barium
exchanged L-zeolite Containing platinum, provide high selectiviiy even relative 10 the corresponding alkali metal 2x-
changed L-zeclite containing platinum was surprising. These catalysts are all substantially *nonacidic*® and thersfore
have been referred to as *monotunctional catalysts®.

Having discoverad a selective catalyst with an acceptable cycle life, commercialization seemed straightforward.
Unfortunataly, that was not the case. It was found that the high selectivity, large pore zeclite catalysts containing a Grcup
Vil metal were unexpectadly susceptlble to sulfur poisoning. U.S. Patent No. 4,456,527 discloses this discovery.

U.S.-Patent No. 4,456,527 disclosas a hydrocarbon conversion process having a very high selectivity for dehydro-
cyclization. in one asgect of this process, a hydrocarbon feed is subjected to hydrotreating, then the hydrocarbon feed
is passed through a sulfur remaval system which reduces the suifur cancentration of the hydracarbon feed 1o below 500
pRB, and then the hydrocarbon feed is reformed over a dehydrocyclization catalyst comprising a large pore zeclite
containing at least ona group Viil metal to produce aromatics and hydrogen. Specifically, it was found that the concen-
tration of sulfur in the hydrocarbion feed should bie at uitralow lavels, praferably less than 100 parts per billion (ppb),
more praferably less than 50 ppb to achiave improved stability/activity for the catalyst used in the process.

- After recognizing the sulfur sensitivity of these catalysts and determining the necessary laval of sulfur control, com-
merclalizauon again seemed feasible. Howevar, as is sometimes the casa with an emerging technolagy, anather set
back was encountered. It was lound that centain of the large pora zeolite catalysts are surprisingly sansitive to the

presence of water while undar raaction conditions. Water greatly accelarates the rata af deactivation of some of these
catalysts.

Kxﬁ&

) - [REPLACEMENT sHpgy] "7




- 10- Claims 1. A process for reformng aliphatic hydrocarbons to form

aromati ¢ hydrocarbons in a reaction zone whi cap—fay H'Euted to
periodi c exposure to nore than 3 ppm water, wiREﬂLMEMWE&‘ sidqnt acting the
feed undet- reform ng reaction conditions wth a catalyst gornprising a

Goup VIII netal, a largepore zeolite having pn effectpvggporie jdi am

..2..'

Watar sensitivity 18 an axiramely serous drawback. Water is groduced at the baeginning of @ach cycla whan the
catalyst s raducad with hydrogen. Watar can aiso be preduced during pracess upsals whan water laaks tta the ralormer
taed or the teed bacomas contaminated with an oxygen-cantaining campound. It the catalyst must ba protected from
watar. then axpensiva additional aquipmant is raquirad,

Accarding 0 dne aspact of the prasent invention, a process 1S providad for rerormlng aliphatic hydrecartans ta farm
aromatic hydrocartions in a reaction zone which may ba subjected to pariadic expaosura to mare than 3 ppm water. The
procass ccmpnises contacting the faed under refarming reacticn conditions with a catalyst comgrising a Graup Yilt metal,
a largepore zeolite having an affective pore diameterof 0.3 t0 1.5nm (6 to 15 A) and a binder, and wheremn tha catalyst
has a watar-sensitivity index (as defined below) less than 1.2,

According 0 anather aspect of the invention, there is proviced a retorming catalyst comgrising a Group Vil metal,
a large pora zedlite having an eftactive pore diameterof 0.5to 1.5nm (6to 1 SA) and a binder, and wherain tha catalyst
has a water-sensitivity index (as defined below) less than 1-3.

in a broad sense, the water-sensitivity index (WSl) is a ratio of rates of the reforming reacticn for a given catalyst
. at given reforming reaction cenditions when the reacticn is run assentially dry (for axample, less than 3 gpm water) for
a period of time versus when the reaction is run wet (for example, about 100 ppm water) for the same pariod ot time.
Unless otherwise indicated, ppm of water rafarred to herein is on a volume basis relative ta the total feed (hydrecarkbon
and hydrogen gas) to the reactor at standard conditions (1 x 105 Pa (one atmosphere) prassure and 15.3°C (60°F)).

Preferably, the WSI far the catalyst used in the precess of the prasent invention is less than 1.1, mare preferadly,
less than or equal to 1.0.

According 10 a particularly preferrad embediment of the presant invention, the catalyst selected for use in the process
is ona having the aforementioned low WS! and further, the feed to the process has an ultra low sulfur level, prelerably
less than 1CQ ppb by weight of sulfur, mora preferably, less than 50 ppb by weight of sulfur. We have found that when
these two features are brought together, namely. ultra low sulfur content in the hycrocarbon feed and the use of a low
WS catalyst as defined herain, a particularly advantageous and reliable dehydrocyclizatien process can be attained.

According to anather particularly preferred embediment of the presant invention, as discussed in more detail telow,
we have found that especially advantageous results are cbiained when using a silica bound large pore zaolite. preferably
a silicabound L zeclite. We have found the binging of the zealite, particularly the preferrad L zealite, is markedly impreved
by using a binding enhancement agent such as aluminum nitrate (o treat the zeolite grior to ccmpletion of the binding
with silica.

The preferrad catalysts used in the reforming precess of the present invention have a crush strength of at least
816.5 g/mm (1.8 Ibs/mm), more preferably at least 907.2 g/mm (2.0 los/mm)and most preferably at least 997.9 g/mm
(2.2 Ins/mm). Use of a binding enhancement agent has been found by us to be effective in achieving the preferred high
strength catalysts for usa in the present process.

Crush strength is measured by the flat plate crush method. Catalyst particlas are dried to constant weight at 350°F
in air. Their length is measured in mm. and the weight necessary 10 initiate cracking of the particle is measured as it
lays on its side on one flat plate and another flat plate is brought into contact with it, The crush strength is then calculated
by dividing the weight by the length for at lgast ten each of statistically sampled extrucates. Typical lengths for the
particles are from 0.2 10 0.7 cm.

The process of the prasent invention is advantageous both when the refarming reaction is operated at water levels

. in the teed greater than 3 ppm water and also, when it ordinarily is cperated dry but is subject to periodic upsats of
greater than 3 ppm waler. The "upsets® causing water to anter a nomally dry reaction zone can occur easily and are
relatively commonplacs,

Examplas of such upsets often oceur in reforming units where the faed to the reformer is obtained trom a hydrot-
reating unit, and the hydrotreating unit includes a stripping column which is operated using a steamhaeated reboiler. The
steamheated reboiler ¢an introduce water into the hydrocarbon feed it minute leaks develop in the reboiler piping-or
headers, atc. More generally, water can be introduced to the hydrocarbon feed when heat is added to the feed by heat
axchange with water or steam,

Ancther possible source of water is the startup of the catalytic operation during which time water is formed as the
catalyst is reduced with hydragen and when water may be desorbed fram the catalyst or the reactor intamnals.

Likewise, another possible scurce of water is catalyst regeneration. After a pericd of lime onstream, the catalyst
becomas fouled with coke and it is nacessary to burn the coke off tha cataiyst. During the process of burning the coka,
water is formed. This water may be adsorbed at various places in tha reaction system, including reactor internals and
the catalyst itsaif. Then, when the procass is started up again, the water is desorbed and recycles with the recycle
hydrogert gas ta the dehydrocyclization reaction zona.

Bacause there is a high probability of watar from cne or more of the sources mentianed abave, or from other un-
specified sources, we have lound that it is advantageous whan reforming is carried out using a bound largepore zeolite
catalyst, to use a catalyst which has a low water-sansitivity index.

Thus, among cther factors, tha presant invention is based on our discavery that catalytic reforming to praduce
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eter of 0.6 to 1.5 nm (6 to 15 A) and a binder, and[¥B& E~f b

has a water-sensitivity index |less than 1.3, t he §Eﬂyﬁj§gw“

bei ng defined by the foll owi ng equation (4):

WBl = [err] 41 02FEBhE98i nj k| err]
Is the rate constant after 40 hours onstream w t houj @ny water addi}ipn and
k[err], is the rate constant after 20 hours onsfr ' L e

addition followed by 20 hours onstrgamwi th water agdition of 100 ppm by
volune in the m xture of hydrocarbon feed, wherein both rate constants are
defi ned by t he quﬁml[cq cgned et@*mg abound largapora zealita catalyst is surprisingly disadvantagaously atfectad by the prasance

of aven small amaunts of watar, such as 3 gppm to 20 ppm watar, wharaas in ather reforming graocassas, lor axampla,

thase using bitunctional catalysts, such as platinum or platinum rhenium on halagenated alumina, the presencs ot 3 1o

20 ppm watar, 1S fraquently deemed advantagaous, or at least not substantially detnmental. In this regard, see Mavisan

&t al, NPAA Paper AM-7420, 72nd Annual Maating, March J1April 2, 1974,

Further, according to a pratarrad amoodiment, the prasent inventian is hasad on our finding that a highly advanta-
geous reforming procass for aramatics preduction, asgacially in tamms of cun fength and actvily. 1S achiaved by using
an ultra low sulfur feed and a low WS catalyst. Still turther, accarding ta anather preferred smbcdiment, the grasent
inventicn is based on our findings that highly advantageous results ara achieved in tarms of run length and performance
aiter catalyst ragenaration and/or after axposura lo small amounts of sulfur, by carrying out the refoming precess using
a silica baund catalyst, preferably an L zeolite silica bound catalyst wharein the crush strangth of the catalyst has been
improved by treatment of the zeolite with a binding anhancament agent, such as aluminum nitrate, prior to binging the
Zeolite with silica.

The largepore zeclite which is used in the process of the present invantion is a zeclite having an effective pore

. opening of 0.6 to 1.5 nm (8 to 15A) in diametar. Particularly preferred zealite for use m the catalyst used in lhe process
of the present invention are type-L. zeoclites.

Preferred L-zeolite compositions for use in the catalyst which is emplayed in the procass of the present invention
ara alkaiine earth metal axchanged L-zeolites, aspecially calcium, strontium or barium exchanged L-zeclite. Still more
preferably, the alkaline earth metal is barium.

We have found that bound zeclite catalysts ara more susceptible to the eftects of water during refcrming to precuce
aromatics than unbound zeolite catalysts. While the problem of water sensitivity doas not tend to occur when using a
catalyst selected from various of the catalysts comprising Group Vi metal an unbound zeclite, such unbound catalysts
ara usually not practical far commercial use.

in the present process a bound zeclite catalyst is used. We have found that greferred binders for the catalyst used
in the process of our inventicn are silica, alumina, and silica/alumina combinations, Other incrganic refractory oxides
may be used, but it is critical in our process that the water-sensitivity index requirement of the presant inventicn be
satisfied. We especially prater silica binders.

We have found that the L. zeclite. particularly the potassium form L zeolite, has a negatively charged surface in the
pH range cf 3 to 11. We have also found that the binding of the L zeolite to the preferred silica binder can be enhanced
by modifying the zedlite surface to reverse the negatively charged surface of the zeolite. Reversing the negatively
charged surface and enhancing the binding can be done with a cationic spacies, such as Al. La or Zr. Nitrate, chloride
and sulfate salts of the indicated caticnic species can be aftectively used, such as alumina hycroxynitrate (AHN), alu-
minum chiochydrol (ACH), aluminum nitrate (Al(NO3);), aluminum suifate (A15(SO,)g). and lanthanum nitrate (La
(NOj)3). Thus, varicus metal saits can be used, provided they reduce the negative charge on the zeolite surface and
enhance the binding so as to imprave crush strength of the bound catalyst. Al{NO,) is a particularly preferred metal
salt for this purpase. We believe that aluminum suifate is not prefarred in the raforming process of the present inventicn
because of the potential of catalyst poisoning from sultur from the suifate.

Alkali metal ions have been used as crosslinking agents in silica binding of zeatites, but such use is detrimental to
caraiytic activity in many instances. In the gresent invention, we have found the use of an aluminum compound such as
aluminum nitrate is not detrimental to catalytic activity. We believe the aluminum compaunds can raverse the charge an
the zeclite surface and allow for mutual attraction between the Zaclite and the negatively charged silica binder and
cansequent enhancad binding integrity or strength.

In praparing the silicabound L. zeolite catalyst in accordance with prefarrad embodiments of the prasant invention,
either the zelita is treated in advance with a binding enhancement metal sait or the zeolite is comullad in the prasence
of the metal salt added to the muller lollowed by addition of the silica bindar. In the embadiment where the zeoiite is
separatsly grepared with the binding enhancar, binding enhancer such as an aluminum salt can be mixed with the zactlite
in a slurry, lollowed by pH adjustment to precipitate aluminum species on the surfaca of the zeclite. The medified zeclite
is separated from the slurry, cambined with the silica binder, and either axtruded or spray dried to form product. The
product can be subsequently treated, as with platinum addition and other steps as described eisewhera herain, to pro-
duce a raforming catalyst,

Elactropharetic measurements preferably are carried out on the zeolite to determina the amount of binding agent
enhancer to achieve strang binding betwaen the zeclite and the binder, such as the silica binder. Prefarably the amount
of binding agent enhancar is adjusted so that the zeciite surface will be approximately at tha isaelactric paint (IEP) or
slightly past this point to the positive side.

Wa have found that the moisture content of the L zeohte-bmder matarial to be extruded to form the catalyst base
praferably is controlled to a law level in order ta achiave gaod crush strength on tha product. Far the L zealitesilica
product matarial, praferably tha maisture of the material prior to extrusion is contralled to 36.5, plus or minus 2 or 3%,
L.Q.1. {loss on ignition), more prefarably 36.5 wt. % L.O.I. plus or minus 0.5%. To achiave this ralatively low maisture
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contant, it13 araferred o reduca the maistura cantant of the L, zaolita usad ta lorm the L Zaalitesilica mixtura (q less than
15% L.Q.1.. mara pratarably lass than 13% L.Q.1. In axpenmantal work in this area we sbtained suitably dried L zeclite
by drying L. zealite powdar at 100°C far 16 haurs to raduca the L.O.1. from 21.75 wt. % (0 lass than 3 wt. %.

Thae catalyst used in the grocess of the present invention can be greparad in various manners. Jut, again, 1tis cntical
that the preparation be such that tha catalyst havae the aforastated lowwatar sensitivity ndex. When using the particutarly
pratarrad silica binder, we hava found that avarwashing of the silicabound catalyst can induce unwantac water sansitivity
to the catalyst. When using an alumina binder we hava also discovared that the aiumina should not be sugjected to
axtensive peptization with acid dunng binding as such peptization was founa by us (0 also intrccuce watar sensitivity ta
tha catalyst.

In our examples balow, we illustrate alternate preparations for the catalyst, which can be fcllowec to achieve the
low water-sansitivity index catalyst required for use in the dehydrocyclization process of the present inventicn. Testing
the prepared catalyst for watar-sensitivity index is not fundamentally difficuit. The water-sensilivity test i1s described in
mare detail below.

Accarding to a praferred embodiment of qur invention. the base for the catalyst employed is an L-zealite tound with
silica. alumina or silicaalumina, wharein the L-zeolite is praterably in the potassium or darium form, more grelerably a
potassium farm L zeolite which has been barium ionexchanged, and whose last pracessing before application of platinum
is contacting (washing) with water at a pH preferably abave 7, more preferably above 3, and still more preferably aoove
9. Praterably, the upper limit of the pH in this wash step coes not exceed 13.5, more preferably 12, and still more
prafarably 11. The water in equilibrium with the catalyst basa lor this wash preferably contains an alkali or alkaline sarth
metal in a concantration of greater than S0 ppm by weight. based on the water, or more greferably 1C0 to 250 pom and
most preferably 150 to 170 ppm. Praferrad alkali and aikaline earth metals for this purpose are potassium, sccium and
barium, Potassium is particularly preferred, The alkali or alkaline earth metal can be acded o the wash water, of the
desired equilibrium amount in the wash water may be achieved through such component being present in the zeclite
or bound zediite prior to washing. The pH and ion concentration conditions referred to are those in the wash water when
the final wash step is being finished. After washing, greferably the zaclite basa is then dried, calcined, platinum-loaced
and recalcined.

According to a particularly praferred embodiment of the prasent invention, the base for the calalyst emgloyed is a
barium exchanged L-zealite bound wilh silica and the bound zealite is ‘washed and platinumloaced as described in the
pracading paragraph. Praferably the L-zeolite is contacted with a binding enhancemant agent, such as aluminum nitrate,
prior to binding the zeolite with silica.

According to another praterrad embadiment of the prasent invention, the catalyst emgployed is a large sore Zealite,
more praferably, a barium sxchanged L-zasolite, bound with alumina,

For catalysts prapared using an alumina binder, preferably the alumina is subjected to only milcly acidic peptization.
Far examgle, we have found in several instancas that the peptization was tco severe when the alumina was treated
with greater than Q.15 grams of nitric acid per gram of Al,O, (aniydrous). Preferably the alumuna compcnent of the
aluminabound catalyst used in the present invention is praparad under less severe peptization conditions, such as iess
than 0.10 grams of nitric acid, or equivalent, per gram of alumina, However, the eftect of acid on the alumina is a complex
phenomena and in some instances we have found higher amounts of acid do nat result in a water sensitive catalyst.

Preferred Group VIl metats for praparation of the catalyst used in the gresent invention are platinum ang palladium.
Platinum is particularly preferred. We have found that an advantageous method of preparing a low WS| catalyst for use
in the process of the present invention comprises introducing the platinum component to the zeciite or bound zeolite
support by “pora fill*. Pore fill is a technique known in the art. In the pora fill method the catalyst is wetted with a Groug
Vill metal component, such as a piatinum component, for example, a solution of platinum tetraamine chlorice, and the
platinum component is adsorbed onto the zeclite.

In contrast to using an ionexchange method, an excess of platinum is not used when using the pore fill method.
Also, the catalyst does not require washing after the pora fill addition of the platinum companent. It is preferred to make
the catalyst used in the prasent invention by pore fill addition of the piatinum comgenent followed by drying and calcining
without intarvening water wash after the pore fil.

The Group Vil metat companent, such as the platinum component, can be added 1o the zealite prior to binding the
zaolite, but mora praterably, for the catalyst used in the process of the prasent invention, the Group Vill metal component
is introduced to the catalyst after the zaciite has been bound.

The prasent invention encompasses reforming and especially dehydrocyclization under conditions and with cata-
lysts as describad herain, and ancompasses the catalysts per se for use in reforming and especiaily dehydrocyclization.

Extrudate catalysts comprising a large pore zeclite having an alkaline earth metal incorporated inta the zeclite and
cantaining a Group VIl metal can be preparad according to techniques known in the art. Thesa tachniques usually
involve lour basic steps or grocedures. Tha order in which thesae steps are carried out is not generally critical, although
there are prefarred sequances.

The four basic steps or procadures are: (1) ionexchange of an atkali metal larga pora zaolite with an alkaline earth
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matal; {2) calcination: (J) /mpragnation with a Group Vifi metal; and {4) binding the zeclita 10 Praparm an Ixirudabie

mixtura.

As indicatad, thase four staps can be carried out in a variaty of differant ordars. Far axarnpla, U S. Patent Mo,
4,458,025 dascribas the praparation of an extrudata catalyst using the lour Basic praceduras it the ardar icnaxchange,
binding, high temparatura calcinaticn, impregnation and low tamperature caicinaticn. In the praterred amacaiment, the
binding operation 1s carriad aut by mixing together an ianexchanged zaalite with a nénacidic alumina. The bound mixture
is extruded. Then in a high temperatura calcinatcn, the axtrudate 1S heated to at least 536°C {10C0°F) for cne lo two
hours. The extrudate is ionexchanged, washed and calcined. The calcined axtrudate is then wnpragnatea with 3 Group
Vil metal. Thus, the impregnation procedure follows the high tempaeraturas caicinaticn. Following impregnaticn. the cat-

alyst is again caicined but at a much lower temperatura, 260.2°C (5C0°F).

Patent No. 4,434,311 is directed to a dehydroiscmarization reaction using a large pore zeolite catalyst. The catalyst
can be grepared in either of two preferred ways. The first way uses the four basic precedures in the order: icn-axchangs,
calcination, impregnation, caicination, binding and lowtemperature calcination. This methed has iha advantage that
since impregnation precedes binding, all of the metal is impregnated unto the zeclite and none unte the incrganic oxide
binder. The second way uses the same faur groceduras, but in the order: (a) binding and calcinaticn, (b) ionexchange
and calcination, (c) impragnation, (d) calcination. This method has as its advantage the fact that the bound extrudate
can be easily separated from the ionexchange and impregnatiort solutions. We have found that the catalyst used in the
dehydrocyclization grocess of the present invention is preferably prepared in accordance with this second way, and
proferably with thrae calcination steps. The preferred calcination steps foilow binding, ion-exchange, and impregnation.

U.S. Patent No. 4,547,472 discloses a methaed to prapare a catalyst using a double icnexchange precedure. in one
embedimaent. the method uses the four basic procedures in the order: ionexchange. calcination. icnexchange, calcina-
tion, impregnation, calcination, binding, and calcination. In a second embodimant the order is: binding, calcinaucn, icn-

axchange, calcination, ionexchange, calcination, impragnation, and calcination.

As a final example of the numerous ways ta order the four basic catalyst preparaticn steps or procedures, U.S.
Patent No. 4,579,831 discloses a methad using the procedures in tha orcer: binding, calcination, impregnaticn, and
calcination, A separate ion-exchange procedure is omitted because the binding agent contains an atkali or alkaline earth
metal aluminate. Thus, icnexchange can take place during the binding procedure as a simuitaneous step.

in view of the many different ways illustrated by the patents recited above 1o prepare an extrudate catalyst, it was
surprising 1o discover that some of the final catalysts are water sensitive. The state of the art grior to this discovery led
us (o expect that silica and alumina bound catalysts would not be inharently different, it was thought that the selection
of a binding agent and the manner of its use were choicas from among equivalents without substantive effect on the

final catalyst.

According to a preferred embodiment of the present invention, the catalyst used in our reforming process is prepared

as lollaws.

The zaglite is bound using silica, alumina or silicaalumina, mest preferably silica. Binding the catalyst involves mixing
the zeciite, the binder and preferably a binding enhancement agent to form an extrudable paste.

Altematively, the binding agent can be used to traat the zeclite bafore adding the binder. In any of these aitematives.
the zeclite is contacted with the binding enhancement agent prior to completion of the binding. After the mixing of the

Zaclita and binder, the catalyst base material is extruded. Then the extrudate is caicined.

Next the bound zeclite extrudats is prefarably exchanged with an alkali or alkaline earth metal, more preferably the
latter, and most praferdbly, barium. A barium exchanged L-zealite is exemplified below. After the exchange, the catalyst
is washad, praferably as praviously dascribed. The washed catalyst is then recalcined. This calcination is preferably

done at 538°C to §49.4°C (1000°F to 1200°F), more praferably 594°C (1100°F), in air for at

least one hour.

Next the catalyst is impragnated with a platinum cornponent using a pora fill method. This is believed advantageous
in reducing the fikelihcod of subsequant water sensitivity when the catalyst is used in dehydrocyclizaticn. The pore nlled

catalyst is then dried and then calicined.

Preterably, the calcination of the impregnated catalyst is carried out at 205 to 316°C (400 to 600°F), more preferably
260 to 288°C (S00 to 550°F). Preferably, this calcination is carried out in an air/steam mixture, for example, a 50%
air/steam mixture, flowing over the catalyst, as described in commonly assigned U.S. Patent No. 4,608,356,
The zedlite used in the refarming process al the present invention is a largapare zealite having an eftective pare
diameter of 0.6 to 1.5 nm (6 to 15A) as mentioned above. Amang the largepore zealites which ara preferred for usa in
the catalyst used in the process of the present invention, are zeolite L. zeclita X and zeolite Y. These preferred zeolites

have apparent pora sizes in the range ot 0.7 to 0.9 nm (7 to 9A) in diamater.
Zaclite X is a synthatic crystalline zeolitic molecular siave which may be representad by

(0.71.1)M,, O:Al,0,:(2.03.0)Si0,:yH,0

the formula:

wharein M represents a metai, particularly alkali arid alkaline earth metals, n is the valerice of M, and y may have any
value up to abaut 8 depending on the identity ot M and the degraa of hydration al the crystalline zeolita. Zaalite X, its
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Xray diftraction pattam. its praperties, and mathod far its praparation ara dascnbad in detail n U S. Patant Na. 2,482,244,

. U.S. Patant Na. 2,882,244 is hareby incorporated by ratarence to show a zealite usaful in tha grasent invention.

The chemical farmula far zeolita Y exprassed in larms of molas oxides may be writtan as:
0.71.1 )NaEO:AL_.OJ.xSAOz.yHZO

wherein x is a value greater than 3 up to about § and y may be a valus up (o abcut 9. Zsolita Y has a characlteristic Xray
powder diffraction pattarn which may ba empiayed with ihe atava lormula tor identfication, Zeolite Y is describad in
mora detail in U.S. Patent No. 3,130,007, U.S. Patent Na. 3,130,007 s hereby incorporated by refarance 1o show a
Zeolite usaful in the prasant invention,

The mast prafarred 2eclite lor use in preparing tha catalyst used in the dehydrccyclization process of the present
invention is zeolite L. Tha chemical torm lor zeoclite L may be reprasented as fallows:

(9.91.3)M,, O:Al, 0,(5.26.9)Si0,:yH,0

wherein M dasignates a catian, n represents the valence of M, and Y may be any value form @ to about 9. Zeolite L, its
Xray diffraction pattem, its properties, and methad for its preparation are described in detail in U.S, Patent No. 3,216,789.
Zaolite L has been charactarized in “Zealite Molecular Sieves* by Donald W. Breck, John Wiley and Sens. 1974, (re-
printed 1984) as having a framework comprising 18 tetrahedra unit cancrinitetype cages linked by double six rings in
columns and crasslinked by single oxygen bridges to form planar 12membered rings. The hydrocarbon sorption pores
for zealite L are reportedly approximataly 7°A in diameter. The Breck reference and U.S. Patent No. 3,216,789 are
incorparated hergin by reference, particularly with respect to their disclosure of zsolite L.

The various zaalites are generally defined in terms of their X-ray diftraction patterns. Several factors have an effect
on the X-ray diffraction pattem of a zeolite. Such factors include temperature, prassurs, crystal size, impurities and type
of cations gresent. For instance, as the crystal size of the type L-zeclite becomes smaller, the X-ray diffraction pattem
becomes somewhat broader and less pracise. Thus, the term *zeclite L” includes any of the various zealites made of
cancrinite cages having an X-ray diffraction pattemn substantially the same as the X-ray diffraction pattems shown in
U.S. Patent No. 3,216.789. Type L.-zeolites are cenventionally synthesizedin the potassium form, that is, in the theoretical
tonmula praviously given, mostof tha M cations are gotassium. M cations are exchangeable so that a given type L-zealite,
far axample, a type L-zeolite in the potassium form, can be used to abtain type L-zeclites containing other cations by
subjecting the type L-zeclite to ionexchange treatment in an agueous solution of an appropriate salt or salts. Howaver,
it is difficult to exchange all the ariginal cations, for example, patassium, since soma cations in the zeclite are in sites
which are difficult for the reagents to reach. Praferrad L zeolites for use in the present invention are thase synthesized
in the potassium {om. Preferably the potassium form L zeolite is ion axchanged lo replace a portion of the potassium,
mast praferably with an alkaline earth metai, barium being an especially preferrad alkaline earth metal for this purpase
as praviously stated.

The inorganic oxide carrier bmder for the catalyst used in the process of the present invention can be selected from
various materials as stated above. Thie praterred amounts of binder are from 5 10 90 wt. % of the hmshed catalyst, more
prafarably, from 10 to 50 wt. % ana still mora praferably, from 10 to 30 wt. %

Rtis eriticai in the pracass of tha present invention that the catalystused has alow water-sensitivity index as prevtously
indicated.

The water-sensitivity inclex test was developed by us to rapidly test the effect of water on the fouling behavior of
reforming catalyst. The wafer-sensitivity index (WSI) is determined as follows. The activity of the catalyst is measured
in a micrareactor under typical reforming conditions. Measuring the WS requiras two separate runs in the micrareactor.

The first run is 40 hours long with no added water. The feed for this first run is hydrofined by known methods such
that substantially ail the water and oxygen-containing compounds are ramaved. Therefore, tha water concentration in

the mixture of fead and hydragen entering the reaction zone is lass than 3 ppm. -

The second run is carried out in the same manner as the first from 0 to 20 hours onstream. Then, between 20 to
40 hours onstraam, water is added in an amount sufficient to give 100 ppm water by vaiume in the mixture of hydracarbon
feed and hydrogen entering the reaction zone of the microreactar, As an axample, the water may be added to the
incoming Rydrogen with a Dynacal® permeation device supplied by Vict Matronics.

The activity (as defined hersinbalow by the pseudo firstorder rate constant, k) at 40 hours on straam for the first run
is divided by the activity at 40 hours on stream for the second run io genecate the WSI.

Referring now more spacifically to the conditians for the two tast runs, catalyst is crushed and screened (o a size
ol 0.71/0.18 mm (24/80 mash). An amount of catalyst containing 4.42 x 103g of platinum is loaded into a2 0.635 cm (1/4")
stainlass steal reactor. The calalyst is then reduced in hydragen flowing at a rate of 500 cc/min. for one hour at 483°C
{900°F). Then a hydrocarbon fead is introduced at a rata of 6 myhour at a prassure of 6.9 x 105 Pa (100 psig) at 494°C
(920°F) with hydrogen flow sufficient to give a mole ratio of hydrogen to feed hydrocarbon of 6.0. The reaction products
are analyzed by a gas chromatograph with a capillary column and a flame ionization detector.

The hydrocarbon feed is a light naphtha with a boailing range of 71.2 1o 127°C (160°F to 260°F), a sulfur content

e
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S. A process in accordance with Claim2 wherein th
feed is less than 50 ppb. 6. A process in accordgn
the zeolite is L-zeolite. 7. A process in accordd
the L-zeoli te has been ionexchanged with barium ¢
tium :
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less than 0.03 ppm by waight, a nitragen contant of less than 0.1 pam by weight, an aromatics plus substituted cycichex-
anas content totaling approximately 12.5 mola %, a contant of paraffin plus substituted cyclopantanas with graater than
six carbon atoms totaling approximataly 81.2 mols %, a cantant of paraffin plus cyclopentang with five or fawar atoms
totaling approximately 6.3 male %. and an averaga molecular waight of approximataly 95.

The aromatization raactions are charactanzed by calculating canversion and selactivity as dascribed below.

The faed contains 12.5 mole % of cambinad aromatics and cyclohexanes. It is assumed that tha aromatics do nat
raact and that the cyclohexanaes are dehydrogenatad ta form aromatics with 100% canvarsion and 100% selectivity. The
teed also contains 81.2 mole % of paraffins and substituted cyclopentanes contaning at least six carbon atoms. Thesa
compounds form a “pool® of reactants that can be dehydrocyclized to form aromatics by contact with the catalyst.

The pool conversion is defined as the fraction of this pool of reactants that is converted to aither aromatics or
compaounds with fewer than 6 carbon atoms. (See equation 1).

Moles af ceactants

Pacl Moles reactants l=ft in product pec
Conver pet mole of feed mole of Ezed
sion, % = x100 (L)

Males of ceactants pez mole feed

whera reactants are the peol of paraffing and cyclopentanes having at least 6 carbon atoms. Thus, pentane, aromatics
and cyclohexanes are excluded.
The pool selectivity is dafined as the fraction of converted raactants that end up as aromatics. {See equation 2),

Moles of

Moles aromatics aramatics and cycle

Pool in the praduct hexanes in the fsed
Selec per mole of feed per mole of total feed
tivicy, ¢ = x100 (2}

(BoQl conversion,
100

%) (Moles of reactants per)

mole 0f feed

where reactants are the peol of paraffins and cyclopentanes having at least 6 carbon atoms.

The conversion and selectivity are used to calculate a "pseudo firstorder” rate constant for aromatics preductions
as shown in Equation (3). Although tha rate of aromatization cannot be modeied exactly by this firstorder rate exprassion,
it is a usetul agproximation:

(selectivity, %) 1 conversion, %
T e @
The rate constant after 40 haurs onstream without any water addition is denoted ky,,. Tha rate constant calculated
using conversion and selectivity resuits for the end of the second run, that is, the run described above having 20 hours
onstream without water addition followed by 20 hours onstream with water acdition, is denoted k,, ;. The water-sensitivity
index (WSI) is defined by equation (4):

Kk
wsl = =¥ 4
S e 4

The drawing is a simplified schematic flow sheet showing a reforming unit and upstream feed treatment facilities.

Referring in more detail ta the drawing, naphtha is fed via line 1 to hydrotraating unit 2. in the hydrotreating unit, in
addition to other reactions, arganic sulfur compaunds are converted to hydragen sulfide and hydrocasbons. The hydrot-
reated naphtha is removed via line 3 and fed 1o stripper 4. -

In stripper 4 flight gases and hydrogen sulfide are stripped out of the hydrotreated naphtha and removed overhead
via line S. Heat is added in reboiler 6, The heat source for the raboiling is steam introduced to the reboailer via line 7.
Typically, the steam would ba in the “tube side® of the raboailer but the steam may on occasion leak through to the *shell
side* where the naphtha is being heated for rebailing.

The stripped naphtha is removed via line 8 and passed to storage tank 12 via lines 9 and 10. The storage tank is
anothar potential source of water contamination in the reforming unit,

Naphtha is fed ta raforming unit 15 eithar “directly* from the stripper via giping, shown schematically by lines 9, 11
and 14, or “indirectly" via storage tank 12 and then lines 13 and 14.

- ln reforming unit 15, the naphtha is raformed to form aromatics. The naphtha feed is a light hydrocarbon, preferably
bailing in the range of 21°C to 232°C (70°F to 450°F), mora praferably 37.8 to 178.8°C (100 to 350°F). Tha naphtha
feed contains aliphatic or paratfin hydracarions and these aliphatics ara converted, at least in part, to aromatics in the
reforming reaction zone. Dehydrocyclization is believed to be the most impartant reaction.

The teed pratarably containg less than 100 ppb sulfur and morae prafarably, less than 50 ppb sulfur. I necassary, a
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8. 'A process in accordance with claim?7 wherein t peen

ionexchanged with barium 9. A process in accor CEHI wher ei n
the binder is silica. 10. A process in accordande jw [ whérein the
bi nder is alumna. 11. A process in accordance W tih ¢&iEB Godghereiin the

binder is silica al um na.

-8 -

sulfur sarber umt 13 ampicyad batween unita 4 and 15 10 remava remaiming small amounts of sultur n tha faed griar tg
comacting the fead with the waterinsensitive catalyst usad in the pracass of (he prasant invantion. Wa hava found that
bast results are achiavad in our reforming procass i the sulfur is maintaned at uitra low lavals as wae spectfiad abava,
and aiso if the catalyst amployed is a bound largepora zaclita with the aforestated low watar-sangitivity indax.

Pratarrad ralomming process conditions includs a lemperatucs betwaaen 399 and 538°C (750 and 1Q00°F), mare
proferably batwasn 455 and 527°C (850 and 980°F); and a prassure batween 0 and 2.76 x 108 Pa (Q and 400 psig),
more praferably batwaen 3.4 % 105 and 2 x 105 Pa (S0 and 300 psig); a recycle hydragen rate suficient to yield a
hydrogen to hydracarbon male ratio for the fead to the reforming reaction zone batweaen Q.1 and 20, mara pralerably
between 0.5 and 10; and a liquid haurly spaca velocity for the hydrocaracn faed qver tha raforming catalyst of batwaen
0.1 and 10, more prafarably batween 0.5 and S.

A araduct straam rich in aromatics is withdrawn via line 18 as schamatically indicated an the drawing.

EXAMPLES

Examgle 1

Alumina Bound Catalyst Not of this Invention

To 478 grams of pseuda boehmite alumina (340 grams Al,O4) was added a mixture of nitric acid and water. 0.42
grams of nitric acid per gram of alumina was used (o paptize the alumina and the final loss on ignition (LOI) of this mix
was 39%. The peptized alumina paste was mulled with 1360 grams of potassium L-zeclite (anhydrous basis) and the
LO! adjusted with water ta 39%. After mulling, the mix was extruded, dried and calcined at 500°C with flowing dry air.
Barium ionexchange was performed at a ratio of 10 cc of 0.3 molar barium nitrate per anhydrous gram of extrudate at
82°C (180°F) for up to thres hours. This barium icnexchanged material was washed o a potassium ion concentration
in the final wash of 160 ppm (a pH between 8 and 9) and calcined. This material was then caicined in air at 5%4°C
(1100°F) for at least one hour.

The bound and barium exchanged extrudate was then porefillimpregnated to 0.64% by weight platinum and caicined
tor about one hour in a 50% steamvair environmaent batween 26° and 288°C (500 and S50°F).

Examole 2

Alymina Bound Catalvst Not of this Invention

A similar catalyst was prepared as in Example 1, except that anly 0.14 grams nitric acid per gram alumina was used
in the peptization step.

Examole 3

Alumina Sound Catalyst in Accord with this Invention

1600 grams of patassium L-zeclite (anhydrous basis) was charged to a sigma blade mixer (bread dough type) and
the LOI was adjusted to 29% with water, in a separate sigma blade mixer 563 grams of pssudo boehmite alumina (400
grams of Al,O5) was paptized with a mixtura of nitric acid and water. .08 grams of nitric acid per gram of Al,O, was
used ang the LOI of this mix was 58%. The two mixtures were combined, blended and adjusted with water to a final LO{
of 43%. The paste was extruded, dried and calcined in flowing dry air at 480°C. The bound Zeolite was then carried™
forward to a finished catalyst as in Example 1.

Example 4
Alumina Sound Catalyst in Accord with this Invention

This catalyst was preparad as in Example 3, excapt that the calcination of the bound zealita was dane for ane hour
at a temparature of 533°C.
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12." A process in accordance with Claim 1l wherein the catalyst is prepared

by a nmethod conprising contacting the zeolite Wi a_binding
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Example 5
Silicabound Catalyst Not of thig laventian

An extrudate was lormed utilizing 20% by weight of silica darived from Ludox® AS-40 silica and 80% potassium L
zaclite extrudate. Tha lollowing steps are lollowad: (1) binding anhancement agent, Al{NO,),  9H,0, is dissolved in
water at 2 malar concentration and added to potassium form L-zeolite until the ratio of the atiove salt to anhydrous
L-zeolite is about 10 wt. parcent; (2) following mixing, sufficient Avicai®callulose axtrusion aid is added to aqual 1.25
wt. garcent of the anhydrous zeolite; (3) again, fallowing mixing, sufficient Ludox®AS-40 is added to make an 80%
zeolite, 20% silica binder mixtura on an anhydrous basin; (4) additional water as necessary is added. Tha pasta is {urther
mixed and axtruded. This extrudate was caicined at 705°C in flowing air.

This extrudate was then barium ionexchanged and washad with water (initial pH approximately S) to an equilibrium
potassium ion concentration in the final wash of 23 ppm by weight (final pH of 7.5).

The resulting material was then porefill impregnated, atc. as in Example 1.

Examole §

Silicabound Catalyst Not of this Invention

A similar catalyst preparation was made as in Example 6, except that deionized water was used to wash the barium
axchanged zeolite instead of water of pH 5, the final pH was 9.62 instead of 7.5, and the potassium ion concantration
of the final wash solution was 40 ppm instead of 23 pprm.

Examole 7

Silicabound Catalyst in_Accord with this Invention

Following the procedure of Example &, an extrudate was formed utilizing 20% by weight silica derived from Ludox®
AS-4Q silica and 80% gotassium L-Zaalite. This extrudate was calkined at 705°C in flawing aic.

This extrudate was then barium ionexchanged and washed with deionized water (initial piH approximately S) to an
equilibrium potassium ion concentration in the final wash of 156 ppm by weight (final pH of 9.19).

The resulting matarial was then porafill impregnated, etc. as in Exampie 1.

The activity and water sensitivity of the abova catalysts are shown in Table I. These properties were deterrmned in
microreactor tasts under the conditions described hereinabove under Detailed Description.

TABLE |
Catalyst of Example No, | Pool Convarsion, % | Pool Selectivity, % | WSI
' 1 51 89 1.4
O K 2 . 50 88 14
- 3 49 - . as 1.0
4 53 as 1.0
[ 48 84 1.3
7 55 87 1.3 =
8 60 a8 10

Claims

1. A process for reforming aliphatic hydrocarbons to torm aromatic hydrocarbons in a reaction zone which may be
Subjectad to periodic exposure ta more than 3 ppm watar, which comprises: contacting the feed under refarming
reaction canditions with a catalyst comprising a Group VIl metal, a largepare zeclite having an affectiva pora diam-
eter of 0.6 10 1.5 nm (6 to 15 A) and a binder, and wharain the catalyst has a water-sensitivity index less than 1.3,
the water-sensitivity index being definad by tha fallowing equation (4);

k
wsi = ft L4
ol
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Example §

Silicabound Catalyst Not of this Invantion

An extrudate was lormed utilizing 20% by waight of silica derived frem Ludox® AS-40 silica and 80% potassium &
zeclite sxtrudate. The following staps are followad: (1) binding anhancement agent, A{NO,); - SH,Q, is dissoived in
water at 2 molar concantration and added to patassium form L-zeolita until the ratio of the above salt (o anhydrous
L-zeclite is about 10 wi. percent; (2) following mixing, sufficient Avical®callulose extrusion aid is added to equal 1.25
wt, percent of the anhydraus zaolits; (3) again. following mixing, sufficiont Ludox®AS-40 is added to make an 80%
zeolite, 20% silica binder mixture on an anhydrous basin; (4) additional water as nacessary is added. The paste is further
mixed and axtruded. This extrudate was calcinad at 705°C in flowing air.

This extrudate was then barium ionexchanged and washed with water (initial pH approximately S) to an equilibrium
potassium ion ¢ancentration in the final wash of 23 ppm by weight (final pH of 7.5).

The resulting material was then porefill impregnated, etc. as in Example 1.

Examole §

Silicabound Cataiyst Not ot thig Invention

(A similar catalyst preparation was mada as in Example 6, except that deionized water was used to wash the barium
exchanged 2e0lita instead of water of gH 5, the final piH was 9.62 instead of 7.5, and the potassium ion canceantration
of the final wash solution was 4Q ppm instead of 23 ppm.

Examole 7

Silicabound Catalyst in Accard with this lnventicn

Follawing the procedure of Example 6, an extrudate was lormed utilizing 20% by weight silica derived from Ludex®
AS-40 silica and 80% potassium L-Zeolite. This extrudate was calcined at 705°C in flowing air.

This extrudate was then barium ionexchanged and washed with deicnized water (initial pH approximately 5) to an
equilibrium potassium ion concantration in the final wash of 158 ppm by waight (final pH of 9.19).

The resuiting matarial was then porefill inpragnated, etc. as in Example 1.

The activity and water sansitivity of the above calalysts are shown in Table i. These properties were determined in
microraactor tests under the conditions described hereinabove under Detailed Description.

TABLE |
Catalyst of Example No. | Pool Conversion. % | Pool Selectivity, % | WSI
t 51 89 1.4
-~ - 2 * . 50 88 1 .4
- 3 49 - - 86 1.0
4 583 as 1.0
8 438 84 13
7 S5 a7 1.3 -
8 60 88 1.0

Claims

1. A procass for refarming aliphatic hydrocarbons to form aromatic hydrocarbons in a reaction zone which may be
subjected to periodic exposure to mora than 3 ppm water, which comprises: cantacting the feed under reforming
reaction conditions with a catalyst comprising a Group VIl metal, a largepors zeclite having an effective pare diam-
starof 0.6 to 1.5 nm (6 to 15 A) and a binder, and wherein the catalyst has a water-sansitivity index less than 1.3,
the water-gensitivity index being definad by the following equation (4):

WSl = %‘! 4
ot
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13. A process in accordance with O aim 12 wherein the ABEPLAGEMENT S45ET e
and the binder is silica. 14. A process in accordancg With Caim13
wherein the binding enhancement agent is alumnumnitrgte. 02FEB 4999 o¢ess
in accordance with C aim 14 wherein the catal yst crushjstirength at | ea$t

816.5 g/mm (1.8 1bs/mm.  16. A process in accordance |wi T Craimi-wher &i n
the zeolite is an L-zeolite which has been i onexchanged with potas-
-1Q -

wharein ke, is tha rata constant aiter 40 haurs anstream without any watar addition and k. is the rate constant
aftar 20 hours onstream without water addition tollowad by 20 hours onstream with water addition of 100 ppm by
volumae in the mixture of hydrocarbon feed, wharain bath rata constants are dafined by the aquation (J):

. (salactivity, %) (1 convarsion, Ya)
k= T In 100 &)
wharain *convarsion, %" is dafined by equation (1)

Moles of creactants

Paal Moles ceactants left in product per
Canver per mole of feed maole of feed
Sign, 3 = x100 (L)

Males of reactants pec male feed

and ‘selectivity, %" is defined by equation (2):

Moles of
Moles aromatics aromatics and cyclo
" BPaal in the product hexanes in the feed
Selec pec mole of feed per mole of toral feed

x140 (2)

tivity, % =
(Pool convecrsion, %) (icles of reactaats per)
.. 140 mole of feed

2. A process in accordanca with Claim 1 wherain the water-sensitivity index isless than 1.1,

3. A process in accordance with Claim 1 whersin the watar-sensitivity index is less than or aqual to 1.0
4. A process in accordance with Claim 2 wherein the sulfur content of the fead is less than 100 ppb.

§. A process in accordance with Claim 2 wharein the sulfur content of the feed is less than 50 ppb.

6. A process in accordance with Claim 1 whersin the zeaiita is L-zealite.

7. A procass in accordance with Claim 6 wherein the L-zeclita has been jonexchanged with barium, calcium or stron-

8. A process in accordance with claim 7 wharein the L-zeclite has been ionexchanged with barium.
9. A process in accordance with Claim 6 wherein the binder is silica.

10. A process in accordance with Claim 6 wherein m'g binder s alumina.

11. A process in accordance with Claim 8 wharain the binder is silica alumina.

12, A process in accordance with Claim 1 wherein the catalystis prepared by a method comprising contacting the zeolite
with a binding enhancement agent prior to binding the zeclite. -~

13. A procass in accordance with Claim 12 wherain the zealite is L Zeolite and the binder is silica.
14, A procass in accordance with Claim 13 wherain the binding enhancament agent is aluminum nitrate.
15. A process in accordance with Claim 14 wherein the catalyst crush strength at least 816.5 ¢/mm (1.8 lbs/mm).
18. A process in accordance with Claim 1 wharaein the zeclite is an L-zeolite which has been ibnexchanged with potas-
-~ siumr or barium and then washed at a pH abave 7 in watar having an alkali or alkalina sarth metal concantration
greater than SO ppm by weight based cn the weight of water.

17. A process in accordance with Claim 16 wharain the alkali or alkaline earth metal is potassium, sodium or barium.

E———— -
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si unor barium and then washed at a pH above 7 in water having an al kal'i or

al kaline earth nmetal concentration greater than 50 p

on the weight of water. 17. A process in accordance mntﬁ&@{ﬁ_?@;@pWQQTEA

"R2EE fftos))

the alkali or alkaline earth nmetal is potassium sodium g
process in accordance with Caim 16 wherein the concentrgti

t _based

or al kaline earth netal in the equi- _ 11ijnun1mash watjen
ppm
Moles af
Moles aramatics aromatics and cycle
Paal * in the praduct hexanes in the feed
Selec pec mole of feed per male of tacal feed
tivity, § =

(Paal convecrsian, %) (Moles of ceactants pec)

1Qa : male of feed

30. A catalyst in accordancae with Claim 29 wherein the watar-sensitivity index is less than 1.1.

x100 (2)

31, Acatalystin accordanca with Ctaim 30 wharain the zeolite is L Zeolite and the binder is silica, alumina, or silica/atu-

mina.

32, A catalyst in accordance with Claim 31 whergin the binder is silica.

33. A catalyst in accordance with Claim 32 wharein the catalyst is prepared by a method comprising contacting the

Zeclite with a binding anhancement agent prier to binding the catalyst.

34. A catalyst in accordance with Claim 33 wherein the binding anhancamaent agent is aluminum nitrate.

35, Acatalystin accordanca with Claim 34 wﬁerein the catalyst crush strangth is at least 816.5 g/mm (1.8 lbs/mm).

38. Acatalyst in accardanca with Claim 29 wherein the zedlite is an L-zeolite which has been icnexchanged with potas-
sium or barium and then washed at a pH abaove 7 in water having an alkali or alkatine earth metal cancentration

greater than SO ppm by weight based on the waight of water.

37. Acatalystin accordance with Claim 36 wherein the concentration of the alkali or alkaline earth matal in the equifibrium

wash water is 100 to 250 ppm.

38. A catalyst in accordance with Claim 36 wherein washing is carried out at a pH between 9 and 11.

38. Acatalyatin mddance with Claim 29 wharein the zeociite is an L zeclite and the catalyst is prapared by a pore filt
impregnation of the bound zeclita with a platinum compenent using a solution containing platinum followed by drying

and calcining without intervaning washing after the pore fill addition of the platinum,

40. A catalystin accordance with Claim 30 wherain the binder is alumina which has been subjected to only mikily acidic
peptization, wharain the peptization of the alumina is carried out with lass than 0.10 gram of nitric acid, or equivalent,

per gram of alumina,

Patentanspriiche

1. Vertahren zum Reformieren afiphatischer Kohlenwassarstoffe und zum Herstaflen aromalischer Kohienwasser-
stoffe in einer Reaktionszona, die periodisch mehr als 3 ppm Wasser ausgesetzt ist, umtassend:
das In-Kontakt-bringen der Beschlckung unter reformierenden Reaktionsbedingungsn mit ainem Katalysato~
der sin Matall der Grupps V1l enthatt, einen groBporigen Zealithan mit sinem wirksamen Porendurchmesser von
0.6 bis 1,5 am (6 bis 15 A) und ein Bindemittel, wobei dar Katalysator eine Wassarempfindlichkeits-Kennzahi von

weniger als 1,3 hat,
die Wasserempfindlichkeits-Kennzahl definiert ist durch folgende Glaichung (4):
K
WSt = T:dnn
'nal

(4

‘WO Kygexen die Geschwindigkaitskanstante nach 40 Stunden Onstream chne Wasserzusalz ist und k,.q Uie
Geschwindigkeitskonstante ist nach 20 Stunden Onstream ohne Wasserzusatz und 20 Stunden Onstream mit
einem Wasserzusalz von 100 ppm pro Volumen der Kohlanwasserstoltbeschickungsmischung, wabei beide

Geschwindigkeitakonstanten definiert sind durch dia Glaichung (3} :
K= {Sslektivitat, %) In {1 Konvarsion %)
= 100 100
1w

[
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19. A process in accordance with Caim 17 wherein washing is carried out at
a- pH above 8. 20. A process in accordance with O ai ml/j e .;.?g{@ﬂ%ﬂ:‘
metal in the wash water is potassium 21. A process in €3 ] i
Claim 17 wherein the sulfur content of the feed is | ess }hagn 50 . 1A
process in accordance with Caim17 wherein vvashl ng i s chp riGdZBEg 1998a pH
between 9 and 11.

-

=12 -

18. A pracass in accordance with Claim 16 wherain the concantration of the alkali or alkaline earth metal in the aqui-
librium wash water is 100 to 250 ppm.

19. A procass in accordance with Claim 17 wharain washing is carriad qut at a ﬁH above 8.

20. A process in accordance with Claim 17 wharaein the alkali metal in the wash water is potassium,

21. A process in accordance with Claim 17 wherain the sulfur content of the feed is lass than 50 ppb.
22, A process in accordanca with CIaim 17 wherain washing is carried out at a pH between 9 and 11,

23. A processin accordance with Claim 17 wharein the zeclite is bound with silica, alumlna or silica/alumina prior o
the washing.

24, A process in accordance with Claim 17 wherein the catalyst is prepared by a pore fill impregnation of the bound
zeolite with a platinum compaonent using a sclution containing platinum féllowed by drying and calcining without .
intervening washing after the pora fill addition of the platinum.

25. Aprocess in accordance with Claim 1 wherain the binder is alumina which has been subjscted to anly mildly acidic
peptization.

26. A pracess in accordance with Claim 25 whaerein the peptization of the alumina is carried out with less than 0.10
gram of nitric acid, or equivalent, per gram of alumina.

27. Aprocess in accordance with anycne of the proceeding claims 1 10 26 for dehydracyclization of afiphatic hydrocar-
bons to aromatics in a reaction zone which may be subjected to periadic expasura to more than 3 ppm water which.
comprises feeding to the raaction zone fead hydrocarbens containing no mare than 100 ppb sulfur and contacting
the feed hydrocarbons under dehydrocyctization reaction conditions with a catalyst comprising platinum, an L-zeolite
and a binder, and wherain the catalyst has a water-sensitivity index less than 1.1.

28. A process in accordance with Claim 27 wharain the binder is silica and the catalyst is prapared by a method com-
prising contacting the zeolita with a bmdmg anhancement agent prior to binding the zeolite.

25. A f°f°ﬂ'ﬂ'ﬂ9 catalyst comprising a group Vlll metal, a largepcre zeclita having an effective pore diameter of 0.5 to
1.5 nm (6 to 15 A) and a binder, and wherain the catalyst has a water-sensitivity index less than 1.3, the water-sen-
sitivity index being defined by the following equation (4):

k,

wsi = 2 : (4
Kuat .

wherein kg, is the rate constant aftar 40 houis onstream without any water addition and k., is the rate constant

after 20 hours onstream without water addition followed by 20 hours onstream with water addition of 100 ppm by

volume in the mixture of hydrecarbon faad, wherein both rate constants are defined by the aquation (3):

= (S8lectv 5! %) ,, {1 convarsion, %} 3
100 3
wherein “conversion, %" is defined by equation (1) _ -~
Moles of reactants
Paol Moles reactants left in product per
Caonver pec mole of feed mole of feed .
sion, ¥ = x1a0 {1}

Moles of reactants psc mole feed
and “selactivity, %" is defined by equation (2):
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23. A process in accordance with Caim 17 wherein the zeolite is bound with

sil.ica, alumna or silica/alumna prior to the washing. 24. A process
in accordance with Claim 17 wherein the catalyst is prepared by a pore fil
I mpregnation of the bound zeolite with a platinumco IWE
solution containing platinumfollowed by drying and calc bthHEET
I nterveni ng washing after the pore fill addition of the platinum
process in accordance with Claim1 wherein the binder is a|nmzﬁEmepg kas
been subjected to only mldly acidic
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ptization. '26. A process in accordance with C aim 25 wherein tl"gEr
Bﬁpt.j zation of the alumna is carried out with less than 0. 10 PMCEMENTSHE
- nitric acid, or equivalent, per gramof alumna 27. A process in
. accordance with anyone of the proceedlgg clainms 1 to 26 for
~dehydrocyclization of aliphatic hydrocar bons to aromatics in a

ppmwator which . conet CRene BEh e R L TR Teod -

hydr ocar lpegg-igtednt ai ni ng no nore than 100 ppb sul fur and contacting

The prasent invention relates to retorming, especially dehydrocyclizing, hydrocarbons to farm aromatics using a
large pore zaalite catalyst. Reforming embraces several raactions, such as dehydrogenation, isomarization, dehydrai-
somerizaticn, cyclization and dehydrocyclization. In tha process of the gresent invention, aromatics are formed trom the
feed hydrccarbons to the refarming reaction zone, and dehydrocyclization Is believad to be the most important reaction
in tha prasent process.

U.S. Patent No. 4,104,320, granted on August 1, 1978, disclosas that it is possible ta dehydracyclize paraffins to
produca high octane aromatics with high selectivity using a monofuncticnal nonacidic largepore zeolita cataiyst. The
catalyst consists assentially of a typeL zaeolite having exchangeable cations of which at least 90% are scdium, lithium,
potassium, rubidium or ¢esium and contains at least cne Group Vil ncble metal {or tin or germanium). In particular,
catalysts havingplatinum on potassium form Lzeolite exchanged with a rubidium or caesium sait were claimed to achieve
exceptionally high selectivity for n-hexane conversion o benzena. As disclosed in U.S. Patent No. 4,104,320. the L
zeolites are typically synthesized in the potassium form. A partion, usually not more than 80%, of the potassium cations
can be exchanged so that other cations replace the exchangeable potassium.

Raesults as in U.S. Patent No. 4,104,320 were also reported by J. R, Bemard at the 5th Intemational Zeolite Con-
ference in 1980. But, while it was clear that the improvernent in selectivity was significant, particularly for CsCgq paraffins
and especially for Cg paraffins, it was independently found that the catalyst had limited commercial potential. At con-
ventional low pressure rafarming conditions (about 1.38 x 108 Pa (200 psig)) catalyst lite was measured in hours and
days, obviously an unaccaptably short cycle life. Nonetheless, it had now been demonstrated that a platinumcontaining
alkali metal exchanged Lzeclite catalyst could achieve exceptionally high selectivity for the conversion of paraffins to
aromatics. Advancing that discovery to a commaercial catalyst became a new goal of catalytic raforming research.

An important step forward was disclosed in U.S. Patent No. 4,434,311, granted on February 28, 1984: U.S. Patent
No. 4,435,283, granted on March 6, 1984; U.S. Patent No. 4,447,316, granted on May 8, 1984 and U.S. Patent No.
4,517,306, granted on May 14, 1985. These patents describe catalysts comprising a larga pore zeolite exchanged with
an alkaline earth metal (barium, strontium, or calcium, preferably barium) containing one or more Group VIl metals
(preferably platinum) and their use in reforming petroleum naphthas. An essential elemant in the catalyst is the alkaline
earth metal. Especially when the alkaline earth metal is barium, and the largepore zeolite is L-zeolite, the catalysts were
found to provide even higher selectivities than the corresponding alkali-exchanged L-zeolite catalysts disclosed in U.S.
Patent No. 4,104,320. Moreaver, another equally significant benefit achieved by the use of an alkaline earth metal
exchanged L-zeolite catalyst is that the catalyst retained its activity over a commaercially acceptable cycle Iife.

US-Patent No. 4,648,960 relates to a class of bound catalysts which exhibit superior activity maintainance in de-
hydrocyclization reactions are defined as a type L zeclite having exchangeable cations of which at least 75% are selected
fram Group IA and calcium and barium cations and containing well dispersed particles of at least one Group VIl nobie
metal where at least 30% of the noble metal thereof is dispersed in the form of particles having a diameter less than 0.7
nm (7 A). The catalysts may also be identified as type L zeolites loaded with at least one Group Vil noble metal which
have a terminali cracking index (as a measure of production of pentanes versus butanes from hexane) of at least 1.5.

The discovery that alkaline earth metal exchanged large pare zeclite reforming catalysts, espacially the barium
exchanged L-zeclite Eontaining platinum, provide high selectnnty aven relative to the corresponding alkali metal ex-
changed L-zeolite containing platinum was surprising. These catalysts are all substantially *nonacidic® and therefore
have been referred to as *monofunctional catalysts®.

Having discovered a selective catalyst with an acceptable cycle life, commaercialization seemed straightforward.
Unfortunately, that was not the case. it was found that the high selectivity, large pore zealite cataiysts containing a Group
VI metal were unexpactedly suscepuble to sulfur poisoning. U.S. Patent No. 4,456,527 discloses this discovery.

U.S.-Patent No. 4,456,527 discloses a hydrocarbon conversion process having a very high selectivity for dehydro-
cyclization. In one aspect of this process, a hydrocarbon feed is subjected to hydrotreating, then the hydrocarbon feed
is passed through a sulfur remaval system which raduces the sulfur concentration of tha hydracarbon feed to below S00
pPb, and then the hydrocarbon feed is reformed over a dehydrecyclization catalyst comprising a large pore zeolite
containing at least ane group Vil metal to produce aromatics and hydrogen. Specifically, it was found that the concen-
tration of suifur in the hydrocarbon feed should be at ultralow levels, preferably less than 100 parts per billion (ppb),
mora preferably less than S0 ppb to achieve improved stability/activity for the catalyst used in the process.

- Alter racognizing the sulfur sensitivity of these catalysts and determining the necessary level of sulfur control, com-
maercialization again seemed leasible. However, as is sometimes the case with an emerging technology, ancther set
back was encountered. It was found that certain of the large pore zeclite catalysts are surprisingly sansitive to the
Presence of water while under reactlon condmons Water greatlv accelerates the rate of deactlvanon of some of these

catalysts.
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According to one aspact of tha prasent mvennon. a prccess 1§ pravidad for raforrming aliphatic hydrocarbons ta form
aromatic hydrccarbans in a reaction zene which may be subjected to penodic expaosure ta more than 3 ppm water. The
process cemprises cantacting the teed under reforming reaction conditicns with a catalyst comprising a Group VIl metal,
a largepore zeolite having an affactive pore diameter of 0.6 10 1.5 nm (6 to 15 A) and a oinder, and wheran the catalyst
has a water-sensitivity index (as defined below) less than 1.3.

According to anather aspect of the invention, there is provided a reforming catalyst comprsing a Group Vill metal,
a large pore zeclite having an affective pore diameter of 0.8 to 1.5 nm (6 to 15A) anc a binder, and wherain the catalyst
has a water-sensitivity index (as defined below) less than 1.3.

In a broad sense, the water-sensitivity index (WSI) is a ratio of rates of the reforming reaction for a given catalyst
at given reforming reacticn conditions when the reaction i1s run assentially dry (for example, less than 3 ppm water) for
a period of time varsus when the reaction is run wet (for example, about 100 ppm water) for the same periad of time.
Unless otherwise indicated, ppm of water referred to herein is on a volurmne basis relative to the total feed (hydrccarbon
and hydragen gas) {0 the reactor at standard conditions (1 x 105 Pa (one atmosphere) pressure and 15.5°C (60°F)).

Preferably, the WS for the catalyst used in the precess of the present invention is less than 1.1, more preferably,
less than or equal to 1.0,

According to a particularly preferred embadiment of the present invention, the catalyst selected for use in the prccess
is one having the aforementionad low WSt and turther, the feed to the process has an ultra low sulfur level, preferably
less than 100 ppb by weight of sulfur, more preferably, less than S0 ppb by weight of sulfur. We have found that when
these two features are brought together, namely, ultra low sulfur content in the hydrocarbon feed and the use of a low
WS catalyst as defined heremn, a particularly advantageous and reliable dehydrocyclization process can be attained.

According to another particularly preferred embociment of the present invention, as discussed in more detail below,
we have found that especially advantageous results ars obtained when using a silica bound large pore zeolite, preferably
a silica bound L zeclite. We have found the binding of the zealite, particularly the praferred L zeolite, is markedly impreved
by using a binding enhancement agent such as aluminum nitrate to treat the zeolite prior to ccmpletion of the sinding
with silica,

The preferred catalysts used in the reforming process of the present invention have a crush strength of at least
816.5 ¢/mm (1.8 lbs/mm), more preferabiy at least 907.2 g/mm (2.0 lbs/mm)and most preferably at least 997.9 g/mm
(2.2 Ibs/mm). Use of a binding enhancement agent has been found by us lo be effective in achieving the preferred high
strength catalysts for use in the present process.

Crush strength is measured by the flat plate crush method. Catalyst particles ara dried to constant weight at 950°F
in air. Their length is measured in mm. and the weight necessary to initiate cracking of the particle is measured as it
lays on its side on ane flat plate and another flat plate is brought into contact with it. The crush strength is then calculated
by dividing the weight by the length for at least ten each of statistically sampled extrudates. Typical lengths for the
particles are from 0.2 t0 0.7 em.

The precess of the present invention is advantageous both when the reforming reaction is operated at water levels

. in the feed greater than 3 ppm water and also, when it ordinarily is operated dry but is subject to periodic upsets of
greater than 3 ppm water. The * upsets” causing water to enter a normally dry reacticn zone can occur easily and are
relatively commonplace.

Examples of such upsets often occur in reforming units where the feed to the reformer is obtained from a hydrot-
reating unit, and the hydrotreating unit includes a stripping column which is operated using a steamheated reboiler. The
steamheated reboailer can introduce water into the hydrocarbon feed if minute leaks develop in the reboiler piping or
headers, etc. More generally, water can be introduced ta the hydrocarbon feed when heat is added to the feed by heat
exchange with water or steam.

Another possible source of water is the startup of the catalytic operation during which time water is formed as the
catalyst is reduced with hydrogen and when water may be desorbed from the catalyst or the reactor intemals.

Likewise, another possible source of water is catalyst regeneration. After a period of time onstream, the catalyst
becomes tfouled with coke and.it is necessary ta burn the coke off the catalyst. During the process of burning the coke.
water is formed. This water may be adsorbed at various places in the reaction system, including reactor intarnals and
the catalyst itself. Then, when the process is started up again, the water is desorbed and recycles with the recycle
hydrogen gas to the dehydrocyclization reaction zone.

Because thera is a high probability of water from one or more of the sources mentionad above, or from ather un-
spacified sources, we have found that it is advantageous when reforming is carried out using a bound largepore zeclite
catalyst, to use a catalyst which has a low water-sensitivity index.

Thus, among other factors, the presant invention is based on our discovery that catalytic reforming to produce
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aromatics carrned out using a bound largepora zeolita catalyst is surprisingly disadvantagecusly affactad by the prasence
of aven small amounts of water, such as 3 ppm to 20 ppm water, whereas in other rafarming procassas, for axampie,
thase using bifunctional catalysts, such as platinum-or platinum rhanium on halogenated alumina, the prasenca of 3to
20 ppm water, is fraquently deemed advantagecus, or at least not substantially detrimental. In this regard, sae Nevison
8t al, NPRA Paper AM-7420, 72nd Annual Maating, March 31Apnl 2, 1974,

Further. according 1o a prefarred ambodiment, tha present invention is based on our finding that a highly advanta-
geous refarming procass for aromatics preduction, especially in tarms of run length and activity, is achieved by using
an ultra iow sullur feed and a lew WSI cataiyst. Still further, according to another preferred ambcdiment, the present
invention is based an our findings that highly advantageous rasults are achieved in terms of run length and performance
after catalyst regenaeraticn and/or after exposure to small amounts of sulfur, by carrying out the reforming process using
a silica bound catalyst, preferably an L zeolite silica bound catalyst wherein the crush strength of the catalyst has been
improved by treatment of the zeolite with a binding enhancement agent, such as aluminum nitrate, prior to binding the
Zeolite with silica.

The largepore zeclite which is used in the process of the present invention 1s a zealite having an effective pore
opening of 0.8 to 1.5 nm (6 to 15A) in diamater. Particularly preferred zeoclite for use in the catalyst used in the process
ot the present invention are type-L zeolites.

Preferred L-zeclite compositions for use in the catalyst which is employed in the process of the present invention
are atkaline earth metal exchanged L-zeolitas, aspecially calcium, strontium or barium exchanged L-zeolite. Still more
preferably, the alkaline earth metal is barium.,

We have found that bound zeclite catalysts are more susceptible to the effacts of water during refcrming to produce
aromatics than unbound zeolite catalysts. While the problem of water sensitivity does not tend to occur when using a
catalyst selected from various of the cataiysts comprising Group VIIl metal en unbound 2aclite, such unbound catalysts
are usually not practical for commercial use.

In the present process a bound zeolite catalyst is used. We have found that preferrad binders for the catalyst used
in the prccess of our inventicn are silica, alumina, and silica/alumina combinations. Other inorganic refractory oxices
may be used, but it is critical in our process that the water-sensitivity index requirement of the present invention be
satisfied. We especially prefer silica binders.

We have found that the L zeclite, particularly the potassium form L zealite, has a negatively charged surface in the
PH range of 3to 11. We have also found that the hinding of the L zeolite to the prefarred silica binder can be enhanced
by medifying the zeclite surface to reverse the negatively charged surface of the zeolite. Reversing the negatively
charged surface and enhancing the binding can be done with a cationic species, such as Al, La or Zr. Nitrate, chioride
and sulfate salts of the indicated cationic species can be effectively used, such as alumina hydroxynitrate (AHN), alu-
minum chiorhydrol (ACH), aluminum nitrate (AI(NO3),). aluminum sulfate {A15(SQ4)3), and lanthanum nitrate (La
(NQg)3). Thus, various metal salts can be used, provided they reduce the negative charge on the zeolita surface and
enhance the binding so as to improve crush strength of the bound catalyst. Al(NO4), is a particularly preterred metal
salt for this purpese. We believe that aluminum sulfate is not preferred in the reforming process of the present inventicn
because of the potential of catalyst poisoning from sulfur from the sulfate.

Alkali metal ions have been used as crosslinking agents in silica binding of zeolites, but such use is detrimental 1o
catalytic activity in many instances. In the present invention, we have found the use of an aluminum compound such as
aluminum nitrate is not detrimental to catalytic activity. We believe the aluminum compounds can reversa the charge on
the zeclite surface and allow for mutual attraction between the ‘zeciite and the negatively charged silica binder and
cansequent enhanced binding integrity or strength.

In preparing the silicabound L zeolite catalyst in accordance with preferred embodiments of the present invention,
either the zaclite is treated in advanca with a binding enhancement metal salt or tha zeolits is comulied in the presence
of the metal salt added to the muller followed by addition of the silica binder. In the embodiment whera the zeclite is
Separately prepared with the binding enhancar, binding enhancer such as an aluminum salt can be mixed with the zsclite
in a siurry, foliowed by pH adjustment to precipitate aluminum species on the surface of the zeclite. The modified zeclite
is separated from the slurry, combined with the silica binder, and sither extruded or spray dried to form product. The
product can be subsequently treated, as with platinum addition and other steps as described alsewhere herein, to pro-
duce a reforming catalyst.

Electrophorelic measurements preferably are carried out on the zeclite to determine the amount of binding agent
enhancer to achieve strong binding between the zaclite and the binder, such as the silica binder. Pretfarably the amount
of binding agent anhancer is adjustad so that the zeclite surface will be approximately at the isoelactric point (IEP) or
slightly past this point ta the positive side. . .

Wa have found that the moistura content of the L zeolite-binder material to be extruded to form the catalyst base
Preferably is controlled to a low level in order to achieve good crush strength on the product. For the L zealitesilica
product matarial, praferably the moisture of tha material prior to extrusion is controlled to 36.5, plus or minus 2 or 3%,
L.O.I. (loss on ignition), more prefarably 36.5 wt. % L.O.1. plus or minus 0.5%. To achieve this relatively low moisture
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content, it1s prafarrad ta raduca the moistura content of the L. zaclite used o lorm the L zeoclitasilica mixtura 1o lass than
15% O |.. mara prefarably less than 13% L.O.l. In expanmantal work in this area we abtainad suitably dned L. zeclite
by drying L zaclite powder at 100°C for 16 haurs to raduce the L.O |. from 21.75 wt. % ta less than gt

The catalyst used in the process of tha prasent invention can be prapared N various Manners. out, agaln s crtical
that the preparation ba such that the catalyst have the aforestaled lowwater sensitivity incex. Whan using tha particularty
prefarred silica binder, we have found that overwashing of the silicabound catalyst can induca unwanted walter sansitivity
to the catalyst. When using an alumina binder we have also discovered that the alumina should net Ye subjecled (0
extansive pegtization with acid during Binding as such peptization was found by us to also intrcduce waler sensitivity [0
the catalyst.

In our examples below, wa illustrata alternate preparations far the catalyst, which can be {cllowed !0 achieve the
low water-sensitivity index catalyst required for use in the dehydrocyclizaticn process of the present invention. Testing
the prepared catalyst for water-sensitivity index is not funcamentally ditﬁcu)t. The water-sensitivity test is cescribed in
more detail below.

Accarding to a preferred embodiment of our invention, the base for the catalyst employed is an L.-zeclite bound with
silica, alumina or silicaalurmina, wherein the L-zeolite is preferably in the potassium or banum term, more preterably a
potassium form L zeolite which has been barium ionexchanged, and whose last processing before application of platinum
is contacting (washing) with water at a pH preferably above 7, more preferably above 8. and still more preferably above
9. Preferably, the ugper limit of the pH in this wash step does not exceed 13.5, more preferably 12, and still more
praterably 11. The water in equilibrium with the catalyst basa for this wash preferably contains an alkali or alkaline earth
metal in a concentration of greater than 50 ppm by weight, based on the water, or more preferably 100 to 250 ppm and
most preferably 150 to 170 ppm. Preferred alkali and alkaline earth metals for this purpose are potassium, socium and
barium. Potassium is particularly preferred. The alkali or alkaline earth metal can be acded to the wash water, of the
desired equilibrium amount in the wash water may be achieved through such component being present in the zeolite
or bound zeolite prior to washing. The pH and ion concentration conditions referred to are those in the wash water when
the final wash step is being finished. After washing, preferably the zeolite base is then dried, calcined, platinum-loaded
and recalcined. ,

According to a pamcularly preferred embodiment of the present invention, the base for the catalyst emplcyed is a
barium exchanged L-zeolite bound with silica and the bound zealite is washed and platinumioaded as described in the
preceding paragraph. Preferably the L-zeclite is contacted with a binding enhancement agent, such as aluminum nitrate,
prior to binding the zeolite with silica.

According to another preferred embodiment of the present invention, the catalyst employed is a large pore zeolite,
mare preferably, a barium exchanged L-zeolite, bound with alumina.

For catalysts prepared using an alumina binder, preferably the alumina is subjected to only mildly acidic peptization.
For example, we have found in several instances that the peptization was too severe when the alumina was treated
with graater than 0.15 grams of nitric acid per gram of Al,O, (anhydrous). Preferably the alumina component of the
aluminabound catalyst used in the present invention is prepared under less severe peptization conditions, such as less
than 0.10 grams of nitric acid, or equivalent, per gram of alumina. However, the effect of acid on the alumina is a complex
phenomena and in some instances we have found higher amounts of acid do not result in a water sensitive catalyst.

Preferred Group Vil metals for preparation of the catalyst used in the present invention are platinum and palladium.
Platinum is particularly preferred. We have found that an advantageous method of preparing a low WS catalyst for use
in the process of the present invention comprises introducing the platinum component to the Zeolite or bound zeciite
support by "pore fill*. Pore fill is a tachnique known in the art. In the pore fill methad the catalyst is wetted with a Group
VIt metal component, such as a platinum component, for example, a solution of platinum tetraamine chloride, and the
platinum component is adsorbed onto the zeoiite.

in contrast to using an ionexchange method, an excess of platinum is not used when using the pore fill method..
Also, the catalyst does not require washing after the pore filf addition of the platinum component. it is preferred to make
the catalyst used in the present invention by para fill addition of the platinum campaenent fallowad by drying and calc ining
without intervening water wash after the pore fill.

The Group VIil metal component, such as the platinum component, can be added to the zedlite prior to binding the
zeoclite, but more praterably, for the catalyst used in the procass of the prasent invention, the Group Vil metal comgponent
is introduced to the catalyst after the zeolite has heen bound. .

The present invention encompasses reforming and especially dehydrocyclization under conditions and with cata-
lysts as described herein, and encompasses the catalysts par se for use in reforming and especially dehydracyciization.

Extrudate catalysts comprising a large pore zeolite having an alkaline earth metal incorperated into the zeclite and
containing a Group VIil metal can be prepared according to techniques known in the act. Thesa techniques usually
involve four basic steps or procadures. The order in which these staps ara carried out is not generally critical, although
thera ars prefarrad sequences.

The four basic steps or pracedures are: (1) ionexchange of an alkali metal large pore zeclite with an alkaline earth
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_ ( sel embiaiviet Hicindidn; (N imprbgr2atdn Wtk 8 Gl VifGnetal; and (4) binding the zeclite (o prepara an axtrudable
; 100 mixtura. 100 wherein "conversion, % is defined by equation
: ( ]_) - . As indicatad, these four staps can bae carried qut in a varnety of diffarant arders. For axamppbll. 8. Patyiit Na.
: react ant s% 458,025 describes the praparation of an extrudate catalyst using tha lour basic procaduras :n the order: :onaxchange,

binding, high temperature calcinaticn, impragnation and low tamperature calcination. In the preferred embediment, the
binding cperation is carriad out by mixing togethar an 1onaxchanged zealite with a nenacidic alumina. The bound mixture
is extruded. Then in a high tempaerature calcinaticn, the axtrucdate 1s heated to at least 538°C (10CO°F) for ana ta two
hours. The extrudate is ionexchanged, washed and calcined. The calcined axtrudate 1s then impragnated with a Group
VIl metal. Thus, the impregnation procedure follows the high temperatura caicination. Foilowing impragnation, the cat-
alyst is again calcined but at a much lowar temperature, 260.2°C (S0Q°F).

Patent Na. 4,434,311 is directad to a dehydroiscmenzation reaction using a large pore zealite catalyst. The catalyst
can be prepared in either of two preferred ways. The first way uses the four basic procedures in the order: ion-axchange,
calcination, impregnation, caicination, binding and lowtemperature caicinaticn. This methed has the advantage that
since impregnation precedes binding, ail of the metal is impregnated unto the zeolite and none unto the inorganic oxide
binder. The second way uses the same four procedures, but in the arder: (a) binding and calcination, (b) ionexchange
and calcination, {c) impragnation, (d) calcination. This method has as its advantage the fact that the bound extrudate
can be easily separated from the icnexchange and impregnation solutions. We have found that the catalyst used in the
dehydrocyclization process of the present invention is preferably prepared in accordance with this second way, and
preferably with three calcination steps. The preferred calcination steps follow binding, ion-exchange, and impregnation.

U.S. Patent No. 4,547,472 disclosas a methad to prepare a catalyst using a double ionexchange procedura. In one
embediment, the methad uses the four basic procedures in the order: ionexchange, calcination. ionexchange, caicina-
tion, impregnation, calcination, binding, and calcination. In a second embodiment the order is: binding, calcination, ion-
exchange, calcination, ionexchange, calcination, impregnation, and calcination.

As a final example of the numerous ways to order the four basic catalyst preparation steps or procedures, U.S.
Patent No. 4,579,831 discioses a mathod using the procedures in the order: binding, calcination, impregnation, and
caicination. A separalte ion-exchange procedure is omitted because the binding agent cantains an alkali or alkaline earth
metal aluminate. Thus, ionexchange can take place during the binding procedure as a simultaneous step.

In view of the many different ways illustrated by the patents recited above to prepare an axtrudate catalyst, it was
surprising to discover that some of the final catalysts are water sensitive. The state of the art prior to this discovery led
us to expect that silica and alumina bound catalysts would not be inherently different. it was thought that the selection
of a hinding agent and the manner of its use were choices from ameng equivaients without substantive effect on the
final catalyst.

According to a preferred embodiment of the present invention, the catalyst used in our reforming process is prapared
as follows.

The zedlite is bound using silica, alumina or silicaalumina, most preferably silica. Binding the catalyst involves mixing
the zeclite, the binder and preferably a binding enhancement agent to form an extrudable paste.

Alternatively, the binding agent can be used to traat the zeclite before adding the binder. in any of these alternatives,
the zealite is contacted with the binding enhancement agent prior to completion of the binding. After the mixing of the
Zeolite and binder, the catalyst base material is extruded. Then the extrudate is caicined.

Next the bound zeclite extrudate is preferably exchanged with an alkali or alkaline earth metal, more preferably the
latter, and most praferdbly, barium. A barium exchanged L-zeolite is exempiified below. After the exchange, the catalyst
is washed, preferably as previously described. The washed catalyst is then recalcined. This caicination is praferably
done at S38°C 10 649.4°C (1000°F to 1200°F), more preferably 594°C (1100°F), in air for at least one hour.

Next the catalyst is impregnated with a platinum component using a pore fill method. This is believed advantageous
in reducing the likelihood of subsequent water sensitivity when the catalyst i is used in dehydrocyclization. The poreffilled
catalyst is then dried and then calcined.

Preferably, the calcination of the impragnated catalyst is carried out at 205 to 316°C (400 to 600°F), more preferably
260 to 288°C (SO0 to 550°F). Preferably, this calcination is carried out in an air/steam mixture, tor example, a 50%
air/steam mixture, flowing over the catalyst, as described in commonly assigned U.S. Patent No. 4.608,356.

The zeclite used in the reforming process of the present invention is a largepore zaalite having an eftective pore
diameter of 0.6 to 1.5 nm (6 to 15A) as mentioned above. Among the largepore zeolites which are preferred for use in
the catalyst used in the procass of the present invention, are zeclite L, zegiite X and zeclita Y. These pretarred zeolites
have apparent pora sizes in the range of 0.7 10 0.9 nm (7 to 9A) in diameter.

Zaclite X is a synthetic crystalline zeclitic molecular sieve which may be reprasented by the formula:

(0.71.1 )MW"O:Alzo:,:(2.03.0)Si02:yH20

e

wharein M raprasents a metal, particularly alkali and alkaline earth matals, n is the valence of M, and y may have any
valua up to about 8 depending on the idantity of M and the degree of hydration of the crystalline zsoclite. Zeclite X, its
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Xray diffraction pattem, ils proparties, and methed for its preparation are described in detall in U.S. Fatant No. 2,882,244,
~us. Patent No. 2,882,244 1s heraby incarporated by referanca to show a zaclite uselful in the prasent invention.
The chemical formula for zaeclita Y exprassed n tarms of moles oxides may be written as:

Q.71. 1)N320:A1203.x3i02.yH20

wharein x is a value greater than 3 up to about 6 and y may be a vaiue up lo abaut 9. Zadlite Y has a characteristic Xray
pawder diffraction pattern which may be emplayed with the abova formula for identification. Zsolite Y is described in
more detail in U.S. Patent No. 3,130,007. U.S. Patent No. 3,130,007 1s heraby incorporated by reference to show a
Zeolite useiul in the present invantion.

The mast preferred zaclite for use in praparing the catalyst used in the dehydrocyclization process of the present
invention is zealite L. The chemical form for zeolite L may be represented as follows:

(9.91.3)My, O:A1,0,(5.26.9)Si0,:yH,0

wherain M designates a cation, n represents the valence of M. and Y may be any value form O to about 8. Zeolite L, its
Xray ditfraction pattem, its properties, and method for its preparation are described in datail in U.S. Patent No. 3,216,788,
Zeolite L has been characterized in *Zeolite Molecular Sieves® by Donald W. Breck, John Wiley and Sons, 1974, (re-
printed 1984) as having a framework comprising 18 tetrahedra unit cancrinitetype cages linked by doubie six rings in
columns and crosslinked by single oxygen bridges to form planar 12membered rings. The hydrocarbon sorption pores
for zeolite L are reportedly approximately 7°A in diameter. The Breck reference and U.S. Patent No. 3,218,789 are
incorporated herein by reference, particularly with respect to their disclosure of zeoiite L.

The various zeolites are generally definad in terms of their X-ray diffraction pattems. Several factors have an effect
on the X-ray diffraction pattern of a zaolite. Such factors include temperaturs, pressure, crystal size, impurities and type
of cations present, For instance, as the crystal size of the type L-zeolite becomes smaller, the X-ray diffraction pattem
becomes somewhat broader and less precise. Thus, the tarm "zeolits L” includes any of the various zeolites made of
cancrinite cages having an X-ray diffraction pattern substantially the same as the X-ray diffraction patterns shown in
U.S. Patent No. 3,216,789. Type L-zeolites are conventionally synthesized in the potassium form, that is, in the theoretical
formula praviously given, most of the M cations ara patassium. M cations are exchangeable so thata given type L-zeclite,
for example, a type L-zedlite in the potassium form, can be used to cbtain type L-zeclites containing other cations by
subjecting the type L-zeclite to ionexchange treatment in an aquecus solution of an appropriate salt or saits. However,
it is ditficult to exchange all the original cations, for example, potassium, since some cations in the zeolite are in sites
which are difficuit for the reagents to reach. Preferred L zeoiites for usa in the present inventicn are those synthesized
in the potassium form. Preferably the potassium form L zedlite is ion exchanged to replace a paition of the potassium,
most preferably with an aikaline earth metal barium being an especially preferred alkaline earth metal for this purpose
as praviously stated. .

The inorganic oxide carrier bmder for the catalyst used in the process of the present invention can be selected from
various materials as stated above. The preferred amounts of binder ara from 5 to 90 wt. % of the finished catalyst, more
preferably, from 10 to 50 wt. % and still more preferably, from 10 to 30 Wt. %.

Itis critical in the process of the present invention that the catalyst used has a low water-sensitivity index as praviously
indicated,

The water-sensitivity index test was develaped by us to rapidly test the effect of water on the fouling behavior of
reforming catalyst. The wafer-sensitivity index (WSI) is determined as follows. The activity of the catalyst is measured
in a microreactar under typical raforming conditions. Measuring the WSI requires two separate runs in the microreactor.

The first run is 40 hours long with no added water. The faed for this first run is hydrofined by known methods such
that substantially all tha water and oxygen-containing compounds are remaved. Therefore, the water concantration in
the mixture of feed and hydrogen entering the reaction zone is less than 3 pom.

Tha second run is carried out in the same mannaer as the first from 0 to 20 hours onstream. Then, between 20 to
40 hours onstream, water is added in an amount sufficient to give 100 ppm water by volume in the mixture of hydrocarbon
feed and hydrogen entering the reaction zone of the micrareactor. As an example, the water may be added to the
incoming hydrogen with a Dynacal® permeation device supplied by Vici Metronics.

The activity (as defined hereinbelow by the pseudo firstorder rate constant, k) at 40 hours on stream for the first run
is divided by the activity at 40 hours on stream for the sacond run 1o generate the WSI.

Referring now moare specifically to the conditions for the two test runs, catalyst is crushed and screened to a size
o1 0.71/0.18 mm (24/80 mesh). An amount of catalyst containing 4.42 x 103g of platinum is loaded into 2 0.635 cm (1/4")
stainiess stael reactor. The catalyst is then raduced in hydrogen flowing at a rate of 500 ¢c/min. for one haur at 483°C
(900°F). Then a hydrocarbon feed is introduced at a rate of 6 mbhour at a pressure of 6.9 x 105 Pa (100 psig) at 484°C
(920°F) with hydrogen flow sufficient to give a mola ratio of hydrogen 1o feed hydrocarbon of 6.0. The reaction products
ara analyzed by a gas chromatograph with a capillary column and a flamae ionization detector.

The hydrocarbon faed is a light naphtha with a boiling range of 71.2 to 127°C (160°F to 260°F), a sulfur content
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lags than 0. %ﬂ pPmM by weight, a nitrogen contant of less than 0.1 gpm by weight, an aromatics plus substituted cycichex-
anes contant lotaling appraximately 12.5 mole %, a content of paraffin plus substituted cyclopentanes with graatar than
six carbon atoma totaling approximataly 81.2 mala %, a content of paraffin plus cyclopantana with five or fawer atoms
totaling appraximataly 6.3 mole %, and an average molecular weight of approximately 95.

The aromatization reactions are characterized by calculating conversion and salactivity as described balow.

The feed contains 12.5 mole % of combined aromatics and cyclohexanes. It is assumed that the aromatics do not
react and that the cyclohexanes are dehydrogenatad te form aromatics with 100% conversion and 100% selectivity. The
teed also contains 81.2 mole % of paraffins and substituted cyclopentanes containing at least six carbon atoms. These
compounds farm a “peol® of reactants that can ba dehydrocyclized to form aromatics by contact with the catalyst.

The pool conversion is defined as the fraction of this pool of reactants that is converted to either aromatics or
compounds with fewer than & carbon atoms. (See aquation 1).

Males 0% reactants

Pool Moles reactants left in product per
Conver pecr mole of feed mole of feed
sion, % = x100 (L)

Moles of reactants per mole feed

where reactants are the pool of paraffins and cyclopentanes having at least 6 carbon atoms. Thus, pentane, aromatics
and cyclohexanes are excluded.

The pool selectivity is defined as the fraction of converted reactants that end up as aromatics. (See equation 2).

Moles of
Moles aromatics aromatics and cyclo
Pool in the praoduct hexanes in the feed
Selec pec mole of feed per mole of total feed
tivity, § = x100 (2)
(Poal conversion, 3%3) (Moles af reactants pec)
100 mole of feed

wherae reactants are the pool of paraffins and cyclopentanes having at least 6 carbon atoms. _

The conversion and seleclivity are used to calculate a "pseudo firstorder® rate constant for aromatics productions
as shawn in Equation (3). Although the rate of aromatization cannot be modeled exactly by this firstorder rate expression,
it is a useful approximation:

- (sslectivity, %) n (1 conversion, %) (3
100 100 '

The rate constant after 40 hours onstream without any water addition is denoted k. The rate constant caiculated
using conversion and selectivity results for the end of the second run, that is, the run described above having 20 hours
onstream without water addition followed by 20 hours onstream with water addition, is denoted k.. The water-sensitivity
indax (WSI) is defined by equation (4):

. k
. - wsi= 22 4
i - (4
The drawing is a simplified schematic flow sheet showing a reforming unit and upstream feed treatment facilities.
Referring in more detail to the drawing, naphtha is fed via line 1 to hydrotreating unit 2. In the hydrotreating unit, in
addition to other reactions, organic sulfur compounds are converted to hydragen sulfide and hydrocarbons. The hydrot-
reated naphtha is removed via line 3 and fed to stripper 4.
In stripper 4 light gases and hydrogen suifide are stripped out of the hydrotraated naphtha and removed overhead
via line 5, Heat is added in reboiler 8. The heat source for the reboiling is steam introduced to the raboiler via line 7.
Typically, the steam would be in the *tube side" of the reboiler but the steam may on occasion leak through to the “shell
side” whera the naphtha is being heated for reboiling.
The stripped naphtha is removed via lina 8 and passed to storage tank 12 via lines 9 and 10. The storage tank is
another potential source of water contamination in the reforming unit.
Naphtha is fad to reforming unit 15 either “diractly® from the stripper via piping. shown schamatically by lines 9, 11
and 14, or “indirectly” via storage tank 12 and then lines 13 and 14,

- In reforming unit 15, the naphtha is reformed to form aromatics. The naphtha teed is a light hydrocarbon, preferably
bailing in the rangse of 21°C to 232°C (70°F to 450°F), more praferably 37.8 to 176.8°C (100 to 350°F). The naphtha
feed contains aliphatic or paraffin hydrocarbons and these aliphatics are convertad, at least in part, to aromatics in the
reforming reaction zone. Dehydrocyclization is beliaved to be the most impartant reaction.

The feed preferably contains less than 100 ppb sulfur and mora prefarably, lass than 50 ppb sultur. It necessary, a
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prior t o shfundiosr@nit i enpbfdadbiyédn units 4 and 15 to remove remaining small amounts of sulfur A tha faed prir to

contacting the fead with the waterinsensitiva catalyst used in the procass af ihe prasent invantion. Wae have found that
bast rasults are achieved in our ratorming procass if the sulfur 1s maintained at uitra law levels as we specified abaove,
and also if the catalyst employed is a bound largepare zaalite with the afarestated low water-sansitivity index.

Prafarred reforming process conditions include a temparature betwean 399 and 538°C (750 and 1000°F), more
praferably between 455 and §27°C (850 and 980°F); and a prassura batween O and 2.76 x 108 Pa (0 and 400 psig),
mare praferably detween 3.4 x 105 and 2 x 10 Pa (50 and 300 psig); a recycle hydrogen rate sufficient to yield a
hydrogen ta hydrecarbon mole ratio for the feed to the raforming reaction zona between 0.1 and 20, more praferably
between 0.5 and 10; and a liquid hourly spaca valocity for the hydrocarbon feed over the refarming catalyst of between
0.1 and 10, more preferably between 0.5 and 5.

A product stream rich in aromatics is withdrawn via line 16 as schematically indicated on the drawing.

EXAMPLES
Example 1
Alumina Bound Catalyst Not of this Invention

To 478 grams of pseudo boehmite alumina (340 grams Al,O,) was added a mixture of nitric acid and water. 0.42
grams of nitric acid per gram of alumina was used to peptize the alumina and the final loss on ignition (LOI) of this mix
was 39%. The peptized alumina paste was mulled with 1360 grams of potassium L-zaalite (anhydrous basis) and the
LOI adjusted with water to 38%. After mulling, the mix was extruded, dried and calcined at 500°C with flowing dry air.
Barium ionexchange was performed at a ratio of 10 cc of 0.3 molar barium nitrate per anhydrous gram of extrudate at
82°C (180°F) for up to three hours. This barium ionexchanged material was washed to a potassium ion concentration
in the final wash of 160 ppm (a pH bstween 8 and 9) and calcined. This material was then calcined in air at 594°C
(1100°F) for at least one hour.

The bound and barium exchanged extrudate was then parefill impregnated to 0.64% by weight platinum and calcined
for about one hour in a 50% steam/air environment between 26° and 288°C (500 and 550°F).

Exampie 2
Alumina Bound Catalyst Not of this Invention

A similar catalyst was prepared as in Example 1, except that only 0.14 grams nitric acid per gram ajumina was used
in the peptization step.

Example 3

Alumina Bound Catalyst in Accord with this Invention

1600 grams of potassium L-zeclite (anhydrous basis) was charged to a sigma blade mixer (bread dough type) and
the LOI was adjusted to 29% with water. In a separate sigma blade mixer 563 grams of pseudo boehmite alumina (400
grams of Al;O,) was peptized with a mixture of nitric acid and water. 0.06 grams of nitric acid per gram of AlbO4 was
used and the LOI ot this mix was 58%. The two mixtures were combined, bisnded and adjusted with water to a final LO}
of 43%. The paste was extruded, dried and calcined in flowing dry air at 480°C. The bound zeolite was then carried™
forward to a finished catalyst as in Example 1.

Example 4
Alumina Sound Catalyst in Accard with this Invention

This catalyst was prepared as in Example 3, axcept that the calcination of the bound zealite was done for one hour
at a temperature of 593°C.
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wherein the catal yst crush strength is at least 816.5 g/mm (1.8 | bs/mm.
36. A catalyst in accordance with C aig 29 wherein the zeolite is an
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of wat er . gilicabound Catalyst Not of this Invention

An axtrudate was formad utilizing 20% by weight of silica derived from Ludox® AS-40 silica and 80% potassium L
zaolita axtrudate. The lallowing staps are faliowed: (1) binding enhancament agent, A(NQg), - 3H,0, is dissolved in
water at 2 molar concentration and added to potassium form L-zsolite until tha ratio of the above sait to anhydrous
L-zaolite 1s about 10 wt. percent; (2) following mixing, sufficient Avicai®callulose extrusion aid is added to equal 1.25
wt. percant of the anhydrous zeclite; (3) again, following mixing, sufficiant Ludox®AS-40 is added to make an 80%
zaolite, 20% silica binder mixture on an anhydrous basin; (4) additional water as nacessary is added. The pasta is further
mixed and extruded. This extrudate was caicined at 705°C in flowing air.

This axtrudate was then barium ionexchanged and washed with water (initial pt approximately 5) to an equilibrivm
potassium ion concentraticn in the final wash of 23 ppm by weight {(final pH of 7.5).

The rasulting material was then porefill impregnated, atc. as in Example 1.

Example 6

Silicabound Catalyst Not of this Invention

A similar catalyst preparation was made as in Exampla 6, except that deionized water was used to wash the barium
exchanged zeclite instead of water of pH 5, the final pH was 9.62 instead of 7.5, and the potassium ion concentration
of the final wash solution was 40 ppm instead of 23 ppm.

Exampie 7
Silicabound Catalyst in Accord with this Invention

Following the procedure of Exampie §, an extrudate was formed utilizing 20% by weight silica derived from Ludox®
AS-40 silica and 80% potassium L-Zeolite. This extrudate was calcined at 705°C in flowing air.

This extrudate was then barium iocnexchanged and washed with deionized water (initial pH approximately 5) to an
equilibrium potassium ion concentration in the final wash of 158 ppm by weight (final pH of 9.19).

The resulting material was then paraefill impregnated, etc. as in Exampie 1.

The activity and water sensitivity of the above catalysts are shown in Table 1. Thesa properties were determined in
microreactor tests under the conditions described hereinabove under Detailed Description.

TABLE |
Catalyst of Example No. | Peol Conversion, % | Pool Selactivity, % | WSI
1 51 89 1.4
. 2 . ' 50 88 ] 14
= 3 49 - 86 1.0
4 53 85 1.0
6 48 84 1.3
7 85 87 1.3
8 60 88 1.0
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1. A process for reforming aliphatic hydrocarbons to form aromatic hydrocarbons in a reaction zone which may be
subjected to periodic exposure to more than 3 ppm water, which comprises: contacting the feed under refarming
reaction condilions with a catalyst camprising a Group VIl metal, a largepore zeolite having an aftective pore diam-
atarof 0.6 to 1.5 nm (6 to 15 A) and a binder, and wharsin the catalyst has a watar-sensitivity index less than 1.3,
the water-sensitivity index being definad by the following equation (4):

' WS = E.ﬂ (@
ot

wharain kyy, i8 the rate constant aftar 40 hours anstraam without any water addition and Kwer i8 the rate canstant
after 20 hours onstream without water addition followed by 20 hours onstraam with water addition of 100 ppm by
volume in the mixtura of hydrocarbon feed, wharain both rata constants ara delined by the aquation (3):
_ (salectivity, %) , (1 conversion, %) .
k="""e0 = 100 &
wharain "convarsion, %" is defined by aquation (1):

Moles aof reactants

Paaql Maoles reactants: left in product perc
Cg:we: petr mole of feed male af feed
Sian, ¥ = x100 (1)

Males of reactants per mole feed

and “selectivity, %" is defined by equation (2):

Moles cf
: Moles aromatics aromatics and cyclae
Paoal in the product hexanes in the feed
Selec per mcle of feed per mole of total feed
tivity, ¥ = . x100 (2)
(Pool conversion, %) (Moles of reactants per)
100 mole of feed

2. A process in accordancs with Claim 1 wherain the water-sensitivity index is .Iess than 1.1,
3. A process in accordance with Claim 1 wherein the water-sensitivity index is less than or equal to 1.0.
4. A process in accordance with Claim 2 wh'erein the suifur content of the feed is less than 100 ppb.
- 5. A process in accordance with Claim 2 wherein the sulfur content of the feed is less than 50 ppb.
8. A process in accordance with Claim 1 wheraein the zeolite is L-zealite.

7. A process in accordance with Claim 6 wherein the L-zeclite has been ionexchanged with barium, calcium or stron-
tium.

8. A process in accordance with claim 7 wherein the L-zealite has been ionexchanged with barium.

9. A process in accordance with Claim 6 wherain the binder is silica.
10. A process in aceorqance_wim Claim 6 wharsin the binder is alumina,
11. A process in accordance with Claim 8 wherein the binder is silica alumina.

12. A process in accordance with Claim 1 wherein the catalyst is prepared by a method comprising contacting the zeclite
with a binding enhancement agent prior to binding the zeolite.
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13. A procass in accordance with Claim 12 wherain the zeolita is L zeclite and the binder is silica.
14. A procass in accordance with Claim 13 wharain the binding enhancemant agent is aluminum nitrata.
15. A procass in accardance with Claim 14 wheraein the catalyst crush strength at least 816.5 g/mm (1.8 los/mm).
16, A. procass in accardanca with Claim 1 wherain thae zeclite is an L-zeclite which has been ionaxchanged with patas-
~ siunror barium and then washed at a pH abovae 7 in water having an alkali ar alkaline aarth metal concentration
greater than 50 ppm by waeight basad on the waight of water.

17. A procsss in accardance with Claim 16 wherain the alkali or alkaline aarth metal is potassium, sodium or bharium.

18. A procass in accardance with Claim 16 wherain the concantration of the alkali or alkaline earth matal in the aqui-
librium wash water is 100 to 25Q ppm.

19. A procass in accardanca with Claim 17 whaerain washing is carried out at a pH abova 8.

20. A prccsss in accordanca with Claim 17 wheraein the alkali metal in the wash water is potassium. -

21. A process in acesrdance with Claim 17 wherain the sulfur contant of the feed is less than 50 ppb.
22. Aprocess in accordance with Claim 17 wherain washing is carried qut at a pH between 9 and 11.

23. ; process in accordanca with Claim 17 wherein the zadlite is bound with sifica, alumina or silica/alumina prior t0
e washing.

24. A prf:ces§ in acco_rdance with Claim 17 wherein the catalyst is prapared by a pora fill imgragnation of the bound
‘zeome wrth a plgtmum companent using a soluticn containing platinum followed by drying and calcining without
intervening washing after the porae fill addition of the platinum, :

25. A prc_loass in accordance with Claim 1 wherein the binder is alumina which has been subjected to only mildly acidic
peptization.

26. A process_ lﬂ ag:ordance with Claim 25 wherain the peptization of the alumina is carried out with less than 0.10
gram of nitric acid, or equivalent, per gram of alumina.

27. A process in accordance with anyona of the proceeding claims 1 to 26 for dehydrocyclization of aliphatic hydrocar-
bons to aromatics in a reaction zone which may be subjected to periodic exposure to more than 3 ppm watar which
comprises feeding to the reaction zone feed hydrocarbons containing no mare than 100 pgb sulfur and contacting
the feeq hydrocarbens under dehydrocyclization reaction conditions with acatalystcomprising platinum. an L-zaclite
and a binder, and wherein the catalyst has a water-sansitivity index less than 1.1.

28. A procass in ac_:cordance M-Iith c;laim 27 wherein the binder is silica and the catalyst is prepared by a method com-
prising contacting the zeclite with a binding enhancement agent prior to binding the zealite.

29. A raforming catalyst comgrising a group V1l metal, a largepore zeclite having an effective pore diameter of 0.6 to
1:5 qm' (6o 15 ‘A) and a binder, and whersin the catalyst has a water-sensitivity index less than 1.3, the water-sen-
sitivity index baing defined by the following equation (4):

k
WSIi = i! 4
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whaerein ky, is the rate constant aftar 40 hours onstream without any watar addition and K, is the rate constant
‘aftar 20 hours onstream without water addition faliowed by 20 hours onstream with water addition of 100 ppm by
voluma in the mixture of hydrocartion faed, wharein bath rate constants are defined by the aquatian (3):

K= (salectivity, %) In (1 conversion, %)

100 100 &
wharain ‘conversion, %" is defined by equation (1):

Moles of reactants

Paal Moles reactants left in product per
Coaver pec male of feed mole af feed ]
sion, ¥ = x100 {1}

'Males aof reactants pec mole feed
and “salectivity, %" is defined by equation (2):

Moles of
Males aramatics aromatics and cyclo
Pool in the praoduct hexanes in the feed
Selec pec male of feed per mole of tatal feed
givity, 4 = x100 (2}
(Pool conversiaon, %) (Moles of ceactants pec)
100 ' male of feed

30. A catalyst in accordance with Claim 29 wherain the watar-sensitivity index is lass than 1.1.

31. Acatalyst in accardance with Claim 30 wharain the zeclite is L zediite and the binder is silica, alumina, or silica/alu-
mina.

32. A catalyst in accordance with Claim 31 wherein the binder is silica.

33. A catalyst in accordance with Claim 32 wharein the catalyst is prepared by a method comprising contacting the
zeclite with a binding enhancement agant prior to binding the catalyst.

34, Acatalystin accordancs with Claim 33 wherein the .binding anhancement agent is aluminum nitrate.

35. A catalyst in accordance with Claim 34 wherein the catalyst crush strength is at least 816.5 g/mm (1.8 lbs/mm).

36. A catalystin accordance with Claim 29 wherein the zeclite is an L-zeclite which has been ionexchanged with potas-
sium or barium and then washed at a pH abave 7 in water having an alkali or alkaline earth metal concentration

greater than 50 ppm by weight based on the weight of water.

37. Acatalystin accordanca with Claim 36 wherein the cancentration of the alkali or alkaline earth metal in the equilibrium
wash water is 100 to 250 ppm,

38. A catalyst in accordance with Claim 36 wherain washing is carried out at a pH between 8 and 11.

39, A catalyst in accordance with Claim 29 wharein the zedlite is an L zeclite and the catalyst is prepared by a pore fill
impragnation of the bound zeclite with a platinum companent using a soluticn containing platinum followed by drying
and calcining without intervening washing after the pora fiil addition of the platinum.

40. A catalyst in accordance with Claim 30 wharain the binder is alumina which has baen subjected to only mildly acidic
peptization, wharain the peptization of the alumina is carriad out with less than 0.10 gram of nitric acid, ar squivalent,
per gram of alumina,
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REFORMING USING A BOUND ZEOLITE CATALYST
ABSTRACT

Reforming to produce aromatics from aliphatics, using
a bound zeoclite catalyst containing a 'Group VIIT metal such
as platinum, has been found to be extremely sensitive to
water, even at water concentrations as low as 3 ppm in the
feed, unless certain catalyst having a low water
sensitivity index are used. The water sensitivity index
(WSI) is described and methods for making catalysts with a
low WSI are described. The sulfur content of the feed to
the feed to the reforming/aromatics production process is
preferably below 50 parts per billion. The catalyst used in
the reforming process is preferably a high crush strength
catalyst and is preferably prepared by steps including
treating L zeolite with a binding enhancement agent prior

to binding with a binder .ich as silica, silica/alumina or
alumina.

Figure 1
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