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BACKGROUND OF THR INVENTION

The present invention concerns a pretreatment method
useful for increasing the conversion and lowering the’
fouling rate of a reforming catalyst.

Catalytic reforming is a well-known process that is used
for raising the octane rating of a2 naphtha for gasoline.
The reactions that occur during reforming include:
dehydrogenation of cyclchexanes, dehydroisomerization of
alkyleyelopentanes, dehydrocyclization of acyclic
hydrocarbens, dealkylation of alkylbenzenes,
iscmerization of paraffins, and hydrocracking of
paraffins. The hydrocracking reaction should be
suppressed because that reaction lowers the yield of
hydrogen and lowers the yield of liquid@ products. -

Reforming catalysts must-bae selective for
dehydrocyclization, in order to produce high yields of
ligquid product and low yields of light gases. These
catalysts should possess good activity, so that low
tenperaturés can be used in the reformer. Also, they
should possess good stability, so that they can maintain
a high activity and a ﬁigh selectivity for
dehydrocyclization over a long peried of time.

While most reforming catalysts contain platimm on an
alumina support, large—-pore zeolites have been proposed
as supports. These large-pore zeolites have pores large
enoggh for hydrocarbone in the gasoline boiling range to
Commercial application of zeolitic
reforming catalysts have thus faxy been very limited,
although certain catalysts comprising a large-pore
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10 metal selected from the group consisting of barium,

strontium and calcium, wherein said compesition is

reduced in & hydrogen atmosphere at a temperature of from

480°C to 620°C (896 to 1148°F). It is preferred that the

composition be reduced at a temperature from 550 to 620°C
is5 (1022 to 1148B°F).

U.§5. Patent No. 4,539,304 issued on September 3, 1985 to
Field discloses a two-step pretreatment process for
incraasing the conversion of reforming catalysts wherein

20 the catalyst is first treated at a temperature of from
120°C (248°F) to 260°C (S00°F) in a reducing gas. In the
second step, the temparature of the catalyst is
maintained at 370°C (898°F) to 600°C (1112°F) in a
reducing: atwmosphere.

25 _
U.8. Patent No. 4,539,305 issued on September 3, 1985 to
Wilson et al. discloses a pretreztwment process for
enhancing the selectivity and increasing the stability of
a reforming catalyst comprising a large-pore zeolite

30 containing at least one Group VIII metal. The catalyst
is reduced in a reducing atmosphere at a temperature of
from 250°C (482°) to 650° (1202°F). The reduced catalyst
is subsegquently exposed to an oxygen-containing gas and

- N thelitraated in a reducing atmosphere at a temperature of
3s * from 120°C (248°F) to 260°C (500°r), Finally, the .
) é;Ealyst is maintained at a temperature of from 370°C

{698*F) to 600°C (1112°F) in a reducing atmosphere.
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_zlnﬁgq%fgséﬁ iR L‘-‘(F A oBogan east one Goup VFAI Noe8i 45223466 very high0l
or

sel,e vity rocycllzatlon It is known that reform ng catal ysts
reguire pretreatmant prior to utilizing these catalysts for reformng

. hapht ha feedswapbs/11d6ar exanple, U.S. Patent No. 4,517,306 i ssupef/0893/11052
Wal deen Buss on May 14, 1985 clains a conposition conprising: (a) a type L
zeolite; (b) at |east one Group VIIT netal; aﬁa"(c) an al kaline earth netal

-selected fromthe g@?ﬁ?eﬁ?ﬂf Lohe f{ré@rﬂe $hh %‘%ér%”ipﬁ"’]‘ I;égg.te(a e in

wherein said conposifron is n a hy ogen
temperature of fronthe prasence of hydrogex

. U.S. Patent No. 5,155,078 issued to Innes et al. shows an
5 initial catalyst reduction at 300°F to 700°*F, followed by
a temperature ramp up to a final hydrogen treatment

temperature between 900°F and 1000°F.

U.5. Patent No. 5,066,632 issued on November 19, 1991 to

10 Baird et al. discloses a process for pratreatinq a
catalyst useful for reforming a naphtha wherein the
catalyst is calcined at temperatures in excess of S00°F,
preferably at temperatures ranging from 500°F ta about
750°F in air or in atmogphares containing low partial

1S pressures of oxygen or in a non-reactive or inert gas
such as nitrogen. The catalyst is then contacted with a
dry hydrogan-containing gas at a temperature ranging from
about 600°F to about 1000°F, preferably from about 750°F
to about 950°*F, at a hydrogen partial pressure ranging

20 from about 1 atmosphere to about 40 atmospheres,
preferably from 5 atmospheres to about 30 atmospheres.

Buropean Patent Application Publication Nunber 243,129
discloses a catalyst activation treatment with hydrogen
25 at tamparatures from 400°C (752°F) to 800°C (1472°F),
preferably from 400°C (752°F) to 700°C (1292°F), for a
catalyst used for cracking a hydroccarbon feedstock. The
treatment pressure may vary from 100 to 5,000 MPa but is
preferably. from 100 to 2,000 MPa. A carrier gas which
30 contains 1-100% v/v, preferably from 30-100% v/v, of
hydrogen is used. )
- ' U-8% pPatent No. 4,717,700 issued to Venkatram et al
. q:.scloses a mathod for drying a zeelite catalyst by
as '-Feating while in contact with a gas. The rate of
catalyst temperature increase is controlled so as to
limit the rate of water evolution from the cata %{rst and
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a tenperature of from 120[err{,’C (248[err]F) to 260[err]C (500[err]F) in a
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at nosphere. er 1985 to

W son et al. d| scl o@;éen%a S&%’ rggt men\Q roceg)CL §P hha level
sel ectivity and i ncrefadibeg effdusnhbygast cﬁr#qr@bérnba'grm A0 ando [BO0s i ng
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is reduced in a reduging . a ere a

(482[err]) to 650[er‘F%£’( fz&g‘F@g ﬁé‘?‘?—?ﬁt agﬁ‘%ﬂﬂe”r§ N Y
exposed to an oxygememcmmagigasaﬁsgﬂ tteerm tnaxdpun tewmperaimire of 450°C

t h t t 1, 248 F) to 260 C
atTmSpher e at 2t M Ylap9ks aOf BlkaEd G.(248(err] ) to 260[err]

10 aAustrian Patent Specification No. 268,210 relates to a
metal~charged zeolite molecular sieve, which is suitable
as a catalyst for the conversion of hydrocarbons.

Methods for preparing the catalyst -are described. It is
disclosed that the catalyst prepared by such methods

s usually has a high water content and that it is desirable
to activate the catalyst before use since the catalyst is
sensitive to water. The recommended activation process
couprises: 1j slow heating of the catalyst in air at 300
to 600°C, preferably 500°C; followed by 2) slow heating

20 of the eatalyst from room temperature to approximately
500°C in a current of hydrogen gas under atmospheric
pressure. -

A pretreatment process of Pt—-Al,0, catalysts 1in hydrogen
25 in the temperature range of 450°C (842°F) to 600°C
(1112¢°F) is disclosed in Journal of Catalysis (197%);
Vol. 59, p. 138 (P.G. Menon and G.F. Froment). The
effect of catalyst reduction tenpei"ature on the
conversion of n-pentane and n-hexane using Pt-Al,0,
30 . catalysts is disclosed. Por the Pt-Al,0; catalyst reduced
at 400°C (752°F), hydrogenolysis is the main reaction;
whereas for the Pt-Al,0, catalyst reduced at 600°C
(1312°), the hydrogenclysis and total activity are .
considerably suppressed. This reference specifically
3s -discloses the effect of a hydrogew pretreatment process
on Pt-Al,0; catalysts and does not disclese the effect of
hydrogen pratreatment on zeclitic catalyst. 2
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' 600[err] 2 err]F) in a reduci-ng atnosphere.

-3-  Preferabygogifiged i rst reduction step is carried out in thﬂcpwgnqmof
. hydr ogen. U S. Patent No. 5,155,075 issued to Innes et al. ows an

initial catalyst reduction at 300[err]F to 768ferr]F, followed by a
tmmmaUueram)u fi h 0 treat maUMebMWmm

:900[err] F and L000(# tg"”‘f%’ 5, éﬁ%t%eﬁn ”Sgéregérn” ek Sfothe
19, 1991 to catalyst with respect to i;cmerization is

disclosed. The activity for dehydrocyclization was not
increasad.

Prior art processes have observed both a reduced
catalytic activity and reduced hydrogen chemisorption for
catalysts which have been reduced at temperatures in
excess of 500°C. PFurthermore, there has been no clear

10 understanding of the phenocmena which occur during high
temperature catalyst reduction. Thus, reduction at high
temperatures may result in strongly chemisorbeﬁ hydrogan,
may' cause loss of gpillover hydrogen altering the local
charge transfer from the support to the metal at the

15 particle boundary, may induce changes in morphology of
the metal crystallite, or may affect reduction of the
support resulting in the formation of an alloy with atoms
fron the support.

20 SUMMARY OF THE INVENTION

The present invention is a process for increasing the
conversion and lowering the fouling rate of large-pore
zeolitic reforming catalysts using a pretreatment

25 process. The catalyst is treated in a reducing.gas at a
temperature of from 1025°F to 1275°F.

Preferably, the pretreatment process in the range of
1025°F to 1275°F occurs in the presence of hydrogen at .a

30 pressure of from 0 to 300 psig for from 1 hour to 120
hours. Generally, the higher the treatment temperature
enployed, the shorter the treatment tigpe needed to
achieve the desired effect.

35 " Mare preferably, the catalyst -is rgduced with dry -
hydregen via temperature~programmed steps, with the
treatment of the present invention occurring at the. f£inal

e ﬁgf

eet Has Been Replaced

\\Il\l\\ I



(PRINTED PAGE 18)
Bal PRt 766 § ?Eéﬁigég“é BatHocess fgarsaprl%t re?atF%@jO.a%&t‘Iﬁ? J488 yseful fof10

~reform-ng a naphtha wherein the catalyst is calcined at tenperatures in

excess of 500¥@P#/IR464pr ef erabl y at tenperatures ranging from PCIVESI3yHED
~about 750F in air or in atnospheres containi ng. | ow partial pressures of

oxygen or in a non-reactive or inert gas such "as nitrogen. The catalyst is

then cont acted wi ! hepdbyeld 688G NoYSAR8s028794r & P BALUAGrE DB N0
*from about 600F to#&out 1000[ %ﬂ% er ¥ fro about 0 about
950[err]F, at a hy BRepent Ma theo FerperatBEdher e
to about 40 at rmsptranqe oprﬂfemamgs"mm izaSﬁBsﬂlmmﬂderahouhdSBefen—ed

at nospheres. Eur @ SR el %.PHEL%%{O enlgg’ggge d2é§

di scl oses a cat al st actlv fon treatnent wt era ures

from 400C ( B2[ err]'FPdPBtB%'b (eeFANSe theoraEabyst fbaﬁnm&r generally
(752[err]F) to 700wan] Eedda&i[ﬁ e lower aeﬁpéﬂwey@edofzoco%askh

VPa bt 1o profer iR FTORPICE  SepergsarBa0f FBY dfigens] SRAREL0R, 2. ns
1-100% v/ v, preferably from 30- 100% v/ v, of hydrogen is used.
' Among othar factors, we have found that large-pore
10 zeolitic catalysts which have been pretreated in a
reducing gas in the high temperature range of from about
1025°F to 1275°F is found to have a lower fouling rate
and improved activity, and have a longer run life. In
particular, this catalyst exhibits a longer run life with
15 heavier feedstocks than with similar catalysts using
other pretreatment processes. For example, if a L
 zeolite .catalyst is pretreated by conventional methods,
run lengths with feeds containing ¢+ hydrocarbons are
generally short. The pretreatment procedure of this

20 invention, however, makes it practical to process
feedstocks containing as much as 5-15 wt $ Gyt
hydrocarbons.

Thus, in spite of the disadvantages that the prior art

25 recognizes with respect to high temperature catalyst
reduction, the praesent inventors have discovered an
advantageous high temperaturae catalyst treatment method.
In particular, the present invention has surprisingly
'found that a high temperature treatment (i.e., at 1025°F

30 to 1275°F) will result in a catalyst with a reducad
fouling rate and sufficient catalytic activity to yield a
longer run life, particularly if the temperature increase
durihg reduction is performed in a gradual ramping or-
sté%%ise tashion, and if the watéer content of the

3s * effluent gas is kept as lov as .posgible during the high
temperature treatment range. Even catalysts that ara on
balance nen-acidic still contain a few residual acidic
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'S“Eﬁﬁ%fﬁngﬁa %lﬁﬁ“ﬁésmnssued t8““\3er‘1f<é'f“r"émm0a|91m.462|1é§635 a et ho& oy
“drying a zeollite catal yst by heating while in contact with a gas. The rate
of catal yst twoOdflasas4 e increase is controlled so as to |inmt rdEUSSI/A1652
water evolution fromthe catal yst and

-4- the water vapor concentration in the gas “The gas used to heat the

catal yst is gradualgkygincr i h Al geg‘ﬁ:_]c r hour.
:The noi sture | evel i%t he gfﬂ?fdhiﬁh gas 'S 1;""re er@%‘gﬁ@%ﬁ? %d 1500
ppm during the drybfdieveg tq Rgofe ?'ﬁ%@l Thher on Beequent
reducti on wi th hydcagelysberand tﬂurdhgnmtﬂaburezaa £8ASEIbrisd wh IhX 1@l to
tenperature of 450LgLr klrmation of coke. The improved fouling rate and
5 conversion activity of the catalyst alse allow for more
beneficial use with a heavier feedstock.

10 Pig. 1 of the Drawing is a graphical representatioen
of hydrogen uptake onto catalyst as a function of
temperature.

Fig. 2 of the Drawing is a graphjical representation
of the fouling rates observed for different temperature

15 treatments,

In its broadest aspect, the present invention is a
20 process for increasing the conversion and/or lowering the
fouling rate of large-pore zeolitic reforming catalysts
'using a pretreatment process. This catalyst is treated
in a reducing gas at a temperature of from 1l025°F to
1278°F. - ' .
25 |
Prefarably, the pretreatment process occurs in the
presence of hydrogen at a pressure of from 0 toc 300 psig
and a temperature of from 1025°F to 1275°F for from 31
~ hour to 120 hours, more preferably for at least 2 hours,
30 and most preferably at least 4~43 hours. More
preferably, the tamperature is from 1050°F to 1250*F. In
general, the length of time for the prgtreatment will be
_ somewhat dependent upon the final treatment temperaturs,
N ' with'the higher the final temperature the shorter the

35 " treatment time that is needed.-- - : :
Has Been Replaced e d
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catalyst in air
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effect of catalystg Oanaeweﬁaéuweﬁrsﬂem&veaﬁwnneée&wtwe and
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yre t [ e to as
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15

ronmen
little water as possihle during said treatment period, to
at least less than 200 ppnm.

In one embodiment, in order to limit exposure of the
catalyst to water vapor at high temperatures, it is
preferred that the catalyst be reduced initially at a
temperature between 300°F and 700°F. After most of the

. water generated during catalyst reduction has evolved

20

25

30

35 ‘

from the catalyst, the temperature is raised slowly in
ramping or stepwise fashion to a maximum temperature
batwaen 1025°F and 1250°F,

The temperature program and gas flow rates should be
salected to limit water vapor levels in the reactor
effluent to less than 200 ppm and, preferably, less than
100 ppm when the catalyst bed temperature exceeds 1025°F.
The rate of temperature increase to the final activation
temperature will typically average between 5 and S0°F per
hour. Genarally, the catalyst will be heated at a xate
batween 10 and 25°F/h. It is preferred that the gas flow
through the catalyst bed (GHSV) during this process
exceed 500 volumes per volume of catalyst per hour, where
the gas volune is measured at standard conditions of one
atmosphere and 60*F. GHSV's in excess of 5000 h?! will
normally exceed the compressar capaclty. GHSV's between
§00%and 2000 b are most preferred. '

L o i 2
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at [ARFEELY j‘? e P ¥ di3eamnol ysis 16 %%%’“H‘éﬁ'&{“ﬁéaﬁb 482 14@er eas for RH3
"Pt-Al Er'ﬁ egrer] castg ysguaﬁgdu‘ced at 600[err]C (1112[err]), the

hydr ogenol ysiwo®adiast al activity are considerably suppressed. pEhiuses/11052
reference specifically discloses the effect of a hydrogen pretreatnent
process on Pt-Al[err](err] catal ysts and doé@ hot " di scl ose the effect of

hydr ogen pretreat ”&Ex‘a b 5%' f :

-5- Additionally, the g’?‘fe g%tqs 0 ﬁcﬁr‘%&ae/% zlporfettpeafﬁgﬁ?n%fi?‘ﬁeenticn oecurs
Pt-Al[err]err] cara-Pst"mFPHtP‘éE{vfé%t % PEIFRERLYIE W Bsed. The
activity for dehydbydyocarbonofesds not increased.

5 The large-pore zeolitic catalyst is generally treated in
a reducing atmosphere in the temperature range of from
1025°F to 1275°F., Although other reducing gasses can be
used, dry hydrogen is preferred as a reducing gas. The
hydrogen is generally mived with an inert gas such as

10 nitrogen, with the amount of hydrogen in the mixture
ganarally ranging from 1$-99% by volume. More typically,
however, the amount of hydrogen in the mixture ranges '
from about 10%=50% by volume. -

15 The reducing gas entering the reactor should contain less
-than 100 ppm water. It is preferred that it contain less
than 10 ppm water. In a commercial operation, the
reactor effluent may be passed through a drier containing
a desiccant or sorbent such as 4 & molecular sieves. The

20 dried gas containing less than 100 ppm wataer or,
preferably, less than 10 ppm water may then be racyclad
to the reactor. .

The fead to the reforming process is typically a naphtha
25 that contains at least some acycliec hydrocarbons or

alkyleyclopentanes. This fead should pe substantially

free of sulfur, nitrogen, metals and other known poisons.

These poisons can be removed by rirst using conventional

hydrofining technigues, then using sorbents to remove the
30 remaining sulfur compounds and water.

As mentioned above, the catalyst of the present invention
exlhi.?its a longer run life with heavier feedstocks, e.g.,
containing at least 5 wt ¥ G+ hydrocarbons, than similar
3s catalysts having been subjected-to 2 different treatment.
For example, if a L zeolite catalyst is reduced and/or
pretreated by conventional methods, run .lengths wé.th

This Sheet Has Been Replaced
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i on for catal ysts which have been reduced at-

t enrper at ur es wo 9dM386s of 500[err]C. Furthernore, there has b e/ (18 937k FoRL
under st andi ng of the phenonmena which occur during high tenperature catalyst

‘reduction. Thus, reduction at high tenperatut®® may result in strongly
chem sor bed hydrogn se: 1 0ss af spilloye drogen altering the
.local charge trans% 3ng?§ﬁ§€#én§%%pﬁ‘ ,fie[angt e"ﬁe%a?’xaﬁ'yaﬁg 'bﬁ’??’ﬁ:‘l nd’
boundary, may i ndutypékaigstren iprithoitody Cof Myhirocerbbns; yatel|lite, or may
affect reduction o Kol b loy with
atons fromthe sup%or?grﬁﬁw‘)ﬁ é the %5%%%&% The
present invention CTeATHRBELRE FRA RRRSeRtsARYeRRioRo RNV BAKeSohEri ng
the fouling %ate oﬁu&aegprmﬁczbdto iprocesbosuthoreadstockss contadning the

pretreatnment proce Is treated in a reducing gas at a
tenperature of fro 1 ot o “1275[err]F. .

The feed can be contacted with the catalyst in either a
fixed bed system, a moving bed system, a fluidized

10 system, or a batch system. Either a fixed bed system or
a moving bed system is preferred. In a fixed bed systenm,
the preheated feed is passad into at least one reactor
that contains a fixed bed of the catalyst. The flow of
the feed can be either wpward, downward, or radial. The

15 pressure is from about 1 atmosphere to about 500 psig,
with the preferred pressure being from abut 50 psig to
about

200 psig. The preferred temperature is from about 800°F
to about 1025°F. The liquid hourly space velocity (LHSV)
20 is from about 0.1 hr'! to about
10 hrs?, with a prefarred LHSY of from about 0.3 hr' to
about 5 hrs?. Enough hydrogen is used to insure an H,/HC
ratio of up to about 20:1. The preferred H;/HC ratio is
£rom about 1:2 to about 6:1. Reforming produces
25 hydrogen. Thus, additional hydrogen is not needed except
when the catalyst is reduced and when the feed is first
introduced. Once reforming is underway, part of the
hydrogen that is produced is recycled over the catalyst.

30 The catalyst is a large-pore zeolite charged with at
least one Group VIII metal. The preferred Group VIII
metal is platinum, which is more selective for
dahydrocyclizatxon and which is more stable under
ref.orm:.ng reaction conditions than other Group VIII

35 ‘mehals. The catalyst should contajm between 0.1% and 5%
platinum of the weight of the catalyst, preferably from
0.1% to 1.5%. ;;.\
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Pr éf“@fﬁﬁﬁf&éi&?'&sﬂg PIE B RDGEN. procesps N the rEAKQND. 9181482514881 | F to 127510
“occurs i'h the%esiance of hydrogen at a pressure of fromO to |&J%§r
from1l hour t WMt s, General ly, the higher the treatnent i8%ﬂ§%§
enpl oyed, the shorter the treatnment tine needggto achi eve the desired

effect. More preferably, the catalyst is reduced wwth dry hydrogen via
t enper at ur e- pr ogr arfihed tergpdlargehpote zecldite?ntisolefinedrasantzdaditet i on

Comperature of 1o 085 8P PEESCEI%s fore dlangter of frgm S o 1
gsty - The preferred pore diameter is from 7 to 9
Angstroms. Type L 2zeolite, zeolite X, and zeolite Y,
5 zeolite beta and synthetic gzeslites with the mazzite
structure are thought to be the best large-pore zeolites
‘for this operation. Type L zeolite is described in U.S.
Patent No. 3,216,789. 2eolite X is describad in U.S.
Patent No. 2,882,244. Zeolite beta is described in U.S.
10 Patent No. 3,308,069, 2SM~4, described in U.S. Patent
No. 4,021,447, is an example of a zeolite with the
mazzite structurs. Zeolite Y is described in U.S. Patent
No. 3,130,007. "U.S. Patent Nos. 3,216,789; 2,882,244;
3,130,007; 3,308,069; and 4,021,447 are hereby

is incorporated by reference to show 2aolites useful in the
present invention. The preferred zeolite is type L
zeclite. '

Type L zeolites are synthesized largely in the potassium

20 form. These potassium cations are exchangeable, so that
other type L zeolites can be obtained by ion exchanging
the type L zeolite in appropriate solutions. It is -
difficult to exchange all of the original cations, since
some of these cations are in sites which are difficult to

25 reach. The potassium may be ion exchanged with an alkali
or alkaline earth metal, such as sodium, potassium,
cesivm, rubidium, barium, strontium, or calcium,
Preferably, the total amount of alkali or alkaline earth
metal ions should be enocugh to satisfy the.cation

30 exchange sites of the zeolite or be slightly in excess.

An inorganic oxide can be used as a carrier to bind the
large-pore zeolite. This carrier can be natural,
- synthetically produced, ¢r a combination of the two.
35 . Preferred loadings of inorganic oxide are from 5% to 50%
' 3?‘¥he weight of the catalyst. Us8ful carriers include
silica, alumina, aluminocsilicates, and clays.
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RINTED PABE 16)
t he R E‘_‘ﬁ%_{ﬁ gﬁ@g ‘V\@D occurs Th t epterFa)érl‘lﬁIl&iﬁ%‘aridﬁsof from P18
- 1025[ et r err]F1s consrdered and referred to as a "treatnent" of
the catal yst WOOMMMedd to a "reduction”, because the catal yst pog ¥
AUSH3I A

general |y been reduced at the |ower terrperatures prior to reaching the
"treatment tenperature of the present i nventi G2~ Anong ot her factors, we

have found that | argges lal Lk G&C av ee retreated I n
.a reducing gas in the gﬁ' ?‘%Onpe%hgﬁrgkfﬁ é%%M]#u%gﬁ? b§n$ ’fsd‘: PE78F
is found to have a ’F% o @fi pFetreatn Wrmme&uaeu vAswararhia mRen a

'vm°?ﬂeLe23f‘e'ri¥2ed's[‘?Eit““th T e e nale 11
pretreat ment proces % F%Lgho’é?_ oggngé?gﬁ?% |"§‘Wﬁteat ed

by conventi ofal rret% hcudelccngsqs wE rth%mrogﬁnanm @[m ]catalyst
hydrocarbons are gefienhildpactigkt tTﬁ?epfﬁéﬁ%ﬂ”%?t

| nvent | on, hOV\Bver n’akes a.Ct r O(L:{S Cont dl | ng as
e as B 18 ove ot qri Mol AFBLER LR el & detre gﬁ@t%n with an

di sadvant ages t hat imqmsieoinatemperature. The extent to which pretreating
' a large-pore zeolitic reforming catalyst in a reducing
10 environment at various temperatures affects the activity
' of the catalyst will be demonstrated in Examples 1-8.
The extent to which pretreating a large-pore zeolitic
reforming catalyst in a reducing environment at various
temperatures affects the fouling rate of the catalyst

15 will be demonstrated in Examples 9, 10, 11 and 12.
EXAMPLES
gzgmg;e 1

20

A catalyst, consisting of 0.65% Pt on barium exchanged X-
1 zeolite, was pretreated by heating the catalyst in
hydrogen (P=S0 psig, GHSV=35000) from ambient temperature
to 900°F-at a ramp of 10°F/hr and held at 900°F for 24
25 hours. The temperature was adjusted to the desired '
reaction tewperature and n~hexane was introduced. The
hydrogen to hydrocarbon ratio was 5:1. After steady
state was achieved, the temperature was raised to the new
_ desired reaction temperature. The beanzene production is
30 - summarized in the first line in Table 1. At S00°F, the
catalyst activity declined from 80% to 75%.

P>

‘weLag W o :g’

e &
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RINTED PABE 17) )
ﬁgé)ﬁ‘z!qq\;gfgﬂvg ﬁﬁ%tsaﬁ% gh tehper at Ure BBt NOD.y 818 A%&i&ﬁﬁa on, the -phddent—
|nve vered an advantageous high tenperature catalyst
treat ment net WQI94/1Weégarticul ar, the present invention has sur POTEUSIR/YI0S2
found that a high tenperaturé treat ment (1.e_q,qat 1025[err]F to 1275F) w |l
“result in a catalyst with a reduced fouling r%?e and sufficient catalytic

activity to yield a longer run life, parthggggégi I f the tenperature

. increase during reduction is perfornmed_in a gradual ramping or stepw se
fashion, and if the water content of tﬁ%gﬁﬂF&§§H¥—§%ails kept as | ow as

possi bl e during t hdegrgionbmmper at 88AE: r eat MILE r ange868¥en catQIEt s t hat

BRLINET
are on bal ange non-wixk till contain a few residual acidic

-7- s00°F 22% 378 119 80-75%

1050°F 22% - 59% a2
1100°F 348 s4% 66 87
2150°p 28% —— 8% 87

10 1200°F 308 49% 704 $0%
1250°F 243 - 57 g1s
1300°F 7 - 30% 9%
1350°F 12% 27 458 73s

15 _ Example 2

In this case, the same catalyst as used in Example 1 was
pretreated by heating the catalyst in hydrogen (P=50
psig, GCHSV=9000) from ambient temperature to 1050°F at a

20 ramp of 10*F/hr and held at 1050°F for 3 hours. The
tepperature was then adjusted to the desired reaction
temperature and n-hexane was introduced to achieva a
hydrogen to hexane ratio of 5:1. The benzene productien
is summarized in line 2 in Table 1.

25
At 860°F and S00°F reaction temperatures, the catalyst
treatad at 1050°F was more active, producing more
benzene, than the catalyst reduced at S00°F. 1In
addition, the catalyst treated at 1050°F did not exhibit

30 deactivation at 900°F. Thus, pretreating at a high
temperature of 1050°F increased the activity and lowered
the fouling rate of the catalyst.

Example 3
35 »
In this case, the same catalyst as used in Example 1 was
‘pretieated by heating the catalyst in hydrogen (P=50
pwig, GHSV=9000) from ambient temperature to 1100°F at a
ramp of 10°F/hr and held at 1100°F for 3 hours. The
40 temperature was then adjusted to the desired reackion

o Py
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E 18)
Si fe‘gf;""FﬁL Fi 8" e treat rent ‘T g, MERAKIN. [B1Bi48RcdBB 0 reduce PhiB
’ S|tes on the catal yst, and thereby reduce side reactions
Whl ch lead t Q?fé ¥ mati on of coke. The inproved fouling ratBCEMSI/I1052
_conversion activity of the catalyst also allgywfor nore beneficial use with
a heavi er feedstock. BRI EF DESCRI PTI ON OF THE DRAW NG

Fig. 1 of the Dravteaq:entn:gr andi nehex®y aas iatroduedd m@lrsaﬁféwfaake onto

-catal yst as a fun r of the Draw.n

graphi cal represen atlg %gﬂﬁg& o%l%l%ior é’tfg gbsém%abef'b’r"tﬁ % ion
tenperature treat r’?ﬁ‘nsémm“ zed in limy P\ ipE@abESCRI PTI ON OF THE | NVENTI ON
In its broadest aspect, the present invention is a process for increasing

o oo B0 oo dt”'a11°¥RhcRYoh "Eanparatiites End' cadl it Trfaatiad sk ©
1100°F was more active, producing more benzene, than the
catalyst treated at 900°F. In addition, the catalyst
reduced at 1100°F did not exhibit deactivation at 900°F.

~ Thus, pretreating at a high temperature ef 1100°F
10 increased the activity and lowared the fouling rate of

the catalyst.

Example 4

15 In this case, the same catalyst as used in Example 1 was
pretreated by heating the catalyst in hydrogen (P=S50
psig, GHSV=9000) from ambient temperatura to 1150°F at a
ramp of 10°F/hr and held at 1150°F for 3 hours. The
temperature was then adjusted to the desired raaction

20 temperature and n-hexane was introduced to achieve a
hydrogen to hexane ratio of 5:1. The benzene production
is summarized in line 4 in Table 1.

" At the reaction temperatures of 800°F, 860°F and 900°F,
25 the catalyst treated at 1150°F was more active, producing
more benzene, than the catalyst treated at 900°F. In
addition, the catalyst treated at 1150°F did not exhibit
deactivation at 900°F. Thus, pretreating at a high
temperature of 1150°F increased the activity and lowered

30 the foullng rate of the catalyst.
Example 5
&+
~ In tMis case, the same catalyst as used in Example 1 was
s ‘pretreatad by heating the catalyst in hydrogen (P=50

*‘...n.

psig, GHSV=9000) from ambient temperature to 12C0°F at a
ramp of 10°F/hr and held at 1200°F for 3 heurs. The

iy
-7

£

. v {
s———— ] iﬁ‘n{
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Usi nEEMED RaLEE £5 BragiRs. Thi s"Cat af §’%R€“TE%XP%668193@BH 1488 r educi ng BB at
‘a tent 'ﬁﬁiﬁriﬁ%{fﬁﬁ% 1 err]F to 1275[err]F. Preferably, the .

° pretreat nenW@osueRd occurs in the presence of hydrogen at apumusss/eiosh
fromO to 300 psig and a tenperature of from 1025F to 1275[err]F for from1l
hour to 120 hours, nore preferably for at Iéﬁ?t 2 hours and nost

preferably at I rat ks . from
-1050[er 1] F to 122'8%%1?431“%% ";*esn?’?‘aeﬁ UTLEEER s 4 ‘EppgEidn
pretreatnent wil | CERPYGHBIFM AT FohgEAReuran %mﬁ;qdqqu FPeﬁFhéﬁYe a
tenperature, w thhjdeodeghes tidsa::fd raktibespes 8 Ur erHeh@enbehbeprbfitction

treatment tine thfé 4&5£§¥§¥(% in line 5 in Table 1.

5 .
At all reaction temperatures, the catalyst treated at
1200°F was more active, producing more benzana, .than the
catalyst reduced at 900°F. In addition, the catalyst
treated at 1200°F did not exhibit deactivation at 900°F.

10 Thus, pretreating at a high temperature of 1200°F

' increased the activity and lowered the foullng rate of

the catalyst.

Exampie 6
15

In this casg, the same catalyst as used in Example 1 was
pretreated by heating the catalyst in hydrogen (P=50
psiy, GESV=9000) from ambient temperature to 12850°F at a
ramp of 109F/hr and held at 1250°F for 3 hours. The

20 temperature was then adjusted to the desired reaction
temperature and n-hexane was introduced to achieve a
hydrogen to hexane ratio of S:1. The benzene production
is summarized in line & in Table 1.

25 At the reaction temperatures of 800¢F, 860°F and 900°F,
the catalyst treated at 1250°F was more active, producing
more benzene, than the catalyst reduced at 900°F. In
addition, the catalyst treated at 1250°F digd not exhibit
deactivation at 900°F. Thus, pretreating at a high

30 temperature of 1250°F increased the activity and lowered .
the fouling rate of the catalyst.

Example 7

35 . The catalyst used in Example 1 was pretreated by heating
the catalyst in hydrogen (P=50 psig, GHSV~-9000) E£rom
ambient temperature to 1300°F at a ramp o¢f 10°F/hir and
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For °°E§%zﬁoﬁlo Eaj?ﬁﬁfbﬁﬁﬂgme g i s REcedsEFV iy g D 452e1459| sture corg,gft

of the environnent during t gh tenperature treatment in order to
‘prevent si gnWﬂ%‘éW%at al yst deactivation. In the tenperaturePCUUEIZN1052 om
1025[err]F to 1275[err]F, the presence of nphpgiure is believed to have a
severely detrinental effect on the catalyst activity, and it has therefore

been found necessareld atl 1600 °FhEcHDE ShHEES COl‘lhéni:e eii’ﬁu@‘q { to as
little water as p gAML S atne e to at |east Tess

t han 200 ppm I n h%kgnbgé g%ﬁtaéglé%f R ﬁF? PSR R @ng nhexane
catal yst to wat er “PEpdPtEPdnreR F@n‘h@i’e&‘(ﬁ & hYFlt-'Oqsn e fhercaate tdattict e

catal yst be reducsdzlnlmhalbgnaéné.pfﬁﬁ&&@mﬂwstehﬂﬁﬁihégHHfHWﬂl L
700[ err]F. gﬁter §& the wat er generated during catalyst uction has
evol ved fromthe ca Fyst the tenperature is raised slowy |n ranpi ng or
stepw se fashion to a maxi numtenperature between 1025F and 1250[err]F.

The tenperature paegadm fBScESSn taipdHRTe3)OthE Eftalyst treated at
1300°F was less active, producing less benzane, than the
catalyst reduced at 900°F.

10

Example 8§

The catalyst used in Example 1 was pretreated by heating
the catalyst in hydrogen (P=50 psig, GHSV=9000) from

15 ambient temperature to 1350°F at a ramp of 10°F/hr and
held at 1350°F for 8 hours. The temperature was then
adjusted to the desired reaction temperature and n-hexane
was introduced te achieve a hydrogen to hexane ratio of
5:1. The benzene production is summarized in line 8 in

20 Table 1.

At all reaction temperatures, the catalyst treatéd at
1350°F was less active, producing less benzene, than the
catalyst reduced at 500°F,

25
Example 9
A comparison of catalyst activity and fouling rate after
reduction at 500~500°F and 500-1050°F was made as

36 follows.

In the first case, eighty cubic centimeters of catalyst
consisting of 0.65 wt. % platinum on barium exchanged, L

. zeolite, 1/16 inch extrudates were charged to a one-inch

35 diameter reactor. The catalyst was dried by heating to
500°F in dry nitrogen flowing at a rate of 12 cubic feat
per hour. Catalyst rgduction was then initiated at S00°F
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T |I| Il




=CEIVED B2/2@ B9:26 1996 AT 5330694 PABE 5 (PRINTED PAGE

Sel ecER9r85 HONDE: 28 fHer BOSBMor 1evels in the IF@%\@?OFI%#P% J& (o 1ess than

200 ppm and, worsafraebl y, [ ess than 100 ppm when the catal yst pegus9s/iios2
‘ tenperature exceeds 1025[err]F. The rate of tenperature increase to the
_final activation tenperature will typically” 5§erage bet ween 5 and 50F per

DSE b It e pret BN EaPLicTAy Bhe nfindlfh OeR ofy UG RR TRtk AL )
- during this proce§§n5§éﬁéﬁg560l’%l‘iﬁ%")pérlwéngm‘kt (ﬁhet:aaaleyglatﬁer ASGer
where the gas vol HAEhbBr NBBSS0ET Attitd aethpett2tandli ddH % idled0 it aivEpwaker e

and 60[err]F. GHS Spkl_exce |l I ceed_th

conpr essor capaci fﬂé\ﬁg %é?ageegn‘%&?q%%é%ﬁ%no fh[%r% ]rirﬁgf%" ﬁ’é ?’ fgf’red

-9- 5 complete the catalyst reduction and dryout. The catalyst
was then cooled to 800°F for feed introduction.

In the second case, the same procedure was used ‘except
that after the initial reduction at 500°F for one hour,

10 the temperature was raised 10°F/h to 1050°*F. The
catalyst was then maintained for two days at 1050°F in
flowing hydrogen before cooling te reaction temperature.
The gas flow rate was 12 £ti/hr throughout.

15 The feed for the catalyst performance test was a
hydrotreated raffinate from an aromatics extraction unit
consisting of 8.5% C, 59.5% C;, 26.3% C,, and 5.8% "
compounds on a waight basis. This feed was also
characterized as 85.8% paraffins, &6.8% naphthenes, 6.7%

20 aromatics, and 0.7% unknowns by weight. The test was
carried out at a feed rate of 1.6 liguid bhourly space
velocity, 100 psig, and a hydrogen to feed molar ratic of
3.0. The catalyst bed temperature was adjusted as the
run progressed to maintain 42 wt. % aromatics in the ¢

25 product. The combined hydrogen and naphtha feedstream
was treated to reduce its sulfur content to less than 5
pph.

The results of the test runs are shown in Figure 2. The

30 catalyst fouling rates were calculated by a least squares
fit of the data obtained after 200 hours on-stream. The
catalyst reduced/treated at 500-1050*F had about one-
fourth the fouling rate of the catalyst reduced at 500~
900°F (0.005 versus 0.020°*F/h). The-start-of-xun

35 ‘temperatures cbtained by extrapolating the least squares
line back to start-of-run were 852°F and 847°F,
respectively. The yield of ¢;" product was 85 Lvi of

This Sheet Has Been Replaced
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The' BEB1-551 HONM0B: 23 G esBOSRH t he present i nvehf4 8% 8&9:63?5 148 or to

_contacting twe 9aqf4gam ng catalyst with a hydrocarbon feed. ﬂ'@gdsgj,gmsgore
“zeolitic catalyst is generally treated in a reducing atnosphere in the

.tenperature range of from 1025[err]F to 1273Berr] F. Al though ot'her redum ng

gasses can be us r. rLogen |s eferred S reducin a

hydrogen is genergﬁ‘g %} %&"M éﬁ'tmb%% &Fc%c’é& Ret Fg g isvm th the

“amount of hydr ogeq:pnstame andxttmee egldﬁefai'w;( ATWUAYEY chrt:arlyis% fespbyatutane.

More typically, t h t om
S\ ay, b&‘r?l% < c@ba Ny OQGTH) fé‘% gh’é ek ?é&‘ﬂfsf[é&f

about 10% 50% by voI une. uci ng gas enteri ng react o
contain | ess t harEB®EHih¥ah Sreated 3EpIR5Q5F é'é?ntﬂ"l’éieq tocakp¥Ensi¥ss t han

10 ppm wat 6r. | n mois eicy adheRAtalyes, ttéftddat @oosfkf,| uent may be passed
t hrough a drier containing a desiccant or sorbent such as 4 A nol ecul ar

sieves. The dried gas containing |less than 100 ppm water or, preferably,
| ess than 10 ppm water may then be recy@x@a®oig LBe reactor.

This example shows'that the decreased coking tendencies

10 of the high temperature reduced catalyst make it possible
to caxry out a reforming process under previously
impractical conditions. Compared to Example 9, the
liquid hourly space velocity was increased to 1.7, the
hydrogeiz/hydrccarbon ratio was reduced to 2.0, the

15 pressure was increased to 130 psig, the aromatics content
of the C;* product was increased to 72 wt. %, and a
heavier feed was employed. Each of these changes would
be expected to increase fouling.

20 A feed containing 2.7% C; and lighter, 8.5% C,, 49.4% C;,
30.8% C;, and 8.7% ¢;* components was reformed over tha
500~1050°F reduced catalyst from Example 9. The feed was
further characterized as containing 66.6% paraffins,

. 22.6% naphthenes, 10.5% aromatics, and 0.25% unknowns.,

25 Over a periocd of amout 400 hours, the fouling rate under
these conditions was 0.018°F/h which corresponds to more
than six months run length.

Example 11

30
In ordar to limit catalyst deactivation @uring the high
temperature treatment, it is important to control water
vapor concentrations. This is especially important in a
commercial unit where gas-hourly-space-velocities are

35 limited by compressor size. It is possible to limit the
exposure of the catalyst to water vapor at high
temperatures by using dry hydrogen, measuring the
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Tﬁenaﬁﬁ.%fgézﬁfﬂgégzgn 2 %n“%sﬁ?iﬁiﬁ“r ocess is typical Fi¥ HO.n8pha8a1488at cont ai n& Wt
_least sone ﬁb. ydrocarbons or al kyl cycl opentanes. This E%ﬁ9U§Q9th2be
“substantial 'y tree of sulfur, nitrogen, netals and ot her known polsons.
.These poi sons can be renoved by first usingigenventional hydrofining
techni ques, then usjng sorbents to remove the remaining sul fur conpounds
and wat er . As maistowed leyeds inhtbeareaghar Gtfilhnents esettingveargen

'lexhi Pi g sW(a !yog[gervﬂubﬁ iR \Matgh b@ﬁiﬁéﬁ&tﬁﬁ@ﬁf&ﬁw,sianla- ﬂimiﬁﬂﬂé%ﬂ% NBad
eas o err ogar bons, n_siyilar catalysts I ng. been
subjected to a di?‘JT z’reeénétq‘%t %%a?%egﬁt Vggg?‘z:‘ex Froras, %%T mgy"ﬁ&ﬁﬁﬁ#'ég%at alyst is
reduced and/ or preangeg.edAbgoenaychelohigh nkanpmiaturgntreatmast was

[ simulated in a small pilot plant as follows.

Eighty cubic centimeters of 1/16é-inch catalyst extrudates
were charged to a one-inch diameter tubular reactor. The
catalyst comprised 0.65 wt% platinum, barium exchanged L-

10 zeolite, and a binder. The reactor was heated by a
three—-zone electric furnace. Catalyst bed temperatures
were measured by six thermocouples located in an axial
thermowell. The reaction system comprised: the reactor,
a chilled liquid-gas separator, a moisture analyzer

is probe, a compressoer, a recycle-gas drier, and a recycle
gas flowmeter. The moisture analyzer measured the
moisturae content in the recycle gas before or after the
drier. The drier was charged with 4 & molecular sieves,

20 The unit was pressurized to 70 psig with dry nitrogen
containing less than 10 ppm water. The ¢ompressor was
started. Nitrogen addition was continued in order to
produce an off—gas stream and purge the system of oxygen.
After two hours, the nitrogen addition rate was reduced

25 until there was only a small off-gas stream. The gas
circulation rate was adjusted to maintain a gas flow over
the catalyst bed corresponding to a GHSVY of about 1000 k°
!, The catalyst was further dried by heating the reactoer
€0 500°F. Water in the reactor affluent was removed by a

30 drier, so that the recycle gas contained less than 10 ppm

. water. The temperature was held at 500°F until the
moisture content of the reactor effluent gas dropped
below 100 ppm.

35 The make-up gas was then switched from nitrogen to dry
hydrogen and the unit was pressurized to 100 psig. After
reaching 100 psig, the hydrogen addition rate was
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:EORE ED_ @ /Zl BBr[fBB 1996&:‘6 5&%&& *east 5 l\’NtB % C[ or rf de&éﬁ%é@ and typ?.gggl l ,

f rom Wtw%ﬁh@jd’d + hydrocarbons, are conpar atively 5h0rtpcr7ﬂ§99§‘iﬂ%hy5t
* obt ai ned via the treatnment of the present invention, however It

.quite practical to process such feedstocks =@8mt ai ni ng t he C[err] +
hydr ocar bons. Tg cﬂ can be cqnt acted with the catal in either a
fi xed bed system 3% ﬁmﬂ-hl‘i‘ﬂ-sz&ieeé'yst@ 6?~Sa bat ch

"system Either a éumdldlerbrs;&sawmk aagmemg:d)%m&tencnsvpéﬁfﬂsé@@l In

a fixed bed systefyqq e pr;?iteih ﬁfgr%r?exﬁ{ﬁ%%ﬁ@mn tﬁ‘%ﬂl C}pe react or

that contains a flxed ed 0 can be
ei ther upward, dolpeRsase ckn fd a’latel‘hé‘mbﬁ’é%s}ﬁ &hies rﬁapswabeﬁt-'l\lent due

ag nospher est obabous a&m&,z’eﬁﬂ:&ho?he Pheé afdtag: %essuﬁe?rbalﬂﬁoﬁrﬁm abut
B00[er {1F_ to abdiR RO RS PRA Pl HELA A ISIacaacRberre: (LF%) i
from about 0.1 hr¥eactoxindstumgas contalned less than 10 ppm water. The
reactor temperature was held at 500°F until the water in
the reactor effluent again dropped below 100 ppm. The
10 reactor temperature was then raised 10°F/h to 900°F.
Temperature was held at 900°F until the moisture level in
the reactor effluent dropped to 20 ppm. The reactor was
then heated to 1100°F at a rate of 10°F/h. After a 3-hour
hold at 1100°F, the temperature was dropped to 800°F and
15 the naphtha feed was introduced.

The high temperature treated catalyst was tested with
several feeds at several different conditions. When
tested at the conditions used in Example 9, but with a

20 heavier feed, the fouling rate was 0,007°F/h compared to
0.025°F/h for the same catalyst reduced in the
temperature range of from 500 to 900°F.

Example 12

25 :
A potassium L-zeolite catalyst also surprisingly benefits
from a high temperature hydrogen treatment. Platinum was
locaded ontv a bound, 20-40 mesh, K-L zeolite support
using the ineipient wetness impregnation methed and an

30 aqueous Pt(NH;)Cl;-H,0 solution. The impregnated material
was oven-dried at 120°F overnight and calcined at S500°F
for four hours.

In three separate experiments, one-gram of the calcined
35 material was loaded into a 3/16"™ I.D. tubular

microreactor. In each case, the catalyst was dried by

heating to 500°F in nitrogen flowing at a rate of 550
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hrs[err]j Enough hydrogen Is used to insure an H2/HC ratio of up to about
20: 1. The pmedas/iBd4H2/ HC ratio is fromabout 1:1 to about Gdr/uSed/PiegEng
produces hydrogen. Thus, additional hydrogen is not needed except when
the catalyst is reduced and when the feed i 4%irst introduced. Once

reformng is undq&”qﬁn parh lethgrshyg¥$ tthﬁ Q%Q%g§gﬁ |s recycl ed

over the catalyst. The catal 'S r re zeo arged with at
| east one Group VAeGHcRg: &P 5$He°ﬁ/9+%r?%d’)[§%%ﬂﬁ§"\/ﬁmlerr§bal reacemt | num
which is nore selaniperetfiee wdehydaaeacfraﬁusanwt@ndouhrCQtlé kL &f abl e

catal yst shoul 0 Aontans bione 5eond Bheobiia Sadirerte Hitnt of the

cat al yst, %referéﬁFﬁ”FFéﬁFOPI?FF@uEBSUGS the same except that the final
temperatures were 1100 and 11i50°F, respectively, The
catalyst samples were held at their peak temperaturae for
three hours, then cooled to 875°F for testing.

1o A C=C; raffinate stream from an aromatics extractioen unit
vas reacted in the presence of hydrogen over each
catalyst sample. Reactor effluent analyses were cbtained
by gas chromatography. Conversion and selectivity were
calculated from the feed and product analyses. Table 2

15 shows that the stability of the Pt-K-L zeolite catalyst
was significantly improved by high temperature reduction.
Conversion after about six days on-stream was
significantly higher for the catalysts treated at 1100 or
1150°F than when the reduction temperature was limited to

20 900°F, "Conversion" refers to the conversion of Ce* feed
components and "selectivity” is the selaectivity for
aromatics and hydrogen production. Both are calculated
en a weight basis.

25 IABLE 2
Catalyst Reduction Houra on Conversion Selactivity
Temperature Stream Wt Wee
! 500~-900°F 3 62.3 87.3
| s 36.1 89.0
30 f $00~1100°F 6 61.8 88.5
n 148 50.5 $0.9
500-1150°F 5 53.7 8.0
147 44.8 S¢.6 K
35

Run Conditions:

WHSV=4.4, H;/HC=5.0, Temp.=875°F, Pres.=50 psig

This Sheet Has Been Replaced-




Tm@ﬁaﬁgmﬁ@?ﬁ,aﬁg“zﬁ g%'t e is HSF rll%émgg%%xp%;éoﬂl& 46hddbbhg an et f eftile-
por I&:0 ) m

1@) 1

0 15 Angstrons. The preferred pore dianeter is

: from7 to 9 . Type L zeolite, zeolite X, and zeolit lite
beta and syﬁﬁﬁgghiagzolites with the mazzite structure are tﬁﬁﬁ&ﬂ%gﬁbhﬁé

“the best large-pore zeolites for this operaigzen. —Type LT zeotite 75—
described in U S. Patent No. 3,216,789. Zeolite Xj ' ' . S.

. Patent No. 2,882, PHAT TRTLABMRIRtIS: s descri bed i n”m“ﬂﬂﬂmnﬁmmlw

3,308,069. ZSM 4, described in U S. Patent No. 4;021,447,ti$ af exanpl e of

a zeolite with the mazzite structure. Zeolite Y is described in U S. Patent

No. 3,130,007. U S. Parent RBEROR of prafyeasinga yptorping) cafrlystsos, 069;

and 4, 021, 447 ar ectmprbying o rymnp-ghdriey zeel Fte nxmiainihqwazepbasesons ef ul
in the pregent in | ef epred.zeql ' e L1 Q. s. Type
zeolites ar%g syntﬁgﬁégﬂqf%ﬁlﬁ ‘r%\'hte%%l% 955,&%5-%1% #hEEQL{-_Eﬁ with

cations are excha

10

i3

20

25

30

35

arge ot assi um €S€ potassrum
an gas (ghthe temperature range of from 1025 to

1275°F while maintaining the water level of the:effluent
gas balow 200 ppmn.

2. The method according to claim 1, wherein the
moisture level of the effluent gas is maintained below
100 ppm in the temperature range of 1025~1275°F.

3. The method according to claim 1, wherein the
temperature is increased at a rate between 5 and S0°F per’
hour.

4. The method according to claim 1, wherein the
temperature is increased at a rate between 10 and 25°F
per hour.

5. The method according to claim 1, wherein the
temperature is slowly increased in a stepwise fashion.

6. The method according to claim 1, wherein the
temperature is slowly increased in 2 ramping fashion.

7.. The method according to claim 1, wherein, before
a temperature of 1025°F is reached, said catalyst is
treated with hydrogen gas while slowly increasing the
temperature from 900 to 1025°F, and wherein the water
level of the effluent gas is maintained below 200 ppm.

8. The method according to claim 1, wherein, before
a temperature of 1025°F is reached, said catalyst is
treated with hydrogen gas while slowly increasing the
temperature from 200 to 1025°F, and wherein the water
level of the effluant gas is mailntained below 100 ppm.

This Sheet Has Been Replaced
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lzi%ggz@"é@i E@E sﬁﬁg*be obt ai ned by i oFf%eN&h8 ﬂﬁ?gl‘}t‘ﬁe type L Adlite
i 3

) I ONS. Is difficult to exchange all of the original
: cations, si W@ me4dof these cations are in sites which are ®dmtsessi1050
reach. The potassium may be ion exchanged w,jh an al kali or alkaline earth
“nmetal, such as sodium potassium cesium rubidium barium strontium or

cal cium Preferably, éhe Tﬁé%eﬁ‘i@i”’&f gre%kﬁﬂhhﬂeraaféﬁfnﬁ%gf a‘#&l?@fta'

- ions shoul d be enoug é tlsf t he ca%lon exchange sit

or be slightly in®%X%& ’S“ arila’rd‘eml SPRUetRe Fafe 1sEd P iRES i er to
bind the | arge- popkatzmumt@:omlﬁmamlelteﬁ. tarpletiratnir al , synthetically
produced, or a conbination of the two. Preferred | oadi ngs of inorganic
oxide are from5%to 50% of the weight of the catal yst. Useful carriers

i nclude siPica, alum?®: aFRfiBRINIY @gCoFaingqte  ediin 9, wherein the

amount of platinum is in the range of from 0.1 to 1.5 wt
%.

11. The method of pretreating a reforming catalyst
10 according to ¢laim 1, wherein said catalyst comprises a
large-pore zeolite is selected from the group consisting
of zeolite X, zeolite Y, and type L zeolite, beta
zeolite, or zeolites having the mazzite structure.

is 12. The mathod of pretreating a reforming catalyst
according to claim 1, wherein said catalyst comprises a
type L zeolite containing platinum.

13, The method of pretreating a reforming catalyst
20 according to claim i wherein said catalyst comprises a
large—-pore zeolite and an inorganic binder.

14. The method of pretreating a reforming catalyst
according to claim 13, wherein said inorganic binder is
25 selected from.the group consisting of silica, alumina,
aluminosilicates, and clays.

15. The method of pretreating a reforming catalyst
according to elaim 1, wherein said catalyst comprises a
30 large~pore zeolite containing at least one Group VIII
metal and an alkali or alkaline earth metal selected from
the grouﬁ coensisting of potassium, barium, strontium,
calcium, sodium, rubidium, and cesium,

35 16. The method of pretreating a reforming catalyst
according to claim 18, wherein said alkaline sarth metal
is barium and wherein said Group VIII metal is platinum.

This Sheet Has Been Repl!
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INTED PABE 12) 1 o
- BECEI B9:31 4396 A R e hydroggsrf t};z)t(g?(le FAK NS, B ABYd6Bs o TSN R —
pretFF@%%;&reg%g?gt UEBSQ.SQ?AS can be seen fromthis Figure, as the

: pretreatnentgkﬁﬂpﬁr ure is increased, the fraction of hydrogg Fﬁ%@ﬂl&%
ec 'S

catal yst tends to rease. |If the hydrogen uptake onto catalys

“reflective of the fraction of exposed Pt ato@4- then one would typically

expect a decrease in activi with an increase in tenperature. The extent

.to which pretreating a&1ar ﬁ%%”?@of’?t PECFETT AT G C2farpandi srekeshici ng

envi ronnent at variaresdiagpspatieds B$f edieraire saddi catylpdt thwes ol yst

wi Il be dermpnstratgdg %ﬁ%@b@sw ?gnt-r@f? £xLant &%‘*)ﬁhi&é’@éﬁ?@%&é&ﬁ
ata Zé | nment at vari ous

| ar ge- pore zeolitic reforn1n& n a reduycing environ
tenperatures af f e TFO® JuitEngor HIveHRE RLECIBMY; | | be denonstrat ed
i n Exanpl ess9, 10, 11 and 12. EXAMPLES

18. Tha method of pretreating a reforming catalyst
according to claim 20, wherein said catalyst has from
0.1% to 35% by weight barium and from 0.1% to 5% by
weight platinmumm,

10

19. The method of pretreating a reforming catalyst

accoxding to claim 1, wherein said catalyst comprises:

(a) a type L zeolite containing from 0.1% to 5% bv

15 weight platinum; and .

(b) an inorganic binder selected from the group
consisting of silica, alumina,
aluminesilicates, and clays.

20

20. The method of pretreating a reforming catalyst
according to ¢laim 1, wherein said catalyst comprises:

(a) a type L zeolite containing from 0.1% to 35% by
25 weight alkali or alkaline earth metal and from
0.1% to 5% by weight platinum; and

(b} an inorganic binder selected from the group
consisting of silica, alumina,
30 aluminesilicates, and clays.

21. The method of pretreating a reforming catalyst
according to c¢claim 1, wherein said catalyst comprises:

35 (a) a type L zeolite centaining from 0.1% to 35% by
weight barium and from 0.1% to 5% by weight
platinum; and

- —

———
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P. 13
. ﬁﬁ‘gle& ei/z0 s'f33 nsi sti ng “of - 0. 65%ARNOorB1 Baﬁs?-dr@%xchanged "R L
zedE Bmﬁgfﬁgggﬁ y heating the catal yst in hydrogen (P=50 psig,

GHSV=9000) f nt tenperature to 900[err]F at a ranp of ?ﬂﬂz
het d at 900[errigq?or 24 hours. The tenperature was adjusted to {ﬁe desired

- reaction tenperature and n- hexane was introdRfed. The hydrogen to

hydrocarbon ratio was 5. 1. After steady state was achieved, the tenperature
was raised to the new d?él r 8% LREETIRIC t%‘rﬁ?é‘t’-’aﬁ&?-é‘:t%ef%i@?% gRBBPUCt | on
is sunmarized in the first bbnsistidalde silisa, 980midde catal yst activity

declined from80%to 75% ajuminosilicates, and clays.

5 22. The mathod of pretreating a reforming catalyst
according to claim 1, wherein said catalyst comprises:
(a) a type L zeolite containing from 0.1% to 35% by
weight barium and frowm 0.1% to 5% by weight
10 platinum; and
(b) an inorganic binder selacted from the group
consisting of silica, alumina, -
aluminosilicates, and clays.
15
23. The method according to claim 1, wherein the
catalyst is subsequently used to reform a hydrocarbon
feedstock containing from about 5 to 15 wt % of Cyt
hydrocarbon.
30

24. A method of pretreating a refofming catalyst
comprising a large-pore zeolite, wherein said catalyst is
treated -with hydrogen while slowly increasing the

25 temperature t¢ a temperature hetween 1025 and 1275°F such
that the moisture level in the reactor effluent is
maintained at a low encugh level to permit the number of
acid sites on the catalyst to be adequately reduced so as
+o achieve a2 catalyst exhibiting longer run lengths.

30 .
25. A reforming process comprised of contacting a
hydrocarbon feed with a large pore zeglite catalyst
containing at least one Grouyp VIII metal, wherein the
catalyst has been treated by the method according to
35 claim 1.

This Sheet Has Been Replaced
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800[5‘?‘3 % Of%rr]F 8g0[err]F 900[err] F Treatnent Tenp
"900[.err]F 22% 37% 55% 80- 75% 1050[ err] F

22% - - WO 94/11464°9% 82% 1100[ err] F 34% 54% 66%
87% 1150[ err] F _ % -- 68% 87% 1200[ errq¥7Us93/1368%0
49% 70% 90% 1250[ err] F 24%p -- 57% 81%
1300[ err] F 7% -- 30% 59% 1350[ err] F 12%
27% 45% 73% Exanple 2° In this

case, the sane catalyst as used in Exanple 1 was pretreated by heating the
catal yst in hydrogen (P=50 psig, GHSV=9000) from anbient tenperature to
1050F at a ranp of 10F/ hr and held at 1050[err]F for 3 hours. The
tenperature was then adjusted to the desired reaction

Fig. 1
{000 1100 1200
REDUCTION TEMPERATURE (°F)

900

800

750

= | 1 I 1 1 1 ] 3
2 8 £ 835 ¢ ¢ 8 ¢ o
HYDROGEN UPTAKE (%)
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téﬁwﬁ%ﬁ@"ﬁ%f%zﬁgﬁgﬁé %ﬁ%ﬂ%ﬁ&ﬁé I nt roéﬁ“éedst‘é“'éﬁﬁxpa?&e ﬁ;é ﬂmglrm&n t o hexarfelb
ratio of 5:1. The benzene production is summarized in line 2 in Table 1.

"At 860F and 900[err]F reaction tenperatures, the catalyst treated at
than the catal yst

A050[ err] F waso4rpi48sact i ve, produci ng nore benzene,
the catal yst treated at 1050[ erCi/E'sdsd 1m0t

reduced at 900F. |In addition,
exhi bit deactivation at 900[err]F. Thus2Affetreating at a high tenperature

‘of 1050F increased the activity and |lowered the fouling rate of the
catal yst. Exanpl e 3 In this case, the sane

catal yst as used in Exanple 1 was pretreated by heating the catalyst in
hydr ogen (P=50 psig, GHSV=9000) from anbient tenperature to ¥J00[err]F at a
ranp of 10F/ hr and hel d atf TTOOF for—S—thotrs—Fhe tﬂnpnraulrgwas t hen

adjusted to the desired re¢action -
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t enperature and n-hexane was introduced to achi eve a hydrogen tgybgAafe
ratio of 5:1. The benzene production is sunmarized in line 3 in Table 1

_ n tenperatures, the catalyst treated at 1100[err]F was nore
i ve, producing nore benzene, than the catal yst treated at 900[err]F.

At
act

all reaction

ERGbCEME

itna

p
[«

reased the ac
mpd ef MAR 1997

it d | '
Voand | Skt Ernbs #ok iRt 2 VS

CONVERSION OF REFORMING CATALYST

BACKGROUND OF THE INVENTION

The present invention concerns a pretreatment method
useful for increasing the conversion and lowering the
fouling rate of a reforming catalyst.

Catalytic reforming is a well-known process that is used
for raising the octane rating of a naphtha for gasoline.
The reactions that occur during reforming include:
dehydrogenation of cyclohexanes, dehydroisomerization of
alkylcyclopentanes, dehydrocyclization of acyclic
hydrocarbons, déalkylation of alkylbenzenes,
isomerization of paraffins, and hydrocracking of
paraffins. The hydrocracking reaction should be
suppressed because that reaction lowers the yield of
hydrogen and lowers the yield of liquid products.

Reforming catalysts must be selective for
dehydrocyclization, in order to produce high yields of
liquid product and low yields of light gases. These
catalysts should possess good activity, so that low
temperatures can be used in the reformer. Also, they
should possess good stability, so that they can maintain
a high activity and a high selectivity for
dehydrocyclization over a long period of time.

While most reforming catalysts contain platinum on an
alumina support, large-pore zeolites have been proposed

~as supports. These large-pore zeolites have pores large

enough for hydrocarbons in the gasoline boiling range to
pass through. Commercial application of zeolitic
reforming catalysts have thus far been very limited,

although certain—ea%a&gs%s—e%ﬁ?fiséng—a—}argenpore
REPLACEMENT SHEET SG.
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Sﬁgﬁi'yst reduced at 1100[err]F di d not exhibit deactivation
: pretreating at a high tdmperature of 1100[err]F



In this case, the same catal yst as used in Exanple 1 was |prfetr eate
heating the catal yst in hydrogen (P=50 psig, GHSV=9000) fir
tenperature to 1150[err]F at a ranp of 10[err]F/ hr and hdgl
hours. The tenperature was then adjusted to the desired 1fje
tenperature and n-hexane was introduced to achieve a hydfogen to hexane
ratio of 5:1. The benzene production is summarized in |i &L Tabre 1
At the reaction tenperatures of 800F, 866R-and 900F, the catalyst treated
at 1150F was nore_active, producing.nore benzene, t th atal yst treated
at 900[err]F. ?ﬁ°%ﬂﬁ?t??ﬂﬁ£’t’ﬁé’gc§ttallﬁ‘§§%t PBE EXOUR %OF&%SF&‘G% Rot

exhi bit deactivetrydnigh sdl¥ctrinjify folrudehpdedcealizatiain.a hi gh tenperature
of 1150[err]F increased the activity and lowered the fouling rate of the
catal yst. Exanpl e 5 In this case, the sane

catal yst as usEl is Eggyﬁ”;;qp\ﬁggorming ggtalysts require pretreatment
prior to utilizing these catalysts for reforming naphtha

feedstocks. For example, U.S. Patent No. 4,517,306

~ issued to Waldeen Buss on May 14, 1985 claims a
composition comprising: (a) a type L zeolite; (b) at
least one Group VIII metal; and (c) an alkaline earth
metal selected from the group consisting of barium,

strontium and calcium, wherein said composition is

reduced in a hydrogen atmosphere at a temperature of from
480°C to 620°C (896 to 1148°F). It is preferred that the
composition be reduced at a temperature from 550 to 620°C
(1022 to 1148°F).

U.S. Patent No. 4,539,304 issued on September 3, 1985 to
Field discloses a two-step pretreatment process for
increasing the conversion of reforming catalysts wherein
the catalyst is first treated at a temperature of from
120°C (248°F) to 260°C (500°F) in a reducing gas. In the
second step, the temperature of the catalyst is
maintained at 370°C (698°F) to 600°C (1112°F) in a
reducing atmosphere. .

U.S. Patent No. 4,539,305 issued on September 3, 1985 to
Wilson et al. discloses a pretreathent process for
enhancing the selectivity ‘and increasing the stability of
a reforming catalyst comprising a large-pore zeolite
containing at least one Group VIII metal. The catalyst
is reduced in a reducing atmosphere at a temperature of
from 250°C (482°) to 650° (1202°F). The reduced catalyst
is subsequently exposed to an oxygen—containing gas and
then treated .in a'reducing atmosphere at a temperature of
from 120°C (248°F) to 260°C (500°F). Finally, the
catalyst is maintained at a temperature of from 370°C
(698°F) to 600°C (1112°F) in a reducing atmosphere.



REPLALEMGNE sttt b

pretrdatf@ by heatingitfe catal yst in hydrogen (P=50 psig, GHSV=9000) from

anbi e epPbiARMIETt d 4200[err]F at a ranp of 10[err]F/hr and held at
1200[eyr{ F for 3 hoursL The tenmperature was then adjusted to the
desire 1 enper af ure and n-hexane was introduced to achieve a

hydr oggn to hexane_rat of 5:1. The benzene production is summarized in
line 5= Table 1. At all reaction tenperdlimtes, the catal yst treated at

1200 F tive, dug] than the.catal yst
reduced & S00[ or FPELeFAbal] FRBnELERE THUTSN (EER a8 SETI68) BRF] Fhai o

not exhi bit -deact ithet ipresahce06f chydFfogdmus, pretreating at a high
tenperature of 1200[err]F

U.S. Patent No. 5,155,075 issued to Innes et al. shows an
initial catalyst reduction at 300°F to 700°F, followed by
a temperature ramp up to a final hydrogen treatment
temperature between 900°F and 1000°F.

U.S. Patent No. 5,066,632 issued on November 189, 1991 to
Baird et al. discloses a process for pretreating a
catalyst useful for reforming a naphtha wherein the
catalyst is calcined at temperatures in excess of 500°F,
‘preferably at temperatures ranging from 500°F to about
750°F in air or in atmospheres containing low partial
pressures of oxygen or in a non-reactive or inert gas
such as nitrogen. The catalyst is then contacted with a
dry hydrogen-containing gas at a tempefature ranging from
about 600°F to about 1000°F, preferab;y from about 750°F
to about 950°F, at a hydrogen partial pressure ranging
from about 1 atmosphere to about 40 atmospheres,
preferably from 5 atmospheres to about 30 atmospheres.

European Patent Application Publication Number 243,129
discloses a catalyst activation treatment with hydrogen
at temperatures from 400°C (752°F) to 800°C (1472°F),
preferably from 400°C (752°F) to 700°C (1292°F), for a
catalyst used for cracking a hydrocarbon feedstock. The
treatment pressure may vary from 100 to 5,000 MPa but is
preferably from 100 to 2,000 MPa. A carrier gas which
contains 1-100% v/v, preferably from 30-100% v/v, of
hydrogen is used. ]

U.S. Patent No. 4,717,700 issued to Venkatram et al
discloses a method for drying a zeolite catalyst by
heating while in contact with a gas. The rate of
catalyst temperature increase is controlled so as to
limit the rate of water evolution from the catalyst and



i ncreased the activity and |owered the fouling rate o
Exanpl e 6 In this case, the same catalyst as used

pretreated by heating the catal yst in hydrogen (P=50
anbient tenperature to 1250[err]F at a ranp of 10[err

{r om

1250[err]F for 3
reaction tenperat

hexane ratio of 5:1. The benzene productiondg sunmariized in line 6 in

hours. The tenperature was then adjU
ure and n- hexane was introduced to &

Tabl e 1. At the reaction tenperatures of 800[err]F, 860F and 900TerrTiF,

the catal yst treatnrd ﬁt&iwﬁw]danmﬁmrﬁomhhvenepg@gumme € e

than the catalyst

at 9 dition, the c talyst treated
at 1250[err]F did nog rﬁ%ﬁt %}%ﬁgl\N%S(g%%gg ggﬁ[é?? ¢as dg? pretreating
at a hi.gh tenper atempemtms(a[‘@raqqntn & °daped bhuract The tyoiskchrteoiRiad t he

fouling rate of t

be €Ré aéyfFivent gas is preferably between 500 and 1500
ppm during the drying step. The catalyst drying method
with a subsequent reduction with hydrogen wherein the
temperature is raised to a maximum temperature of 450°cC
is exemplified in Example 1.

Austrian Patent Specification No. 268,210 relates to a
metal-charged zeolite moleéular_sieve, which is suitable
as a catalyst for the conversion of hydrocarbons.

Methods for preparing the catalyst are described. It is
disclosed that the catalyst prepared by such methods
usually has a high water content and that it is desirable
to activate the catalyst before use since the catalyst is
sensitive to water. The recommended activation process
comprises: 1) slow heating of the catalyst in air at 300
to 600°C, preferably 500°C; followed by 2) slow heating
of the catalyst from room temperature to approximately
500°C in a current of hydrogen gas under atmospheric
pressure.

A pretreatment procéss of Pt-Al,0; catalysts in hydrogen
in the temperature range of 450°C (842°F) to 600°C
(1112°F) is disclosed in Journal of Catalysis (1979);
Vol. 59, p. 138 (P.G. Menon and G.F. Froment). The
effect of catalyst reduction temperature on the
conversion of n-pentane and n-hexane using Pt-Al,0,
catalysts is disclosed. For the Pt-2Al1,0; catalyst reduced
at 400°C (752°F), hydrogenolysis is the main reaction;
whereas for the Pt-Al,0, catalyst reduced at 600°C
(1112°), the hydrogenolysis and total activity are
considerably suppressed. This reference specifically
discloses the effect of a hydrogen pretreatment process
on Pt-Al,0; catalysts and does not disclose the effect of
hydrogen pretreatment on zeolitic catalyst.

ene,



Exanple 7

The catal yst used in Exanple 1 was pretr ¢pLg
catal yst in hydrogen (P=50 psig, GHSV-9000) from anbje
1300F at a ranmp of 10[err]F/ hr and
-16- held at 1300[err]F for 3 hours. The tenperaturp Aﬁ?ﬂlﬂ@iﬂhsted
the desired reaction tenperature and n-hexane was infrpduced to achlevg
hydrogen to hexane ratio of 5:1. The benzege product]jon is sumrarized §

line 7 in Table 1.

Additionally, the effects of hydrogen pretreatment of the
Pt-Al,0; catalyst with respect to isomerization is
disclosed. The activity for dehydrocyclization was not
increased. '

Prior art processes have observed both a reduced
catalytic activity and reduced hydrogen chemisorption for
catalysts which have been reduced at temperatures in
excess of 500°C. Furthermore, there has been no clear
understanding of the phenomena which occur during high
temperature catalyst reduction. Thus, reduction at high

't
a
n

temperatures may result in strongly chemisorbed hydrogen, -

may cause loss of spillover hydrogen altering the local
charge transfer from the support to the metal at the
particle boundary, may induce changes in morphology of
the metal crystallite, or may affect reduction of the
support resulting in the formation of an alloy with atoms
from the support.

SUMMARY OF THE INVENTION

The present invention is a process for increasing the -
conversion and lowering the fouling rate of large-pore
zeolitic reforming catalysts using a pretreatment
process. The catalyst is treated in a reducing gas at a
temperature of from 1025°F to 1275°F.

Preferably, the pretreatment process in the range of
1025°F to 1275°F occurs in the presence of hydrogen at a
pressure of from 0 to 300 psig for from 1 hour to 120
hours. Generally, the higher the treatment temperature
employed, the shorter the treatment time needed to
achieve the desired effect.

More preferably, the catalyst is reduced with dry
hydrogen via temperature-programmed steps, with the
treatment of the present invention occurring at the final

(0]



At all reaction tenperatures, the catal yst treated gL/t h&HFﬂHEEa; | ess
active, producing |ess benzene, than the catalyst [ré N
Exanpl e 8 The catal yst used in Exanple 1 was pré¢tjedd dMAR gogat | ng the
catal yst in hydrogen (P=50 psig, GHSV=9000) from -
1350F at a ranp of 10F/ hr and held at 1350[err]F for : =
tenperature was then adjusted to the desired reacijion tenperature gnd
n- hexane was introduced to achi eve a hydroges to hexane ratro of5¥1. The
benzene production is sumarized in line 8 in Table 1. ~ At all reaction

t enper atures, thtenperdinate tofdirme 41025350Fonaz752Es JEhe verogreduheriafy | ess

benzene, than thepgabalysie GRG0 wB98hebEtlrs in the temperature

ExanBIe > range of from 1025°F to 1275°F is considered and referred
to as a "treatment" of the catalyst as opposed to a
"reduction", because the catalyst has already generally
been reduced at the lower temperatures prior to reaching
the treatment temperature of the present invention.

Among other factors, we have found that large-pore
zeolitic catalysts which have been pretreated in a
reducing gas in the high temperature range of from about
1025°F to 1275°F is found to have a lower fouling rate
and improved activity, and have a longer run life. 1In
particular, this catalyst exhibits a longer run life with
heavier feedstocks than with similar catalysts using
other pretreatment processés. For example, if a L
.zeolite catalyst is pretreated by conventional methods,
run lengths with feeds containing Cy+ hydrocarbons are
generally short. The pretreatment procedure of this
inventicn, however, makes it practical to process
feedstocks containing as much as 5-15 wt $ Cy+
hydrocarbons. '

Thus, in spite of the disadvantagés that the prior art
recognizes with respect to high temperature catalyst
reduction, the present inventors have discovered an
advantageous high temperature catalyst treatment method.
In particular, the present invention has surprisingly
found that a high temperature treatment (i.e., at 1025°F
to 1275°F) will result in a catalyst with a reduced
fouling rate and sufficient catalytic activity to yield a
longer run life, particularly if the temperature increase
during reduction is performed in a gradual ramping or
stepwise fashion, and if the water content of the
effluent gas is kept as low as possible during the high
temperature treatment range. Even catalysts that are on
balance non-acidic still contain a few residual acidic



A conparison of catalyst activity and fouling rate after reduction at

500- 900F and 500- 1050F was made as fol |l ows. In the first case, eighty
cubic centineters of catalyst consisting of 0.65 wt. % pl ati numon barium
exchanged, L zeolite, 1/16 inch extrudates were ctharged to a one-inch

di aneter reactor. The catalyst was dried by heating to 500{err]F in dry
nitrogen flowing at a rate of 12 cubic f88Tt per hour. Catalyst reduction

vas: then initi aIteeds .at 'Jg&os[ ?xrlrgl'themperature treatment regimen is - 17

- believed to reduce the number of acid sites on the
catalyst, and thereby reduce side reactions which lead to
the formation of coke. The improved fouling rate and
conversion activity of the catalyst also allow for more
beneficial use with a heavier feedstock.

BRIEF DESCRIPTION OF THE DRAWING

Fig. 1 of the Drawing is a graphical representation
of hydrogen uptake onto catalyst as a function of
- temperature.-
Fig. 2 of the Drawing is a graphical representation
of the fouling rates observed for different temperature
treatments. :

DETAILED DESCRIPTION OF THE INVENTION

In its broadest aspect, the present invention is a
process for increasing the conversion and/dr lowering the
fouling rate of large-pore zeolitic reforming catalysts
using a pretreatment process. This catalyst is treated
in a reducing gas at a temperature of from 1025°F to
1275°F.

Preferably, the pretreatment process occurs in the
presence of hydrogen at a pressure of from 0 to 300 psig
and a temperature of from 1025°F to 1275°F for from 1
hour to 120 hours, more preferably for at least 2 hours,
and most preferably at least 4-48 hours. More
preferably, the temperature is from 1050°F to 1250°F. In
general, the length of time for the pretreatment will be
somewhat dependent upon the final treatment temperature,
with the higher the final temperature the shorter the
treatment time that is needed.

REPLACEMENT SHEET.
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by replacing the nitrogen with dry hydrogen (preferably containing < ppm
water) flowi ng at the same rate. After an hour at 500[err]F, the
tenperature was raised in stepwise fashion to 900[err] F and nai ntai ned at
900[err]F for 12 hours to conplete the catalyst reduction and dryout. The
catal yst was then cooled to 800[err]F for feed introduction. I'n the
second case, the sane procedure was used except that after the initial
reduction at 500[err]F for one hour, the Fﬁﬁberature was raised 10[err]F/h

: ' i far . 1050[.err] F
e B kst U AL bl Ll
rate was 12 ft[ @ipENre; RPRtgnbLeL therrnviceamest dusisat theshigrer f or mance

test was a hydr dlempairadurafl treatBeht OIR adduyO Hat mtﬁév&ﬁiréﬁgﬁﬁf'iém-]k
rr
&

i st 5% 5% (6. 26, 3% . _and_5. 8%
Compounds on a AR EEaaRaStiyrtiTh, o (o g EelpRsilive, Frnt B ram;

paraffins, 6.8%.2pNFhENed278°F o therpresancennd foiStunknbsisehieveri gt .
The test vas cahavidaOdbvabefy @t il ekslick! Glll fnboubtuysaace

f
vel ocity, 100 psiqg,. apnd a hydfogen tqo feed nolar ratio
catal yst bed teﬁﬁgFXPEYe ﬁﬁé Hﬁﬁﬁ%§e§PQEFQQﬁ9 been found necessary to
limit the moisture content of the environment to as
little water as possible during said treatment period, to

- at least less than 200 ppn.

In one embodiment, in order to limit exposure of the
catalyst to water vapor at high temperatures, it is
preferred that the catalyst be reduced initially at a
temperature between 300°F and 700°F. After most of the
water generated during catalyst reduction has evolved
from the catalyst, the temperature is raised slowly in
ramping or stepwise fashion to a maximum temperature
between 1025°F and 1250°F.

The temperature program and gas flow rates sﬁould be
selected to limit water vaporllevels in the reactor
effluent to less than 200 ppm and, preferably, less than
100 ppm when the catalyst bed temperature exceeds 1025°F.
The rate of temperature increase to the final activation
temperature will typically average between 5 and 50°F per
hour. Generally, the catalyst will be heated at a rate
between 10 and 25°F/h. It is preferred that the gas flow
through the catalyst bed (GHSV) during this process
exceed 500 volumes per vblume of catalyst per hour, where
the gas volume is measured at standard conditions of one
atmosphere and 60°F. GHSV's in excess of 5000 h?! will
normally exceed the compressor capacity. GHSV's between
600 and 2000 h! are most preferred.
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run progressed to maintain 42 wt. %aromatics in the

conbi ned hydrogen and napht ha feedstream was treated

.content to |l ess than 5 ppb. The results of the test
Figure 2. The catalyst fouling rates were cal cul ated

of the data obtained after 200 hours on-stream The c
reduced/treated at 500- 1050F had about one- fourth th foullng rate of |t he
catal yst reduced at 500- 900F (0.005 versu®-0.020[ er r HF+Hr-
The-start-of-rupn tenperatures obtained b xtrapol ati ng the | east squares
line back to st EPF-g?eFﬁ?\am?’ét FAETS If}/faﬁﬂ‘ PEPPFFLNVEBEieD| QBFYES The
yield. of C[err]ppiodutd sestastingotdie reforming catalyst with a

hydrocarbon feed.

The large-pore zeolitic catalyst is generally treated in
a reducing atmosphere in the temperature range of from
1025°F to 1275°F. Although other reducing gasses can be
used, dry hydrogen is preferred as a reducing gas. The
hydrogen is generally mixed with an inert gas such as
nitrogen, with the amount of hydrogen in the mixture
generally ranging from 1%-95% by volume. More typically,
however, the amount of hydrogen in the mixture ranges
from about 10%-50% by volume.

The reducing gas entering the reactor should contain less

. than 100 ppm water. It is preferred that it contain less
than 10 ppm water. In a commercial operation, the
reactor effluent may be passed through a drier containing

_ a desiccant or sorbent such as 4 A molecular sieves. The
dried gas containing less than 100 ppm water or,
preferably, less than 10 ppm water may then be recycled
to the reactor.

The feed to the reforming process is typically a naphtha
that contains at least some acyclic hydrocarbons or
alkylcyclopentanes. This feed should be substantially
free of sulfur, nitrogen, metals and other known poisons.
These poisons can be removed by first using conventional
hydrofining techniques, then using sorbents to remove the
remaining sulfur compounds and water.

As mentioned above, the catalyst of the present invention
exhibits a longer run life with heavier feedstocks, e.qg.,
containing at least 5 wt % Cy+ hydrocarbons, than similar
catalysts having been subjected to a different treatment.
For example, if a L zeolite catalyst is reduced and/or
pretreated by conventional methods, run lengths with



feed in both cases. Assunming the fouling rate is COEEFH
end-of -run average catal yst tenperature is 935F, the¢\t

hi gh tenperature reduced catalyst make it possible j 0
process under previously inpractical con®®Tions. Cofn

liquid h I | i ncr.ease o 1.7, T ay
r;??g magu;eégggggfg g#%?ﬁ%%%w%$é§%ﬁﬁbéhﬁg %nS#éiéﬂ Nk
aromati cs cont¥RiLcally hErap &35 mtoduSy+ wainonardess] are72 Ww. % and a
heavi er feed waspermtovery it .of Thee8eaRgRaesHERMhda Nes L HRst ed to

I ncrease fou'%QQAtment of the present invention, however, makes it
quite practical to process such feedstocks containing the
C,+ hydrocarbons.

The feed can be contacted with the catalyst in either a
fixed bed system, a moving bed system, a fluidized
system, or a batch system. Either a fixed bed system or
a moving bed system is preferred. In a fixed bed systen,
the preheated feed is passed into at least one reactor
that contains a fixed bed of the catalyst. The flow of
the feed can be either upward, downward, or radial. The
pressure is from about 1 atmosphere to about 500 psigq,
with the preferred pressure being from abut 50 psig to
about

200 psig. The preferred temperature is from about 800°F
to about 1025°F. The liquid hourly space velocity (LHSV
is from about 0.1 hr'! to about '
10 hrs?, with a preferred LHSV of from about 0.3 hr! to
about 5 hrs"; Enough hydrogen is used to insure an H,/HC
ratio of up to about 20:1. The preferred H,/HC ratio is
from about 1:1 to about 6:1. Reforming produces
hydrogen. Thus, additional hydrogen is not needed except
when the catalyst is reduced and when the feed is first
introduced. Once reforming is underway, part of the
hydrogen that is produced is recycled over the catalyst.

The catalyst is a large-pore zeolite charged with at
least one Group VIII metal. The preferred Group VIII
metal is platinum, which is more selective for
dehydrocyclization and which is more stable under
reforming reaction conditions than other Group VIII
metals. The catalyst should contain between 0.1% and 5%
platinum of the weight of the catalyst, preferably from
0.1% to 1.5%.



A feed containing 2. 7% Clerr] and lighter, 8. 5%)C[e;‘“ '7;$i.
Clerr], and 8.7% (Jerr] conponents was reforned ovet

contai ni ng 66.6% paraffins, 22. 6@6naphthenes 10. 5% a;onatlcs
unknowns. Over a period of about 400 hougs, the foufi NG '
conditions was 0.018[err] F/ h which correSponds to

length. he term “large-pore Fedr Lk adrin@hdgs Eozbbﬁhieca al yst
deactivation during t ' gh tenperature treat ment, it s inportant to

control wat er RAYISG EGnsgﬁFFﬁ%Y%@rerrﬁ?“}%teé's|9§C|f§PF‘y6 forPant in. a
-commer ci al uniandt&roﬁsgasmeu?i-afsmw@@ﬂamear é¢sl froincd Iy sonpressor

size. It isp ' m% % énué%éy é%hﬁ cgkalﬁgbl&gewgter vapor

at high tenperaturés by us d en, neasur
zeolite beta an synthetlc zeolltes w1th the mazzite-
structure are thought to be the best large-pore zeolites
for this operation. Type L zeolite is described in U.S.
Patent No. 3,216,789. Zeolite X is described in U.S.
Patent No. 2,882,244. Zeolite beta is described in U.S.
Patent No. 3,308,069. 2SM-4, described in U.S. Patent
No. 4,021,447, is an example of a zeolite with the
mazzite structure. Zeolite Y is described in U.S. Patent
No. 3,130,007. U.S. Patent Nos. 3,216,789; 2,882,244;
3,130,007; 3,308,069; and 4,021,447 are hereby
incorporated by reference to show zeolites useful in the
present invention. The preferred zeclite is type L

zeolite.

Type L zeolites are synthesized largely in the potassium
form. These potassium cations are exchangeable, so that
other type L zeolites can be obtained by ion exchanging
the type L zeolite in appropriate sclutions. It is
difficult to exchange all of the original cations, since
some of these cations are in sites which are difficult to
reach. The potassium may be ion exchanged with an alkali
or alkaline earth metal, such as sodium, potassium, -
cesium, rubidium, barium, strontium, or calcium.
Preferably, the total amount of alkali or alkaline earth
metal ions should be enough to satisfy the cation
exchange sites of the zeolite or be slightly in excess.

An inorganic oxide can be used as a carrier to bind the
large-pore zeolite. This carrier can be natural,
synthetically produced, or a combination of the two.
Preferred loadings of inorganic oxide are from 5% to 50%
of the weight of the catalyst. Useful carriers include
silica, alumina, aluminosilicates, and clays.



-19- noi sture levels in the reactor effluent, setting target values for
each tenperature range, and limting the rate of heatup to stay within the
target noisture |level ranges. A commercial high tenperature treatnent was
simulated in a small pilot plant as foll ows. Ei ghty cubic centineters of
1/ 16-inch catal yst extrudates were charged to a one-inch dianmeter tubular
reactor. The catal yst conprised 0.65 wt% pl ati num barium exchanged L-
zeolite, and a binder. The reactor was heatad by a three-zone electric
furnace. Catal yst bed tenperatures were neasured by six thernocouples

| ocated in an aRigure herimeeplotTied hydrogen wytakenardpatadysthaesreact or,

a chilled |iqui 8nfe€iGER¥ Frditredtiont! YeRpaPAYZE! LRGN deCQERKESSOr, a
recycl e-gas dri d, a réc cleagazhglomneter. The noi sture anal yzer
h e

measur ed ‘t he nn?%?ﬁr ok S PyeFEegtien thempeatires ist he

increased, the fraction of hydrogen bound to catalyst
tends to decrease. If the hydrogen uptake onto catalyst

. is reflective of the fraction of exposed Pt atoms, then
one would typically expect a decrease in activity with an
increase in temperature. The extent to which pretreating
a large-pore zeolitic reforming catalyst in a reducing
environment at various temperatures affects the activity
of the catalyst will be demonstrated in Examples 1-8.
‘The extent to which pretreating a large-pore zeolitic
reforming catalyst in a reducing environment at various
temperatures affects the fouling rate of the catalyst
will be demonstrated in Examples 9, 10, 11 and 12.

EXAMPLES

Example 1

A catalyst, consisting of 0.65% Pt on barium exchanged K-
L zeolite, was pretreated by heating the catalyst in
hydrogen (P=50 psig, GHSV=9000) from ambient temperature
to 900°F at a ramp of 10°f/hr and held at 900°F for 24
hours. The temperature was adjusted to the desired '
reaction temperature and n-hexane was introduced. The
hydrogen to hydrocarbon ratio was 5:1. After steady
state was achieved, the temperature was raised to the new

~ desired reaction temperature. The benzene production is
summarized in the first line in Table 1. At 900°F, the
catalyst activity declined from 80% to 75%.

2 1HAR 97 | |




drler el with 4 A nol ecul ar sieves The unit was
pressurlzeau AR firy nitrogen containing |l ess than 10 ppm wat er
The conpreis. XY Nitrogen addition was continued in order to

purge the system of oxygen. After two hours,

: reduced until there was onl'y a small off-gas
stream The\gé Tcul ati on rate was adj ust<ex4 0 mai ntain a gas fl ow over
the catalys »
cat al yst wass=ftrt her drled by heating theIRAB&EL®r to 500[err]F Water in
the reactor.effluent was renoved by gedidfervieig, tpatsythe recycl e gas
contained less t M wat erganddle t e ure opel d atgg@plerr]F
until the noi stu%ﬁ@t of tr‘ls'g‘(z'f'%actorg“g%t uent droppe €l ow 100
ppm The "nmake- uFempas was then switched fromnitrogen to dry hydrogen and
the unit was pressaoerzed to 100 22si g. Aftevsreachi ngssl00 psi ggo-zbe hydr ogen

addition rate wasSjpsper 22% _— 59% 82%
1100°F 34% 54% 66% 87%
1150°F 28% - 68% 87%
1200°F 30% 49% 70% 90%
1250°F T 248 - 57% 81%
1300°F 7% - 30% 59%
1350°F . 12% 27% 45% 73%
Example 2

In this case, the same catalyst as used in Example 1 was
pretreated by heating the catalyst in hydrogen (P=50
psig, GHSV=9000) from ambient temperature to 1050°F at a
ramp of 10°F/hr and held at 1050°F for 3 hours. The
temperature was then adjusted to the desired reaction
temperature and n-hexane was introduced to achieve a
hydrogen to hexane ratio of 5:1. The benzene production
is summarized in line 2 in Table 1.

At 860°F and S00°F reaction temperatures, the catalyst
treated at 1050°F was more active, producing more
benzene, than the catalyst reduced at 900°F. 1In
addition, the catalyst treated at 1050°F did not exhibit
deactivation at 900°F. Thus, pretreating at a high .
temperature of 1050°F increased the activity and lowered
‘the fouling rate of the catalyst.

Example 3

In this case, the same catalyst as used in Example 1 was
pretreated by heating the catalyst in hydrogen (P=50
psig, GHSV=9000) from ambient temperature to 1100°F at a
ramp of 10°F/hr and held at 1100°F for 3 hours. The
temperature was then adjusted to the desired reaction



-20- adjusted to maintain a small gas bleed. The [RE Lol @l;'j-aie was
adjusted to obtain a GHSV of about 1000 h[err]. i | ‘ P
addition, there was an increase in the water conteht o§ ir |
ef fl uent due to catal yst reduction. This water was r-ane efrecycle
hydrogen stream by the recycle-gas driers. The reactlsw===me dorft ai ned
less than 10 ppmwater. The reactor tenperature . helo at 500[err]F unti |
the water in the reactor effluent again dpgpped betorv .
tenperature was then raised 10[err]F/ h to 900[ertr]F. TmmaaUﬂevmsth
at 900[ err] E uremperptunei andre-iexane iwas Hatreduced §bf Aohheverapped to 20

ppm The react gyavegehnes hepdré forild W st .2 rakenehz4AE/ rotﬁé?orﬂ
3-hour hol d at 10%;u %] thei rg)eara.turTeb S dropped to 800F an e
naphtha feed wd§ F zgg 1n lin in Table 1.

‘At all reaction temperatures, the catalyst treated at
1100°F was more active, producing more benzene, than the
catalyst treated at 900°F. 1In addition, the catalyst
reduced at 1100°F did not exhibit deactivation at 900°F.
Thus, pretreating at a high temperature of 1100°F
increased the activity and lowered the fouling rate of
the catalyst.

Example 4

In this case, the same catalyst as-used in Example 1 was
pretreated by heating the catalyst in hydrogen (P=50
psig, GHSV=9000) from ambient temperature to 1150°F at a
ramp of 10°F/hr and held at 1150°F for 3 hours. The
temperature was then adjusted to the desired reaction
temperature and n-hexane was introduced to achieve a
hydrogeﬁ to hexane ratio of 5:1. The benzene production
is summarized in line 4 in Table 1.

At the reaction temperatures of 800°F, 860°F and 900°F,
the catalyst treated at 1150°F was more active, producing
more benzene, than the catalyst treated at 900°F. 1In
addition, the catalyst treated at 1150°F did not exhibit
deactivation at 900°F. Thus, pretreating at a high
temperature of 1150°F increased the activity and lowered
the fouling rate of the éatalyst.

Example 5

In this case, the same catalyst as used in Example 1 was

pretreated by heating the catalyst in hydrogen (P=50

psig, GHSV=9000) from ambient temperature to 1200°F at a
- ramp of 10°F/hr and held at 1200°F for 3 hours. The



The high tenperature treated catal yst was tested \WR
several different conditions. Wen tested at the

9, but with a heavier feed, the fouling rate was
0.025[err]F/h for the sane catal yst reduced in th
from 500 to 900F. Ef
L-zeolite catal yst also surpr|S|neg beneflts

hydrogen treatment, gﬁé%e L |ﬁﬁgk“i§?ﬂ§%ea QQ

zeolite support usin pl ent wet néss | npreg naflon nethod and an
aqueous Pt_(NH[errF?mEfﬁﬁFTr?{%ﬂq]QTQ&%QB% yas ?ﬁErPﬁBFﬁﬁnﬁPeﬂchéf¥ﬁliﬂ was
oven-dried at 120[ﬁyai-5gex«ew|1gé&areé1¢-aﬂlocldfes at. 50Ré benzéndrpheduction | n
‘three separate expegLi pen . - . ined material was | oaded
into a 3/16" 1.D. ?%b%gﬁgggr%ggg %H'% g%%icage t he catal yst was
dried by

a high Fénperat

At all reaction temperatures, the catalyst treated at
1200°F was more active,_producing more benzene, than the
catalyst reduced at 900°F. In addition, the catalyst
treated at 1200°F did not exhibit deactivation at 900°F.
Thus, pretreating at a high temperature of 1200°F
increased the activity and lowered the fouling rate of
the catalyst.

'gxamgle 6

In this case, the same catalyst as used in Example 1 was
pretreated by heating the catalyst in hydrogen (P=50
psig, GHSV=9000) from ambient temperature to 1250°F at a
ramp of 10°F/hr and held at 1250°F for 3 hours. The
temperature was then adjusted to the desired reaction
temperature and n-hexane was introduced to achieve a
hydrogen to hexane ratio of 5:1. The benzene production
is summarized in line 6 in Table 1.

At the reaction temperatures of 800°F, 860°F and 900°F,
the catalyst treated at 1250°F was more active, producing
more benzene, than the catalyst reduced at 900°F. In
addition, the catalyst treated at 1250°F did not exhibit
deactivation at 900°F. Thus, pretreating at a high
temperature of 1250°F increased the activity and lowered
the fouling rate of the 'catalyst.

Example 7

The catalyst used in Example 1 was pretreated by heating
the catalyst in aydrogen (P=50 psig, GHSV-9000) from
ambient temperature to 1300°F at a ramp of 10°F/hr and



heating to 5

o A b ge? mﬁkfe the

perinment, the catal yst was reduced in 550
tc/min of hydfo ctor tenperature was heated from500 to
900[ err] F at ate of .{In the second and third experinents, the
activation pr cedure was the sajre except that the final tenperatures were
ectively. The _ﬁ%alyst sanpl es were held at

1100 and 1150
t heir peak tenperature for t hree hours, en cooled to 875[err]F for

testing. %«‘I& |80l 5' 26E1 52 suﬁreafné QRN AR WSS th¥h act i on
uni t was Ieacte I n the presence,o g rogen over each
adjusted to the desired reaction temperature and n-hexane

was introduced to achieve a hydrogen to hexane ratio of
5:1. The benzene production is summarized in line 7 in
Table 1.

At all reaction temperatures, the catalyst treated at
1300°F was less active, producing less benzene, than the
catalyst reduced at 900°F.

Example 8

The catalyst used in Example 1 was pretreated by heating
the catalyst in hydrogen (P=50 psig, GHSV=9000) from
ambient temperature to 1350°F at a ramp of 10°F/hr and
held at 1350°F for 8 hours. The temperature was then
adjusted to the desired reaction temperature and n-hexane
was introduced to achieve a hydrogen to hexane ratio of
5:1. The benzene production is summarized in line 8 in
Table 1.

At all reaction temperatures, the catalyst treated at
1350°F was less active, producing less benzene, than the
cataiyst reduced at 900°F.

Example ©

A comparison of catalyst activity and fouling rate after
reduction at 500-900°F and 500-1050°F was made as
follows.

In the first case, eighty cubic centimeters of catalyst
consisting of 0.65 wt. % platinum on barium exchanged, L
zeolite, 1/16 inch extrudates were charged to a one-inch
diameter reactor. The catalyst was dried by heating to
500°F in dry nitrogen flowing at a rate of 12 cubic feet
per hour. Catalyst reduction was then initiated at 500°F



catal yst sanple. Reactor effluent anal yses we BEBE$GENE§H‘S EB S

chromat ography. Conversion and selectivity wefe| calculated {rpmthe feed
and product analyses. Table 2 shows that the §tapiIMAR 1897 t hej Pt-K-L
zeolite catal yst was significantly inproved|by high tenperatute

reducti on. Conversion after about six days qn-lstreamwas i gnificantly
hi gher for the catalysts treated at 110%7or 1150[ err] F than en the

Lo

reduction te erat re,was,.linmdted to nversion' re to the
conversion o f c*ré%at‘he AESesh §’1%%ddr¥eP% f?‘@?’?y?p’f%f?%agﬁ@el ectivity
for  aromat boatamllmg'd*ﬂcxgmn watet)cifilowinBoah the sameurated Affiem wei ght
-basi s. n hour at 500°F, the teﬁ?@%hﬁuge wasc?£f§¥§t1ﬁ@§%E§ﬂi§b Hour s
on Cbnver5|on . Select|V|ty erature %

W % sofaghapn to 900°F and malqyg ed at 900%F §pr 12 hours to

145 36otplete the &atthlyst redudtidhOfhardryout. THe catalyst 61.8
88.5 o .

500- 1150[ er rrﬁs then c%oled tol‘b@osg ;or égeé 1g'§§'%duc€:9m?.

147 44. 8 90. 6
In the second case, the same procedure was used except

that after the initial reduction at 500°F for one hour,
the temperature was raised 10°F/h to 1050°F. The
catalyst was then maintained for two days at 1050°F in
flowing hydrogen before cooling to reaction temperature.
The gas flow rate was 12 ft)/hr throughout.

The feed for the catalyst performance test was a
hydrotreated raffinate from an aromatics extraction unit
consisting of 8.5% C;, 59.5% C;, 26.3% C;, and 5.8% G*
compounds on a weight basis. This feed was also
characterized as 85.8% paraffins, 6.8% naphthenes, 6.7%
aromatics, and 0.7% unknowns by weight. The test was
carried out at a feed rate of 1.6 liquid hourly space
velocity, 100 psig, and a hydrogen to feed molar ratio of
3.0. The catalyst bed temperature was adjusted as the
run progressed to maintain 42 wt. % aromatics in the C,*
product. The combined hydrogen and naphtha feedstream
was treated to reduce its sulfur content to less than 5

ppb.

The results of the test runs are shown in Figure 2. The
catalyst fouling rates were calculated by a least squares
fit of the data obtained after 200 hours on-stream. The
catalyst'reduced/treated at 500-1050°F had about one-
fourth the fouling rate of the catalyst reduced at 500-
900°F (0.005 versus 0.020°F/h). The-staft-of—run
temperatures obtained by extrapolating the least squares
line back to start-of-run were 852°F and 847°F,
respectively. The yield of C;* product was 85 LV3% of



Run Condi ti ons: VHSV=4. 4, Herr]/HC=5.0, Tenp. HRHB/AL
-22- WHAT IS CLAIMED I S: 1. A nethod of pj EatEs
catal yst conprising a |arge- pore zeolite contai
metal, wherein said catalyst is treated with hydrg

| evel of the effluent gas bel ow 200 ppm

feed in both cases. Assuming the fouling rate is
constant and the end-of-run average catalyst temperature
is 935°F, the projected run length is about two years for
the catalyst treated at 1050°F compared to about six
months for the catalyst treated at 900°F.

Xa e 10

This example shows that the decreased coking tendencies
of the high tempefature reduced catalyst make it possible
to carry out a reforming process under previously
impractical conditions. Compared to Example 9, the
liquid hourly space velocity was increased to 1.7, the
hydrogen/hydrocarbon ratio was reduced to 2.0, the
pressure was increased to 130 psig, the aromatics content
of the C;* product was increased to 72 wt. %, and a
heavier feed was employed. Each of these changes would
be expected to increase fouling.

A feed containing 2.7% C; and lighter, 8.5% C;, 49.4% C,,
30.8% C;, and 8.7% C,* components was reformed over the
500-1050°F reduced catalyst from Example 9. The feed was
further characterized as containing 66.6% paraffins,
22.6% naphthenes, 10.5% aromatics, and 0.25% unknowns.
Over a period of about 400 hours, the fouling rate under
these conditions was 0. 018°F/h which corresponds to more
than six months run length.

Example 11

In order to limit catalyst deactivation during the high
temperature treatment, it is important to control water
vapor concentrations. This is especially important in a
commercial unit where gas-hourly-space-velocities are

. limited by compressor size. It is possible to limit the
exposure of the catalyst to water vapor at high
temperatures by using dry hydrogen, measuring the
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2. The nethod according to claim 1, wherein the f
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ef fluent gas i s maintained bel ow 100 ppmin the { JrELY : ;
1025-1275[err ] F. 3. The nmet hod according t? W@§5e nijt he
tenperature is increased at a rate between 5 anda a 4. The

met hod according to claim 1, wherein the tenperafjufle is increasef] ft a rate

bet ween 10 and 25F per hour. 5. Thrd%met hodlfaccording to claifp1,
wherein the tenperature is_slowy increased in L&Lepmuse fashion

The nethod ac®PGthge: de¥pIFmtR, zmhéF%ﬂqFQFu94ﬁ%ﬁﬁﬁtat&F@tﬂ§9sFBEF9t

i ncreased i n walues forf aabhotemperature range, and limiting the rate
of heatup to stay within the target moisture level
ranges. A commercial high temperature treatment was
simulated in a small pilot plant as follows.

.‘
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Eighty cubic centimeters of 1/16-inch catalyst extrudates
were charged to a one-inch diameter tubular reactor. The
catalyst comprised 0.65 wt% platinum, barium exchanged L-
zeoclite, and a binder. The reactor was heated by a
three-zone electric furnace. Catalyst bed temperatures
were measured by six thermocouples located in an axial
thermowell. The reaction system comprised: the reactor,
a chilled liquid-gas separator, a moisture analyzer
probe, a compressor, a recycle-gas drier, and a recycle
gas flowmeter. The moisture analyzer measured the
moisture content in the récycle gas before or after the
drier. The drier was charged with 4 & molecular sieves.

The unit was pressurized to 70 psig with dry nitrogen
containing less than 10 ppm water. The compressor was
started. Nitrogen addition was continued in order to
produce an off-gas stream and purge the system of oxygen.
After two hours, the nitrogen addition rate was reduced
until there was only a small off-gas stream. The gas
circulation rate was adjusted to maintain a gas flow over
the catalyst bed corresponding to a GHSV of about 1000 h°
1, fThe catalyst was further dried by heating the reactor
to 500°F. Water in the reactor effluent was removed by a
drier, so that the recycle gas contained less than 10 ppm
water. The temperature was ﬁeld at 500°F until the
moisture content of the reactor effluent gas dropped
below 100 ppm. -

The make-up gas was then switched from nitrogen to dry
hydrogen and the unit was pressurized to 100 psig. After
reaching 100 psig, the hydrogen addition rate was



7. The nethod'according to claim1, wherein, before a te,_r“r
1025[err]F is reached, said catalyst is treated with hyd.o:

]
| evel of the effluent gas is maintai ned bel ow 200 ppnt {
according to claim1, wherein, before a tenperature of ga- F ]
reached, said catalyst is treated w th hydrogen gas whi I[f STo [ 34 g
the tenperature from 900 to 1025[ err] F,~<afd mherein the ' !
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the catal yst diggnliaddeon rageawpguadinsted \tad ohtwtial a 6HSVapEnahkeut
1000 h'. Following hydrogen addition, there was an
increase in the water content of the reactor effluent due
to catalyst reduction. This water was removed from the
recycle hydrogen stream by the recycle-gas driers. The
reactor-inlet gas contained less than 10 ppm water. The
reactor temperature was held at 500°F until the water in
the reactor effluent again dropped below 100 ppm. The
reactor temperature was then raised 10°F/h to 900°F.
Temperature was held at 900°F until the moisture level in
the reactor effluent dropped to 20 ppm. The reactor was
then heated to 1100°F at a rate of 10°F/h. After a 3-hour
hold at 1100°F, the temperature was dropped to 800°F and
the naphtha feed was introduced.

The high temperature treated catalyst was tested with
several feeds at several different conditions. When
tested at the conditions used in Example 9, but with a
heavier feed, the fouling rate was 0.007°F/h compared to
0.025°F/h for the same catalyst.reduced in the
temperature range of from 500 to 900°F.

Example 12

A potassium L~zeolite catalyst also surprisingly benefits
from a high temperature hydrogen treatment. Platinum was
loaded onto a bound, 20-40 mesh, K-L zeolite support
using the incipient wetness impregnation method and an
agueous Pt (NH,)Cl,~H,0 solution. The impregnated material
was oven-dried at 120°F overnight and calcined at 500°F
for four hours.

In three separate experiments, one-gram of the calcined
material was loaded into a 3/16" I.D. tubular
microreactor. 1In each case, the catalyst was dried by
heating to 500°F in nitrogen flowing at a rate of 550
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10. The method according to claim9, wherein t

in the range of from0.1 to 1.5 w 1. ] The nmet hod of| pgretreating
a reformng catal yst according to claim1, er @ hMARI W9Zatfaljyst
conprises a | arge-pore zeolite is selected bm t he group qo si sting

of zeolite X, zeolite Y, and type L zeolite, bt ZE€OITTE,~or| zeol i tes
havi ng the nazzite structure. +21-Thej net hod of pretredting a

ref orm ng catal yst according to claim1, wherein said catal yst conprises

a type L ze¥Hmid.coAPathPn§ipFht experinent, the ratalystma®sod of

pretreating-a fefuded A& 68bat¥fhin oRCKPIFIdEh hhidleditRel PeaRARrN said
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14. The net hod TPFAEFE TR WER PHO°F e Bo A g°§o claim
13, wherei n sai@PR/hor gani thei adeondsand teimt tesgpemimentiss dheup consi sting

of- silica, al Wa¢¥dation procedure was the same except that the final
temperatures were 1100 and 1150°F, respectively. The
catalyst samples were held ‘at their peak temperature for
three hours, then cooled to 875°F for testing.

A C~C; raffinate stream from ‘an aromatics extraction unit
was reacted in the presence of hydrogen over each
catalyst sample. Reactor effluent analyses were obtained
by gas chromatography. Conversion and selectivity were
calculated from the feed and product analyses. Table 2
shows that the stability of the Pt-K-L zeolite catalyst
was significantly improved by high temperature reduction.
Conversion after about six days on-stream was
significantly higher for the catalysts treated at 1100 or
1150°F than when the reduction temperature was limited to
900°F. "Conversion" refers to the conversion of C,* feed
components and "selectivity" is the selectivity for
aromatics and hydrogen production. Both are calculated
on a weight basis.

TABLE 2
e =
Catalyst Reduction Hours on Conversion Selectivity
Temperature Stream Wts WS

S00-900°F 3 62.3 87.3

145 36.1 89.0

$00-1100°F 6 61.8 88.5

146 50.5 90.9

500-1150°F s 53.7 89.0

147 44.8 90.6

Run Conditions:

WHSV=4.4, H,/HC=5.0, Temp.=875°F, Pres.=50 psig
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al um nosi li cates, and cl ays. 15. The net---_
refornLng_caLalvst according to claiml1, wherei

Iar te cont ai ni ng at Ieast one G puf X
aI kal i mﬂﬁm , nmet al selected from the |
pot assi Ur\ ™ ium cal cium sodium ; pi

16. The net hod of pretreating a reformn gatalyst
18, wherein said al kaline earth netal F bariu
VITI netal is pigly R¢MCcLAIMED IS: ' —2a"

1. A method of pretreating a reforming catalyst
comprising a large-pore zeolite containing at least one
Group VIII metal, wherein said catalyst is treated with
hydrogen gas in the temperature range of from 1025 to
1275°F while maintaining the water level of the effluent
gas below 200 ppm.

2. The method according to claim 1, wherein the
moisture level of the effluent gas is maintained below
100 ppm in the temperature range of 1025-1275°F.

3. The method according to claim 1, wherein the
temperature is increased at a rate between 5 and 50°F per
hour.

4. The method according to claim 1, wherein the
temperature is increased at a rate between 10 and 25°F
per hour.

5. The method according to claim 1, wherein the
temperature is slowly increased in a stepwise fashion.

6. The method according to claim 1, wherein the
temperature is slowly increased in a ramping fashion.

7. The method according to claim 1, wherein, before
a temperature of 1025°F is reached, said catalyst is
treated with hydrogen gas while slowly increasing the
temperature from 900 to 1025°F, and wherein the water
level of the effluent gas is maintained below 200 ppm.

8. The method according to claim 1,’whereih,,before
a temperature of 1025°F is reached, said catalyst is
treated with hydrogen gas while slowly increasing the
temperature from 900 to 1025°F, and wherein the water
level of the effluent gas is maintained below 100 ppm.



17. The-—+ethed—of—pretreati-ng a reform ng catal yst according to claim 15,

wherein s fron10 1% to 35% by wei ght of al kali or -al kaline

earth net Elﬂmmmllmmﬂ to 5% by wei ght platinum 18. The met hod of
pretreating acref orhm ig e€atal yst accordit®8§-to clai m 20, wherein said

catal yst has from O. 1%to 35%by wei ght bariumand fromO0.1%to 5% by

wei ght platinum 19. The et hod of pretreatlng a reforn1n§gcatalyst

according to clainPi, FRerBehedicf @uedmpatisgnprreferning catalysty type L

zeol i te cont ai acegrd g o lk%d:m 2% bMerg.m the &@tﬂi&sﬁ)'@éﬂlﬁﬂﬁet@nd f
b) an i norga r.sele t he consi sting o
o ; ”gfaém% G’? rﬁ%% al"gs,giaﬁg“%l?ays.

-silica, alum oSS

10. The method according to claim 9, wherein the
amount of platinum is in the range of from 0.1 to 1.5 wt
%. _ _

11. The method of pretreating a reforming catalyst
according to claim 1, wherein said catalyst comprises a
large-pore zeolite is selected from the group consisting
of zeolite X, zeolite Y, and type L zeolite, beta
zeolite, or zeolites having the mazzite structure.

12. The method of pretreating a reforming catalyst
. according to claim 1, wherein said catalyst comprises a
type L zeolite containing platinum. ’

13. - The method of pretreating a reforming catalyst
according to claim 1 wherein said catalyst comprises a
large~-pore zeolite and an inorganic binder.

14. The method of pretreéting a reforming catalyst
according to claim 13, wherein said inorganic binder is
selected from the group consisting of silica, alumina,
aluminosilicates, and clays.

15. The method of pretreating a reforming catalyst
according to claim 1, wherein said catalyst comprises a
large-pore zeolite containing at least one Group VIII
metal and an alkali or alkaline earth metal selected from
the group consisting of potassium, barium, strontium,
calciuﬁ, sodium, rubidium, and cesium.

16. The method of pretreating a reforming catalyst
according to claim 18, wherein said alkaline earth metal
is barium and whereln said Group ;;I metal is platinum.
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20. The nmethod of pretreating a reformng catalyst according to claim1l,
wher ei n_sai d catatyst—eenpri ses: (a) atype L zeolite containing from

0.1% tk wei ght al kali or alkaline earth netal and from

0 1%t mmmmmmmumatl num and (b) an inorganic binder selected
fromthe drodp * + consisting of silica, alum na,

al um nosilicates, and cl ays. 21. The.gys hod of pretreating a

ref orm ng catalyst according to claim1l, wherein said catal yst conpri ses:

(a) a type L zeolitelzontTheimetHod w0 prétireadifiyby reforming WeEtHEysari um
and fro”‘o-lqbtohé@@fﬁiﬂ&”éﬂ“claim 15, wﬂgggkﬂuggié”ELtalyst has from

0.1% to 35% by weight of alkali or alkaline earth metal

and from 0.1% to 5% by weight platinum.

18. The method of pretreating a reforming catalyst
according to claim 20, wherein said catalyst has from
0.1% to 35% by weight barium and from 0.1% to 5% by
weight platinum.

19. The method of pretreating a reforming catalyst
according to claim 1, wherein said catalyst comprises:

(a) a type L zeolite containing from 0.1% to 5% by
weight platinum; and

(b) an inorganic binder selected from the group
consisting of silica, alumina,
aluminosilicates, and clays.

20. The method of pretreating é'reforming catalyst
according to claim 1, wherein said catalyst comprises:

" (a) a type L zeolite containing from 0.1% to 35% by
weight alkali or alkaline earth metal and from
0.1% to 5% by weight platinum; and

(b) an inorganic binder selected from the group
consisting of silica, alumina,
aluminosilicates, and clays.

21. The method of pretreating a reforming catalyst
according to claim 1, wherein said catalyst comprises:

(a) a type L zeolite containing from 0.1% to 35% by
weight barium and from 0.1% to 5% by wezght

platinum; and RERL AT Si&*ﬁﬁ
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- 25- .____4jn_iy1_ngngng bi nder selected fromthe group
consi st ilica, alumna, al um nosilicates, and cl ays.
22. The”!@lﬁ &m ,matl ng a reformng catalyst according to claiml1,

wherein npri ses: (a) a type L zeolite containing from
0.1%to 35% by wei ght bariumand from0.1%to 5% by wei ght
pl ati num and (b) an inorganic bindegssel ected fromthe group

consisting of silica, alum na,
(b) an inorganic binder selected from the group

consisting of silica, alumina,
aluminosilicates, and clays.

22. The method of pretreating a reforming catalyst
according to claim 1, wherein said catalyst comprises:

(a) a type L zeolite containing from 0.1% to 35% by
weight barium and from 0.1% to 5% by weight
platinum; and

(v) an inorganic binder selected from the group
consisting of silica, alumina,
aluminosilicates, and clays.

23. The method according to claim 1, wherein the
catalyst is subsequently used to reform a hydrocarbon
feedstock containing from about 5 to 15 wt % of Cy+
hydrocarbon. .

24. A method of pretreating a reforming catalyst
comprising a large-pore zeolite, wherein said catalyst is
treated with hydrogen while slowly increasing the
temperature to a temperature between 1025 and 1275°F such
that the moisture level in the reactor effluent is
maintained at a low enough level to permit the number of
acid sites on the catalyst to be adequately reduced so as
to achieve a catalyst exhibiting longer run lengths. '

25. A reforming process comprised of contacting a
hydrocarbon feed with a large pore zeolite catalyst
containing at least one Group VIII metal, wherein the
catalyst has been treated by the method according to
claim 1.

REPLACEMENT SRERT,
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alum nosilicates, and cl ays. 23. The nmethod according to claim1,
wherein the catalyst is subsequently used to reforma hydrocarbon feedstock
containing fromabout 5 to 15 wt %of Cerr]+ hydr ocar bon. 24. A

nmet hod of pretreating a reformng catalyst conprising a |arge-pore zeolite,
wherein said catalyst is treated with hyd®ogen while slowy increasing the
tenperature to a tenperature between 1025 and 1275F such that the noisture
l evel in the reactgi ef f| uent |s"na|nta|ned at a low enough IeveI to permt

the nunber of aci dEsyrSTisr ot e ratea ot BN d so as to
achi eve a catal yst exhibiting hungggommtnhegg&igEYST 25 A refornlng
process conprised of contacting a hydrocarbon feed wwth a | arge pore
zeolite catalyst containing at | east one Goup VIII netal, wherein the

catal yst has been treated by the nethod according to claiml1.

ABSTRACT OF THE INVENTION

A pretreatment process is disclosed for increasing
conversion and reducing the fouling rate of reforming
catalysts wherein the catalyst is pretreated at a
temperature from 1025°F to 1275°F in a reducing
atmosphere prior to contacting the catalyst with a
hydrocarbon feed in the presence of hydrogen.
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