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LOW TEMPERATURE REGENERATION OF
COKE DEACTIVATED REFCRMING CATALYSTS

BACKGROUND OF THE INVENTION

The subject of the present invention is a process for the
regeneration of a hydrocarbon reforming c¢atalyst which has
been deactivated due to buildup aof carbonaceous material on
the catalyst. More specifically, the present invention
provides a method for regenerating a coke deactivated
reforming catalyst by a controlled low temperature
carbon-burn procedure which results in the catalyst having

_activity, selectivity and stability characteristics

approximating, or which are even better than, the catalyst
prio¥ to the buildup of carkon. The reforming catalysts
intended to be regenerated by the process of the present
invention comprise a molecular sieve material and platinum.

Platinum containing catalysts are widely used in the oil
refining and petrochemical industries, and are particularly
important in a reforming process where paraffins, olefins
and naphthenes are converted to aromatic compounds.
Conventional reforming catalysts typically include one or
more metals, most typically platinum, dispersed on a base,
and may also include a binding agent for adding physical
support to the base, and chloride to provide an acidic

function. Typically, the catalyst base is alumina, but

raecently molecular sieve based catalysts have been found to
be effective for reforming reactions.

Catalytic compositions containing zeolites are well known in
the induétry and recently the use of L-zeolites in
combination with other specified catalytic components have
been found to be partigularly preferred for reforming. The
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has - “been deactivated due to buil dup of carbonaceous material on t he
catal yst. Mre specifically, the present invention provi des a nethod for
regenerating a coke deactivated reform ng catalyst by a controlled | ow
t enperat ure carbon-burn procedure which_gesults in the catalyst having
activity, selectivity and stability characteristics approxi mati ng, or
whi ch are even better than, the catalyst prior to the buildup of carbon.
The reform ng catal ysts I ntended to be regenerated by the process of the
pr esent Phvemramaticnponmaurdstpredudad hyi euchnateatiadytiadepheersion

02 are valuable to a refiner due to their higher octane rating,
03 and may be recovered from the reforming product for furthexr
04 processing and reaction in the petrochemical industries.
05 The L-zeolite catalysts are particularly effective for
06 converting C; and ¢, non—aromatic hydrocarbons which normally
07 boil between 125°F and 225°F, to benzene and toluene.
08
63 In the reforming process, a hydrocarbon feedstock is passed
10 through a catalyst-containing reactor in the presence of
‘11  hydrogen at an elevated temperature. In the reactor and -
12  gpon contact with the reduced or activated catalyst, some of
13 the paraffins, olefins and naphthenes in the feedstock react
14 to form a more desired, higher octane aromatic product. 1In
15 the course of typical reforming operations, the catalysts
16 will typically become deactivated due to the deposition of
17 carbonacesous material or "coke" upon the catalyst, and/or
18 gintering or poisoning of the catalytic metal particles. In
.19  commercial practice, the deactivated catalyst will then be
20 regenerated by a process which may include as a step the
21 exposing of the catalyst to an oxygen containing'gas at
22  elevated temperature (typically 950°F final burn
23  temperature) to burn the carbonaceous deposits accumulated
24  on the catalyst. However, prior to our present invention,
25 Dburning the coke off the catalyst at elevated temperatures
28 caused the catalytic metal to agglomerate, which
27 significantly lowered the activity and thus worsened the
28 performance of the catalyst. cqnsequéntly, specific steps
29 Qirected to the redispersion of the catalytic metal on the
30 base were necessary. The redispersion steps typically
31 comprise contacting the catalyst with a chloride containing
32 . gas in the presence .of oxygen and water vapor, and are- well

33 known in the art.
34
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pet r_(5§3Té?ﬁ9§§ﬁTi nd are particul ar nportant in a reformng
process where paraffins, ol efins and napht henes are converted to
aromat i ¢ conpounds. Conveni onal reform ng catal ysts typically include
one or nore netals, nost typically platinum dispersed on a base, and
may al so include a binding agent for addiqg_physical support to the
base, and chloride to provide an acidic function. Typically, the

catal yst base is alumna, but recently nol ecul ar sieve based catal ysts
have been found to be effective for reform ng reactions. Catal ytic

conposi ti onst corhayngNpatenki kes £/433ebl keued TAnuary s, ndYst £y and
recently thg usgengzarl‘ci Zeecmait.?salrtrz]ethod of regenerating a catalyst
93  comprising platinum and a non-acidic L-zeolite is described,
04 whereby the catalyst is subjected to a multi-step process,
85 the first step being exposure to a hydrogen environment,
06 followed by a carbon burn step, and then a calcination step
07 followed specitically by an oxychlorination step. The
8 regeneration method of Bernard et al. utilizes a hydration
09 - step following the oxychlorination step. In the hydration
10  step, a quantity of water is added to the cooling air.
© 11 '
12 In U.S. Patent No. 4,810,683, issued March 7, 1989, to cohn,
13 a method is described which utilizes a halogen or halogen
14 containing gas during the carbon burn step. The burning
15 step of the process of U.S§., Patent No. 4,810,683 occurred
18 necessarily in the presence of a halegen or halogen
17 containing gas and at a temperature of from 300°C to 600°C.
18 .
19 U.S. Patent No. 3,986,982, issued October 19, 1976, to
20 crowson et al., describes a method for regenerating a
21 deactivated platinum group metal-loaded zeolites by burning
22 off deposits on the catalyst with a stream of inert gas and
23 oxygen at a temperature controlled to a maximunm of 550°C.
24 Example 1 shows a stepwise burn procedure to 530°C. The
25 water content was held at 100-130 ppm. This was followed by
26 treating with a stream of an inert gas containing from 0.5
27 to 30,0 vol% oxygen and from S ta 500 ppnv chlorine as
28 chlorine gas. The resultant catalyst is purged to remove
29 rasidual oxygen and chlorine and then reduced with hydrogen.
30
33 U.S. Patent No. 4,359,400, issued November 16, 1982, to
32 G. R. Landolt et al,, describes a process whereby
33, wmultimetallic platinum containing catalysts are contacted
" 34 with oxygen containing gas at elevated temperatures to burn
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01  off coke and then treated with dry, oxygen-free hydrogen

02  halide. The catalyst is then treated with €1, containing
03 gas which is oxygen and water-free.

04

8% y.s. Patent Number 4,719,183, issued January 12, 1988 to

06 aA. 5. Krishnamurthy describes a process for rejuvenating a
97  coke-deactivated nobel metal containing zeolite catalyst,
08 The process comprises contaeting the catalyst with a mixture
09 of-oxygen and sulfur dioxide, folleowed by catalyst

10 reduction. Temperatures from 752~-840°F are preferred.

11

12 u.s. Patent No. 4,645,751, issued February 24, 1987, to

13  s. B. McCullen et al., describes a process for rejuvenating
14 a highly silicious (silica~alumina ratio of at least 20)

15 Pt zeolite catalyst wherein the Pt has become agglomerated.
16 The agglomerated catalyst is first reduced with hydrogen.
17  Following reduction the catalyst is treated with hydrogen
18 chloride and oxygen in an inert gas carrier at 400-450°C.
19

20  U.S. Patent No., 4,752,595, issued June 21, 1988, to

21 s, B. McCullen et al., describes a process for regenerating
22  a nobel-metal containing zeolite catalyst. The process

23 consists of a coke burn step followed by a low temperature
24 reduction step (212-482°F) Oxidizing conditiong for the coke
25  burn include temperatures ranging from 392-1004°F,

26 proferably 752~-950°F.

27 .

28 y.s. Patent 'No. 4,657,874, issued April 14, 1987, to

249 W. S. Borghard et al., describes a method where Pt ch a

30 highly silicious zeolite is redispersed. The process

31  comprises a coke burn followed by oxychlorination. The

32  oxygen burn step is done under conditions that are

33 sufficiently mild to prevent any alteration in the crystal
34  structura of the zeolite, Example 6 uses a temperature of
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i ndustries. The L-zeolite catalysts are particularly effective for

converting Clerr] and Cferr], non-aromatic hydrocarbons which normally boi
between 52[err]C and 107[err] C (125[err]F_gnd 225[err]F), to benzene and

t ol uene. In the reform ng process, a hydrocarbon feedstock is passed
through a catal yst-containing reactor in the presence of hydrogen at an
el evated tenperature. In the reactor and upon contact with the reduced or

activated ®atal §sa¢F.somhisfis Hthemafaliowsd by efeasirmndritapht seresn ior t he
feedstock Rpgact oy Ul Bl fideSk" €8 149008 o Ll 19OHBL! End Rligt - 1N
93  vapor such the molar ratio of water to chlorine gas. is
o4 between 0.01 and 2.0. Oxygen may also be present. The
85 rejuvenation is typically carried out at 450°C (342°F).
cé
97 U.S. Patent No. 4,851,380, issued July 25, 1989, to
€8 D, A. Van Leirsburg et al., describes a process for
0% regenerating a sulfur contaminated referming catalyst. The
1¢ process includes a platinum agglomeration step which can be
11  accomplished by contacting the catalyst with 0, between
12  800°F and 1200°F and an oXychlorination step. Pt
13 redispersion by contacting an agglomerated catalyst with
14  carbon monoxide and a sulfur free halogen acid gas.
15
16 uU.s. Patent No. 4,855,265, issued August 8, 1989, to
17 D. H. Mohr, discloses a platinum redispersion method
18 comprising a wet oxychlorination step, followed by a
19 nitrogen purge, followed by reduction.
20
21 U.s. Patent No. 4,914,068 issued april 3, 1990, to
22 V. R. Cross, describes a process for the improved retention
23  of the platinum dispersion following oxychlerination if the
24 catalyst is cooled to 430°C or preferably less than 375°C
25 prior to start of reduction. Coke was burned off the
26 catalyst gt 510°C prior to reduction.
27 _
28 Unfortunately, the presence of halogens such as chlorine or
29 fluorine or their compounds during regeneration results in
30 the formation of corrosive by-products such as HCl and
33  NH,/Cl. These compounds can cause damage to equipment used
32 in the reforming process such as heat exchangers, liquid/gas
33 geparators and reactor internals. The halogen containing
34 compounds and their products necessary for platinum
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upon the catalyst, and/or sintering or poisoning of the catalytic netal
particles. In comercial practice, the deactivated catalyst will then be
regenerated by a process which may include as a step the exposing of the
catal yst to an oxygen containing gas at el eyated tenperature (typically
510[err] C (950[err]F) final burn tenperatur®) to burn the carbonaceous
deposits accunul ated on the catal yst. However, prior to our present

I nvention, burning the coke off the catal yst at el evated tenperatures

caused the oatalpddigpRsfdn ldreAQAGRIPIEREC WBI GAL 1] ORnbieadtd Y 0Wer ed the
activity angat hg\si gg&sggegr qu}_e Eer{\or mance g% éhe %%éﬁl FSt . Conse(igent ly,
specific steps dPatyedSTHHE FaPAYR AVRIASBEE (h FATRLYFY  FRISARTATIGR ( he
base were n%gesmﬁdwe Had deesshoh incdpdet Yips owlel p£ a halogen
04 containing gas.
05
86 U.S5. Patent No. 5,073,529, issued December 17, 1991 ©To
07 Miller et al,, describes a process for regenerating a
08  coke-deactivated reforming catalyst. A two-step carbon burn
09  procedure is used wherein the catalyst is initially
10  contacted with oxygen and an inert gas at a temperature
11 ranging from 500~700°F. During the second step, the
1z catalyst is contacted with oxygen and an inert gas at a
13  temperature ranging from 850~950°F.
14
15 SUMMARY OF THE INVENTION
1¢
17 The present invention relates to a halogen-free process to
18 regenerate a coke contaminated éatalyst cbmprising platinum
19 on a molecular sieve support which process comprises
20 contacting said catalyst with an oxygen-containing gas at a
21 temperature of from 300°F to no more than about 780°F. More
22 particularly, it relates to a process to regenerate a coke
23  contaminated catalyst comprising contacting said catalyst
24  with a halogen-free oxygen-containing gas at a maximum
25  temperature of less than 780°F for a sufficient peried of
26  time such that the aromatization activity is restored to
27 within 20°F of the aromatization activity the catalyst
248 possessed at the start of the previous run cycle. By the
.29  term "aromatization activity" we mean the extrapolated
30 start-of-run temperature where the run conditions and the
31 feed as well as the aromatics yield are substantially the
32 same as in the previous run cycle. By the practice of the
33  present invention, the platinum on the catalyst remains
34 sufficiently dispersed on the support to allow for an

This Sheet Has Been Replaced

[T




WEF 17 (P Ilﬁ‘l‘ D PA 1?7) .
;?rmﬁﬁzam*ﬁn%ﬁzwszpm o TR S veog gas 0

01
02
03
04
os
06
07
08
09
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
28

27
28
29
30
31
32
33
34

activity change of not more than 20°F upon termination of -
the vegeneration procedure, and return of the catalyst to
hydrocarbon conversion service, Thus, the catalyst
aromatization activity is based upon the temperature needed
to achieve a desired constant aromatics production.
Typically, we have controlled our process to about 40 to 42
wt.% aromatics in the product, although other values may be
set, in other circumstances. Regeneration by the process of
the present invention results in a catalyst which has an
aromatization activity, as defined above, which is within
20°F of the tamperature needed in the previous run to
achieve the same constant aromatics production.

Among other factors, we have found that by limiting the
ultimate temperature in the carbon burn regeneration
procedure to a maximum temperature of less than 780°P,
preferably between 600°F to 750°F the catalyst may be
restored to an activity very close to that of the fresh
catalyst, without requiring a metal re-dispersion step. It
is further preferred the carbon burn be initiated at a
temperature of less than about 500°F and further that the
racycle gas be dried to achieve a water concentration in the
recycle gas of less than 1000 ppm water, prior to the
recycle gas entering the rsforming reactor trainm.

We have found that by avoiding addition of a halogen or
halogen containing gas during or after the carbon burn
procedure, plant deterioration due to stress cracking and
corrosion is wminimized. Further, prior to our present
invention, it was common practice to circulate 'sada ash or
wmerpholine solutions through effluent heat exchangers,
transfer lines, and liquid-gas separators during the
regeneration of reforming catalyst in order to prevent
corrosion dua to chlorides. The need to use corrosion
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L- zeollte i s described, whereby the catalyst is subjected to a nulti-step
process, the first step being exposure to a hydrogen environnent, followed
by a carbon burn step, and then a cal cination step followed speC|ficaIIy by
an oxychlorination step. The regeneration xgthod of Bernard et al. utilizes
a hydration step follow ng the oxychlorination step. In the hydration step,
a quantity of water is added to the cooling air. In U S. Patent No.

4,810, 683, issued March 7, 1989, to Cohn, a nmethod is described which
utilizes a Pl ogaribiton| sejertions is eliminated when regenerating

92  reforming catalyst by the method of the present invention.:
03 : '
04 In general, the art teaches away, i.e., describes high
05 temperature burn procedure followed by redispersiorn step or,
06 Dburn/redispersion combined. We have now, surprisingly,
97 found that if the coke burn and reductien are both done at
o8 low temperatures and with low concentration of water, the
99 regenerated catalyst has excellent activity and unexpectedly
10  long life.

-11_
12 Surprisingly, we have also found that the rate of
13 deactivation or "fouling rate" of the regenerated catalyst
14 decreases following the applicatjon of the regeneration
15 process of the present invention. Thus, a catalyst
16 regeneration procedure was discovered in which noble metal
17 does not appreciably agglomerate; eliminating the need for a
18 redispersion step, which are among the advantages of using
9 the present regeneration method on a Pt containing molecular
20 sgieve type catalyst.

22
22 ‘ DETAILED DESCRYIPTION OF THE INVENTION
23

24 As explained in the summary section above, the present

. 25  invention is a procedure for regenerating reforming
26 catalysts, comprising platinum on a molecular sieve support.
27
28 By the term "reforming" we mean the process of converting
2% paraffins, naphthenes or olefins to aromatic hydrocarbons
30 via hydrodecyclization or dehydrogenation. Feeds useful in
31 reforming typically include hydrocarbons having from six to
3z eleven carbon atoms, but these feede ean also include
33 . narrower cuts, such as a ¢, to C; cut. Indeed, the reforming
34 catalystas that can be regenerated by the process of this
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halogen or hal ogen containing gas and at a tenperature of from300[err]C to
600[err]C. " U S. Patent No. 3,986,982, issued Cctober 19, 1976, to Crowson
et al., describes a nmethod for regenerating a deactivated platinum group

met al -1 oaded zeolites .by burning off deposits on the catalyst with a stream
of inert gas and oxygen at a tenperature controlled to a maxi mum of
550[err] C. Exanple 1 shows a stepw se burn procedure to 530[err].C. The

wat er content was held at 100-130 ppm This was followed by treating with a
stream of al i nenvegidor caimivei uged runmAke él@enf?ﬂ:dlsvah%-@w gah qakd1ihem 5

to 500 ppmiogh! YonBEndis ! Fok"Exdififte, T BenkERE, 'WlhehB! B YRixtutRUM 900 1O

03  thereof can be produced by reforming hydrocarbons having six
04 to seven carbon atoms.

os i

06 The catalysts advantageously regenerated by the method of

87 this invention comprise platinum on a molecular sieve

98  support. Molecular sieves are defined as porous materials
99 which exhibit the property of acting as sieves.-on a °

10  molecular scale. The molecular sieves of most interest for
11 catalysis are those which have uniform pore sizes in the

12 4.2 to 15 Angstrom diameter range, particularly crystalline

13  materials of the aluminophosphate, aluminosilicate, and pure
14  silica types. The aluminosilicate molecular sieves include
1s zeclites and certain modified clays.

1€

17 Examples of aluminophosphate molecular sieves include

18 ALPO~5, ALPO-11, ALPO~31, ALPO-~34, and ALPO~41, as well as

19 isostructural materials containing silicon, cobalt,

20 manganese, magnesium, iron, chromium, titanium, or other

21  alements as part of the crystalline framework. 2eolite

22 molecular sieves of particular interest include zeolite

23 types X, ¥, and L, mordenite, ZSM-5, 2SM-12, ZSM-20, SSZ-25,

24 §52-26, and beta zeoclite. Examples of modified clays with

25 molecular sieving properties include pillared bentonites and

26 hectorites. Silicalite and $52-24 are examples of molecular

27 sieves composed of substantially silica. Silicalite has the

28  same crystal structure as ZSM-5 except that substantially

29  all of the aluminum atoms have been replaced with silicen

30  atoms. 8SZ-24 is the all-silica structural analog of

31  arLpo-s.

32

33

34
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Catalyst Description

In copending Application Serial No. 496,119, assigned to the
assignee of the present invention and entirely incorporated
by reference herein, an intermediate pore size c¢rystalline
silicate having a silica to alumina ratio of preferably at
least 500, is described. We have found the present catalyst
regéneration process may be advantageously used to
vegenerate the intermediate pore size crystalline silicats
catalyst, and that the present process may also be
advantagecusly applied to a mixed catalyst system comprising
the intermediate pore size crystalline silicate described in
copending Application Serial No. 496,119.

A preferred catalyst to regenefate by the process of this
invention comprises platinum on an alkaline earth or alkalil
metal exchanged, L-zeglite. It is especially preferred that
this catalyst be protected from sulfur poisoning during its
use in reforming, so that the catalyst is never contacted
with more than 100 ppb by weight sulfur in the feed. This
can be accomplished by using a sulfur converter/sorber
system as described in U.S. Patent No. 4,925,549 to Robinson
et al. The regeneration process of this invention is
especially effective on substantially sulfur free catalyst.

In addition to platinum, the catalysts regenerated by the
present invention may contain elements such as rhenium, tin,
germanium, iridium, copper, iron, cobalt, nickel, and
titanium which in certain cases may improve catalyst
selactivity or stability. ror naphtha reforming, it is
desirable that the molecular sieve catalyst have a low
acidity. Aacid sites may be neutralized by ion exchange with
alkali ions such as lithium, sodium, potassium, cesium and
rubidium ions or alkaline earth lons such as calcium,
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with CJerr] containing gas which is oxygen

and water-free. U S. Patent Nunber 4,719,189, issued January 12, 1988 to
A. S. Krishnamurthy describes a process for rejuvenating a
coke-deacti vated nobel netal containing zeolite catalyst. The process
conprises contacting the catalyst with a wiigture of oxygen and sul fur
di oxi de, followed by catalyst reduction. Tenperatures from
400[err]C—449[err]C (752- 840[err]F) are preferred.

01 nmagnesiun, strontlum, and pbarium, With zeolites, low

02 acidity may also be achieved by substituting boron for

03  aluminum in the zeolite framework; for example, boron

84 substituted beta zeolites or by using a zeollte with a.

85 silica/alumina ratio greater than 500,

°]

07 The present invention has been found to be particularly

08 effective when applied to large-pore zeolites. Large-pore

09 zeoclites are defined as zeolites having an effective pore

10 diameter of between 6 and 15 Angstroms. Aamong the

11  large-pore zeolites which have been found to be useful as

12  reforming catalysts, L-type zeolites are the most important.

13  other important zeolites include X-zeolites, Y-zeolites, .

14 mordenites, and zeolite beta.

15

16 A typical composition of L-type zeolites, expressed in terms

17 of mole ratios of oxides, may be represented as follows:

18 '

19 . (0.9~1.3)M,,0:21,0,(5.2-6.9)810,:yH,0

20 )

2} wherein M designates a cation, n represents the valance of

22 M, and y may be any value from 0 to 9. Zeolite L; its X-ray

23 diffraction pattern, its properties and method for its

24 preparation are described in detail in U.S. Patent

2% No. 3,216,789 which is hereby incorporated by reference.

26 The true formula may vary without changing the crystalline

27 structure. For example, the mole ratio of silicon to,

28  aluminum (SifAl) may vary from over a ranée which 1is

23  typically 1.5 to 3.5, but may be higher. The barium

36 exchanged form of zeolite L is particularly preferred as

31  Qescribed, for example, in U.S. Patent Nos. 4,434,311 and

32 . 4,547,472.
33

34
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(5|I|ca alumna ratio of at least 20) Pt zeolite catalyst wherein the Pt
has become aggl onerated. The agglonerated catalyst is first reduced wth
hydrogen. Followi ng reduction the c-atalyst is treated with hydrogen
chl oride and oxygen in an inert gas carrleizat 400-450[ err] C uU. S
Patent No. 4,752,595, issued June 21, 1988;“to S. B. McCullen et al.,
describes a process for regenerating a nobel-netal containing zeolite
catalyst. The process consists of a coke burn step-followed by a | ow

tenperatureoyr e!iuet EREn SAP €b0Hu 2D oy 2b6110d A 4%Rke55dd ] in +Qrdi kNG

condi tions Jf)r oxxde molar ratic may be written as:
03
04 {0.7-1,1)8a,0:A1,0,;x810,: YH,0
a8
06 wherein x is a value between 3 and §, and y may be a value
07 up to 9. Zeolite ¥ has a characteristic X-ray diffraction
98 pattern which may be employed with the above formula for
09 jidentification. Zeolite Y is described in more detail in
X U.S, Patent No. 3,130,007, U.S. Patent No. 3,130,007 is
11 hereby incorporated by reference herein to show a zeolite
12 useful in the present invention.
13
14 More recent patents disclose high silica/alumina versions of
15  zeolite ¥ produced by steaming and/or chemical extraction
16  which removes aluminum from the framework of the criglnally
17 synthesized zeolite. ¥~zeolites with framework
18 =sjlica/alumina ratios as high as 50:1 or higher may be
19  prepared by these methods, and are useful supports for the
20 reforming catalysts regenerated by the method of the prasent
21  invention.
22
23 Zeolite X is a synthetic crystalline zeolitic molecular
24  sieve which may be represented by the formula:
25
26 R (0.7-1.1)M,0:A1,0;: (2.0-3.0) Si0;:yH0
27 ]
28 wherein M represents a metal, particularly alkali ancé
29 alkaline earth metals, n is the valence of M, and y may have
30 any value up to about 8 depending upon the identity of M and
3! the degree of hyadration of the crystalline 2eolite.
32 Zeolite X, its x-ray diffraction pattern, its properties and
33 method for its preparation are described in detail in U.S.
34  patent No. 2,882,244, which is hereby incorporated by
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pr ef tkdnl 7968 52-950[ err] F). at ent No. 4,657, 874,
i.ssued April 14, 1987, to W S. Borghard et al., describes a met hod wher e
Pt on a highly silicious zeolite is redispersed. The process conprises a
coke burn foll owed by oxychlorination. The oxygen burn step is done under
conditions that are sufficiently mld to Qégvent any alteration in the
crystal structure of the zeolite. Exanple uses a tenperature of

01 reference in its entirety to show a zeolite useful in the

62 present invention. |

03

04 Zeolite beta is a known synthetic crystalline

05 aluminosilicate originally described in U.S. Patent

ae Nos., 3,308,069 and RE 28,341 to which reference is made for
07 further details of this zeolite, its preparation and

98 properties. These references describe the composition of

09 gzeolite beta in its as-synthesized form as follows:

10 '

11 [XNa(1.0£0.1-X)TEAJALO, ® ¥ (Si0, » W H0)

12

13 where X is less than 1, preferably less than 0.75, TEA

14  represents tetraethylammonium ion, Y is greater than 5 and
is less than 100, and W is up to about 4, depending on the

16 condition of dehydration and on the metal cation present.

1?7 fThese references also teach that the sodium ion may be

18 replaced by another metal ion using ion exchange techniques.
19  subsequent publications such as European Patent Applications
20  Nos. 95,304; 159,846; 159,847; and 164,939 have broadened
21 the definition of zeclite beta to include materials prepared
22 ysing templating agents other than tetraethylammonium

23 . hydroxide and materials having a 8ijAl ratio greater than

24 200. Also the Zeolite described in European Patent

28 . Application No. 55,046 (“Nu-2") and British Patent

26 Application No. 2,024,790 ("Borolite B") have structuras and
27  X-ray diffraction patterns similar to that of zeolite beta
28 and are included within the scope of the term "zeolite beta”
‘29  as used harain. )

30

31 Mordenite is a commercially available zeolite which ocdurs
32 in nature and has also been synthesized. Both "small port™
33 . and "large port" mordenites have been synthesized. The

34 mlarge port" form is preferred for catalysis and is

is Sheet Has Been Replaced

T




454] B r 993 AT i s t heRSEoPt GREEERAST r8at okt h a stregmaof
iner'g%%g‘gg%ﬁli??% EE%S Torr of chlori nfaaag%&s' g%dhs\?\/alt4\g§ vapor such the
nolar ratio of water to chlorine gas is between 0.01 and 2.0. Oxygen nay

al so be present. The rejuvenation is typically carried out at 45[err]C (842
[err]F). U S. Patent No. 4,851,380, issued July 25, 1989, to

-14—

01 described in "Zeglite Molecular Sieves" by Donald W. Breck,
02 published by John Wiley and Sons. A typical oxide

03 composition is:

o4

05 Na,0 e Al,0, ®» 9-10 $i0, ¢ 6 H,0

[+]

07 The silica/alumina ratic may be increased by extracting

08 alumina using various chemical and thermal methods similar
0% to those employed with zeolite Y.

1¢

11 The percentage of platinum in the catalyst is between 0.1%
12 and 10%, the lower limit corresponding to minimum practical
13  catalyst activity and the upper iimit to roughly the maximum
14 possible platinum utilization. Preferably, the catalyst

15 contains between 0.2 and 5.0 percent platinum. Group ViII
16 metals are introduced into a large-pore zeolite during

17  synthesis, impregnation or ion exchange in an aqueous-

38  solution of an appropriate metal salt. If it is desired to
19  introduce two Group VIII metals onto the large-pore zeolite,
20 the operation may be carried out simultaneously or

21 sequentially.

22 '

23 By way of example, platinum can be introduced by

24 impregnating the large-pore zeolite with an agueous solution
25 of tetrammineplatinum (II) nitrate (Pt (NH;).](NOs)i,

26  totrammineplatinum (IX) chloride [Pt (NH3)4)C1l2, or

27  diammineplatinum [Pt(NH,;),}(NO;);. In an ionic exchange

28 process, platinum can be introduced by using cationic

29 platinum complexes such as tetrammineplatinum (II) nitrate.
30 _

32 A binder may be used in the preparation of the catalysts.
32  An inorganic oxide is used as a matrix to bind the

3%  large~pore zeolite. This binder can be a natural or a

34 gynthetically produéed inorganic oxide or combination of
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aggl oneration step which can be acconplished by contacting the catal yst
with Qerr] between 427[err]C and 649[err] C (800F and 1200[err]F) and an
oxychlorination step. Pt redi spersion by contacting an aggl onerat ed
catal yst with carbon nonoxi de and a sul fugstree hal ogen acid gas. uU. S.
Pat ent No. 4,855, 269, issued August 8, 1989, to D. H Mohr, discloses a
pl ati num redi snersi on nmethod conprising a wet oxychlorination step,
foll owed by a nitrogen purge, followed by reduction. U. S. Patent No.
4,914, 068 g§SLuiﬁqmgpnic39xﬂg§§1 fypical inorganic oxide binders which can
02

be used include c¢lays, alumina, silica or mixtures thereof.

03 Preferable binders are alumina, silica, or mixtures thereof.
04 Acidic sites on the binder are preferably exchanged by

05 cations which do not impart strong acidity (such as sodium,
U6 potassium, rubidium, cesium, calcium, strontium or.barium).
07

08 After the desired metal or metals have been introduced, the
09 catalyst is typically calcined in air and then reduced in a
10 hydrogen environment.

11
.12 The regeneration process of the present invention may be

13 useful on catalysts in the physical form of extrusions,

14 spheres, pills, pellets, granules, broken fragments, or

1S various other shapes known in the art.

1€
17 Catalyst Use and Contamination
i3

19 The raforming catalysts regenerated by the process of the

20 prasent inventicon are used for aromatization of ¢ to g,

21  preferably C, and &, non-aromatic hydrocarbons. Accordingly,
22 a3 hydrocarbon feedstream which comprises a ¢; to ¢y

23  paraffin, olefin, or naphthene, is contacted with the

24 catalyst at aromatization conditions. Aromatization

25  conditions typically include an absolute praessure of from

26  ahout .0.5 to about 50.0 atmospheres, with the preferred

27 pressure being from about 1.0 to about’ 10.0 atmospheres, a
28  temperature of from about 800°F to about 1200°F, preferably
25  80O°F to 1050°F, and a liquid hourly space velocity of from
30  hetween about 0.1 to about 10 per hour. Preferably, ,
33  hydrogen is employed in the process. When present, hydrogen
32 pay be circulated at a rate of from about 1.0 to about 10.0
33 moles of hydrogen per mole of hydrocarbon in the hydrocarbon
34 feedstream. Feed streams entering the reforming reactors
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V. RecDis0 w2/180BaS T iBMesT B3gB0cess f BFE t FelPR taatisan of the ppatgi num
di speFEsBi-_Hrrgé SAT dhidiAox BB %ori nation if thgﬁ@gﬁ@y@? @g légtgl ed to 430[err]C
or preferably | ess than 375[err]C prior to start of reduction. Coke was
burned off the catalyst at 510[err]C prior to reduction. U. S. Patent
No. 4,600, 700 discloses a process for regenerating a coke-deactivated

catal yti c dewaxing plati num Zeolite Beta cg&glyst. WO A- 9215654

di scl oses a process for regenerating a coke~tontanm nated reform ng catal yst
conprising platinumon a nol ecul ar sieve, said process consisting
essentially of contacting said catalyst with a hal ogen- free

oxygen- cont a1 NgheaRd Me AdwCERBLGR e RfLLUPLSEnd water to pravent catalyst
02 deactivation by sulfur poisoning or platinum sintéring.

03
04 Catalyst Redgeneration Method
65 '

@6  The gradual accumulation of coke and other deactivating

07 carbonaceous deposits on the catalyst will eventually reduce
08  the activity of the catalyst and selectivity of the

09 aromatization process. Typically, catalyst regeneration

10 becomes desirable when from about 0.5 to about 3.0 wt. % or
11 wmore of carbonaceous deposits are laid down upon the

12  catalyst. At this point, it is typically necessary to take
13 the hydrocarbon feedstream out of contact with the catalyst
14 and purge the hydrocarbon conversion 2one with a suitable

5 gas stream. The catalyst regeneration method of the present
16 invention is then performed either by unloading the catalyst
17 from the conversion zone and regeneratiné in a separate

182  vessel or facility or performing regeneratioﬁ in-situ.

19 Alternatively, the catalyst may be continuously withdrawn

20 from the feactor for regeneration in a separate vessel, to
21 be returned to the reactor as in a Contintious Catalytic

22 Reformer. '

23 '

24 In fixed bed operation, it may sometimes be necessary to

25 dump the catalyst from the reactors and screen out fines in
26 order to reduce pressure drop. This typioally ocours atter
27 several years of operation. The dump and screen procedure
28  is usyally done in combination with a cafalyst regeneration.
29  First carbon is burned off the catalyst following the

30 procedures of this invention. This alsc serves to reoxidize
31  finely divided metals on the catalyst such as iron and

32 platinum. In their metallic form, these metals will rapidly
33 oxidize when exposed te air ‘and possibly ignite a fire or

34 explosion when hydrocarbons are alge present.
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activity said catal yst Possessed at the start of the previous run cycle.
Unfortunately, the presence of hal ogens-such as chlorine or fluorine or
t heir conpounds during regeneration results in

-17~

01 The catalyst is then dumped from the reactors into a
02  screening device where the fines are removed. It is then
03  reloaded into the reactors and dried by circulating nitrogen
04 through the reactors and recycle gas dryer while heating to
95 reduction temperature. When water levels in the raacter
96 effluent are sufficiently low, the catalyst is theh reduced
87  according the procedures of this invention and returned to
98  reforming service. The dryout time can be shortened and the
09  catalyst protected from water, carbon dioxide, and sulfur
10  compounds in the atmeosphere by blanketing with nitrogen or
11 dry air during the dumping, screening, and reloading
12 processes.
13
14  According to the catalyst regeneration method of the present
.15  invention, the essential step of the method incorporates a
16 lower temperature carbon burn step. The lower temperature
17  carbon burn step involves contacting the deactivated
8 catalyst with a gaseous mixture of oxygen and an inert_gas.
- 19 The oxygen is typically derived from air and an inert gas
20  serves as a diluent, such that oxygen concentration is from
21 about 21 mole $ oxygen to a lower limit which for the
22 practice of the present invention may be as low as
23 0.1 mole % oxygen. The practice of the present invention is
24 not limited to use of air, however, and higher levels of
25 oxygen may be used in methods where oxygen is supplied in &
2¢ more pure form such as from cylinders or other containing
27 means. Typical inert gases usefui in the low temperature
28 carbon burn step may include nitrogen, helium, carbon
€9 dioxide, and like gases or any mixture thereof; nitrogen
3¢ being preferred. The regeneration gases should bhe
31 substantially sulfur-free as they enter the reactor, and
32 preferably contain less than 100 part per million by volume
33  water. Because the oxygen content determines the rate of
34 burn, it is desirable to keep the oxygen content lew so as

v
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such as heat exchangers, |iquid/gas separators and reactor internals.
The hal ogen cont ai ni ng conpounds and their products necessary for

pl ati num redi spersion are highly toxic as well. Therefore, it is

hi ghly desirable to have available a catalyﬁﬁ_regeneration procedure
t hat does not include the use of a hal ogen cont ai ni ng gas. u. S
Patent No. 5,073,529, issued Decenber 17, 1991 to Mller et al.,
describes a process for regenerating a coke-deacti vated reformng

catal yst. Aouwo-gb€fce Iahafe bElid) cataliy 9t Bl lcverBedERl WY ehisihe wadal yst

s initially, conf3GLEE 0! NaRoeRi 2% ahdoiels 9 Alndn! BIRS ALY ©
03 in a manner that is both gquick and effective., We have found
04 it desirable to keep the oxygen level in the inlet to the
0s regeneration vessal between 0.2 to 4.0 mole % during the
06 practice of .the present invention to avoid thermal damage to
87 the catalyst, and still allow for the regeneration process
08 to be accomplished in a reasonable amount of time.
09
10 The low temperature carbon burn process of the present
11 regeneration method occurs at a temperature of between 300°F
12 to 780¢F. Other conditions present during the low
13 temperature carbon burn step include a pressure sufficient
14 to maintain the flow of the gaseous oxygen containing
15 mixture throeugh the catalyst zone such as a pressure of
18 Dbatween about 1.0 to 50.0 atwmospheres and preferably fronm
17 akout 2 to about 15 atmospheres, and a gas hourly space
18 wvelocity of about 100 toc about 10,000 per hour, with a
19  preferred value of about 500 to about 5,000 per hour.
20 '
21 The regeneration method of the present invention is
22 performed in a halogen-free enviromment. By halogen-free,
23 ye mean that chlorine, fluorine, bromine, or iodine or their
24  compounds including for example, hydrogen chloride, carbon
25  tetrachloride, ethylene dichloride, propylene dichloride;
26 are not added at anytime during the catalyst regeneration
27 process.
28
29 It is desirable to keep water levels low during the
30 reforming reactions and during the regeneration procedure.
31  This is especially true when temperatures are above 700°F.
32 Although short periods of time (several minutes) at water
33  levels as high as saturation can be tolerated at 700°F and
34 higher, it is desirable to avoid this high a water level.
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cat al. |s (o xygen and an |nert gas a t enperature
ranging from 454-510[err] C (850-95[err]F). . SUMVARY
OF THE | NVENTI ON The present invention relates to a hal ogen-free process
to regenerate a coke contam nated catal yst conprising platinum on a

mol ecul ar si eve support which process conpifses: (a) contacting said
catalyst with a hal ogen-free oxygen- cont ai ning gas at a maxi nmum
tenperature of |less than 416[err]C (780[err]F) said gas having a water

convent of éir Mal BPeBorVed Qubok@HinRE/ taad,i,;é@ew 'iﬂbéh@ﬂor@tﬁ?r‘c%ﬁﬁg %tne
portion of é@ld cokg uce ust %3 & sufficient péri od
of tine Séjzch 5t Fh% (ﬁﬁa Pzﬁ?‘?‘&bjﬁ‘ Pv'f”cS)‘ opdaY A deaFtnat hin

portion of the combustion gas resulting from tha contacting
04 - of the catalyst with the oxygen containing gas to a dryer
05  and recycling the dried combustion gas to the catalyst zone.
86 We have found that drying the recycle gas further reduces
07 catalytic metal agglomeration, resulting in a more active
08 regeneratad catalyst. It is preferred that water in the
0% recycle gas be reduced to less than 1000 ppmv, more
10 preferably less than 10 ppmv, prior to the gas being
11  recirculated to the catalyst zone. We have found results to
12 he best when a fresh dryer is employed just prior to the
13 beginning of and throughout the coke-burn step.
14
15  In the preferred embodiment of the present invention, the
1€ low temperature carbon burn step results in removing most of
17  the carbonaceous material from the catalyst while leaving an
18  amount of from between 0.1 to about 0.5 wt. % carbon on the
19 catalyst. Although the present invention is not limited by
20  any theory of operation, one possible explanation of the
21  resulting improved catalyst performance is that the small
22 . amount of carbon remaining on the catalysts locates at the
23 acid sites, and thus significantly decreases the fouling
24 rate of the regenerated catalyst. Surprisingly, we have
25 also found the yield of ¢+ product to increase slightly
26 after a first regeneration of the catalyst.
27
28  Purther, in-another preferred embodiment of the present
29 invention, the fixst reactor inlet temperature is increased
30  during the carbon burn in a step-wise fashion over a period
31 of about one to five days from an initial temperature of
32  less than 500°F, preferably between 300°F and $00°F to
33  achieve a final peak catalyst bed temperature of less than
34 780°F, preferably between about 600°F and 750°F.
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-7- of-run tenperature where the run conditions and the feed as
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The oxygen concentration at the first reactor inlet should
be controlled in the process of the present invention.so as
to limit exotherms and high moisture levals due to
hydrocarbon combustion. Therefore, in the practice of a
preferred embodiment of ‘the present invention, the oxygen is
maintained at a level between about 0.2 mole % and

2.0 mole ¥ in the oxygen containing gas throughout the
carbon burn-off step. During the initial stages of the
burn, it is preferred the oxygen level be maintained at a
level between 0.2 and 0.5 mole %¥. As the rate of burn
subzides, oxygen levels may ke increased to between 0.5 and
4,0 mole %.

The resulting regenerated catalyst with a portion of
carbonaceous material burned off is thereafter typically
cooled to abeut SO00°F and purged with nitrogen or another
inert gas to displace the oxygen and any water therefrom.
The exit gas is easily monitored to determine when the
catalyst zone is substantially free of oxygen and water,

After the low temperature carbon burn-off and purge, the
catalyst is activated by treatment with hydrogen. 1In the
initial reduction step, the catalyst is contacted with a
hydrogen containing stream at a temperafure of from about
300°F to about 700°F for a periocd of at least of about 0.1
to about 10.0 hours. Preferred conditions for the reduction
step are from about 400°F to about §00°F for a period from
about ¢.1 to about 2.0 hours. The pressure and gas rates
utilized in the reduction step are preferably very similar
te those above described in the low temperature carbon burn
step. Following the initial reduction, the catalyst may be
further reduced and dried by circulating a mixture of inert
gas and hydrogen while raising the temperature to between
900 and 1000°F. In the reduction step, metallic components
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run cy of the present |nvenf|o he pl ati num on the
catal yst remains suff|C|entIy di spersed on the support to allow for an
activity change of not nore than 11.1 C[err] (20F) upon term nation of the
regeneration procedure, .and return of the catalyst to hydrocarbon
conversion service. Thus, the catalyst arepmtization activity-is based
upon the tenperature needed to achieve a desired constant aromatics
production. Typically, we have controlled our process to about 40 to 42

W . Wbaronat|£§ |n th ro%%h% %%thou ot her val ues may be set, .in other
ci rcunmst ances. By ﬁ%&@&§§a¥ﬁ59ﬂ%§ BrdsEhn Harpdiingn
results in d®%at abgeneME{m chsslpst possatsestdayivdcy| vany sdaAectetiaed
above, whi ofus s whkbhikeobiBe LHSUSKILE)cPluble LETRELAL opled, 11

t he preVIou%lwnltg fc hi eve t samne omatrcs
4 alyst. Additicnally, we have found the regenerated

95 catalyst has improved stability, as measured by a decreased .
06 fouling rate. When iron oxides are present on the catalyst
07 or in the piping, it is desirable to use at least a 4:1 mole
08 ratio of nitrogen to hydrogen during the reductien and

09 dryout procedure, in order to limit the formation of NH, to
10  less then 200 ppmv.

11

12 After completing the reduction step, the temperature is

13 lowered to 800°F or less. The reforming process in which the
14  catalyst is employed may be resumed by charging the

15  hydrocarbon feedstream to the catalyst zone and adjusting

1§ the reaction conditions to achieve the desired conversion

17  and product yields.

18

19  The following examples are intended to further exemplify the
20  invention, and are not intended to limit the invention in

21  any way. '

22
23 LOW_TEMPERA REGENERATION

24

25 EXAMPLE T

26 )

27 retreatment and C ion of Naphtha Feedstock
28 )

2% A hydrocarbon feedstock was hydrotreated and dried to remove _
30 sulfur, oxygen, and water. The treated feed was stored

31 ° under nitrogen to keep it substantially free of water and

32  oxygen. The sulfur content of the hydrotreated feed was

33  about 0.1 ppmw. & gas chromatographic analysis showed the

34 following composition.
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t enperature of | ess than 416[err] C (780[err]F), preferably between
316[err]Cto 40[err]C (600[err]F to 750[err]F) the catal yst nay be
restored. to an activity very close to that of the fresh catal yst, w thout
requiring a netal re-dispersion step. It is %urther preferred the carbon
burn be initiated at a tenperature of |ess “¢fan about, 260[err]C
(500[err]F). The recycle gas is dried to achieve a mater concentration in
the recycle gas of from 100 ppmto 1000 ppmwater, prior to the recycle gas
entering the®¥eformng reactor train. W have found thes by avoiding
addi ti on of gg hal ogen or

i-pentane 0.0
03 n-pentane 6.5
04

2,2-dimethylbutane 2.2
05 2,3~dimethylbutane 3.5
06 2-methylpentane 17.9

. 3=-methylpentane 14.5

o7 n=hexane 20.0
o8

2,2-dimethylpentane 1.3
09 2,4-dimethylpentane 1.7
10 2,3-dimethylpentane 2.8

2-methylhexane 7.5
11 3~-methylhexane 8.5
12 n-tieptane 4,5
i3 ) c* paraffins 2.1
14

cyclopentane 1.2
15 methylcyclopentane 4.9
16 cyclohexane 2.0
19 methylcyclohexane 0.5
18 other ¢, -~ C; naphthenes 1.7
19 benzene 0.2
20 toluene 0.7

ethylbenzene 0.2
21 heavies 1.6
22 _
23 EXAMPTE I
24
25 irst Run Cycle Starting with Fresh Catalyst
28 '

27 Eighty cubic centimeters of fresh.reforming catalyst were
28 charged to a one-inch diameter tubular reactor. The

29 catalyst comprised platinum on barium exchanged L-zeolite
30 and a binder. The reactor was installed in a naphtha

31  reforming pilot plant inside a three-zone electrie furnace.
32 Catalyst bed temperatures were measured by six equally

33  spaced thermocoupla points located from the top to the

34 Dbottom of the catalyst bed in an axial thermowell. The
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prior to our present invention, it was comon practice to circul ate soda
ash or norpholine solutions through ef fl uent heat exchangers,
- 8-

01 pilot plant was purged and pressure tested with nitrogen,

02  Qdepressured, then pressured to 100 psig with a blend of 1.0%
03 oxygen in nitrogen and the recycle compressor started. The
04 reactor effluent passed through a chilled liguid-gas

05 separator, a moisture analyzer, a dryer eontaining 4 A

06 molecular sieves, a compresscor, a mass flowmeter, and back
07 to the reactor. The gas ¢irculation rate was adjusted to

08 0.7 standard liters per minute. A small amount of the

09 recycle gas was allowed to bleed off the recycle loop and

10 makeup oxygen/nitrogen blend was fed from a cylinder.

i _

12 The catalyst was dried by circulating the oxygen/nitrogen

13  Dblend and heating the to 500°F. The temperature was held at
14 500°F until the reactor effluent contained less than 300 ppm
15 water. The furnace temperature was then raised to €00°F and
16 held until water in the reactor effluent again was less than
17 300 ppm. Finally, the temperature was raised to 700°F and
18 held until the reactor effluent contained less than 100 ppm
1% water. The reactor was c¢ooled to 500°F and the '

20  oxygen/nitrogen makeup gas replaced with dry nitrogen. The
21 pilot plant was purged of oxygen and the pressure adjusted
22 to 70 psig with the compressor continuing to operate at the
- 23 same setting.

24 .
25 Catalyst reduction was initiated by switching the makeup gas
26  from nitrogen to hydrogen and pressuring from 70 psig up teo
27 100 psig. The compressor setting was then readjusted to
28 again obtain a circulation rate of 0.7 standard liters per
29 nminute. After holding at 500°F for an hour, the reactor

30 furnace reactor temperature was raised to 700°F at rate of
31  50°F/h. The temperature was held at 700°F until watexr in

32 the reactor effluent was less than 300 ppmv and then raised
33. to 800°F at 50°F/h. When moisture in the reactor effluent
34 again fell below 300 ppmv, the temperature was raised tao
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refor@ to prevent corrosion due to ch des. The need
te use corrosion |nh|b|tor solutions is elimnated when regenerating
reform ng catal yst by the nmethod of the present invention. I n general,
the art teaches away, i.e., describes high tenperature burn procedure
foll oned by redi spersion step or, burn/ Lggispersion conbined. W have
now, surprisingly, found that if the coke burn and reduction are both
done at | ow tenperatures and with | ow concentration of water, the

regenerated catal yst has excellent activity and unexpectedly long life.
01  900°F and held until water in the reactor effluent was less

02 than 100 ppmv. The furnace temperature was then lowered to
03  800°F and preparations where made for naphtha feed
04 introduction. This included putting a sulfur
05 converter/sorber reactor on-line in the recycle loop between
06  the naphtha feed introduction peint and the reforming
€7 reactor. The purpose of the sulfur converter/sorber was to
08 reduce sulfur compounds in the feed entering the reforming
05 reactor to below 5 ppbv.
i¢
11  The naphtha feed from Example I was fed at a rate of
12 128 mlL/h corresponding to a liguid hourly space velocity

.13  (LHSV) of 1.6 volumes of feed per volume of catalyst per
14 hour. Pressure was controlled at 100 psig by allowing
15  product hydrogen gas to exit the recycle loep through a back
1€ pressure regulator. The product hydrogen stream was
17 analyzed and the hydrogen recycle rate was adjusted to
18 obtain a hydrogen to naphtha feed molar ratio of 3.0.
19 Liguid product was collected in the separator at 60°F. A
20 level control and valve allowed the separator to drain into
21  a debutanizer still which produced a ¢;* liquid product,
22 _
23 after feed introduction, the furnace temperature was rapidly
24 raised until the catalyst aromatization activity was able to
25 produce a liquid product comprising 42 wt. % aromatics. The
26 yield of liguid product was about 85 LV% on feed.
27 Theresafter as the catalyst deactivated temperatures were
28 raised to miintain constant aromatics in the liquid product.
29
30 In order to determine aromatization activity in terms of a
31  start-of-run temperature, the following procedure was used.
32 After an injtial lineout period, the average catalyst bed
33 ° temperature was plotted against time to determine the
34  catalyst deactivation rate. Such plots are generally linear
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appllcatlon of the regeneration process of the present invention. Thus, a
cat al yst regenerati on procedure was di scovered in which noble netal

does not appreciably agglonerate; elimnating the need for a redi spersi on
step, which are anong the advantages of using the present regeneration
met hod on a Pt containing nol ecul ar si evez$ype catal yst.

DETAI LED DESCRI PTI ON OF THE | NVENTI ON As explained in the summary

section above, the present
01 and may be fitted by the least squares method. The slope of
02 the line is the catalyst deactivation rate and the
03 start-of-run temperature is defined as the zero time
04  intercept. An approximate eventual run length is estimated
65 Dby making a linear extrapolation to the end of run
06 temperature. At end of run, aromatics selectivity begins to
07 decrease and catalyst deactivation accelerates markedly.
08 The end of run temperature was expected to be 935°F for the
09 feed and run conditions above.
10
11  After startup, the pilet plant ran at constant LHSV, recycle
12 ratio, pressure, and aromatics for 658 hours. A least
13  squares fit of the reaction temperature data yielded a
i4 fouling rate of 0.026°F/h and a start-of-run temperature of
15 855°F. Assuming an end of run temperature of 935°F, the
16 eventual run length would have been about 3100 hours if the
.17 reaction conditions had remained unchanged. .
19
19 After 658 hours on-stream, reaction conditions were changed
20 in order to study process variable effects. The run
21  continued under various conditions for a total of
22 3810 hours. At the end of the run, the naphtha feed was
23 stopped and hydrogen circulation was continued while the
24 reactor furnace cooled to 500°F. The unit was then purged
25  with nitrogen an allowed to cool to ambient temperature.
26 Finally, the reactor was blocked off under nitrogen pressure
27 and the catalyst saved for a future reégeneration.
28
29
30
31
32
33
34
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By the term"reform ng" we nean the process of converting par af fins,
napht henes or olefins to aromati c hydrocarbons vi a hydrodecyclization or

dehydr ogenati on. Feeds useful in reformng typically include hydrocarbons
having fromsiix to eleven carbon atons,.Jgut these feeds can also include

narrower cuts, such as a CJerr] to (Jerr] cut. Indeed, the reformng
catal ysts that can be regenerated by the process of this

01 EXAMPLE III

02

03 First Regeneration of the Catalyst

04

05 The reactor containing the catalyst from Example II was

86 reinstalled in the pilet plant, purged with nitrogen, and
¢7 heated to reaction temperature in.-hydrogen. The reforming
08 reaction was then resumed at the original space velocity,

99 pressure, and recycle ratio to determine catalytic activity.
10  After 84 hours on stream it was determined that and an

11  average catalyst temperature of 919°F was reguired to make a
12' c;* liquid product containing 42 wt. % aromatics. The

13  catalyst had therefore aged 74°F since the start of run in
14 Bxample XI.

15

18 Hydrogen circulation continued while the naphtha fead was
17 stopped and the reactor furnace was cooled to 500°F. At

18  500¢F, the sulfur converter/sorber reactor was bypassed and
19  blocked-in and the separator drained. Recycle gas .

20  circulation contimued overnight while the recycle loop was
21  purged with nitrogen and the referming reactor cooled to

22 300°F.

23 .

24 The carbon burn was initiated at 300°F and 95 psig by

25  introducing-air and about sixty standard cubic centimeters
26 per minute of 1.0% oxygen/nitrogen blend to the recycle gas
27 stream and adjusting the aix flow to maintain about 1.0%

28 oxygen in the gas entering the reforming reactor. The

2% recycle gas rate was 1.3 standard liters per minute. The
30  air was dried with molecular sieves and metered through a
31 pass flowmeter. The oxygen/nitrogen blend was added to

32 provide enough off-gas for oxygen analysis. The molecular
33  sgieve dryer remained in the recycle loop and moisture levels
34 . wers measured before and after the dryer. Reactor inlet
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produced by reform ng hydrocarbons having six to seven carbon atons. The
catal ysts advant ageously regenerated by the nmethod of this invention

conprise platinumon a L-zeolite or silicalite nolecul ar sieve support.
Mol ecul ar sieves are defined as porous nateggrals

01 oxygen concentration was maintained at about 1.0% throughout
02 the burn. Water in the reactor inlet stream was less than
03 5 ppmv.

04 _

95  Upon introducing air an exotherm equal to about 20°F was

0¢  obtained at the front end of the catalyst bed., This was

07  attributed to the combustion of hydrocarbon vapors.in the

03 recycle gas. The exotherm subsided after several hours.

09 The furnace temperature was held at 300°F for 22 hours then
10  raised to 500°F at a rate of S0°F/h. As the furnace

il temperature was raised, the e&xotherm increased to about 25°F
12 and moved through the catalyst bed. The oxygen

13  concentration in the reactor effluent dropped to zers. By
14 the time the furnace temperature reached 500°F the exotherm
15 and oxygen consumption were decreasing again.

16

17 The furnace temperature was held at 500°F for 20.0 hours

18 then raised to §00°F at a rate of S0°F per hour. Again, the
19  burning of catalyst coke accelerated as temperature was

20 raised. The exotherm increased and oxygen in the reactor

21  effluent decreased. The exotherm peaked at about 10°F and
22 oxygen conversion peaked at about 30%. A short time after
23 the furnace temperature reached 600°F, the burning again

24 subsided.

25

26  After holding at 600°F for 22.0 hours, the furnace

27  temperature was raised 50°F/h to 700°F. This time the peak
28 exotherm was less than 5°F. After 22.0 hours at 700°F, the
29 air and exygen/nitrogen blend were shut-off. The recycle

30 gas dryer which was now loaded with water and carbon dioxide
31 was bypassed and a fresh dryer brought on-line. Gas

32 circulation continued while the recycle loop was purged with
33 nitrogen and the reforming reactor was cooled to SQ0°F.

34
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substantially silica. Silicalite has the sane crystal structure as ZSM5
except that substantially all of the alum num atons have been replaced with

silicon atons.

01 catalyst reduction was initiated at S00°F by depressuring to
02 70 psig and then pressuring up to 100 psig with hydrogen

93 while the compressor continued to operate. The makeup gas
04 was switched from nitrogen to hydrogen. The temperature was
05 held at 500°F for one~hour and then raised 4°F/h to 900°F.
06 The temperature was held at 900°F for 16 hours before

97 c¢ooling to 800°F for naphtha feed introduction.

o8 .

09 EXAM v

0

11 Catalvyst Performance After First Regeneration
12

i3 After catalyst regeneration, the naphtha reforming reaction
14 was resumed with the same conditions and feed used in

13  Example IXI. Liguid product yields were the same as before
16 regeneration and slightly better.than with fresh catalyst.
17 After 840 h on stream a least squares fit was made as before
18 to determine the start-of-run temperature and deactivation
18 rate., The start—-of-run temperature was 853%°F and the

20 catalyst deactivation rate was 0.017°F/h. Thus, the

21 catalyst activity had been restored ‘to within 4°F of fresh
22 catalyst. Surprisingly, the catalyst deactivation rate was
‘23 signifiéantly less than with fresh catalyst., The projected
24 run length was 4300 hours compared to 3100 hours for the

28 first cycle. :

26 i

27 . After determining start-of-run temperature and catalyst

28 deactivation rate, the liquid hourly space was increased to
29 3.0 and the furnace temperature was increased to obtain a
30 maximum catalyst bed temperature of 1025¢F in order to

31  accelerate catalyst fouling. After 1464 hours at these

32 conditiens, the catalyst had reached approximately end of
33 run activity and the liguid hourly space velocity was

34 reduced to the original value of 1.6. The average catalyst

LY
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i nvent i on an internediate pore size crystalline
silicate having a silica to alunmina ratio of preferably at |east 500, is
descri bed. W have found the present catal yst regeneration process may be
advant ageously used to regenerate the intgpaedi ate pore size crystalline
silicate catalyst, and that the present process may al so be

01  bed temperature to produce a liquid preduct containing
02 42 wt. % aromatics was then determined to be 933°F. The
.03 catalyst had aged 80°F from the start of the second run

04 eyala.

as _

06 EXAMPLE V

97

08 Second Regeneration of the Catalyst
09

10 At the conclusion of the run cycle described in Example 1V,
11  the naphtha feed was stopped and the reforming reactor was
12 cooled to 500°F while continuing to c¢irculate hydrogen. At
13  500¢F, the recycle loop was purged with nitrogen, the sulfur
i4  converter/sorber was taken off-line, and the separator was
15 drained. Purging continued while the reactor cocoled to

is 300°F.
17

18 The catalyst was then regenerated following substantially
19 the same procedure used in Example III.

20

21 EXAMPLE VI

22 -

23 Catalyst Performance Follbwing Second Catalvyst Regeneration
24

25 After the seéond regeneration, the reforming reaction was

26 restarted with same conditions and feed used at the start of

27  the first and second run cycles. After 660 hours, a least

28  squares fit"was again made to determine the start-of-run

29 temperature and catalyst deactivation rate. The

30 start-of~-run temperature was determined to be 874°F and tha
- 32 catalyst deactivation rate was 0.012°F/h. The projected run

32 length at these conditions was therefore about 5000 hours.

33  The start-of-run temperature had declined 13°F from the

34 start of previous run cycle, but the catalyst deactivation
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Application US-A-5052561. A preferred catalyst to regenerate by the
process of this- invention conprises platinumon an alkaline earth or
al kali netal exchanged, L-zeolite. It is especially preferred that this

catal yst be protected from sul fur poisom{ggihuing its wuse in reformng,
so that the catalyst is never contacted i'th nore than 100 ppb by wei ght
sulfur in the feed. This can be acconplished by using a sul fur
converter/sorber systemas described in U S. Patent No. 4,925,549 to

Robi nson et al ratderascagacs atdduicelr 6 C@fatObrbhestdd taint 1@Agt® haspecial ly
effective 62 SL@E%fEEEE%h yTgé”ff&ﬁiEr&F §f£fa36§$'the same as after the
63 first regenesration.

04

as EXAMPLE VIY

1

07 Regeneration without Drver
03 )

03 A coked catalyst from a 4700 hour pilot plant run was saved
10 and later returned to service at the same conditions used in
11  the previous examples. Prior te its use, the catalyst had

12 the same composition as the catalyst used in Example II.

13  After 330 hours on-stream, the average catalyst bed

14 temperature was 930°F and liquid product contained 42 wt. %
1S aromatics. The yield of liquid product on feed was

16 beginning to decline and was 85.5 LV%.

17 ,

18 at this point the naphtha feed was stopped and the reactor
19 cooled to 500°F in circulating hydrogen. At S00°F, the

20 recycle loop was purged with nitrogen and the sulfur

21  converter/sorber reactor and recycle gas dryer were bypassed
22  and the separator was drained. The pressure was adjusted to
23 85 psig. This time the carbon burn was started at S00°F.

24 air and oxygen/nitrogen hlend were added to the recycle gas
25 stream as in Examples III and V, but the oxygen cohtent at
26 the reactor inlet was adjusted to 0.5% instead of 1.0%. The
27 dryer remained bypassed throughout the burn. There was

28 compete oxygen conversion and the exotherm was about 12°F,
29 After holding at 500°F for 1.5 hours, the furnace

30 temperature was raised 25°F/h to 700°F. Oxygen breakthrough
31  ococurred when the furnace temperature reached about €40°F,
32 There was only 2 small amount of burning by the time the

a3 furnace temperature reached 700°F and the exotherm was

34 negligible. Reactor inlet oxygen level was raised to 1.0%
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|nvenfEQﬂ1 nts such as rhenium tin, germanium iridium
copper, iron, cobalt, nickel, and titaniumwhich in certain cases nay

| mprove catalyst selectivity or stability. For naphtha reformng, it is
desirable that the nol ecul ar sieve catalyst have a low acidity. Acid
sites may be neutralized by ion exchange wi_ h al kali ions such as lithium
sodi um pot assi um cesium and rubi diumions or alkaline earth ions such as

cal cium

01  and the temperature held at 700°F for 20 hours to complete
02 the burn. The exotherm during the final burn was less than
63 29F,

‘04

05 sSince the recycle gas dryer was bypassed, water built up in
06 the recycle gas during the burn until it reached saturation
07 levels in the separator. Moisture levels in the recycle gas
08 exceeded 2000 ppm well into the 700°F hold peried.

09

10  After completing the carboen burn, the recycle loop was

11 purged with nitrogen and the reactor was coocled to S00°F

12 while recycle gas circulation continued. At 500°F the dryer
13 and the sulfur converter/sorber were put back on line. When
‘a4  water in the recycle gas fell below 100 ppmv, the plant was
15 pressured up 100 psig with hydrogen to initiate catalyst

16 reduction. After an hour at 500°F, the reactor was heated
17 to 900°F at rate of 10°F/h. The reactor was held at 900°F
18 until the moisture content of the reactor effluent was less
1% than 100 ppm then cooled to 800°F for feed introduction,

20

21 . E LE VIIT

22

23 Catalyst Perform ce after Regenerating without a er
24

25 After the catalyst regeneration in Example VII, the naphtha
26 feed was restarted and the reforming reaction resumed for

27 590 hours. The feed and the run conditions were the same as
28 in Example II. Catalyst performance was not as good as

29 obtained in Examples II, IV, or VI. The start-of-run

30 temperature was 868°F and the fouling rate was 0.031°F/h.

31 - The projected run length was therefore only about

a2 2100 hours.

33

34
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exanpl e, boron substituted beta zeolites or by using a zeolite with a
silica/alumna ratio greater than 500.

_32-
o1 EXAMPLE TIX
02
03 Regene with Drve
04

05 The regeneration procedure of Example VIII was repeated with
06 another coked catalyst sample except that the recycle gas

07 dryer was employed during the carbon burn and consequently
¢8  the reactor inlet moisture levels were always less than

o9 5 ppm. The catalyst composition pricr to its use as a -

10 reforming catalyst was the same as that used in Examples II
11 and VII, '

12

13 EXAMPLE X

14 '

1s Catalyst Performance After Regeneration with Drver
16

17  The catalyst regenerated in Example IX was tested with the
18 same run conditions and feed as in Example VIII. After

19 §76 hours on-stream, the start-cf-run temperature was 862°Fr -
20 and catalyst deactivation rate was 0.019°F/hr. The

21 projected run length was 3800 hours compared to 2100 in

22 Example VIII.

23 '

24 Tha results of from Examples I to X are summarized in

25 Table 1 below.

26

27

28

29

30

31

32

a3

34
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zeolTtes are defined as zeolites having an effective pore dianeter of

between 0.6 and 1.5 nm (6 and 15 Angstrons). A typical conposition
of L-type zeolites, expressed in terns of nole ratios of oxides, may be
represented as foll ows: -33-
_ o1 TA 1
02
a3 Start of
04 Run Deactivation Projected
Description Examples Temp. °F _Rate °F/h Rup (hours)
0S
0¢ Fresh Catalyst IT 855 0.026 3100
07  First
¢a Regeneration IT-IV 859 0.017 4100
09 Second .
10 Regeneration v-VI 874 0.012 5000
11 Regeneration
42 Without Dryer  VII-VIII 868 0.031 2100
13  Regeneration . -
14 With Dryer IX-X 862 0.019 3800
1s

15 The Table clearly shows that a controlled low temperature
17 carbon-burn regeneration procedure restores most of the

18 activity present at the start of the previous run cycle and
yg that catalyst deactivation rates are significantly reduced,
20 such that several cycles are possible before there is a need
a2y for platinum redispersion. The results further show the

22 advantage in using a dryer to reduce the water cantent of
23 the recycle gas during the carbon burn. These results are
24 surprising in view of the prior art and afford the

a5 opportunity to increase cycle length and avoid the use of
26 corrosive and sometimes highly toxic halogen compounds

g» during regeneration.

.28
29
36
31
31
33

34 e e e e

This Sheet Has Been Replace

T



(0. Qﬁfﬂ‘aliﬁggé%&?“ i E‘ér“@gﬁ'err] ( BAF- é’qéf”éf‘ﬁ}éﬁﬁwwgfg‘?ﬂ@ wher ei rp, yg

desig sents the val ance o y may be any val ue
fromO to 9. Zeolite L, its X-ray diffraction pattern, its properties and
met hod for its preparation are described in detail in U S. Patent No.
3,216, 789 which is hereby incorporated by reference. The true fornula may
vary w thout changing the crystalline strucsdere. For exanple, the nole
ratio of silicon to alumnum (Si/Al) may vary fromover a range which is
typically 1.5 to 3.5, but may be higher. The barium exchanged fort of
zeolite L ig,particularly preferred as described, for exanple, in U S.

Pat ent Nos. Eﬁ 434, 311 and 4,547,472. é&ﬁiP EXAMPLE XT Q?

03 Regeneration Procedure for a large-Scale Plant
a4

05 Allowing for differences in the exotherm as compared to a

06 pilot plant, a commercial unit with four reactors in series
97  is regenerated as follows. Naphtha feed is withdrdwn and’
98 hydregen is circulated at high temperature to strip

29 hydrocarbon from the catalyst. The separatbr and knockout
10  drums are periodically drained of hydrocarbon. Hydrogen

11  circulation is continued while the reactors are cooied to

12 about 420°F. At 420°F, the recycle loop is purged with

13  pitrogen and low poeints are checked for liquid hydrocarbons.
i4¢ After periodic draining shows that little or no hydrocarbon
i85 liquids are being collected, it is advantageous to switech to
18 a fresh recycle gas dryer which is substantially free of

17 hydrocarbons and water., If there is a recycle gas sulfur

18  converter/sorber, it will be bypassed at this point,

19 |

20 when the reactor inlets are at 420°F and the level of

21  combustibles in the recycle gas is less than 2.0%, air is

22 introduced te the recycle gas stream. The oxygen level at
2% the rirat reactor inlet is adjusted to 0.5%. The burning of
24 residual combustibles in the recycle gas consumes all the

25 oxygen and results in an 80 to 125°F exotherm across the

2§ first reactor. Eventually, the vapor-phase combustibles are
27 consumed and the burn-wave moves through the reactor chain,
28 After oxygen breakthrough occurs and the exotherm subsides,
2% furnace temperatures are raised at rate of about 25°F/h

30 until peak catalyst bed temperature reaches 700°F. The

31 total exotherm at this.point is less than about 20°F. When
32 oxygen conversion across the reactor train drops to less

33  than 10%, the oxygen concentration at the reactor inlet is
34 raised to 1.0 to 4.0% and the furnace temperatures are
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o1
02
03
04
85
06
07
08
09
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

adjusted to maintain the peak catalyst bed temperatures as
close to 700°F as possible.

Temperatures are maintained at 700°F for 12 to 24 hours
before the air makeup is stopped. The recycle loop is then
purged with nitrogen and cocled to 500°F. At 500°F the
recycle gas dryers are switched again and the sulfur
converter/sorber is brought back on-line. About twice the
stoichiometric amount of hydrogen needed for reduction of
the catalyst is fed into the unit over a period of about an
hour. The unit is then partially depressured and pressured
up with hydrogen to adjust the hydrogen to nitrogen ratio to
about gne-to-four. Higher hydrogen to nitrogen ratios can
result in excessive ammonia formation, which is catalyzed by
the iron particles present in the reactor tubes. The
temperature is held at 500°F for about an hour then raised
10°F/h to 900°F. The hydrogen/nitrogen ratio is maintained
by adjusting hydrogen and nitrogen makeup rates, The
temperature is held at 200°F for at least 12 hours. When
water in the fourth reactor effluent is less than 100 ppw,
the temperature is dropped to 700°F or lower to await feed
introduction. C

EXAMPLE XIJ

Reforming With A Silicalite Catalyst/Catalyst Coking

A silicalite catalyst was produced by impregnating a dried
synthesized Silicalite powder to give 1% Pt on the
Silicalite powder, then mixing this with SAPO-11 powder to
produce a finished catalyst consisting of 25% wt SAPO-11 and
75% wt Pt Silicalite.
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bet Wé'(EB-lQ'-QBnSHTGI 4B dlly Hbe a value up to 'egﬁ 432\@ as a
characteristic X-ray diffraction pattern mhlch may be enpl oyed with the
above formula for identification. Zeolite Y is described in nore detai
U S Patent No. 3,130,007. U S. Patent No. 3,130,007
shows a zeolite useful in the present |n§%nt|on More recent patents

di scl ose high silical/alumna versions of z
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o1
02
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o4
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06
07
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09
10
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14
15
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17
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19
20
41
22
23
24
25
26
27
28
29
30
31

olite Y produced by steam ng

gin x is apwvglue

in

extraction which renoves alum numfromthe franework of the

This catalyst was used to convert hexane containing feeds te
aromatics. The feed compositions are listed in Table 3.

The conversion conditions used were a pressure of 30 psig, a
WHSV af 0.72, a hydrogen to hydrocarbon ratio of seven to
one, with the catalyst temperatures ranging from 880 to
1000°F te maintain a high product benzene level and adjust
for fouling,

EXAMPLE_XIII

Regene n_Of Sil'cal{te Catalvst

The catalyst of Example XII was repeatedly coked and
regenerated. The regeneration conditions included treating
the catalyst with low concentrations (0.5 te 2.0 wt. %) of
oxygen at 30 to 100 psig at a GHSV of 923. During
regeneration, the regeneration gases contained less than
100 ppm water.

The regeneration temperature was varied cver the range of
450 to 680°F. Regenerations below about 500°F for 16 to

24 hours were not successful in producing a catalyst having
an activity (as measured by hexane conversion) or a
selectivity (as measured by the wt. % benzene in the
product) similar to fresh catalyst. At regeneration
temperatures bhetween 550 and 680°F, aromatization activity
was restored to about that of the start 9f the run cycle.

Table'z, belaw, shows the regeneration temperatures and
timaes for several of these regenerations, along with the
activity and selectivity results. The regenerated catalyst
was able to maintain product benzene levels of about

40 wt. %, for greater than 1000 hours between regenerations.
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any sadew@o Wgy1h @e:aboets o8 sdmpendi Nng LRE YBHERTN Et Wl t he degr of
hydﬁatﬁEBﬂQI 6 $ATelichl Mlal Bm zeolite. Zeolit g,%i ﬁég%sé\ﬂég%gl ffracti oﬁ%

pattern, its properties and method for its preparition are described in
detail in U S. Patent No. 2,882,244, '

-13-
' -38=

o1 IARBLE 3
02
03 FEED COMPOSITION
04
] FEED A FEED B
o8 LIGHT NAPHTHA MODEL FEED
67
o8 COMPOTND wt. % wt. %
0s :
10 Total ¢ - 16.1 0.0
i1

Total G, 49.7 70.0
12
13 Total C; 34.2 24.0
14 N-c 12.5 , 70.0
1s

Methyl
16  cyclohexane 5.9 © 8.0
17
is

19 Feed A used for start of run.
20 Feed B used for regeneration studies,

21
22 EXAMPLE XIV

23 -

24 Effect of Raising Temperature After

25 Substantially Completing Carbon Burn at Low Temperatures
26

27 This éxample shows that temperature may be raised beyond the
28 780°F limit after substantially completing a halogen-free

29 carbon burn regeneration at lower temperatures. A platinum
3p on barium exchanged L-zeolite catalyst was used to reform a
a4 light naphtha feedstock very similar.to the one shown in -
32 Table 1 of the specification. At the end of the run, the
33 catalyst was regenerated as follows. '

a4
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whi ¢ 2/18 $5 4TS uI in e B EERRERT gZeolite bet@ is
a knovﬁatv?%g}@?i?gﬁﬁ“t e al um nosili cat ?Aor@élear?glﬁgg légSCI’I bed i nPU(fg S.
Patent Nos. 3, 308, 069 and RE 28,341 to which reference is nmade for further
details of this zeolite, its preparation and properties. These references
descri be the conposition of zeolite beta in its as -synthesized form as

foll ows: -39~

01 fThe naphtha feed was stopped. The reactor was cooled to

02 500°F while adding makeup hydrogen. After reaching 500°F,
03 the unit was purged with nitregen gas to remove

04 substantially all of the hydrogen. Any remaining ligquid

05 hydrocarbons were drained from the gas liguid separator and
06 other low points in the system. The nitrogen makeup rate

o7 was then reduced to a low laevel, the sulfur converter/sorber
08 was by-passed, and the pfessure and recycle gas rate were

09 adjusted to about 85 psig and 1000 GHSV, respectively.

10 _

11 After purging the recycle loop with nitrogen, air was added
12 through a mass flowmeter to bring the reactor inlet oxygen
13 concentration to 0.5%. After holding for twe hours at

i4 S00°F, the temperature was raised 25°F/h to 760°F while the
15  inlet oxygen level was maintained between 0.4 and 0.6%. The
16 temperature was then held overnight at 760°F with the inlet
17 oxygen level between 1.0 and 1.3%.

is

19 After 16 hours at 760°F, the carbon burn was substantially
2¢ complete as indicated by the difference between inlet and

21 oxygen concentrations which was less. than 0.05%. The

22 tempergture was then raised to 850°F and maintained at 850°F
23 for 14 hours. A small amount of additional burning occurred
24  at the high temperature but at a very low rate.

25

46 The reactor was then purged with nitrogen and a fresh

27 recycle gas dryer brought on-line while the reactor cooled
28 to 500°F, When the water level in the reactor effluent was
2% less than 100 ppm, catalyst reduction was initiated by

30 pressuring from 85 to 100 psig with hydrogen. The nitrogen
31  makeup gas was stopped and pressure was maintained at

32 100 psig by adding hydrogen makeup gas. The temperature was
33 held at S500°F for two hours and then raised 10°F/h to 900°F.
34
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[ XNei( RECK) @ED 182 75e o s3pasPerr] Y (@F(f"ef”l“]"“‘é\g?‘}g& )} ere X isplmss
t han ,1‘,'. ﬁ%épﬁm%ggg 0.75, TEA represl(:a t 'ﬁ?r@étﬁgwmni um iP'osr?,S Y
is-greater than 5 and | ess than 100, and Wis up to 4, dependi ng on
the condition of dehydration and on the netal cation present. These

ref erences al so teach that the sodiumion may be repl aced by anot her netal

I on using ion exchange techni ques. Subsequenfg.publicati ons such as European
Pat ent Applications Nos. 95,304; 159, 846; 159, 847; and 164, 939 have
broadened the definition of zeolite beta to include materials prepared
usi ng tenpl ati ng agents other than tetraethyl ammoni um hydr oxi de and

materi al s haftng Eeed vas raintrqguesdeand Hehe reforming raassipnovas cresumed

descri bed i nofkur apeahePakRat coiltioaki 9fed\dn 20rOgfekidis 2ichmphés Birid i sh
Pat ent 03 temperature was adjusted to maintain 42 wt. % aromatics in
04  the liquid product. After 1070 hours on-stream,-a
05 least-sguares plot was made of the data from 186 to
06 1070 hours. From this plot, it was determined that the
a7 start-of-run temperature was 868°F/h and the fouling rate
08 was 0.020°F/h, which compares to 850°F and 0.026°F/h,
99 respectively, for fresh catalyst. The projected run length
10 was 3350 hours c¢ompared to 3300 for fresh catalyst. The
11  regeneration was not as good as those of the previous
12 exampies where temperature was kept below 780°F but was
13 considered acceptable.
14
s
18 As can be seen by this Example, there was no improvement in
17 catalyst performance obtained by raising temperature of the
18 oxygen after substantially completing the carbon burn at a
19 temperature below 780°F. '

20

21 EXAMPLE XV

22

23 Regenégation with up to 520 ppm Water in the Recvcle Gas
24

25 This experiment shows that up to 520 ppm water can be

26 present in the recycle gas and still achieve an acceptable
27 regeneration. It is, therefore, possible although not

28 preferred to use wet air for the regeneration. Alse, one

29 wmay consider using a less expensive dessicant than molecular
30 sieves in the recycle gas dryer, such as silica-gel or

31 activated alumina. '

az

33 The catalyst from Example II was regenerated a second time
34 as follows. Preparations for the carbon burn were the same
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Ap‘),pd RECALVE mlﬁz | (Fpd a7 G8Ra¢d4Bor ol i tPABER'S} (FRAVIED ugtiud d X-ray

di ff[ggﬁﬁll%'n% Tt@r%%i n§€§ to that of zeol?ﬁ)g%;@eggéjgﬁal e incl udedP' 2
wi'thin the scope of the term"zeolite beta" as used herein. Mordenite is
a comercially avail able zeolite which occurs in nature and has al so been

synt hesi zed. Both "small port" and "large port"” nordenites have been
synt hesi zed. The "large port" formis prekgr+¥ed for catalysis and is

01 as above. Before adding air, water was added to the recycle
02 gas stream by bubbling makeup nitrogen through water .

03 contained in a small bomb. The makeup nitrogen feed rate
04 was adjusted to obtain about 500 ppmv water in the gas

05 stream entering the reactor and air was added to bring the
06 oxygen level te 0.5%. During the carbon burn, the reactor
87  inlet oxygen level was maintained between 0.4 and 0.6 and
08 the inlet water level between 420 and 520 ppmv by adjusting
0% the air and nitrogen feed rates,

10 _

11 After holding for two hours at 500°F, the temperature was
12  raised 25°F/h to 700°F while maintaining inlet oxygen levels
13 between 0.4% and 0.7%., The temperature was then held

14 20 hours at 700°F with the inlet oxygen level rising from
%9 0.6 and 1.2%. The air was then shut off and d&ry makeup

16 nqpitrogen was substituted for water-saturated nitrogen. A
7 fresh dryer was put on~line and the reactoer was cooled to
18 500°F.

19

20 When the water level in the reactor effluent was less than
21 100 ppm, the catalyst was reduced and the reforming reaction
22 resumed as in the previous example. After 600 hours,

23 on-stream, the start-of-run temperature and fouling rate

24 yere calculated to be 875°F and 0.0186°F, respectively.

25 This corresponds to a projected run length of 3225 hours,
26 which .is close to that of fresh catalyst.

27

28

29

30

31

32

33

34
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01 WHAT IS CLAIMED IS:

o2

03 1. A process for regenerating a coke-contaminated

04 reforming catalyst comprising platinum on a molecular
05 sieve, said process comprising of:

06

07 (a) contacting said catalyst in a catalyst zone with a
08 halogen-free oxygen-containing gas at a

0s temperature of less than 780°F, said gas having a
1e water content of less than about 1000 ppmv; and
11

i2 (b) oxidizing at least a portion of said coke to

13 produce a combustion gas for a sufficient period
4 ' of time such that the catalyst aromatization

s activity is restored to within 20°F of the

1 activity said catalyst possessed at the start of
17 the previous run cyclé.

18

19 2. A process for regenerating a coke-contaminated

20 reforming catalyst comprising platinum on a molecular
21 sieve, said process comprising of:

22

23 (a) contacting said catalyst in a catalyst zone with a '
24 halogen~free oxygen-containing gas at a

25 . ‘temperature of less than 780°F, said gas having a
26 . . water content of less than about 1000 ppmv;

27 )

28 ]b) oxidizing at least a portion of said coke to

23 produce a combustion gas for a sufficient period
30 of time such that the catalyst aromatization

31 . activity is restored to within 20°F of the

32 activity _said catalyst possessed at the start of
a3z the previous run cycle;

a4
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zeolite Y. The percentage of plati num.in the_catalyst--i-s-betweéen
0.1% and 10% the lower linit corresponding to mmi ‘“:““ﬁﬁ!‘j
catal yst activity and the upper limt to roughly themnmmm I bl e
platinumutilization. Preferably, the cat.ag3xst cont &i ns Hetween 0. 2
and 5.0 percent platinum Goup VIII netals are introduced into a
| ar ge-pore zeolite during synt hesi s, inpregnation or ion exchange in
an aqueous solution of an appropriate netal salt. If it is desired to
introduce t® G oup W Resaing @ deddle § RYEiIpBref A cenbustion gas

6z through a dryer to produce a dried gas having a

03 water content less than said portion of combustion

04 gas; and '

ns

06 (d) recycling at least a portion of said dried gas ¢to

07 said catalyst zone.

+1:]

09 3. A pﬁ-ocess for reganarating a coke-contaminated

10 . reforming catalyst compri'sing platinum on a molecular

i1 sieve, said process comprising of:

12

13 (a) contacting said catalyst in a catalyst zone with a

14 halogen-free oxygen-containing gas'at a

15 temperature of less than 780°F, said gas having a

16 water content of less than abhout 1000 ppuwv;

17

is (b) oxidizing at least a portion of said coke to

19 produce a combustion gas for a sufficient period

20 of time such that the catalyst aromatization

21 activity is restored to within 20°F of the

22 . activity said catalyst possessed at the start of

a3 the previcus run cycle;

24

25 (c) passing at least a portion of said combustion gas

26 . through a dryer to produce a dried gas having a

27 water content less than said portion of combustion

28 gas}

29

30 (d) recycling at least a portion of said dried gas to

31 said catalyst zone; and '

32 ' .

33, (e} reducing the regenerated catalyst by contacting

34 the catalyst with a gaseous stream containing
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can be introduce I pregnati ng the

| ar ge-pore zeolite with an aqueous sol ution of-Tetfann1ﬁep}at|nun1(l

i trat Pt ( NH ' tet
glhl g?i ge[ [Pg(Nl[-l[e;]rH[e;;]r%] g:lqu eg;] )| err]dl anm neplea[ ?Wmmmmm,[ err])
In an ionic exchange phécess, pldti hunticdh B

i ntroduced by using cationic pl ati num conpl exes such as
tetramm neplatinum (11) nitrate. A binder may be used in the

h I [
fobina the o4 Far e porkiragen: 86 it G Rhcy bt ReRe Rt MR

(Ngerr])[err].

Qa3
c4
a5
o€
07
o8
a9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

29

30
31
32
33
34

4.

5.

10.

11.

12.

700°F.

The process as recited in Claim 1, 2 or 3 wherein the
oxygen content of the oxygen containing gas is from
betwaen about 0.1 to about 21.0 male % oxygen. -

The process as recited in Claim 1, 2 or 3 wherein the
oxygen content of the oxygen containing gas is from
about 0.2 to about 4.0 mole %.

The process as recited in Claim 1, 2 or 3 wherein the
molecular sieve is a large-pore zeolite.

The process as recited in Claim 6 wherein the
large-pore zeolite is selected from the group
consisting of type-X, type-Y, beta zeolite, and
nordenita, '

The process as recited in Claim 6 whereinm the
large-pore zeollte is type~L zeolite.

The proéess as recited in Claim 1, 2 or 3 wherein the
molecular sieve is silicalite.

The process as recited in Claim 6 wherein the zeolite
further comprises an alkaline earth metal.

The process as recited in Claim 6 wherein the zeolite
further comprises boron.

The process as recited in Claim 1, 2 or 3 wherein said
catalyst is bound with a support matrix comprising
alumina, silica or mixtures thereof.
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03 13. The process as recited in Claim 3 further comprising

02 raising the temperature of the gaseous streanm

03 containing hydrogen to between 800°F and 1000°F to

04 complete the dryout and reduction.

6%

06 14. The process as recited in Claim 3 wherein the carbon

07 burn is initiated at a temperature of less than S00°F.

08

09 15. The process as recited in Claim 14 wherein the

10 temperature is escalated during the carbon burn in a

11 slow ramping fashion.

12

13 16. The process as recited in Claim 14 wherein the

4 temperature is escalated during the carbon burn in a

15 . stepwise fashion.

18

17 17. The process as recited in Claim 1, 2 or 3 wherein the

is peak catalyst temperature during the carbon burn step
. 19 is between 600°F and 750°F.

F1-

21 18. The process as recited in Claim 3 wherein prior to

22 reducing the catalyst, the catalyst is purged with an

23 inert gaseous stream.

24

23 19. The process as recited in Claim 3 further comprising:

26 ' ‘

27 {a) passing at least a portion of said gaseous stream

28 containing hydrogen through a dryer; and

29 .

30 (b) recycling a portion of said gaseocus strean

31 containing hydrogen to said catalyst zone.

a2

33 20. The process as recited in Claim 3 further comprising

34 reducing the regenerated catalyst by centacting the

This Sheet Has Been Replaced
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bi nder are preferably exchanged by cations which do not inpart strong
acidity (such as sodium potassium rubidium cesiufjy calcrum--strontium
or barium. After the desired netal or netals havg ’mr""ﬂ , the
catalyst is typically calcined in air and thea reduc ' U ﬂwﬂﬂﬁ

envi ronment . The regeneration process of the present invenfioh nay be
useful on catalysts in the physical formof extrusions, spheres, pills,
pel l ets, gragules, broken fragments, or various other shanmes known in the

art. B catalyst with a gaseous stream containing a mixture of
02 inert gas and hydrogen at a temperature between S00°F
03 and 1000°F. '
04 .
65 21. The process as recited in Claim 3 further comprising
08 reducing the regenerated catalyst by contacting the
o7 catalyst with a gaseous strean containing a mixture of
08 nitrogen and hydrogen at a temperature between $00°F
05 and 1000°F.
10
11 22. The process as recited in Claim 21 whereln the mole
12 ratio of nitrogen gas to hydrogen gas is at least 4:1.
13
14 23. A process for regenerating a coke deactivated reforming
15 catalyst, comprising:
16
17 (a) c¢ontacting a coke-contaminated L-zeolite catalyst
is with a2 halogen-free oxygen-containing gas at a
19 temperature of less than 780°F, said gas having a
20 water content between 100 and 1000 ppmv;
21 .
22 (b) owidizing at least a portion of said coke to
23 produce a combustion gas for a sufficient period
24 of time such that the aromatization activity of
28 the L-zeolite catalyst is restored within 20°F of
26 the activity said catalyst possessed at the start
217 of the previoeus run cycle; '
28
29 (¢) passing at least a portion of said combustion gas
30 through a dryer to produce a dried gas having a
31 water content less than said portion of combustion
32 - gas; .
33
34
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t he, Eg§%?§$ﬁ?h%rf§ I nvention are u?@g'%r gr ?Tal'??gzat I on of g[sgrr]
t6 (Jerr], preferably Cferr] and Cferr] non-aromatic hydrocarbons.

Accordingly, a hydrocarbon feedstream which conpri rlotogerr]
paraffin, olefin, or naphthene, is contacted with t;ﬂ'l,ﬂm#bw[m
aromati zation conditions. Aromatization ecgmnditions #ypt f&le an
absol ute pressure of from 50.7 to 5070 kPa (0.5 to 50.0 atnospheres), with
the preferred pressure being from101 to 1010 kPa (1.0 to 10.0

at nospheres a tenperature of from427 to 649[err]C (800 F to

1200[ err] F)%% preferakf) YEEYFIing % Jeast| arpqrEicodf 5234 Wy irdsgpsr$q F),
and a liquieR hourly spacesaid eatalystf zone; and

03

04 (e) reducing the regenerated catalyst by contacting
03 ' the catalyst with a gaseous stream containing

141 hydrogen at an initial temperature from 30Q0°F to
07 700¢F. ’

08

09 24,  The process as recited in Claim 23 further comprising
10 the step of purging the catalyst resulting from step
11 () with a gaseous stream comprising nitrogen prior to
12 the reduction step (c).

13

14 25, The process as recited in Claim 23 further comprising
15 the step of purging the catalyst resulting from

16 step (b} with a gaseous stream comprising nitrogen

17 prior to the reduction step {(c) and changing the

is recycle gas dryer so as to reduce carbon dioxide in the
19 . recycle gas to less than 100 ppm. l

20

21 26, The process as recited in Claim 23 wherein the

22 L-zeolite catalyst contains barium.

23 _

24 27, A reforming process wherein a reforming catalyst is

25 ) regenerated for at least two cycles by the process as
2¢ . Trecited in claim 1, 2, 3 or 23.

27 _

28 28. The process as recited in Claim 1, 2, 3 or 23 wherein
29 the catalyst is continuously withdrawn from reactors
3o for regeneration in a separate vessel, and returned to
3 the reactors.

32

33 29. A reforming process comprising contacting a hydrocarbon
4 feed with a platinum containing molecular sieve

This Sheet Has Been Replaced

AW




2]
f ronm BecEweEnz/09 @9:59 1956 apeszabaur .  Pr esherr &bl yrinteh wae0@eN 11 S enpl oyed in the
proces SEBNER Hlelebl A hyBISBen may be circul dt'ﬁgdiﬂ.aﬁl&%%ﬂﬁﬁof from P58
1.0to 10.0 nol es of hydrogen per nole of hydrocarbon in the

hydr ocarbon feedstream Feed streans entering the ref o[lm”f“'?ieae{--ms _____________

i

Mg "

o1 catalyst under reforming conditions and regenerating
o2 said catalyst in accordance with the process of
03 Claim 1, 2 or 3.
04
as
o6
07
08
Qs
10
i
12
13
14
15
16
17
ia
19
20
231
22
23
24
25
26
27
28"
29
30
31
32
33.
34
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by,.-§ul“fﬁgﬁi%6§gs§ﬁ‘i@)ﬁgg%ﬁ pfg@ﬁ&mm sintering. Eﬁm 5?3 432 12&6 Cat al yst P.%Q
Regener ati on Met hod The gradual accumul ati on of coke and ot her
deactivating -carbonaceous deposits on the catalyst will eventually reduce
the activity of the catal yst and selectiviéé(ﬁ the aromati zati on process.
Typically, catalyst regeneration becones desiTrabl e when from 0.5to

3.0 wt. %or

01 ABSTRACT OF THE INVENTION
02
03 1 process for regenerating a coke contaminated reforming
04 catalyst comprising platinum on a molecular sieve, said
05 process consisting essentially of contacting said catalyst
96 with a halogen-free oxygen-containing gas at a temperature
97 of less than 780°F for a sufficient perioed of time such that
08 the aromatization activity is restored to within 20°F.of the
09 activity said catalyst possessed at the start of the
10 previocus run cycle.
11
X2
13
14
1s
16
17
o 18
i
20
22
23
24
25
26
27
28
29
30
31
32
33
34 — —. e
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nor & of carbonaceous deposits are laid down upon the catalyst. At this

point, it is typically necessary to take the hydrocarbon. feedsiream. out._.of .
contaxlumuJJLJJuLun@u -yst—and--pur.ge the hydrocar bon’coner siorigone w it

~~~~~~

sui tjabl eRglisASEPedlit 1he ca%elysu r egener at i on: n#t hod- of.:t:he-pr asent::
I nv ﬁﬁTbn.msomhen*peﬂfdpmeﬁfelthér by unl oadi ng ¥he- catalyst fremthe
con efsrﬁmuzoneIaﬁd fegeneratifig iin a separate:vessel ;orqf. 2
per f gnmi-RginkE0eparat.i.onoiphzSi L.U. . AIternatlver, yhe ca aryst ! 4o
contjrnuoMdsiy W: paidaawn. bregdt.he. reactor_{gr regeneratlon in a separate
DA $°Wb%r%e§“f”eq“FQHEhﬁmfﬁaCtof as in a Continuaus.Catalytispfee

Ref o e xed-bed -operattdn,~ it my sometinmes. . he. necessaryulo duhp....
the catalyst fron1the reactors and screen out fines in

e LOW TEMPERATURE REGENERATION OF
heet Has Been Replaced COKE DEACTIVATED REFORMING CATALYSTS

i

The subject of the present invention is a process for the

ACKGROUND OF THE INVENTION

regeneration of a hydrocarbon reforming catalyst which has
been deactivated due to buildup of carbonaceous material on
the catalyst. More specifically, the present invention
provides a method for regenerating a coke deactivated
reforming catalyst by a controlled low temperature
carbon-burn procedure which results in the catalyst having
activity, selectivity and stability characteristics
approximating, or which are even better than, the catalyst
prior to the buildup of carbon. The reforming catalysts -
intended to be regenerated by the process of the present
invention comprise a molecular sieve material and platinum.

Platinum contaiﬁing catalysts are widely used in the oil
refining and petrochemical industries, and are particularly
important in a reforming process where paraffins, olefins
and naphthenes are converted to aromatic compounds.
Conventiocnal reforming catalysts typically include one or
more metals, most typically platinum, dispersed on-a base,
and may also include a binding agent for adding physical
support to the base, and chloride to provide an acidic
function. Typically, the catalyst base is alumina, but
recently molecular sieve based catalysts have been found to
be effective for reforming reactions.

Catalytic compositions containing zeoclites are well known in
the industry and recently the use of L-zeolites in
combination with other specified catalytic components have
been = particularly preferred for reforming. The




ordér to reduce pressure drop. This typically occyirge
qper ati on.
with a catal yst regeneration. First carbon is burpe
followi ng the procedures of this invention. This
finely divided netals on the catal yst such as iro

%bﬁﬁﬂ?ﬁ§=: ™jyears of

bt 'ndt i on
of f the cat dl yst
oO&FERSW98 redxi di ze

nd pl ati num their

The dunp and screen procedure is usually

nmetallic form these netals will rapidly oxidize en exposed-ro ajr and
possibly ignite a fire or explosion whenazhydrocarbens_are _al:so pregent.

aromatic compounds produced by such a catalytic conversion
are valuable to a refiner due to their higher octane rating,
and may be recovered from the reforming product for further
processing and reaction in the petrochemical industries.

The L-zeolite catalysts are particularly effective far
converting C, and C, non-aromatic hydrocarbons which normally
boil between 125°F and 225°F, to benzene and toluene.

In the reforming process, a hydrocarbon feedstock is passed
~through a catalyst-containing reactor in the presence of
hydrogen at an elevated temperature. In the reactor and
upon contact with the reduced or activated catalyst, some of
the paraffins, olefins and naphthenes in the feedstock react
to form a more desifed, higher octane aromatic product. In
the course of typical reforming operations, the catalysts
will typically become deactivated due to the deposition of
carbonaceous material or "coke" upon the catalyst, and/or
sintering or poisoning of the catalytic metal particles. 1In
commercial practice, the deactivated catalyst will then be
regenerated by a process which may include as a step the
exposing of the catalyst to an oxygen containing gas at
elevated'temperature (typically 950°F final burn
temperature) td burn the carbonaceous deposits accumulated
on the cafaly§t. However, prior to our present invention,
burning the'&oke off the catalyst at elevated temperatures
caused the q;ﬁalytic metal to agglomerate, which
sighificﬁﬁtif lowered the activity and thus worsened the
perforganée of'tpe catalyst. Consequently, specific steps
directed to the redispersion of the catalytic metal on the
base were necessary. The redisperéion steps typically
comprise contacting the catalyst with a chloride containing
gas in the presence of oxygen and water vapor, and are well
known in the art.
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-17’ - The catalyst is then dunped fromthe reactors into a screening
device where the fines are renoved. It is then reloaded into the reactors
and dried by circulating nitrogen through the reagtors—and-recycle gas
drver while heating to reduction tenperature. Wer REPMCEMENHS‘.HEETI he
reactor effluent are sufficiently |low, the catal yqgt gd
according the procedures of this invention and reteredq§3'.E ﬁmnl

service. The dryout time can be shortened and the jcatalyst 4) ted from
wat er, carbon di oxide, and sul fur -3~

In U.S. Patent No. 4,493,901 issued January 15, 1985 to
Bernard et al., a method of regenerating a catalyst
comprising platinum and a non-acidic L-zeolite is described,
whereby the catalyst is subjected to a multi-step process,
the first step being exposure to a hydrogen environmeat,
followed by a carben burn step, and then a calcination step
followed specifically by an oxychlorination step. The
regeneration method of Bernard et al. utilizes a hydration
step following the oxychlorination step. In the hydration
step, a quantity of water is added to the cooling air.

In U.S. Patent No. 4,810,683, issued March 7, 1989, to Cohn,
a method is described which utilizes a halogen or halogen
containing gas during the carbon burn step. The burning
step of the process of U.S. Patent No. 4,810,683 occurred
necessarily in the presence of a halogen or halogen
containing gas and at a temperature of from 300°C to 600°C.

U.S. Patent No. 3,986,982, issued October 19, 1976, to
Crowson et al., describes a method for regenerating a
deactivated platinum group metal-loaded zeolites by burning
off deposits on the catalyst with a stream of inert gas and
-oxXygen at a temperature controlled to a maximum of 550°C.
Example 1 shows a stepwise burn procedure to 530°C. The
water content was held at 100-130 ppm. This was followed by
treating with a stream of an inert gas containing from 0.5
to 20.0 vol% oxygen and from 5 to 500 ppmv chlorine as
chlorine gas. The resultant catalyst is purged to remove
residual oxygen and chlorine and then reduceg with hydrogen.

U.S. Patent No. 4,359,400, issued November 16, 1982, to

G. R. Landolt et al., describes a process whereby
multimetallic platinum containing catalysts are contacted
with oxygen containing gas at elevated temperatures to burn
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conpounds in the atnosphere by bl anketing with nitrogen or dry air during
t he dunpi ng, screening, and rel oading processes. C ] the

catal yst regeneration nmethod of the present invertﬁgﬁvﬁgwghtg%@gTial step
of the method incorporates a |ower tenperature cadrlpon burn step.| The | ower
tenperature carbon burn step involves contacting|the OSFER woged [catal yst
W th a gaseous m xture of oxygen and an inert gas] }The oxygen i g tiypically
derived fromair and an inert gas serves e&-a difju : - gxygen
concentration is from about 21 nole % oxygen to é lower limt whigh for
the practice of the present I nvention may be as low as 0.1 nole % oxygen.
The practice of rese I nvention is_ not limted to use of air,
however . and rﬁ{#] then treated with dry, oxygen-free hydrogen

hallde. The catalyst is then treated with Cl, containing

gas which is oxygen and water-free.

U.S. Patent Number 4,719,189, issued January 12, 1988 to

A. S. Krishnamurthy describes a process for rejuvenating a
eoke-deactivated nobel metal containing zeolite catalyst.
The process comprises contacting the catalyst with a mixture
of oxygen and sulfur dioxide, followed by catalyst
reduction. Temperatures from 752-840°F are preferred.

U.S. Patent No. 4,645,751, issued February 24, 1987, to

S. B. McCullen et al., describes a process for rejuvenating
a highly silicious (silica-alumina ratio of at least 20)

Pt zeolite catalyst wherein the Pt has become agglomerated.
The agglomerated catalyst is first reduced with hydrogen.
Following reduction the catalyst is treated with hydrogen
chloride and oxygen in an inert gas carrier at 400-450°C.

U.S. Patent No. 4,752,595, issued June 21, 1988, to

S. B. McCullen etlal., describes a process for regenerating
a nobel-metal containing .zeolite catalyst. The process
consists of a coke burn step followed by a low temperature
reduction step (212-482°F) Oxidizing conditions for the coke
burn include temperatures ranging from 392-1004°F,
preferably 752-950°F.

U.S. Patent No. 4,657,874, issuéd April 14, 1987, to

W. S. Borghard et .al., describes a method where Pt on a
highly silicious zeolite is redispersed. The process
comprlses a coke burn followed by oxychlorination. The
oxygen burn step is done under conditions ‘that are
suftic;ently mlld to prevent any alteration in the crystal
structure of the zeolite. Example 6 uses a temperature of
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oxygen may be used in methods where oxygen is suppLLed_Ln_a_mane_puLe form
such as fromcylinders or other containing means. |cal |nert gases

useful .

in the | ow tfe a-Ben burn step nay
hel ium carbon dio igg‘sm wEﬁTl&iEﬁhs S or any m xtur ogen
being preferred. Th egener at 1 on es shoul d be su

(7))

sul fur-free as theylent @5 Fpg xi%ctor, and contain from 1000ppm/ to
X

1000ppnv water. Begapse the o
is desirable to kee

er] qontent deternm nes the rate of bur n,
it ¢nt |§MISO as

850°F. This is then followed by treating with a stream of
inert gas containing 6 to 15 Torr of chlorine gas and water
vapor such the molar ratio of water to chlorine gas is
between 0.01 and 2.0. Oxygen may also be present. The
rejuvenation is typically carried out at 450°C (842°F).

U.S. Patent No. 4,851,380, issued July 25, 1989, to

D. A. Van Leirsburg et al., describes a process for
regenerating a sulfur contaminated reforming catalyst. The
process includes a platinum agglomeration step which can be
accomplished by contacting the catalyst with O, between
800°F and 1200°F and an oxychlorination step. Pt _
redispersion by contacting an agglomerated catalyst with
carbon monoxide and a sulfur free halogen acid gas.

U.S. Patent No. 4,855,269, issued August 8, 1989, to
D. H. Mohr, discloses a platinum redispersion methed
comprising a wet oxychlorination step, followed by a
nitrogen purge, followed by reduction.

U.S. Patent No. 4,914,068 issued April 3, 1990, to

V. R. Cross, describes a process for the improved retention
of the platinum dispersion following oxychlorination if the
catalyst is cooled to 430°C or preferably less than 375°C
prior to start of reduction. Coke was burned off the
catalyst at 510°C prior to reduction.

Unfortunately, the presence of halogens such as chlorine or
fluorine or their compounds during regeneration results in
the formation of corrosive by-products such as HCl and
NH,Cl. These compounds can cause damage to equipment used
in the reforming process such as heat exchangers, liquid/gas
separators and reactor internals. The halogen containing
compounds and their products necessary for platinum



- 18- not to danage the catal yst by overheati Nng .ald. Causiiagioirah
aggl oneration, while still conducting the carbon bJ!’REPE’EAQE‘MENT SHEEN

er that
is both auick and- effective. W have found it de$ t He
oxygen level in the inlet to the regeneration vesseg 4.0
nole % during the practice of the present inventio damage

to the catalyst, and still allow for the regenerati
acconplished in a reasonabl e anpbunt of 19 Tre.

redispersion are highly toxic as well. Therefore, it is
highly desirable to have available a catalyst regeneration
procedure that does not include the use of a halogen
containing gas.

U.S. Patent No. 5,073,529, issued December 17, 1991 to
Miller et al., describes a process for regenerating a
coke~deactivated reforming catalyst. A two-step carbon burn
procedure is used Qherein the catalyst is initially
contacted with oxygen and an inert gas at a temperature
ranging from S500-700°F. During the second step, the
catalyst is contacted with oxygen and an inert gas at a
temperature ranging from 850-950°F.

SUMMARY OF THE INVENTION

The present invention relates to a halogen-free process to
regenerate a coke contaminated catalyst comprising platinum
on a molecular sieve support which process comprises
contacting said catalyst with an oxygen-containing gas at a
temperature of from 300°F to no more than about 780°F. More
particularly, it relates to a process to regenerate a coke
contaminated catalyst comprising contacting said catalyst
with a halogen-free oxygen-containing gas at a maximum
temperature of less than 780°F for a sufficient period of
time such that the aromatization activity is restored to
within 20°F of the aromatization activity the catalyst
possessed at the start of the previous run cyéle. By the'
term “"aromatization activity" we mean the extrapolated
start-of-run temperature where the run conditions and the
feéd ;s_yei}:qs_the aromatics yield are substantially the
séme'as iﬂ-thg previous run cycle. By the practice of the
present invention, the platinum on the catalyst remains
sufficiently'dispersed on the support to allow for an
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Thé | ow tenperature carbon burn process of the present

occurs at at
780[err]F).
step include
oxygen cont ai
between 101
to 1520 kPa (
100 to

5, 000 per

hout-
performed in a hal ogen-free environnent.

regeneration nethod
en |49[err]C to 416{err]T (300[err]F to
NREPLACEMENT SHEETpjesent during the | owfafipeaatnsenRepiacebon burn

gssure suffilcilent to maintain the fI ous
ojgh the catal yst zone igﬂ“) ure of
tlo 50. 0 at nospheres) a y from 203

ISR FERL R ¢
s), and a gas hourly space velocity of

o 15 errncn' r

0,000 per hour, Mith a preferred val ue of 500 to
i on method of the present invention is

By hal ogen-free,

activity change of not more than 20°F upon termination of
the regeneration procedure, and return of the catalyst'to

hydrocarbon conversion service.

Thus, the catalyst

aromatization activity is based upon the temperature needed

to achieve a desired constant aromatics production.
Typically, we have controlled our process to about 40 to 42

wt.
set,

% aromatics in the product, although other values may be
in other circumstances. Regeneration by the process of

the present invention results in a catalyst which has an
aromatization activity, as defined above, which is within
20°F of the temperature needed in the previous run to
achieve the same constant aromatics production.

Among other factors, we have found that by limiting the
ultimate temperature in the carbon burn regeneration

procedure to a maximum temperature of less than 780°F,
preferably between 600°F to 750°F the catalyst may be
restored to an activity very close to that of the fresh

catalyst, without requiring a metal re-dispersion step.

It

is further preferred the carbon burn be initiated at a
temperature of less than about 500°F and further that the

recycle
recycle
recycle

be dried to achieve a water concentration in' the
of less than 1000 ppm water, prior to the
entering the reforming reactor train.

gas
gas
gas

We have found that by avoiding addition of a halogen or

halogen

containing gas during or after the carbon burn

procedure, plant deterioration due to stress cracking and

corrosion is minimized.

Further, prior to our present

invention, it was common practice to circulate soda ash or

morpholine solutions through effluent heat exchangers,

transfer lines, and liquid-gas separators during the

regeneration of reforming catalyst in order to prevent

corrosion due to chlorides.

The need to use corrosion



we nean that chlorine, fluorine, bromne, or iodine or their conpounds

i ncl udi ng for exanple, hydrogen chloride, carbon tetracizgt"
@&ﬁf

di chl ori de, propylene dichloride; are not added at anyti

catal yst regeneration process. It is desirable to keed Jater |evels

during the reform ng reactions and during the regenerati

is especially true when tenperatutes arg_above 37I[err] ¢
Al t hough short periods of tine (several mnutes) at watdgr

NPT

on

PO SFEBN
700[err]T).

998 Thi

vetsTas hig

saturation can be tolerated at. 371C (700[err]F) and higher, it is

desirable to avoid this high a water |evel

PW

v)

0 S

inhibitor solutions is eliminated when regenerating

reforming catalyst by the method of the present invention.

In general, the art teaches away, i.e., describes high

temperature burn procedure followed by redispersion step or,

burn/redispersién combined. We have now, surprisingly,

found that if the coke burn and reduction are both done at

low temperatures and with low concentration of water, the

regenerated catalyst has excellent activity and unexpectedly

long life.

Surprisingly, we have also found that the rate

of

deactivation or "fouling rate" of the regenerated catalyst
decreases following the application of the regeneration

process of the present invention. Thus, a catalyst

regeneration procedure was discovered in which noble metal
does not appreciably agglomerate; eliminating the need for a
redispersion step, which are among the advantages of using

the present regeneration method on a Pt containing molecular

sieve type catalyst.

D _DESC ON _OF TH NV ION

As explained in the summary section above, the

present

invention is a procedure for regenerating reforming -

catalysts, comprising platinum on a molecular sieve support.

By the term "reformihg" we mean the process of converting

paraffins, naphthenes or olefins to aromatic hydrocarbons

via hydrodecyclzzatlon or dehydrogenation. Feeds useful in
'reformzng typlcally include hydrocarbons having from six to

--‘

elevén carbon atoms, but these feeds can alsc include
narrower cuts, .such as a C, to C; cut. Indeed, the reforming -
catalysts that can be regenerated by the process of this

cet Has Been Replaced
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-19- A preferred enbodi mrent of the present invention includes the
use of a dryer in conbination with flowng at |east a portion of the

conmbustion gas resulting fromthe contacting of the.catalyst with fhe
oxygen ccntaining gas to a dryer REPLACEMENT SHEET

05 FEB 1998

invention can be used to make chemicals as well as gasoline
components. For example, benzene, toluene or mixtures
thereof can be produced by reforming hydrocarbons having six
to seven carbon atoms.

The catalysts advantageously regenerated by the method of
this invention comprise platinum on a molecular sieve
support. Molecular sieves are defined as porous materials
which exhibit the property of acting as sieves on a
molecular scale. The molecular sieves of most interest for
catalysis are those which have uniform pore sizes in the

4.2 to 15 Aﬁgstrom diameter range, particularly crfstalline
materials of the aluminophosphate, aluminosilicate, and pure
silica types. The aluminosilicate molecular sieves include
zeolites and certain modified clays.

Examples of aluminophosphate molecular sieves include
ALPO-5, ALPO-11, ALPO-31, ALPO-34, and ALPO-41l, as well as
isostructural materials containing silicen, cobalt,
‘manganese, magnesium, iron, chromium, titanium, or other
elements as part of the crystalline framework. 2Zeolite
molecular sieves of particular interest include zeolite
types X, ¥, and L, mordenite, ZSM-5, ZSM-12, 2SM-20, SS§Z2-25,
§SZ-26, and beta zeolite. Examples of modified clays with
molecular sieving properties include pillared bentonites and
hectorites. Silicalite and SSZ-24 are examples of molecular
sieves composed of substantially silica. Silicalite has the
same crystal structure as ZSM-5 except that sub;tantially'
all of the aluminum atoms have been replaced with silicon
atoms. SSZ-24 is the all-silica structural analog of
ALPO-5.
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and recycling the dried conbustion gas to the catal yst zone. we have
found that drving the recycle gas further reduces catalytic nmetal agg
‘omer at i on, resulting in a nore active regener at ed g¢eatalyst—Mater- jn the
recycle gas is reduced to from 100 ppnv to 1000 ppnv, RH%ACEMENTSHEET
prior to the gas being recircul ated to the catal ys§ rForme—We—have~f qund
results to be best when a fresh dryer is enployed just pﬁgggﬁbg the

begi nni ng of and throughout the coke- bugg- step. n

enbodi nent of the oresent invention, the. |ow tenpelatwe _carhop b rqg step
results in renoving nost of t he carbonaceous materfal fromthe cataljyst
whi |l e | eavi ng an anmount of frombetween 0.1 to on on

the catalyst. Although the peatalyst Pesgniption not linited by

In copending Application Serial No. 496,119, assigned to the
assignee of the present invention and entirely incorporated
by reference herein, an intermediate pore size crystalline
silicate having a silica to alumina ratio of preferably at
least 500, is described. We have found the present catalyst
regeneration process may be advantageously used to
regenerate the intermediate pore size crystalline silicate
catalyst, and that the present process may also be
advantageously applied to a mixed catalyst system comprising
the intermediate pore size crystalline silicate described in
copending Application Serial No. 496,119.

A preferred catalyst to regenerate by the process of this
invention comprises platinum on an alkaline earth or alkali
metal exchanged, L-zeolite. It is especially preferred that
this catalyst be protected from sulfur poisoniné during its
use in reforming, so that the catalyst is never contacted
with more than 100 ppb by weight sulfur in the feed. This
can be accomplished by using a sulfur converter/sorber
system as described in U.S. Patent No. 4,925,549 to Robinson
et al. The regeneration process of this invention is
especially -effective on substantially sulfur free catalyst.
In addition to platinum, the catalysts regenerated by the
present invention may contain elements such as rhenium, tin,
germanium, iridium, copper, iron, cobalt, nickel, and '
titanium which in certain cases may improve catalyst
selectivity or stability. For naphtha reforming, it is
desirable that the molecular sieve catalyst have a low
acidity. Acid sites may be neutralized by ion exchange with
alkali ions such as lithium, sodium, potassium, cesium and
rubidium ions or alkaline earth ions such as calcium,
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any{theory of operation, one possible explanation of the resul ting
l.mproved catal yst perfornmance is that the small anount of carbon
remai ning on the catalysts |locates at the acid sites, and thus

significantly decreases the fouling rate of the r€g 4 Sit .
Surprisingly, we have al so found the yield of (Jefr ﬂﬁ&&%@g@f%ﬁggfncrease
slightly after a first regeneration of the catal y$t. Further,{ i

anot her preferred enbodi nent of the present i nventi ¢n,0% FEF 1998t I ejact or
inlet tenperature is increased duri ngl¥re carbon Buin in a step-w ge

fashi on over a period of about one to five days fhRorramTnrtTat
t enper at ure of | ess than 260[err]C (500[err]F), preferably between

149[err]C a r] rl.E , .and 500[ erL]F .agchieyve a final peak
cat al yst heﬁg?’g%%%r%gt ugte“g%'?%'g’&s's "‘F‘r’?ar?anﬁ‘f%[ e??‘]gé %7%8%%%] w .preferably
bet ween aboacidityemay Grlsnl b@Hahidgved dg0sabstituhingsbpren] for

aluminum in the zeolite framework; for example, boron

substituted beta zeolites or by using a zeolite with a
silica/alumina ratio greater than 500.

The present invention has been found to be particularly
effective when applied to large-pore zeolitesf Large-pore
zeolites are defined as zeolites having an effective pore
diameter of between 6 and 15 Angstroms. “Among the
large-pore zeolites which have been found to be useful as
reforming catalysts, L-type zeolites are the most important.
Other important zeolites include X-zeolites, Y-zecolites,
mordenites, and zeolite beta.

A typical composition of L-type zeolites, expressed in terms
of mole ratios of oxides, may be represented as follows:

(0.9-‘1.3)MZ,HO:A1203(5.2-6.9)SiOZ:YHZO

wherein M designates a cation, n represents the valance of
M, and y may be any value from 0 to 9. Zeclite L, its X-ray
diffraction pattern, its properties and method for its
preparation are described in detail in U.S. Paten;

No. 3,216,789 which is hereby incorporated by reference.
The true formula may vary without changing the crystalline
structure. For example, the mole ratio of silicon to
aluminum (Si/Al) may vary from over a range which is
typically 1.5 to 3.5, but may be higher. The barium
exchanged form of zeolite L is particularly preferred as
described, for.example, in U.S. Patent Nos. 4,434,311 and
4,547,472.
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- 20 - The oxygen concentration at the first:reactor
controlled in the process of the present inventf

-12-

The chemical formula for zeolite Y expressed in terms of
oxide molar ratioc may be written as:

(0.7-1.1)Na,0:A1,0,:xS10,:yH,0

wherein x is a value between 3 and 6, and y may be a value
up to 9. 2Zeolite Y has a characteristic X-ray diffraction
pattern which may be employed with the above formula for
identification. Zeolite Y is described in more detail in
U.S. Patent No. 3,130,007. U.S. Patent No. 3,130,007 is
hereby incorporated by reference herein to show a zeoclite
useful in the present invention.

More recent patents disclose high silica/alumina versions of
zeolite Y produced by steaming and/or chemical extraction
which removes aluminum from the framework of the originally
synthesized zeolite. Y=zeolites with framework
silica/alumina ratios as high as 50:1 or higher may be
prepared by these methods, and are useful supports for the
reforming catalysts regenerated by the method of the present
invention.

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

(0.7~1.1)Mp,0:AL,0,: (2.0-3.0)Si0,:yH;0

wherein M represents a metal, particularly alkali and
alkaline earth metals, n is the valence of M, and y may have
any value up to about 8 depending upon the identity of M and
the degree of hydration of the crystalline zeolite.
Zeclite X, its x-ray diffraction pattern, its properties and
method for its preparation are described in detail in U.S.
Patent No. 2,882,244, which is hereby lncorporated by
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to [imt exotherns and high noisture |levels due t

car bon conbustion

Therefore, in the practice of a preferred enbodi nj

i nvention, the oxygen is maintained at a | evel be e le %

and 2.0 nole % in the oxygen containing gas throughpujf the carbo ur n- of f
step. During the initial stages of the burn, it ip fpr EBd99ghe] oxygen

| evel be maintained at a | evel between 0.2 and 0.{5 e % As th ate of

burn subsi des, oxygen |l evels nay be inckgased to jbet ween O. 40 nol e
% The resulting regenerated catal yst with a port+~en-ofi_carbonaceous

material burned off is thereafter tylically cool
(500[err]F) and purged with nitrogen or another

ed to about 260[err]C
nert gas to displace the

oxygen and argfewxange tireridls @mtirety to show a zeolite useful in the

present invention.

Zeolite beta is a known synthetic crystalline

aluminosilicate originally described in U.S. Patent

- Nos.

3,308,069 and RE 28,341 to which reference is made for

further details of this zeolite, its preparation and

.properties. These references describe

the composition of

zeolite beta in its as-synthesized form as follows:

[XNa(1.0%0.1-X)TEA]JAlO, ¢ Y (Si0, ® W H,0)

where X is less than 1, preferably less than 0.75, TEA
represents tetraethylammonium ion, ¥ is. greater than 5 and

less than 100, and W is up to about 4,

depending on the

condition of dehydration and on the metal cation present.

These references also teach that the sodium ion may be

replaced by another metal ion using ion exchange techniques.
Subsequent publications such as European Patent Applications

Nos. 95,304; 159,846;

155,847; and 164,

939 have broadened

the definition of zeolite beta to include materials prepared
using templating agents other than tetraethylammonium

hydroxide and materials having a Si/Al
100.

ratio greater than

Also the zeolite described in European Patent

Application No. 55,046 ("Nu-2") and British Patent
Application No. 2,024,790 ("Borolite B") have structures and
X-ray diffraction patterns similar to that of zeolite beta
and are included within the scope of the term "zeolite beta"

as used herein.

Mordenite is a commercially available zeolite which occurs

in nature and has also been synthesized.
and "large port" mordenites have been synthesized.

Both "small port"
The

"large port" form is preferred for catalysis and is
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The exit gas is easily nonitored to determ ne when t
substantially free of oxygen and water. After the IB@P&%@NMS}’(EETC r bon
burn-of f and purge, the catalyst is activated by trdatfment wth opgen.
In the initial reduction step, the catalyst is contdc quyﬁgg igd en
containing streamat a tenperature of fr9m149[err] (o 3?
(300[err]F to 700[err]F) for a period of 4T least o 4t-0

hours. Preferred conditions for the reduction step gre fron1204[err]
3l16[err]C (400F to 600[err]F) for a period from U I to

hours.  The 4y % apd -ggg;é Leﬁoﬂle'bi;'%iﬁdgi % Lhe Efdrb!&rﬁéf’&‘ Wl eé}eacfke
preferably very simlar t S€ above descrl | 'ow t enper at Ur e
car bon bur n Rsddsheds byovPhy WhéeYnFF?aF°F§duc%|EVPl?QkaQ%&%&yst may be
further reduoabosididnhi @d:by circulating a m xture of inert

Na,0 ¢ A1,0; ® 9-10 Si0, ¢ 6 H,0

The silica/alumina ratio may be increased by extracting
alumina using various chemical and thermal methods similar
to those employed with zeolite Y.

The percentage of platinum in the catalyst is between 0.1%
and 10%, the lower limit corresponding to minimum practical
catalyst activity and the upper limit to roughly the maximum
possible platinum utilization. Preferably, the catalyst
contains between 0.2 and 5.0 percent platinum. Group VIII
metals are introduced into a large-pore zeolite during
synthesis, impregnation or ion exchange in an agueous
solution of an appropriate metal-salt. If it is desired to
introduce two Group VIII metals onto the large~pore zeolite,

. the operatlon may be carried out sxmultaneously or
sequentially.

By way of example, platinum can be introduced by
impregnating the large-pore zeclite with an aqueoﬁs solution
of tetrammineplatinum (II) nitrate {Pt(NHﬂ‘](NOﬂz,-
tetrammineplatinum (II) chloride [Pt(NH3)4]Cl2, or
diammineplatinum [Pt (NH;),] (NO,);. In an ionic exchange
process, platinum can be introduced by using cationic
platinum complexes such as tetrammineplatinum (II) nitrate.

A binder may be used in the preparation of the catalysts.
An inorganic oxide is used as a matrix to bind the
large-pore zeolite. This binder can be a natural or a
synthetically produced inorganic oxide or combination of
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gas and hydrogen while raising the tenperature to betmeen 480 and.540][
(900 and 1000[err]F). In the reduction step netallic; conpongﬂt$gswqﬁ
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inorganic oxides. Typical inorganic oxide binders which can
be used include clays, alumina, silica or mixtures thereof.
Preferable binders are alumina, silica, or mixtures thereof.
Acidic sites on the binder are preferably exchanged Ly
cations which do not impart strong acidity (such as sodium,
potassium, rubidium, cesium, calcium, strontium or barium).

After the desired metal or metals have been introduced, the
catalyst is typically calcined in .air and then reduced in a
hydrogen environment.

The regeneration process of the present invention may be
useful on catalysts in the physical form of extrusions,
spheres, pills, pellets, granules, broken fragments, or
various other shapes known in the art. '

Catalyst Use and Contamination

The reforming catalysts regenerated by the process of the
present invention are used for aromatization of ¢, to Cy,
preferably C; and C, non~aromatic hydrocarbons. Accordingly,
a hydrocarbon feedstream which comprises a C; to C,

paraffin, olefin, or naphthene, is contacted with the
catalyst at aromatization conditions. Aromatization
conditions typically include an absolute pressure cof from
about 0.5 to about 50.0 atmospheres, with the preferred
pressure being from about 1.0 to about 10.0 atmospheres, a -
temperature of from about 800°F to about 1200°F, preferably
800°F to 1050°F, and a liquid hourly space velocity of from
between about 0.1 to about 10 per hour. Preferably,
hydrogen is employed in the process. When present, hydrogen
may be circulated at a rate of from about 1.0 to about 10.0
moles of hydrogen per mole of hydrocarbon in the hydrocarbon
feedstrean. Feed Streams enteking the reforming reactors
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are returned to their elenental state and the resulting regenerated

catal yst possesses activity, and selectivity chara¢terTstITs qu[Lc i m | ar
to those occurring in a fresh catalyst. Additiona}l PLAREMENTe SHERING t he
regenerated catal yst has inproved stability, as nmehspred by a décflegsed
fouling rate. Wen iron oxides are present on thejcht @IS’FF 01’998n t he
piping, it is desirable to use at |least~¥%4:1 nolejrhtio o en to
hydrogen during the reduction and dryout procedure Tot-ger—+o6 .'nit t he
formation of NHerr] to |l ess than 200 ppnv. Afte’ conpl eting the
reduction st he t erat ure red t WAON Ry errl o)

| ess. The raﬁg?ﬁéngepf%%egg?‘ﬁgw%ﬁ@y rczﬁnéll §7’§t F' {rBF%VEH %i?’? suned

by char gi ngdeaetivation by sulfur poisoning or platinum 51ntering.

Catalyst Regeneration Method

The gradual accumulation of coke and other deactivating
carbonacecus deposits on the catalyst will eventually reduce
the activity of the catalyst and selectivity of the
aromatization process. Typically, catalyst regeneration
becomes desirable when from about 0.5 to about 3.0 wt. % or
more of carbonaceous deposits are laid down upon the
catalyst. At this point, it is typically necessary to take
the hydrocarbon feedstream out of contact with the catalyst
and purge the hydrocarbon conversion zone with a suitable
gas stream. The catalyst regeneration method of the present
invention is then performed either by unloadinj the catalyst
from the conversion zone and regenerating in a separate
vessel or facility or performing regenerétion in-situ.
Alternatively, the catalyst may be continuocusly withdrawn
from the reactor for regeneration in a separate vessel, to
be returned to the reactor as in a Continuous Catalytic
Reformer.

In fixed bed coperation, it may sometimes be necessary to
dump the catalyst from the reactors and screen out fines in
order to reduce pressure drop. This typically occurs after
several years of operation. The dump and screen procedure
is usually done in combination with a catalyst regeneration.
First carbon is burned off the catalyst following the
procedures of this }nvention. This also serves to reoxidize
finely divided metals on the catalyst such as iron and
'platxnum In their metallic form, these metals will rapidly
oxxdlze when exposed to air and possibly ignite a fire or
exploszon when hydrocarbons are also present.
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conditions to . hlevngne Jes conversion and product yields. ——The
foll ow ng exa d?e |nteﬁ ed jo further exenpllfylbh&mmﬂﬁemkhﬁﬁifgnd are

not intended tg I | Mt the invefhtfon in any way. Emwémm,m AND
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conpari son onl

The catalyst is then dumped from the reactors into a
screening device where the fines are removed. It is then
reloaded into the reactors and dried by circulating nitroéen
through the reactors and recycle gas dryer while heating to
reduction temperature. When water levels in the reactor
effluent are sufficiently low, the catalyst is then reduced
according the procedures of this invention and returned to
reforming service. The dryout time can be shortened and the
catalyst protected from water, carbon dioxide, and sulfur
compounds in the atmosphere by blanketing with nitrogen or
dry air during the dumping, screening, and reloading

. processes.

According to the catalyst regeneration method of the present
invention, the essential step of the method incorporates a
lower temperature carbon burn step. The lower temperature
carbon burn step involves contacting the deactivated
catalyst with a gaseous mixture of oxygen and an inert gas.
The oxygen is typically derived from air and an inert gas
serves as a diluent, such that oxygen concentration is from
about 21 mole % oxygen to a lower limit which for the
practice of the present invention may be as low as

0.1 mole % oxygen. The practice of the present invention is
not limited to use of air, however, and higher levels of
oxygen may be used in methods where oxygen is supplied in a
more pure form such as from cylinders or other containing
means. Typical inert gases useful in the low temperature
carbon burn step may include nitrogen, helium, carbon
dioxide, and like gases or any mixture thereof; nitrogen
being preferred. The regeneration gases should be
substantially sulfur-free as they enter the reactor, and
preferably contain less than 100 part per million by volume
water. Because the oxygen content determines the rate of
burn, it is desirable to keep the oxygen content low so as



A hydrocarbon feedstock was hydrotreated and dried to renove sul fur,

oxygen, and water. The treated feed was stored under nitrogen to keep it
substantially free of water and oxygen. The sul fur ceoatent..of. Lhe
hydrotreated feed was about 0.1 ppnw. A gas chrona{ogiaphiggnager § showed
the follow ng conposition. :
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not to damage the catalyst by overheating and causing metal
agglomeration, while still conducting the carbon burn step
in a manner that is both quick and effective. We have found
it desirable to keep the oxygen level in the inlet to the
regeneration vessel between 0.2 to 4.0 mole % during the
practice of the present invention to avoid thermal damage to
the catalyst, and still allow for the regeneration process
to be accomplished in a reasonable amount of time.

The low temperature carboen burn proce§s of the present
regeneration method occurs at a temperature of between 300°F
to 780°F. Other conditions present during the low
temperature carbon burn step include a pressure sufficient
to maintain the flow of the gaseous oxygen containing
mixture through the catalyst zone such as a pressure of
between about 1.0 to 50.0 atmospheres and preferably from
about 2 to about 15 atmospheres, and a gas hourly space
velocity of about 100 to about 10,000 per hour, with a
preferred value of-ahout 500 to about 5,000 per hour.

-The regeneration method of the present invention is
performed in a halogen-free environment. By halogen-free,
we mean that chlorine, fluorine, bromine, or iodine or their
compounds including for example, hydrogen chloride, carbon
tetrachloride, ethylene dichloride, propylene di;hl;ride;
are not added at anytime during the catalyst regeneration
process.

It is desirable to keep water levels low during .the
reforming reactions and during the regeneration procedure.
This is especially true when temperatures are above 700°F.
hltngugh short periods of time (several minutes) at water
levels as high as saturation can be tolerated at 700°F and
higher, it is desirable to avoid this high a water level.
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A preferred embodiment of the present invention includes the
use of a dryer in combination with flowing at least a -
portion of the combustion gas resulting from the contacting
of the catalyst with the oxygen containing gas to a dryer
and recycling the dried combustion gas to the catalyst zone.
We have found that drying the recycle gas further reduces
catalytic metal agglomeration, resulting in a more active
regenerated catalyst. It is preferred that water in the
recycle gas be reduced to less than 1000 ppmv, more
preferably less than 10 ppmv, prior to the gas being
recirculated to the catalyst zone. We have found results to
be best when a fresh dryer is employed just prior to the
beginning of and throughout the coke-burn step.

In the preferred embodiment of the present inventiocn, the
low temperature carbon burn step results in removing most of
the carbonacecus material from the catalyst while leaving an
amount of from between 0.1 to about 0.5 wt. % carbon on the
catalyst. Although the present invention is not limited by
any theory of operation, one possible explanation of the
resulting improved catalyst performance is that the small
amount of carbon remaining on the catalysts locates at the
acid sites, and thus significantly decreases the fouling
rate of the regenerated catalyst. Surprisingly, we have
also found the yield of C;+ product to increase slightly
after a first regeneration of the catalyst.

Further, in another preferred embodiment of the present.
invention, the first reactor inlet temperature is increased
during the carbon burn in a step-wise fashion over a period
of about one to five days from an initial temperature of
less than 500°F, preferably between 300°F and 500°F to
achieve a final peak catalyst bed temperature of less than
780°F, preferably between about 600°F and 750°F.
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The oxygen concentration at the first reactor inlet should
be controlled in the process of the present invention so as
to limit exotherms and high moisture levels due to
hydrocarbon combustion. Therefore, in the practice of a
preferred embodiment of the present invention, the oxygen is
maintained at a level between about 0.2 mole % and

2.0 mole % in the oxygen containing gas throughout the
carbon burn-off step. During the initial stages of the
burn, it is preferred the oxygen level be maintained at a
level between 0.2 and 0.5 mole %. As the rate of burn
subsides, oxygen levels may be increased to between 0.5 and
4.0 mole %.

The resulting regenerated. catalyst with a portion of
carbonaceous material burned off is thereafter typically
cooled to about 500°F and purged with nitrogen or another
inert gas to displace the oxygen and any water therefrom.
The exit gas is easily monitored to determine when the
catalyst zone is substantially free of oxygen and water.

After the low temperature carbon burn-off and purge, the
catalyst is activated by treatment with hydrogen. 1In the
initial reduction step, the caﬁalyst is contacted with a -
hydrogen containing stream at a teméerature of from about
300°F to about 700°F for a period of at least of about 0.1
to about 10.0 hours. Preferred conditions for the reduction
step are from about 400°F to about 600°F for a period from
about 0.1 to about 2.0 hours. The pressure and gas rates ‘
utilized in the reduction step are preferably very similar
to those above described in the low temperature carbon burn
step. Following the initial reduction, the catalyst may be
‘further reduced and dried by circulating a mixture of inert
gas and hydrogen while raising the temperature to between
900 and 1000°F. In the reduction .step, metallic components
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fresh reform ng catal yst were charged to a one-inch dli t tubul ar
reactor. The catal yst conprised platinumon barium exchapg EEBeﬁﬂ8t7
a binder. The reactor was installed igla napht ha

and
i

are returned to their elemental state and the resulting
regenerated catalyst possesses activity, and selectivity
characteristics quite similar to those occurring in a fresh
catalyst. Additionally, we have found the regenerated
catalyst has improved stability, as measured by a decreased
fouling rate. When iron oxides are present on the catalyst
or in the piping, it is desirable to use at least a 4:1 mole
ratio of nitrogen to hydrogen during the reduction and
dryout procedure, in order to limit the formation of NH;, to
less than 200 ppmv.

After completing the reduction step, the temperature is
lowered to 800°F or less. The reforming process in which the
catalyst is employed may be resumed by charging the
hydrocarbon feedstream to the catalyst zone and adjusting
the reaction conditions to achieve the desired conversion
and product yields.

The following examples are intended to further exemplify the
invention, and are not intended to limit the invention in
any way.

LOW_TEMPERATURE REGENERATION

EXAMPLE

Pretreatment and Composition of Naphtha Feedstock

A hydrocarbon feedstock was hydrotreated and dried to remove
sulfur, oxygen, and water. The treated feed was stored
under nitrogen to keep it substantially free of water and
oxygen. The sulfur content of the hydrotreated feed was
about 0.1 ppmw. A gas chromatographic analysis showed the
following composition. ‘ R —
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reforming pilot plant inside a three-zone electrical furnace. Catal yst bed
t.enperatures were neasured by six equally spaced thet nocoyple.pnoints

|l ocated fromthe top to the bottomof the catalyst bed ir AppERGERENT SHEET

thernmowel I . The : e ;
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i-pentane .0
n-pentane 0.5
2,2~-dimethylbutane 2.2
2,3-dimethylbutane 3.5
2-methylpentane 17.9
3-methylpentane 14.5
n-hexane 20.0
2,2-dimethylpentane 1.3
2,4-dimethylpentane 1.7
2,3-dimethylpentane 2.8
2-methylhexane - 7.5
3-meéthylhexane 8.5
n-heptane 4.5
T ¢ paraffins 2.1
cyclopentane 1.2
methylcyclopentane 4.9
cyclohexane 2.0
methylcyclohexane 0.5
other C, - C; naphthenes 1.7
benzene 0.2
; toluene : 0.7
ethylbenzene - 0.2
heavies 1.6

EXAMPLE II

First Run c Starting with Fresh Catalyst

Eighty cubic centimeters of fresh reforming catalyst were
charged to a one-inch diameter tubular reactor. The
catalyst comprised platinum on barium exchanged L-zeolite
and a binder. - The reactor was installed in a naphtha
reforming pilot plant inside a three-zone electric furnace.
-Catélyst bed temperatures were measured by six equally
spaced.;hermqqquple points located from the top to the
bottom of the catalyst bed in an axial thermoweil. The
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pilot plant was purged and pressure tested with nitg
then pressured to 786 kPa (100 psig) with a blend
nitrogen and the recycle conpressor started. The

degjessured

f .
r R@P&Q\C%ﬁiﬁxf Ygep: |

through a chilled liquid-gas separator, a noistur
containing 4 A nol ecul ar sieves, a conpressor, a
to the reactor. The gas circul ation rate was adj usfe
liters per
off the recycle I oop and nakeup oxygen

cyl i nder.

bl end and heating the to 260C (500[err]F).

L0

s @

anal%zer, a dr
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to 0.7 stan

m nute. A snmall anmount of t ? recycl e
ni trogen bl

as was allowed t

The catal yst was dried by circul ating the oxygen/nitrogen

pilot plant was purged and pressure tested’ wlth nltrogen,

The tenperature was held at

depressured, then pressured to 100 psxg with a blend of 1.0%

oxygen 1n.n1troqen and the recycle compressor started.
reactor effluent passed through a chilled llquld-gas _
separator, a moisture analyzer, a dryer contalnlng 4 A

The

molecular sieves, a compressor, a mass flowmeter, and back

to the reactor. The gas circulation rate was adjusted to

0.7 standard liters per minute. A small amount of the

recycle gas was allowed to bleed off the recycle leop and

makeup oxygen/nitrogen blend was fed from a cylinder.

The catalyst was dried by circulating the oxygen/nitrogen
blend and heating the to 500°F. The temperature was held at
S00°F until the reactor effluent contained less than 300 ppm
water. The furnace temperature was then raised to 600°F and
held until water in the reactor effluent again was less than

water. The reactor was cooled to 500°F and the
oxygen/nitrogen makeup gas replaced with dry nitrogen.

" 300 ppm. Finally, the temperature was raised to 700°F and
held until the reactor effluent contained less than 100 ppm

The-

pilot plant was purged of oxygen and the pressure adjusted

to 70 psig with the compressor continuing to operate at the

same setting.

Catalyst reduction was initiated by switching the makeup gas

from nitrogen to hydrogen and pressuring from 70 psig up to

100 psig. The compressor setting was then readjusted to

again obtain a circulation rate of 0.7 standard liters per

minute. After holding at 500°F for an hour, the reactor

furnace reactor temperature was raised to 700°F at rate of
50°F/h. The temperature was held at 700°F until water in

the reactor effluent was less than 300 ppmv'and then raised

to 800°F at 50°F/h. When moisture in the reactor effluent

again fell below 300 ppmv, the temperature was ralsed to

This Sheet Has Been Replaced

HIIII

|




260[err] C (500[err]F) until the reactor efffuent contalned | ess than 300

ppm water. The furnace tenperature was then rai sgt

(600[err]F) and held until water in the reactor e T éAGEbuH]S ks || ess

than 300 ppm Finally, the tenperature was raised fo

(700[err]F) and held until the reactor effluent cpnfap 0%
ppm water. The reactor was cool ed to~249[err]C (.(i[err
oxygen/ ni trogen nmakeup gas replaced with dry nitroge

fg#egﬁ%t

ol
purged of oxygen and the pressure adjusted to 57# kPA (70 pS|g) Wi §

b
et oo 388, R Ash, RE5T: Bnths  IFREEeR Ot TErigany AR ket
hydr ogen atbdapr 409uppny . fr6hﬁ5f@rk§ae(ﬁemperqgurauwaS)thﬁﬁI&@Ne@3ﬁ0tpsig).

The conpregygerSahli BPePasatiBis’ §RGEYShESe L for naphtha feed

introduction. This included putting a sulfur

converter/sorber reactor on-line in the recycle loop Lketween
the naphtha feed introduction point and the reforming
reactor. The purpose of the sulfur converter/sorber was to
reduce sulfur compounds in the feed entering the reforming

reactor to below 5 ppbv.

The naphtha feed from Example I was fed at a rate of

128 mL/h corresponding to a liquid hourly space velocity

(LHSV) of 1.6 volumes of feed per volume of catalyst per

hour. Pressure was controlled at 100 psig by allowing

product hydrogen gas to exit the recycle loop through a back
pressure regulator. The product hydrogen stream was

analyzed and the hydrogen recycle rate was adjusted to
‘obtain a hydrogen to naphtha feed molar ratio of 3.

0.,

.Liquid product was collected in the separator at 60°F.
level control and valve allowed the separator to drain into
‘a debutanizer still which produced a C,* ligquid product.

A

After feed introduction, the furnace temperature was rapidly
raised until the catalyst aromatization activity was able to

produce a liquid product comprising 42 wt. % aromatics.

yield of liquid product was about 85 LV% on feed.

Thereafter as the catalyst deactivated temperatures were
raised to maintain constant aromatics in the liquid product.

In order to determine aromatization activity in terms
start-of-run temperature, the following procedure was
After,an;ipitial lineout period, the average catalyst bed
temperature was plotted against time to determine the
catalyst deactivation rate. sSuch plots are generally

The

of a
used.

linear
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again obtain a circulation rate of 0.7 standard liters ute. After

hol ding at 260[err]C (500[err]F) for an hour, the react rRHﬂmmmﬁy% 'a@f?r
tenperature was raised to 371[err]C (700[err]F) at ratefo el Clh §
(50[err]F/h). The tenperature was held at 371[err]C. (7P0O eﬁ@*F% untllj
water in. the reactor effluent was | ess than 300 ppnmv

427[err] C (800[err]F) at 27.8[err]C h (50[err]F/ h). Whgn -sfure |n t
reactor effluent again fell bel ow 300 PRYY.. the tenpetdture was ralrs

—mege

{ t
e
t

and may be fitted by the least squares method. The slope of
the line is the catalyst deactivation rate and the '
start-of-run temperature is defined as the zero time
intercept. An approximate eventual run length is estimated
by making a linear extrapolation to the end of run
temperature. At end of run, aromatics selectivity begins to
decrease and catalyst deactivation accelerates marke@ly.

The end of run temperature was expected to be 935°F for the
feed and run conditions above.

After startup, the pilot plant ran at constant LHSV, recycle
ratio, pressure, and aromatics for 658 hours. A least
squares fit of the reaction temperature data yielded a
fouling rate of 0.026°F/h and a start-of-run temperature of
855°F. Assuming an end of run temperature of 935°F, the
eventual run length would have been about 3100 hours if the
reaction conditions had remained unchanged.

After 658 hours on-Stream, reaction conditions were changed
in order to study process variable effects. The run
continued under various conditions for a total of

3810 hours. At the end of the run, the naphtha feed was
stopped and hydrogen circulation was continued while the
reactor furnace cooled to 500°F. The unit was then purged
with nitrogen an allowed to cool to ambient temperature.
Finally, the reactor was blocked off under nitrogen pressure
and the catalyst saved for a future regeneration.
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- 24~ 480[err] C (900[err]F) and held until water in the reactor effluent
was | ess than 100 ppnv. The furhace tenperature was ptheftowenet -0
427[err]C (800[err]F) and preparations where nmade fof RaﬁM£EﬂEﬁ%¢W£ﬁr

introduction. This included putting a sulfur convert grfSot
on-line in the recycle | oop between the naphtha feed
the reformng reactor. The purpose of the sulfur cpnye

reduce sul fur conpounds in the feed ente??ng t he ref pr k-Rg
5 ppbv.

Catalyst reduction was initiated at 500°F by depressuring to
70 psig and then pressuring up to 100 psig with hydrogen
while the compressor continued to operate. The makeup gas
was switched from nitrogen to hydrocgen. The temperature was
held at 500°F for one-hour and then raised 4°F/h to 9920°F.
The temperature was held at 900°F for 16 hours before
cooling to 800°F for naphtha feed introduction.

EXAMPLE TV

Catalyst Performance After First Regeneration

After catalyst regeneration, the naphtha reforming reaction
was resumed with the same conditions and feed used in
Example II. Liquid product yields were the same as before
regeneration and slightly better than with fresh catalyst.
After 840 h on stream a least squares fit was made as before
to determine the start-of-run temperature and dégctivation
rate. The start-of-run temperature was 859°F and the
catalyst deactivation rate -was 0.017°F/h. Thus, the
catalyst_activity had been restored to within 4°F of fresh
catalyst. Surprisingly, the catalyst deactivation rate was
significantly less than with fresh catalyst. The projected
run length was 4300 hours compared to 3100 hours for the
first cycle.

After determining start-of-run temperature and catalyst
deactivation rate, the liquid hourly space was increased to.
3.0 and the furnace temperature was increased to obtain a
maximum catalyst bed temperature of 1025°F in order to
accelerate:gatalyst fouling. After 1464 hours at these
conditions, the catalyst had reached approximately end of
run activity.and the liquid hourly space velocity was
reduced to the original value of 1.6. The average catalyst
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The naphtha feed from Exanple | was fed at a rate of 128 nlL/h correspondi ng
toaliquid hourly space velocity (LHSV) of 1.6 volfunes of feed pe+-vol une
of catalyst per hour. Pressure was controlled at786 kPA (100 psig) iy

al l owi ng product hydrogen gas to exit the recycle p through a bagk

pressure regulator. The product hydrogen stream
hydr ogen recycle rate was adjusted to ohtain a hyd
nolar ratio of 3 .0. Liquid product was %0 | ect ed
(60[err]F). A level control and valve allowed the gep
debut ani zer still which produced a (Jerr] liquid pro

intrOdUCtiOBedt@Emﬁgfgéﬁfétfgwg¥égdgéa&M¥idﬁqgigk$duct containing
42 wt. t aromatics was then determined to be 939°F. The
catalyst had aged 80°F from the start of the second run

cycle.

EXAMPLE V

Second Regeneration of the Catalyst

At the conclusion of the run cycle deséribed in Example IV,
the naphtha feed was stopped and the reforming reactor was
cooled to S00°F while continuing to circulate hydrogen. At
500°F, the recycle loop was purged with nitrogen, the sulfur
converter/sorber was taken off-line, and the separator was
drained. Purging continued while the reactor cooled to
300°F.

The catalyst was then regenerated following substantially
the same procedure used in Example III.

EXAMPLE VI

Catalvst Performance Following Second Catalvst Regeneration

After the second regeneration, the reforﬁing reaction was
restarted with same conditions and feed used at the start of
the first and second run cycles. After 660 hours, a least
squares fit was again made to determine the start-of-run
temperature and catalyst deactivation rate. The.
start-of-run témperature was determined to be 874°F and the
catalyst deactivation rate was 0.012°F/h. The projected run
length at these conditions was therefore about 5000 hours.
The start-of-run temperature had declined 13°F from the
start of previous run cycle, but the catalyst deactivation
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rai sed until the catalyst aromatization activity was abl d I s
|.iquid product conprising 42 wt. % aromatics. The yield fhﬁrﬂﬂggkﬁféﬂFET

was about 85 LV% on feed. Thereafter as the catal yst deadqtijvated
tenmperatures were raised to nmaintain constant aromatics ijn {t h@5 FERI1098

product . In order to determ ne aromatization activity ijn ferns of a
start-of-run tenperature, the follow ng grocedure was usdgd."ATTer an
initial |ineout period, the average cataf9st bed tenperatfure was plotted

against tine to determ ne the catal yst deactivation rate. Such plots are
general ly linear

rate was again reduced sc that projected run length had
increased. The liquid C;* yield was the same as after the
first regeneration.

EXAMPLE VIT

Regeneration without Drver

A coked catalyst from a 4700 hour pilot plant run was saved
and later returned to service at the same conditions used in
the previous examples. Prior to its use, the catalyst had
the same composition as the catalyst used in Example II.
After 330 hours on-stream, the average catalyst bed
temperature was 930°F and liquid product contained 42 wt. %
aromatics. The yield of liquid product on feed was
beginning to decline and was 85.5 LV%.

At this point the naphtha feed was stopped and;the reactor
cooled to S00°F in circulating hydrogen. At 500°F, the
recycle loop was purged with nitrogen and the sulfur
converter/sofber reactor and recycle gas dryer were bypassed
and the separator was drained. The pressure was adjusted to
85 psig. This time the carbon burn was started at S00°F.
Air and oxygen]nitrogen blend were added to the recycle gas
stream as in Examples III and V, but the oxygen content at
the reactor inlet was adjusted to 0.5% instead of 1.0%. The
dryer remained bypassed throughout the burn. There was
compete oxygen conversion and the exotherm was about 12°F.
After holding at 500°F for 1.5 hours, the furnace
temperature was raised 25°F/h to 700°F. Oxygen breakthrough
occurred when the furnace temperature reached about 640°F.
There_yqs;only a-small amount of burning by the time the
furnace temperature reached 700°F and the exotherm was
nééligible. - Reactor inlet oxygen level was raised to 1.0%
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line is the catal yst deactivation rate and the startJUL
defined as the zero tinme intercept. An approxinate £l
estimated by nmaking a linear extrapolation to the end

At and of

and may be fitted by the | east squares nethod.

run, aromatics selectivity begins to 05 FEB 1998
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The slope of the

and the temperature held at 700°F for 20 hours to complete
the burn. The exotherm during the final burn was less than
2°F.

Since the recycle gas dryer was bypassed, water built up in
the recycle gas during the burn until it reached saturation
levels in the separator. Moisture levels in the recycle gas
exceeded 2000 ppm well into the 700°F hold periecd.

After completing the carbon burn, the recycle loop was
purged with nitrogen and the reactor was cooled to 500°F
while recycle gas circulation continued. At 500°F the dryer
and the sulfur converter/sorber were put back on line. When
water in the recycle gas fell below 100 ppmv, the plant was
pressured up 100 psig with hydrogen to initiate catalyst
reduction. After an hour at 500°F, the reactor was heated
to 900°F at rate of 10°F/h. The reactor was held at 900°F
until the moisture content of the reactor effluent was less
than 100 ppm then cboled to 800°F for feed introduction.

XAMPLE VITIY

Catalvyst Performance after Regenerating without a Drver

After the catalyst regeneration in Example VII, the naphtha
feed was restarted and the reforming reaction resumed for
590 hours. The feed and the run conditions were the same as
in Example II. Catalyst performance was not as good as '
obtained in Examples II, IV, or VI. The start-of-run
temperature was 868°F and the fouling rate was 0.031°F/h.
The projected run length was therefore only about

2100 hours. '
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decrease and catal yst deactivation accel erates nmarkedly. The end of run

tenperature was expected to be 500[err]C (935[err]F) for the feed and run
condi tions above. After startup, the pilot plant ran at constant LHSV,

recycle ratio, pressure, and aromatics for 658 hours. A.least squares fit
of the reaction tenperature data yielded a fouling rate RfpiQuPléhe ety h
(0.026[err]F /h) and a start-of-run tenp22ature of 460¢ ez

Assemi ng an end of run tenperature of 500[err]C (935[e
run | ength woul d have been about 3100 hours if the reagtifo
remai ned unchanged. After 658 hours _on-stream reactio
changed in order to study process v ects. Th¢ run

Regeneration with Drver

The regeneration procedure of Example VIII was repeatad with
another coked catalyst sample except that the recycle gas
dryer was employed during the carbon burn and consequently
the reactor inlet moisture levels were always less than

5 ppm. The catalyst composition prior to its use as a
reforming catalyst was the same as that used in Examples II
and VII.

= EXAMPLE X
Catalyst Performance After Regeneration with Drver

The catalyst regenerated in Example IX was tested with the
same run conditions and feed as in Example VIII. After

576 hours on-stream, the start-of-run temperature was 862°F
and catalyst deactivation rate was 0.019°F/hr. The
projected run length was 3800 hours compared to 2100 in
Example VIII. '

The results of from Examples I to X are summarized in
Table 1 below.
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continued under various conditions for a total of 3810 hours. At the end of
the run, the naphtha feed was stopged and hydrogen circul ati on was

continued while the reactor furnace cooled to 260[err]C 5

hdbé ?1"‘ --The
unit was then purged with nitrogen an allowed to cool to {albl LAGEMENT -

t enper at ur e

Finally, the reactor was bl ocked off under

#i r ogen pressure

and the catal yst saved for a future regeneration. OSFEB'EWB
=33~
i
TABLE 1 )
Start of
Run Deactivation Projected
Description Examples Temp. °F Rate °F/h Rur ‘hours)
Fresh Catalyst II 855 0.026 3100
First '
Regeneration II-IV 859 0.017 4100
Second
Regeneration vV-vI 874 0.012 5000
Regeneration
without Dryer  VII-VIII = 868 0.031 2100
Regeneration

with. Dryer IX-X - 862 0.018 3800

The Table clearly shows that a controlled low temperature
carbon-burn regeneration procedure restores most of the
activity present at the start of the previous run cycle and
that catalyst deactivation rates are significantly reduced,
such that several cycles are possible before there is a need
for platinum redispersion. The results further show the
advantage in using a dryer to reduce the water content of
the recycle gas during the carben burn. These results are
surprising in view of the prior art and afford the
opportunity to increase cycle length and avoid the use of
corrosive and sometimes highly toxic halogen compounds
during regeneration.
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- 26- EXAMPLE 111 (for conparison only)

First Regeneration of the Catal yst The reactor ¢ “rgtRe~cat al yst
fromExanple Il was reinstalled in the pilot plant}§ ﬁﬁhd@dmﬁﬂfhfnltrogen
and heated to reaction tenperature in hydrogen. Th eform ng reaction was
then resunmed at the original space veloci§y.. pressgr @gngrBe%Ief ratio to

determ ne catalytic- activity.

Regeneration Procedure for a lLarge-Scale Plant

Allowing for differences in the exotherm as compared to a
pilot plant, a commercial unit with four reactors in series
is regenerated as follows. Naphtha feed is withdrawn and
hydrogen is circulated at high temperature to strip
hydrocarbon from the catalyst. The separator and knockout
drums are periodically drained of hydrocarbon. Hydrogen
circulation is continued while the reactors are cooled to
about 420°F. At 420°F, the recycle loop is purged with
nitrogen and low points are checked for liquid hydrocarbons.
After periodic draining shows that little or no hydrocarbon
liquids are being collected, it is advantageous to switch to
a fresh recycle gas dryer which is substantially free of
hydrocarbons and water. If there is a recycle gas sulfur
converter/sorber, it will be bypassed at this point.

When the reactor inlets are at 420°F and the level of
combustibles in the recycle gés is less than 2.0%, air is
introduced to the recycle gas stream. The oxygen level at
the first reactor inlet is adjusted to 0.5%. The burning of
residual combustibles in the recycle gas consumes all the
oxygen and results in an 80 to 125°F exotherm across_the
first reactor. Eventually, the vapor-phase combustibles are
consumed and the burn-wave moves through the reactor chain.
After oxygen breakthrough occurs and the exotherm subsides,
furnace temperatures are raised at rate of about 25°F/h
until peak catalyst bed temperature reaches 700°F. The
total exotherm at this point is less than about 20°F. When
oxygen conversion across the reactor train drops to less
than 10%, the oxygen concentration at the reactor inlet is
raised to 1.0 to 4.0% and the furnace temperatures are
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After 84 hours on streamit was determined that and an average catal yst
tenperature of 490[err]C (919[err]F) was required, a Ly
product containing 42 wt. % aromatics. The catal;sgﬂhggﬁmheretdﬁkéaged
41[err]C (74[err]F) since the start of run in Exafpke—tt=—tf :

circulation continued while the naphtha feed was §
furnace was cooled to 260[err]C (500[err]F). At 2§
sul fur converter/sorber reactor was bypasSed and

recycle | oop was purged with nitrogen and the refd =% ed to
149C (300[esﬁgﬁgted to maintain the peak catalyst bed temperatures as
close to 700°F as possible.

Temperatures are maintained at 700°F for 12 to 24 hours
before the air makeup is stopped. The recycle loop is then
purged with nitrogen and cooled to 500°F. At SO00°F the
recycle gas dryers are switched again and the sulfur
converter/sorber is brought back on-line. About twice the
stoichiometric amount of hydrogen needed for reduction of
the catalyst is fed into the unit over a period of about an
hour. The unit is then partially depressured and pressured
up with hydrogen to adjust the hydrogen to nitrogen ratio to
about ocne-to-~-four. Higher hydrogen to nitrogen ratios can
result in excessive ammonia formation, which is catalyzed by
the iron particles present in the reactor tubes.” The
temperature is held at 500°F for about an hour then raised
10°F/h to 900°F. The hydrogen/nitrogen ratio is maintained
by adjusting hydrogen and nitrogen makeup rates. The
temperature is held at 900°F for at least 12 hours. When
water in the fourth réactor effluent is less than 100 ppm,
the temperature is droppe& to 700°F or lower to await feed
introduction.

EXAMPLE XIT
rming With ilicalite Catalyst/Catalvst Cokin

A silicalite catalyst was produced by impregnating a dried
synthesized Silicalite powder to give 1% Pt on the
Silicalite powder, then mixing this with SAPO-11 powder to
produce a finished catalyst consisting of 25% wt SAPO-11 and
75% wt Pt Silicalite.
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The carbon burn was initiated at 149[err] C (300[err]F) and 752 kPA (95
psig) by introducing air and about sixty standard cybte—centineters per
m nute of 1.0% oxygen/nitrogen blend to the recycle géﬁPﬁﬂﬁﬁﬁWWQBﬁgr
adjusting the air flow to maintain about 1.0% oxygel iffi~ttre~ges—eater|ng
the ref ormng reactor. The recycle gas rate was 1.3 per
mnute. The air was dried with nol ecul ar sieves and A Mass
fl ommeter. The oxygen/nitrogen bl end was3@dded to pfow=de gas
for oxygen analysis. The nol ecul ar sieve dryer remajned in the recyclie |oop
and noi sture | evels were neasured before and after the tryes—Reactan inl et

This catalyst was used to convert hexane containing feeds to
aromatics. The feed compositions are listed in Table 3.

The conversion conditions used were a pressure of 30 psig, a
WHSV of 0.72, a hydrogen to hydrocarbon ratio of seven to
one, with the catalyst temperatures ranging from 880 to
1000°F to maintain a high product benzene level and adjust
for fouling.

EXAMPLE XTIT

Regeneration Of Silicalite Catalyst

The catalyst of Example XII was repeatedly coked and
regenerated. The regeneration conditions included treating
the catalyst with low concentrations (0.5 to 2.0 wt. %) of
oxygen at 30 to 100 psig at a GHSV of 923. During
regeneration, the regeneration gases contained less than
100 ppm water.

The regeneration temperature was varied over the range of
450 to 680°F. Regenerations below about 500°F for 16 to

24 hours were not successful in producing a catalyst having
an activity (as measured by hexane conversion) or a
selectivity (as measured by the wt. % benzene in the
product) similar to fresh caialyst. At regeneration
temperatures between 550 and 680°F, aromatization activity
was restored to about that of the start of the run cycle.

Table 2, below, shows the regeneration temperatures and

times for several of these regenerations, along with the

activity and selectivity results. The regenerated catalyst
"was able to maintain product benzene levels of about

40 wt. %, for greater than 1000 hours between regenerations.
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obtained at the front end of the catalyst bed. This was attributed to the
conbustion of hydrocarbon vapors in the recycle gas. The exotherm

subsi ded after several hours. The furnace tenperature was held at
149[err]C (300[err]F) for-22 hours then raised to 260[err]C (500[err]F) at
a rate of 27.8[err]C h (50[err]F/ h). As the furnace]
rai sed, the exothermincreased to about -38-~9[err]C (f@?

t hrough the catal yst bed. The oxygen concentrationiji €
.r
é£$

\

dropped to zero. By the tinme the furnace tenperatjir
(500[err]F) the exotherm and oxygen consunption wefejd

hour. Again, the burning of catalyst coke accelerate
rai sed. The exot herm i ncreased an&=&Ry§EMPPAITR®N  eact or

FEED A FEED B
LIGHT NAPHTHA MODEL FEED

COMPOUND wt. % wt. %
Total Cs 16.1 0.0
Total C, 49.7 70.0
Total G, - 34.2 24.0
N=Cg 12.5 70.0
"Methyl
Cyclohexane 5.9 6.0

Feed A used for start of run.
Feed B used 'for regeneration studies.

XAMPLE XTIV

.Effect of Raising Temperature After

Substantially Completing Carbon Burn at ILow Temperatures

This example shows that temperature may be raised beyond the
780°F limit after substantially completing a halocgen-free
carbon burn regeneration at lower temperatures. A platinum
on barium exchanged L-zeolite catalyst was used to reform a
light naphtha feedstock very similar to the one shown in
‘Table 1 of the specification. At the end of the run, the
catalyst was regenerated as follows. |
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ef fl uent decreased. The exot herm peaked at about 5.5[err]C -
oxygen conversion peaked at about 30% A short tine a tﬁgqﬁﬁﬂﬂﬁﬂhﬁﬁﬁﬂé
tenperature reached 316[err]C (600[err]F), the burni hg aga-r—subsT ded.
hol ding at 316[err]C (600[err]F) for 22 hours, fur
tenperature was raised 27.8[err]C h (50[err]F/ h) to 3 7[er0§ma?ﬁ8er
This time the peak exothermwas |ess thHaP2. 8C (5[err]F%;_£iL£L.22.
at 371[err]C (700[err]F), the air and oxygen/nitrogery bl end were shut -
The recycle '
vas bypassed iad g B3N dbuChalr QLo LN 1kle rFik o AW Bqaacep! | nued
e rToop was purged w nitrogen and the reformng reactor

whil e the recyc ) _ )
was cool ed t $0968] shille addopgrppkyup hydrogen. After reaching 500°F,

Vo ~ o

h .
]
h

gas dryer which was now | oaded with water

the unit was purged with nitrogen gas to remove
substantially all of the hydrogen. Any remaining liquid
hydrocarbons were drained from the gas liquid separatcr and
other low points in the system. The nitrogen makeup rate
was then reduced to a low level, the sulfur converter/sorber
was by-passed, and the pressure and recycle gas rate were
adjusted to about 85 psig and 1000 GHSV, respectively.

After purging the recycle locp with nitrogen, air was added
through a mass flowmeter to bring the reactor inlet oxygen
concentration to 0.5%. After holding for two hours at
500°F, the temperature was raised 25°F/h to 760°F while the
inlet oxygen level was maintained between 0.4 and 0.6%. The
temperature was then held overnight at 760°F with the inlet
oxygen level between 1.0 and 1.3%.

After 16 hours at 760°F, the carbon burn was substantially
complete as indicated'by the difference between inlet and
oxygen concentrations which was less than 0.05%. The
temperature was then raised to 850°F and maintained at 850°F
for 14 hours. A small amount of additional burning occurred
at the high temperaturé but at a very low rate.

The reactor was then purged with nitrogen and a freéh
recycle gas dryer brought on-line while the reactor cooled
to 500°F. When the water level in the reactor effluent was
less than 100 ppm, catalyst reduction was initiated by
pressuring from 85 to 100 psig with hydrogen. The nitrogen
makeup gas was étopped and pressure was maintained at

100 psig by adding hydrogen_makeup gas. The temperature was

held at 500°F for two hours and then raised 10°F/h to 900°F. -
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cat al yst

hydr ogen

reduction was initiated at 260[err]C (500[err]F) by depressuring
to 579 kPA (70 psig) and then pressuring up to 786g th
Rﬁﬁhehlﬂéﬁsg EE T

while the conpressor continued to operat¥ ag
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Feed was reintroduced and the reforming reaction was resumed
at the same conditions used in our previous examples and
temperature was adjusted to maintain 42 wt. % aromatics in
the liquid product. After 1070 hours on-stream, a
least~-squares plot was made of the data from 186 to

1070 hours. From this plot, it was determined that the
start-of-run temperature was 868°F/h and the fouling rate
was 0.020°F/h, which compares to 850°F and 0.026°F/h,
respectively, for fresh catalyst. The projected run length
was 3350 hours compared to 3300 for fresh catalyst. The
regeneration was not as good as those of the previous
examples where temperature was kept below 780°F but was
considered acceptable.

As can be seen by this Example, there was no improvement in
catalyst performance obtained by raising temperature of the
oxygen after substantially completing the carbon burn at a

temperature below 780°F.

EXAMPLE XV

Regeneration with up to 520 ppm Water in the Recycle Gas

This experiment shows that up to 520 ppm water can be
present in the recycle gas and still achieve an -acceptable
regeneration. It is, therefore, possible although not
preferred to use wet air for the regeneration. Also, one
may consider using a less expensive dessicant than molecular
sieves in the recycle gas dryer, such as silica-gel or
activated alumina. |

The catalyst from Example II was regenerated a second time
as follows. Preparations for the carbon burn were the same

———
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was switched fromnitrogen to hydrogen. The tenperature was hel d at

260[err]C (500[err]F) for one-hour and then rai sed %= F/ h)
to 480[err] C (900F). The tenperature was hel d at SﬁFbAGﬂMENGQQﬂﬁﬁr 1 F)
for 16 hours before cooling to 427[err]C (800[err f ¢ed
I ntroducti on. EXAVALE fson
onl y) Cat al yst Performance After First egeﬁ%#ggédﬁagp fter
catal yst regeneration, the naphtha refq,ng reacti th
the sane conditions and feed used in ékanple [1. 4 quid product yiefds

were the sane as before regeneration and slightly better—ttamwth-fresh
cat al yst.
~as above. Before adding air, water was added to the recycle

gas stream by bubbling makeup nitrogen through water
contained in a small bomb. The makeup nitrogen feed rate
was, ~adjusted to obtain about 500 ppmv water in the gas
stream entering the reactor and air was added to bringy the
oxygen level to 0.5%. During the carbon burn, the reactor
inlet oxygen level was maintained between 0.4 and 0.6 and
the inlet water level between 420 and 520 ppmv by adjusting
the air and nitrogen feed rates.

After holding for two hours at S00°F, the temperature was
raised 25°F/h to 700°F while maintaining inlet oxygen levels
between 0.4% and 0.7%. The'temperature was then held

20 hours at 700°F with the inlet oxygen level rising from
0.6 and 1.2%. The air was then shut off and dry makeup
nitrogen was substituted for water-saturated nitrogen. A
fresh dryer was put on-line and the reactor was cooled to
500°F.

When the water level in the reactor effluent was less than
100 ppm, the catalyst was reduced and the reforming reaction
resumed as in the previous example. . After 600 hours
on-stream, the start-of-run temperature and fouling rate
were calculated to be 875°F and 0.0186°F, respectively.

This corresponds to a projected run length of 3225 hours,
which is close to that of fresh catalyst.
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After 840 h on Strean1a L east uares fit was made as before to determ ne

the start-of - rR pqy(ggnmmsafﬁn deactivation rate. The start-of-run

t enperature k€~( rr]F) and the catal yst deactivation rate

. Thus, the catal yst activity had been
[err]F) of fresh _catalyst. Surprisingly,

catal yst. The

adtivation r S|g yficantly | mnfh fresh
roj ect ed run | gth vvas 300 hours ;ﬂ ﬂ,’ Hm hour s
for the first-cyche- After determning start-o and

cat al yst deactivation rate, the liquid hourly space was |ncrease
3.0 and t hewHarnasecLaaMEpafg:e was i ncreased to obtain a HHXIﬁum
catal yst bed tenperature of 550[err]C (1025[err]F) in order to accel erate
catal yst fouling. After 1464 hours at these
1. A process for regenerating a coke-contaminated

reforming catalyst comprising platinum on a molecular
sieve, said process comprising of:

t he catal yst

(a) contacting said catalyst in a catalyst zone with a
halogen-free oxygen-containing gas at a
temperature of less than 780°F, said gas having a
water content of less thah about 1000 ppmv; and

(b) oxidizing at least a portion of said coke to
produce a combustion gas for a sufficient period
of time such that the catalyst aromatization
activity is restored to within 20°F of the
activity said catalyst possessed at the start of
the previous run cycle.

2. A process for regenerating a coke-contaminated
reforming catalyst comprising platinum on a molecular
sieve, said process comprising of:

(a) contacting said catalyst in a catalyst zone with a
haiogen-free oxygen-containing gas at a _
temperature of less than 780°F, said gas having a
water content of less than about 1000 pﬁhv;

(b) oxidizing at least a portion of said coke to

) produce a combustion gas for a sufficient period
of time such that the catalyst aromatization
activity is restored to within 20°F of the
activity said catalyst possessed at the start of
the previous run cycle;
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condi tions,
and the [i
1. 6. The

reached approxi nately end of run activity
el ocity was reduced to the orlglnal val ue of

" I

-4 3~

(c) passing at least a portion of said combustion gas
through a dryer to produce a dried gas having a
water content less than said portion of combustion
gas; and

(d) recycling at least a portion of said dried gas to
said catalyst zone.

3. A process for regenerating a coke-contaminated _
reforming catalyst comprising platinum on a molecular
sieve, said process comprising of:

(a) contacting said catalyst in a catalyst zone with a
halogen-free oxygén-containing gas at a
temperature of less than 780°F, said gas having a
water content of less than about looolppmv;

(b) oxidizing at least a portion of said coke to
produce a combustion gas for a sufficient period
of time such that the catalyst aromatization
activity is restored to within 20°F of the
activity said catalyst possessed at the start of
the previous run cycle;

(c) passing at least a portion of said combustion gas
through a dryer to produce a dried gas having a
water content less than said portion of combustion
gas; '

(d) recycling at least a portion of said dried gas to
said catalyst zone; and

(e) reducing the regenerated catalyst by contacting
the catalyst with a gaseous stream containing
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bed tenperature to produce a |ipuid product containing 42 w. % aromatics
was then determ neg : 939[err] F). The catal yst-had—aged
)REHLéEEM

1 alerr C (80[er N % of the secoggcémmﬁﬁﬂll\m\mﬂ\l\)f the

EXAMPLE V (for congarfSon only)
Exdmplfe TV,

Cat al yst At the dbn gghe run cycle descri
: begﬁ%%gegﬁg ref ar m ng4eactor was cooled to 260[err]C
gb N-Hru-reg—to—e++/cUl at e hydrogen. At

napht ha feed was st

hydrogen at an initial temperature from 300°F to
700°F.

4. The process as recited in Claim 1, 2 or 3 wherein the
oxyden content of the oxygen containing gas is from
between about 0.1 to about 21.0 mole % oxygen.

5. The process as recited in Claim 1, 2 or 3 wherein the
oxygen content of the oxygen containing gas is from
about 0.2 to about 4.0 mole %.

6. The process as recited in Claim 1, 2 or 3 wherein the
molecular sieve is a large-pore zeolite.

7. The process as recited in Claim 6 wherein the
large-pore zeolite is selected from the group
consisting of type~X, type-Y, beta zeclite, and
mordenite. :

8. The process as recited in Claim 6 wherein the
large-pore zeolite is type~L zeolite.

9. The process as recited in Claim 1, 2 or 3 wherein the
molecular sieve is silicalite.

10. The process as recited in Claim 6 wherein the zeclite
further comprises an alkaline earth metal.

11. The process as recited in Claim 6 wherein the zeolite
further comprises boron.

12. The process as recited in Claim 1, 2 or 3 wherein said
catalyst is bound with a support matrix comprising
alumina, silica or mixtures thereof.
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260[err] C (500[err]F), the recycle loop was purged with nitrogen, the

sul fur converter/sorber n off-line, and the separator was drai ned.
Pur gi ng conting “-ﬂmﬁgmﬁmméﬁié ckor cooled to 149[err]C (300[err]F). The
catal yst was t ey &0 .o‘Iomnng substantial l.y _the same procedure

gzﬁgair insE?r(lagE: Fl‘ ' s Benf 4r mance Fol | owi ng S?ana'mfﬂ,h"l

Reaener ati on
-45_

13. The process as recited in Claim 3 further'comprising
raising the temperature of the gaseous stream
containing hydrogen to between 800°F and 1000°F to
complete the dryout and reduction.

14. The process as recited in Claim 3 wherein the carbon
burn is initiated at a temperature of less than S00°F.

15. The process as recited in Claim 14 wherein the
temperature is escalated during the carbon burn in a
slow ramping fashion.

16. The process as recited in Claim 14 wherein the
temperature is escalated during the carbon burn in a
stepwise fashion.

17. The process as recited in Claim 1, 2 or 3 wherein the
peak catalyst temperature during the carbon burn step
is between 600°F and 750°F.

18. The process as recited in Claim 3 wherein prior to
reducing the catalyst, the catalyst is purged with an
inert gaseous stream.

19. The process as recited in Claim 3 further comprising:

(a) passing at least a portion of said gaseous stream.
containing hydrogen through a dryer; and

(b) recycling a portion of said gaseous stream
containing hydrogen to said catalyst zone.

20. The process as recited in Claim 3 further comprising

reducing the regenerated catalyst by contacting the

. _____ — },&
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After the second regeneration, the reformng reaction was restarted with
sane conditions and feed used at the start of the first and second run
cycles. After 66Q _hours, a least sguares fit was.again nade to deternine

the start-of-run ROLAET QAekTcdt al yst deact i vatmprate “The--
the

start-of-run te I ned to be 468C

cat al yst deacti va n rate was 0.{0 67[err C/'h (O 0

projected run | ef £5 FEBs99Bor{dijt i ons~#A3 t herefore about 5600* hours
The start-of-run erature hadjdqclined 7.2[err]C (1.3[err]F) fromthe
start of previou un cycle, but tHe catal yst deactivation

ﬁ(‘Dr—F—'ﬁ

a gaseous stream containing a mixture of
inert gas and hydrogen at a temperature between S00°F
and 1000°F.

21. The process as recited in Claim 3 further comprising
reducing the regenerated catalyst by contacting the
catalyst with a gaseous stream containing a mixture of
nitrogen and hydrogen at a temperature between 900°F
and 1000°F.

22. The process as recited in Claim 21 wherein the mole
ratio of nitrogen gas to hydrogen gas is at least 4:1.

23. A process for regenerating a coke deactivated reforming
catalyst, comprising:

(a) contacting a coke-contaminated L-zeolite catalyst
with a halogen-free oxygen-containing gas at a
temperature of less than 780°F, said gas having a
water content between 100 and 1000 ppnmv;

(b} oxidizing at least a portion of said coke to
produce a combustion gas for a sufficient period
of time such that the aromatization activity of
the L-zeolite catalyst is restored within 20°F of
the activity said catalyst possessed at the start
of the previous run cycle;

(c) passing at least a portion of said combustion gas
through a dryer to produce a dried gas having a
water content less than said portion of combustion
gas;

This Sheet Has Been Repl
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30 ° rate was again reduced so that projected run | ength had increased.
The liquid CJerr] yield was the sane as after the first regeneration.

EXAMPLE VI |

24.

25.

26.

27.

28.

29.

i i

(d) recycling at least a portion of said d;ied gas to
said catalyst zone; and

(e) reducing the regenerated catalyst by contacting
the catalyst with a gaseous stream containing
hydrogen at an initial temperature from 300°F to
700°F.

The process as recited in Claim 23 further comprising
the step of purging the catalyst resulting from step
{b) with a gaseous stream comprising nitrogen prior to
the reduction step (c).

The process as recited in Claim 23 further comprising
the step of purging the catalyst resulting from

step (b) with a gaseous stream comprising nitrogen
prior to the reduction step {(c) and changing the
recycle gas dryer so as to reduce carbon dioxide in the
recycle gas to less than 100 ppm. |

The process as recited in Claim 23 wherein the

L-zeolite catalyst contains bariunm.

A reforming process wherein a reforming catalyst is
regenerated for at least two cycles by the process as
recited in Claim 1, 2, 3 or 23.

The process as recited in Claim 1, 2, 3 or 23 wherein
the catalyst is continuously withdrawn from reactors
for regeneration in a separate vessel, and returned to
the reactors.

A reforming process comprising contacting a hydrocarbon
feed with a platinum containing molecular sxeve




Regeneration without Dryer (for conparison only) A coked catalyst froma
4700 hour pilot plant run was saved and |l ater returned to service at the
same conditions used in the previous exanples. Prior to its use, the

catal yst had the sane conposition as the catal yst used-n- Exanple-LL. After

330 hours on-stream the average catal yst bed tenper
(930[err]F) and liquid product contained gg w. % arﬁ'mr,m"ﬁﬂﬂ ’ﬂ"ﬂ d Of
| i quid product on feed was beginning to Fine and was 855 KV =+ At th

poi nt the naphtha feed was stopped and the reactor cooled tc 260[err]C
(500F) in circulating hydrogen. At 260[err]C (500[err]F), the

catalyst under reforming conditions and regenerating

said catalyst in accordance with the process of
Claim 1, 2 or 3.

is Sheet Has Been Replaced.
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recycle |l oop was purged with nitrogen and the sul fur conver t er pgERse A’
reactor and recycle gas dryer were bypassed and the separator was drai ned.
The pressure was adjusted to 683 kPa (85 psig). Thsi_tinme the car bon,. burn
was started at 260[err]C (500[err]F). Air and oxyge : £y

added to the recycle gas streamas in Exanples |11 §an.d...... b t-.'it e.----px’ygen
content at the reactor inlet was adjusted to 0.5% i; né;tead of 1. 0% ‘IJhe
dryer remai ned bypassed.throughout the burn. Ther & was? conPeted oxygen
conversi on and théueXﬂtzmar,rg )g;?,ﬁgpbout 6.7[err]C (1$[err] F)_After holding at

260[err] C (500[’err]F)» =60 the furnace tdnperature was ral’sed

13.9[err] O h (25ferrtr-hy: err] C 430Q[ err]F).L_Quygen breakthrdugh
occurred when the furnace tenperature reached about 340[err]C (640[err]F).
There was only a small anount of burning by the tine the furnace

t enperature reachﬁﬁw3ﬁﬁdﬁﬁﬂﬂ1@u@?@@kﬁﬁ&hﬁhx@ﬂdthcOQEODnnamImnmEmegligible.

Reactor inlet oxygen |level was raised_to
y9 LELSRATRS dathfysts

ABSTRACT

A process for generating a coke contaminated reforming
catalyst comprising platinum on a molecular sieve, said
process consisting essentially of contacting said catalyst
with a halogen-free oxygen-containing gas at a temperature of
less than 780°F for a sufficient period of time such that the
aromatization activity is restored to within 20°F of the
activity said catalyst possessed at the start of the previous

run cycle.

This Sheet Has Been Replaced
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3ha ure held a, 371[err}e-(Z00[err]F)_for 20 hours
Bt .

hé@ exot herm duri ng thef ss than

.......
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"LOW TEMPERATURE REGENERATION OF
_GOKE DEACTIVATED REFORMING CATALYSTS

BACKGROUND OF THE INVENTION

The'subject of the_present_invention is a process for the
regeheration of a ﬁ;drocarbon reforming catalyst which has
been deactivated due 23 kuildup of carbonaceocus material on
the catalyst. More spgcifically, the present invention
provides a method for regenerating a coke deactivated
reforming catalyst by. a controlled low temperature
carbaon-burn procedure which results in the catalyst having
activity, selectivity and stability characteristics
apﬁrcximatihg, or which are even better than, the catalyst
.prior to the buildup of carbon. The reforming catalysts
intended to be regenerated by the process of the present
invention comprise a molecular sieve material and platinum.

Platinum containing catalysts are widely used in the oil
refining and petrochémical industries, and are particularly
important in a refofming process where paraffins, olefins
and naphthenes are converted to aromatic compounds.
Conventional reforming catalysts typically include one or
more metals, most typically platinum, dispersed on a base,
and may also include a binding agent for adding physical
support to the base, and chloride to provide an acidic
function. Typically, the catalyst base is alumina, but
recently molecular sieve based catalysts have been found to
be effective for reforming reactions.

Qatalyﬁic compositions containing zeolites are well known in
the industry and recently the use of L-zeolites in
combination with other specified catalytic components have
been found to be particularly preferred for reforming. The

& .



1.1[err]C (2F). Since the recycle gas dryer was bypassed, water built up
I n the recycle gas during the burn until it reached saturation | evel s
i‘'n the separ at -st-tre tEVel s in the recycle gas exceeded 2000 ppm

well into the BFE?hMKdtﬁé“'-err]F) hol d peri od. After conpleting the
carbon burn, tHe purged with nitrogen and the reactor

was cooled to gé@]@B?S@@?err whil e recycle gas circulation
continued. At 500[err he dryerz- and the sulfur converter/sorber
were put back o -Watier in the recycle gas fell below 100 ppnv,

the pfant was ‘pressured up 786 |kPa (100 psig) with hydrogen to initiate
catalyst - redutt+enm——ATTEr an hour at 260[err]C (500[err]F) t he reactor

“was heated tardﬁ@tecr¢dhncurcs produced by such a catalyt ic ccnversicn
are valuable to a refiner due to their higher cctane rating,

and may be recovered from the rezl forming product Zcr further
nrocess’ng and reaction in the petrcchemical industries.
The.L-zecllte catalysts are particularly effective for
converting C; ané C;, non-aromatic hydrocarbons which nermally
boil between 52°C and 107°C (125°F and 225°F), to benzene and tolaene.

In the reforming process, a hydrocarbon feedstock is passed
through a catalyst-containing reactor in the presence of
hydrogen at an elevated temperature. 1In the reactor and
upon contact with the reduced or activated catalyst, scme of
the paraffins, olefins and naphthenes in the feedstock react
to form a mcre des;:e', higher cctane aromatic product. - In
the course of typical reforming operations, the catalysts
will typically become deactivated due to the deposition of
carbonaceous material or "coke' upon the catalyst, and/or
sintering or poisoning of the catalytic metal particles. In
commercial practice, the deactivated catalyst will then be
regenerated by a process which may include as a step the
exposing of the catalyst to an oxygen containing gas at
elevated temperature (typically 510°C (950°F) final burn
temperature) to butn the carbonaceous deposits accumulated
on the catalyst. However, prior to our present invention,
burning the coke off the catalyst at elevated temperatures
caused the catalytic metal to agglomerate, which .
siéniﬁicantly lowered the activity and thus worsened the
performance of the catalyst. Conseqﬁ;ntly, specific steps
directed to the redispersion of the catalytic metal on the
base were necessary. The redispersion steps typically
comprise contacting the catalyst with a chloride containing
gas in the presence of oxygen and water vapor, and are well

known in the art.



(900[err]F) .at rate of 5.6[err]C h (10[err]F/ h). The reactor was held at
480[err] C (900[err]F) until the noisture content of the
was | ess than 100 ppmthen cooled to 427C (800[err]F) f
I ntroducti on. : EXAVPLE VI |
only) Cat al yst Performance after Regenerating wt oyt
After the catal yst regeneration in Example VII, the naphtha
restarted and the reform ng reaction resunmed for 590 hpu
the rtn conditions were the same as in Exanple Il. Cat
was not -as good-as obtained in Exanples I, IV, or VI. )
S _In U.S. Patent No. 4,493,901 issued January 15, 1985 to

Bernard et al., a method of regenerating a catalyst

cémﬁrising platinum and a non-acidic L-zeolite is described,’
wheréby the catalyst is subjected to a multi~step process, -
the first step being exposure to a hydrogen environment,
_followed by-a carbon burn step, and then a calcination étep
followed specifically by an oxychlorination step. The
. regeneration method of Bernard et al. utilizes a hydration
step following the oxychlorination step. 1In the hydration
step, a quantity of water is added to the cooling air.

In U.S. Patent .No. 4,810,683, issued March 7, 1989, to Cochn,.
a method is described which utilizes a halogen or halogen
containing gas during the carbon burn step. The burning
step of.the process of U.S. Patent No. 4,810,683 occurred
necessarily in the presence of a halegen or halogen
containing gas and at a temperature cf from 300°C to 600°C.

U.S. Patent No. 3,986,982, issued October 19, 1976, to
Crowson et al., describes a method for regenerating a
deactivated platinum group metal-lcaded zeoclites by burning
off deposits on the catalyst with a stream of inert gas and
oxygen at a temperature controlied to a maximum of 550°C.
Example 1 shows a stepwise burn procedure to 530°C. The
water content was held at 100-130 ppm. This was followed by
treating with a stream of an inert gas containing from 0.5
to 20.0 vol% oxygen and from 5 to 500 ppmv chlorine as
chlorine gas. The resultant catalyst is purged to remove
residual oxygen and chlorine and then reduced with hydrogen.

U.S. Patent No. 4,359,400, issued November 16, 1982, to

G. R. Landolt et al., describes a process whereby
multimetallic platinum containing catalysts are contacted
with oxygen containing gas at elevated temperatures to burn




tenperature was 464[err] C (868[err]F) and the fouling rate was
0.017[err]C/ h (0.031[err]F/ h). The projected run |ength was
.about 2100 hours. _ :
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off coke .and then treated with dry,
1alide. The catalyst is then treated with Cl, containing

-

gas which is oxygen and water-free.

u.s. ?atent'Number 4,719,189, issued January 12, 1988 to
A. S. Krishnamurthy describes a process for rejuvenating a
coke-deactivated ncbel metal containing zeolite catalyst.

" The process comprises contacting the catalyst with a mixture
of oxygen andlsulfur dioxide, follaowed by catalyst
reduction. Tenmnperatures from-400°C-449°C (752-840°F) are preferred.

U.S. Patent No. 4,645,751, issued February 24, 1987, to

S. B. McCullen et al., describes a process for rejuvenating
a highly silicious (silica-alumina ratio of at least 20).
Pt zeclite catalyst wherein the Pt has become agglomeratéd.

o]

x

he agglomerated catalyst is first reduced with hydrcgen.
Following reduction the catalyst is treated with hydrocen

chloride and 6xygen in an inert gas carrier at 400-450°¢cC.

U.S. Patent No. 4,752,595, issued June 21, 1988, to

S. B. McCullen et al., describes a process for regenerating
a nobel-metal containing zeolite catalyst. The process
consists of a coke burn step followed by a lew temperature
reduction step(100-250°C [212-482°F]) .0Oxidizing conditions for the
coke burn include temperatures ranging from 200-540°C (392-1004°F),
preferably 400-510°C (752-950°F).

U.S. Patent No. 4,657,874, is;ued April 14, 1987, to

W. S. Borghard et al., describes a method where Pt on a
highly silicious zeolite is redispersed. The process
comprises a coke burn followed by oxychlorination. The
oxygen burn step is done under conditions that are
sufficiently mild to prevént any alteration in the crystal
structure of the zeolite. Example 6 uses a temperature of



EXANPLE X Regeneration with Dryer (for conparison
only) The regeneratlon procedure of Exanple VIII was repeated wth
ahot her coked catal yst sanple except that the r Jﬁﬁé}ﬂ@iﬁ g{yer was
enpl oyed during the carbon burn and consequent| tor inlet

noi sture |levels were always | ess than 5.gpm b catal yst conposition
prior to its use as a reformng catal yst was the] s@®0€% Wt used in
Exanples Il and VII. )

=)

454°C' (850°F). This is then-followed by tre ith a stream of

inert gas centaining 6 te 15 Terr ci chalcrine gas and water

vaper such the malar ratic of water te chlcrine gas is

between 0.01L and 2.0. Oxvgen may alsc be presan . TWe
5

U.S. Patent No. 4,851,380, issued July 25, 1989, tc

D. A. Van Leirsbhurg et al., describes a process for
regenerating a sulfur contaminated reforming catalyst. The
process includes a platinum agglomeration step which can be
accomplished bv cént;cting the catalyst with 0, between
427°C and 649°C (800°F and 1200°F) and an oxychlorination step. Pt
redispersion by contacting an agglomerated catalyst with o
carbon monoxide and a sulfur free halcgen acid gas.

G.S. Patent No. 4,855,269, issued August 8, 1989, to
D. ¥. Mohr, discloses a platinum redispersion method
comprising a wet oxychlorination step, followed by a
nitrogen purge, followed by reduction.

U.S. Patent No. 4,914,068 issued April 3, 1990, to

V. R. Cross, describes a process for the improved retention
of the platinum dispersion following oxychlorination if the
catalyst is cooled to 430°C or preferably less than 375°C
prior to efert of reduction. Coke was burned off the
catalyst at 510°C prior. to reduction.

U:S. éatent Ne..4,600}700 discloees a process for
regenerating a coke-deactivated catalytic dewaxing
olatinum-Zeclite Beta catalyst. !

WO-A-9215654 discloses a process for regenerating
a coke contaminated reforming catalyst comprising
platinum on a molecular sieve, said process consisting
essentially of contacting said catalyst with a halogen-

free oxygen-containing gas at a temperature of less



Cat al yst Performance After

' y) _
Regener at i dn a LKCEMEN&SH ETLe catal yst regenerated in Exanple | X was
tested wit £-TUn conditions and feed as in Exanple VI11. After

576 hours of-ktr staﬁt-of-run tenperature was 461[err]C
(862[err]F)ta d2§gggﬂsgﬁgdqadtivation rate was
hi(0.019ferr]Fthr). The profected run | ength was 3800 hours
conpared to {2100 in Exanple VIII. The results of fromExanples | to X are

summari zed ilEs de-sf De[78@°F) for a sufficient period of time such

that the catalyst arcmatization activity is rastored to

S

EXAMPLE X (for

ithin 11.19C (20°F) of the activity said catalyst

£

possessed at the start of the pre&ious run cycle.
Unfortunately, the presence of halogens such as chlorine or
fluorine  or their compounds during regeneraticn results in
the formation of corrosive by-products such as HCl and
NH,Cl.~ These compounds can cause damage to equipment used
in the reforming process such as heat exchéngers, liquid/gas
separators and reactor internals. The halbgen containing
compounds and their products necessary for platinum
redispersion are highly toxic as well. Therefaore, it is
ﬁighly desirable to have available a catalyst regeneratian
procedure that does not include the use of a haloegen

containing gas.

U.S. Patent No. 5,073,529, issued Decemker 17, 1991 to
Miller et al., describes a process for regenerating a
coke-deactivated reforming catalyst. A two-step carbon burn
procedure is used wherein the catalyst is initially
contacted with oxygen and an inert gas at a temperature
ranging from 260-371°C (500-700°F). During the second step, the
catalyst is Eontacted with oxygen and an inert gas at a

temperature ranging from 454-510°C (850-950°F).

SUMMARY OF THE INVENTION

The present invention relates to a halogen-free process to
regenerate a coke contaminated catalyst comprising platinum
on a molecular sieve support which process comprises: (a)
contacting said catalyst with a halogen-free oxygen-
containing gas at a maximum temperature of less than 416°C
(780°F) said gas having a water convent of firm 100 ppmv to
1000 ppmv and (b) oxidising at least a portion of said coke
to produce a combustion gas for a sufficient period of time
such that the aromatization activity is restored to within
11.1°C (20°F) of the aromatization activity the catalyst
possessad -at the start of the previous run cycle. By the
term “arematization activity” we mean the extrapolated start-



TABLE 1

- activitv change of noct

-7 -

‘of-run temperature where "the run conditions and the feed as

well as the aromatics yield are substantially the same as in
the prev10us run cycle. By the practice of the present
invention, the platlnum on the catalyst remains sufficiently
dlsperSEd on the support to allow for an

more than 11.1 C°(20°F) upon termination of

the regeneration procedure, and return cf the'catalyst to
hydrocarbon conversion service. Thus, the ca:alvst
arom;tization actig}ty is based upon the temperature needec
to achieve a desired constant aromatics production.
Typically, we have cnn*:olled our process to abeu® 40 to 42
wt.% aromatics in the “rcduc although other values may ke
set, in other circumstances. Rageneration by the process of
the present invention-results in a catalyst which has an |
romatization activity, as defined above, which is within

-11.1fC (20°F) of the temperature needed in the previous run to

achieve the same constant aromatics preduction.

Among cther factors, we have found that by limiting the

ultimate temperature in the carbon burn regeneration

-

procedure to a maximum temperature of less than 416°C (780°F),
preferably between 316°C to 400°C (600°F to 750°F) the catalyst may be
restored. fo an activity very close to that of the fresh

catalyst, without requiring a metal re-dispersion step. It
is further preferred the carbon burn be initiated at a
temperature of less than about, 260°C (500°F). The

recycle gas is drled to achieve a water concentration in the
recycle gaé of from 100 ppnv to 1000 ppm water, prior to the

recycle gas eﬁtering the reforming reactor train.

We.haéé'found that by avoiding addition of a halogen or
halogen containing gas during or after the carbon burn
procedure, plant deterioration due to stress cracking and
corrosion is minimized. Further, prior to our present
invention, it was common practice to circulate soda ash or

morpholine solutions through effluent heat exchangers,

et |




Start of . - Run Deactivation Projected
Descri ption Exanpl es Tenp.C([err]F) Rate [err]C h ([err]F/ h) Run(hours)

Fresh Cat al yst I 457 (855) 0.014 (0.026) 3100 First
Regenerati on [1-1V 459 (859) 9.4x10[err] (0.017) 4100 Second
Regener ati on V- Vi 468 (874) ? _6x10[err] (0.012) 5000
Regeneration without Dryer. VII-VIIT ° "464 (868) 0.017 (0.031) 2100

transfer lines, and liquid-gas separators during the

regeheration of reforming catalyst in order to prevent
. corrosion due to chlorides. The need to use corrosion

-innibiteor solutiens is eliminated wher regenerating

reforming catalyst by the methed of the present inventicr.

In general, the art teaches away, i1.e., describes high
température'burn procedure fallowed by redispersion step or,
burn/iedispersicn combined. We have now, surprisingly,
found that if the coke burn and reduction are both done a%
low temperatures and with low concentration of water, the
regenerated catalyst has excellent activity and unexpectedly

~long life.

Surprisingly, we have also found that the rate of
deactivation or "fouling rate" of the regenerated catalys!
decreases following the application of the regeneration
prccess of the present invention. Thus, a catalyst
regeneration procedure was discovered in which noble metal
does not appreciably agglomerate; eliminating the need for a
redispersion step, which are among the advantages of using
the present regeneration method on a Pt containing molecular

- sileve type catalyst.

DETAILED DESCRIPTION OF THE INVENTION

As explained in the summary section above, the present
invention is a procedure for regenerating reforming
catalysts, comprising platinum on a L-zeolite or silicalite molecuiar
Sieve support

By the term "reformlng" we mean the process of converting
paraffins, naphthenes or olefins to aromatic hydrocarbens
_via hydrodecyclization or dehydrogenation. Feeds useful in
reforming typically include hydrocarbons having from six to
eleven carbon atoms, but these feeds can also include
narrower cuts, such as a C, to ¢, cut. Indeed, the reforming

catalysts that can be regenerated by the process of this o

IR ot
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Regeneration with Dryer I X-X - 461 (862) 0.011 (0.019) 3800

The Table clearly shows that a controlled | ow tenperature carbon-burn
régeneration procedure restores nost of the activity present at the start

of the previous run cycle and that catal yst deactivation rates are
significantly reduced, such that several cycles are possible before there
Is a need for platinumredi spersion. Thedresul ts further show the advant age

in using a dryer to reduce the water content.of the recycle gas during the

carbon burn.. These results are surprising in view of the prior art and
afford the Dpp@ﬂtk@ﬂt@”¢(»¢FﬂﬁQ§ﬁH§(QﬂﬁeechémgFH—énésaVQFd thecyselbfe

corrosive > ARG SONEALLES MO ¥adidd C idlQ08” €eTRRHEdS: nivzures
" -he*eoL can be prcduced by reforming hvdrccarkcns hav

to seven carben atoms.

" The catalysts advantageously regenerated by the methed cf
this invention comprise platinum on a'L-zeolite or silicalite '
molecular sieve support. Molecular sieves are defined as porous materials
which exhibit the property of acting as sieveg on a

molecular scale.

Silicalite isan example of a molecular
sieye compésgd of substantially silica. Silicalite has the
same c;ystal structure as ZSM-5 except fhat substantially
all of the aluminum atoms have been replaced with silicon

atoms. -




during regeneration.
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Catalvst Descripmion e
In copending Applicaticn 'U_S—A-SOSZSGL . assigned te the

- assignee of the present invention

an intermediate pore size crystalline

.silicate having a silica to alumina ratio of preferablv at

least 500, is described. We have founé the present catalyst

‘regeneration process may be advantagesously used to

regenerate the intermediate pore size crystalline silicate
catalyst, and that the present process may also be
advantageocusly applied to a mixed catalyst system comprising
the intermediate pore size crystalline silicate described in

coéending 'Application US-A-5052561.

he process of this~

ct

b

ataly
invention comprises platinum on an a
matal exchanged, L-zeolite. It is especially preferred that
this catalyst be protected from sulfur poisoning during its
use in reforming, so that the catalyst is never contacted
with more than 100 ppb by weight sulfur in the feed. This
can be accomplished by using a sulfur converter/sorber
system as described in U.S. Patent No. 4,925,549 to Robinson
et al. The regeneration process of this invention is
especially effective on substantially sulfur free catalyst.

A preferred c
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kaline earth or alkali

In addition to platinum, the catalysts regenerated by the
present invention may contain elements such as rhenium, tin,
germanium, iridium, copper, iron, cobalt, nickel, and
titanitum which in certain cases may improve catalyst
selectivity or stability. For naphtha reforming, it is
desirable that the molecular sieve catalyst have a low
acidity. Acid sites may be neutralized by ion exchange with
alkali ions such as lithium, sodium, potassium, cesium and
rubidium ions or alkaline earth ions such as calcium,



Regeneration Procedure for a Large-Scal e Pl ant Al'lowi ng for differences
in the exothermas conpared to a pilot plant, a commercial unit with four
rreactors in series is regenerated as follows. Naphtha feed is w thdrawn and
hydrogen is circulated at high tenperature to strip hydrocarbon fromthe
catal yst. The separator and knockout-dfyqs are periodically drained of

hydr ocarbon. Hydrogen circulation is continued while the reactors are

cool ed to about 216[err]C (420[err]F). At 216[err]C (420[err]F), the
recycle loop-is purged with nitrogen and | ow points are checked for liquid
hydr ocar.bons. . After periodic draining shows that little or no hydrocarbon

| i qui-ds are. being collected,. it is ag¥an&$geo#$~io WM ichstoy @, fresh
i . . it ang. i 3 Lol 2 ee

recycle g'as'“ﬁ’&f#‘\ﬁm SrECE Bt 3R & Ty tree of M :

' ' acidity may also be achieved by substltutlng boren Zer

aluminum in the zeolite framework; for example, boron.

substituted beta zeolites or by using a.zeolite with a

silica/alumina ratio greater than 500.

The present invention has been found to. be particularly
effective when applied to L-type zeolites, which are large-pore
zeolites. Large-pore zeolites are defined as zeolites having an
effective hore diameter of-between 0.6 and 1.5 nm (6 and 15 Angstroms).

A typical composition of L-type zeolites, expressed in terms
of mole ratios of oxides, may be represented as follows:

(0.9-1.3)M,0:A1,0;(5.2~-6.9)S10,:YH,0

wherein M designates a cation, n represents the valance of
M, and v may be any value from 0 to 9. Zeolite L, its X-ray
diffraction pattern, its properties and method for its
preparation are described in detail in U.S. Patent

ﬁo. 3,216,789 which is hereby incorporated by referencef
The true formula may vary without changing the crystalline
structure. For example, the mole ratio of silicon to
aluminum (Si/Al) may vary from over a range which is
typicélly 1.5 to 3.5, but may be higher. The barium
exchanged form of zeolite L is particularly preferred as
described, for example, in U.S. Patent Nos. 4,434,311 and
4,547,472.
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hydr ocarbons and water. If there is a recycle gas suﬂﬁﬁhma%ﬂﬁgi
it wll be bypassed at thi's point. When the reactprfrnlets are a
216[err]C (420[err]F) and the | evel of conbustiblesji Q@pocgcﬁnee g3ds is

|l ess than 2.0% air is introduced to the recycle gas stream The oxyden

| evel at the first reactor inlet is adjust-ed to 0.5% g of |
residual conbustibles in the recycle gas consunes afl the oxygen apd’
results in a 44.4 to 69.4[err]C (80 to 125[err]F) exormem across the first
reactor. Eventually, the vapor-phase conbustibles are consuned and the
burn-wave. nroves -t hrough the reactor chain. After oxygen breakthrough occurs
and the exophier opsnibes desorhw Nagsr tANTISR W eped el 960 tairmsabe of about
13.9[err]Ch ( 5[er£%F72% unti | qgak cq{ahist.bed t enperature reaches
371[err] C (FOBFRrPIHE The? AW B ofier™i™at*Shis point is I ess than about
11.1[err] C (20[err] F). Wen

sér ber,

(0.7-1.1)Na,0:A1,0,: XSi0;:YH,0

wherein x is a value between 3 and 6, and y may be a value
up to 9. Zeolite Y has a characteristic X-ray diffraction
pattern which may be employed with the abo?e formula for
identification. Zeolite Y is described in-more detail in
U.S. Patent No. 3,130,007. U.S. Patent No. 3,130,007

shows  a zeolite
useful in the present invention.

More recent patents disclose high silica/alumina version; of
zeolite Y produced by steaming and/or chemical extraction
which removes aluminum from the framework of the originally
synthesized zeolite. Y-zeolites with framework
silica/alumina ratios as high as 50:1 or higher may be
prepared by these.methods, and are useful supports for the
reforming catalysts regenerated by the method of the present
invention.

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

(0.7-1.1)M,,0:A1,05: (2.0-3.0)Si0,: yH,0

wherein M represents a metal, particularly alkali and
alkaline earth metals; n is the valence of M, and y may have
any value up to about 8 depending upon the identity of M and
the degree of hydratidh of the crystalline zeolite.

Zeolite X, its x-ray diffraction pattern, its properties and
method for its pr@pafﬁﬁion are described in detail in U.S.
Pateint N&. 2,882,244,



oxygen conversion across the reactor train drops tfo. “@@Eﬁﬁﬁﬂiiﬁ 1 he
oxygen concentration at the reactor inlet is raisdd a. 2. 0% and t he
furnace tenperatures are { T BS -
11 230CT 9% |
- 13 - b
which shows ‘a zeolite useful in the

present invention.

Zeolite beta is a known synthetic crystallins
aluminosilicate originally described in U.S. Patent

'Nos. 3,308,069 and RE 28, 341 to which reference is made for
further details of’ this zeolite, its preparation and
properties. These references describe the composition of

zeolite beta in its g*-syntheszzed form as follows:

[XNa(1.0+0.1-X)TEA]ALO, ® Y (Si0, ® W H,0)

where X is less than 1, preferably less than 0.75, TEA
répresents'tetraethylammonium ion, ¥ is greater than 5 ang
less than 100, and W is up to . 4, depending on the
condlulcn of dehydration and on the metal cation present.
These references also teach that the sodium ion may be
replaced by another metal ion using ion exchange technigues.
Subsequent publications éuéh as European Patent Applications
Nos. 95,304; 159,846; 159,847; and 164,939 have broadened
the definition of zeolite beta to include materials prepared
using templating agents other than tetraethylammonlum
hydroxide and materials hav1ng a Si/Al ratio greater than
100. Also the zeolite described in European Patent
Application No. 55,046 ("Nu-2%) and British Patent
Application No. 2,024,790 ("Borolite B") have structures and
X-ray diffraction patﬁerns similar to that of zeolite beta
and are included within the scope of the term "zeolite beta"”

as used herein.

Mordeﬁite is a commercially available zeolite which occurs
in nature and has also been synthesized. 'Both "small port"
and "large port" mérdéﬁites have'ﬁﬁén synthesized. The
"large port" form is pfeférfed_fgr catalysis and is



adj usted to maintain the peak catal yst bed tenperatures-as close to 371C

(700[ err] F) as possible. - Tenperatures are maint

(700[err]F) for 12 to 24 hours before the air b7 § The
recycle loop is then purged with nitrogen and coql ¢d tc 260[err
(500[err]f). At 260[err]C(500[err]F_)1£h_e recycl a4l i t ched
again and the sulfur converter/sorber is brought ibdck on-T1 ne. out
twice the stoichi-onmetric anmount of hydrogen needg¢d ' t he

catalyst is fed into the unit over a period of abgut an

hour. The junit is

then partially depressured and pressured up w th hydrogen To adjust the
hydrogen to nitrogen ratio to about one-to-four. H gher hxgrogen to

‘nitrogén radessridgd in "Zeolite Molecular Sieves" by Dona
'published by John Wiley and Sons. A typical oxide
composition is: '

Na,0 ¢ AL,0, ® 9-10 SiO, & & H,0

The silica/alumina ratio may be increased by extracting

"W. Breck,

alumina using various chemical and thermal methods similar
to those employed with zeolite Y.

The percentage of platinum in the catalyst is between 0.1%
and 10%, the lower limit cqrresponéing to minimum practical
catalyst activity and the upper limit to roughly the maximum
possible platinum utilization. Preferably, the catalyst:
contains between 0.2 and 5.0 percent platinum. Group VIII
metals are introduced into a large-pore zeolite during
synthesis, impregnation or ion exchange in an agqueous
solution of an appropriate metal salt. If it is desired to
introduce two Group VIII metals onto the large-pore zeclite,
the operation may be carried out simultaneously or
sequentially.

By way of example, piatinum can be introduced by
impregnating the large-pore zeclite with an aqueous solution
of tetrammineplatinum (II) nitrate [Pt (NH;),](NO;),,
tetrammineplatinum (II) chloride [Pt(NH3)4]Cl2, or
diammineplatinum [Pt (NH,;),] (NO,),. In an ionic exchange
process, platinum can be introduced by using cationic
platinum complexes such as tetrammineplatinum (II) nitrate.

A binder may be used in the preparation of.the catalysts.
An inorganic oxide is used as a matrix to bind the
large~pore zeolite. This binder can.be a natural or a
synthetically produced inorganic axide or coibination of



result in excessive ammonia formation, which is.catalyzed by the iron
particles present in the reactor tubes. The tenperature is held at
260[ err] C(500[ err]F) for about an hour then raised-a.8lerrl CLh
(10[err]F/ h) to 430[err]C (900[err]F). The hyd ogﬁﬂﬁﬂﬁuﬁu@&ﬂﬁ?ﬁﬁ o1is
mai ntai ned by adj usting hydrogen andﬂgltrogen :

tenperature. is held at 480[err]C (900f&rr]F) f s. Wen
water in the fourth reactor effluent is |ess thRan e it enperature
i s dropped. to 371[err}C (700[err]F) or lower t@ &wal Lot rjoduct i on.
EXAMPLE. XI'I (for conparison only) Reforn1ng Wth A Silicallite

CatalySt/th%Fﬁ&hLGO&kﬁges Typical incrganic lowide—minders-which can
Zbe used include clays, alumina, silica or mixtures thereof.
Preferable binders are alumina, silica, cr mixtures thereaf.
Acidic sites on the binder are preferahly exchanged by
.cations which do not impart strong acidity (such as sadiunm,
potassium, rubidium, cesium, calcium, strontium or barium) .

~ After the desired metal or metals have been introduced, the
cetalysﬁ is typically calcined in air and then reduced in a

hydrogen environment.

The eneraelon process of the present invention may ke
usefu1 on catalysts in the physical form of extrusions,
spheres, pvills, pellets, granules, broken fragments, or

various other shapes known in the art
Catalvst Use and Contaminaticn

The reforming catalysts regenerated by the process of the
present invention are used for aromatization of C; to G,
preferably C; and Ca non-aromatic hydrocarbons. Accordingly,
a2 hydrocarbon feedstream which comprises a ¢, to C
paraffin, olefin, or naphthene, is contacted with the
catalyst at aromatization conditions. Aromatization
conditions typically include an absolute pressure of from
50 7 to 5070 kPa (0.5 to 50.0 atmospheres), with the preferred
pressure belng from 101 to 1010 kPa (1.0 to 10.0 atmospheres), a
temperature of fror 427 to 649°C (800 F to 1200°F), preferably
427 °C to 570°C (800°F to 1050°F), and a liquid hourly space velocity of
from between 0.1 to 10 per hour. Preferably,
hydrogen is employed in tﬁe process. When present, hydrogen
.may be circulated at a rate of from -1.0 to 10.0
moles of hydrogen per mole of hydrocarbon in the hydrocarbon
feedstream. Feed streams entering the reforming reactors

¢k



A silicalite catal yst was produced. by i npregnating a dried synthesized
Silicalite powder to give 1% Pt on the Silicalitg=p ing this
with SAPO- 11 powder .to produce a finished catal ;4 t MEMMMMT 5% wt

SAPO 11 and 75%wt Pt Silicalite. ¢ .
36 - i
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should be low enough in sulfur and water to prevent catalyst

deac¢tivation by sulfur poisoning or platinum sintering.

Catalvst Regeneration Method

The gradual accumulation of coke and other deactivating

- carbonaceous deposits on the catalyst will eventually reduce
- the activity of the catalyst and selectivity of the
aromatization process. Typically, catalyst regeneration
becomes desirable when from 0.5 to 3.0 wt. % or

' more of carbonaceous den051ts are laid down upon the
catalyst. " At this point, it is typically necessary to take
the hydrocarbon feedstream out of contact with the catalyst
and purge the hydrocarbon conversion zane with a suitable
gas stream. The catalyst regeneration method of the present
invention is then performed either by unloading the catalyst
from the conversion zone and regenerating in a separate
vessel or facility or performing regeneration in-situ.
Alternatively, the catalyst may be continuously withdrawn
from the reactor for regeneration in a separate vessel, to
be returned to the reactor as in a Continuous Catalytic
Reformer. |

In fixed bed operation, it may sometimes be necessary to
dump the‘catalyst'from the reactors and screen out fines in
order to reduce pressure drop. This typically occurs after
several years of operation. The dump and screen procedure
is usually done in combination with a catalyét regeneration.
First carbon is burned off the catalyst following the
procedures of this invention. This also serves to reoxidize
finely divided metals on the catalyst such as iron and
platinum. In their metallic form, these metals will rapidly
oxidize when exposed to air and possibly ignite a fire or

explosioﬁ whén hydrodcarbons are also present.

L,



ThIS catal yst was .used to convert hexane containing feeds to aromatics.

The feed conpositions are listed in Table 3. Ther

I ons

- OF-EF-S-ER—E-eirehh
used were a pressure of 303 kPa (30 psig), a WHSV REPLAGEAENTaSHERT (rgen to

hydrocarbon ratio of seven to one, with the catalyft tenperatu
fror 470[err]C - 540[err]C (880 to gp?p[prr]F) t

benzene | evel and adjust for fouling.

X'l

rangi ng

i 8t ol g product

O

' The catalyst is then dumped from the reactors intc a

sé:eening device where the fines are removed. It is then
reloaded into the reactors and dried by circulating ;itrcgeh
through the reactors and recycle gas dryver while. heating to
reduction temperature. When water levels in the reactor
effluent are sufficiently low, the catalyst is then reduced
accerding the procedures of this invention and returned to
reforming service. The dryout time can be shortened and the
catalyst protected from water, carbon dioxide, and sulfur

. compounds’ in the atmosphere by blanketing with nitrogen or

dry air during the dumping, screening, and reloading

processes.

According tc the catalyst regeneraticn method of the presant
invention, the essential step of the methed incorporates a
lcwer temperature carbon burn step. The lower temperature
carbon burn step involves contacting the deactivated
catalyst with a gaseous mixture of oxygen and an inert gas.
The oxygen is typically derived from air and an inert gas
serves as a diluent, such that 6xygen concentration is from
about 21 mole % oxygen to a lower limit which for the
practice cof the present invention may be as low as

0.1 mole % oxygen. The practice of the present invention is
not limited to use of air, however, and higher levels of
oxygan may be used in methods where oxygen is supplied in a
more ._pure form such as from cylinders or other'containing
means. Typical inert gases useful in the low temperature
carbon burn step may include hitrogen, helium, carbon
dioxide, and like gases or any mixture therecf; nitrogen
belng preferred The regeneration gases should be
substantlally sulfur-free as they enter the reactor, and
contain from IOOOppmv to 1000ppmv .

water. Because the oxygen conterit determlnes the rate of
burti, it is desirable td kesp the oxygen content low so as



Regener at i on Of Silicalite Cat al yst (for conparison only) The

cat al yst of

Exanple XIl was repeatedly coked and regenerated e NG e
conditions included treating the catalyst with | \ME@bNG@ﬁﬁﬁégw

I on
s{(0.5to

2.0 wt. 9% of oxygen at 303 to 786 kPa (30 to 10pP pPsig) at a BV{of 923.

During regeneration, the regeneration gaSﬁg_cont i hegd 9ET 1999
wat er . The regeneration tenperature was*vari ed}oyer the range
360C (450 to 6807). Regenerations bel ow about 26 [gﬁﬁfe‘fﬁﬁﬁréTf

1Q0 ppm
off 230 to
]R) for 16

to 24 .hours were not successful in producing a c talyst havi ng_an lactivity

(as ‘measur-ed by hexane conversion) or a selectivity (as feasured by the wt.
@6benzene I'n the g m
etal

not to damage the catalyst by overheating and caus

agglcmeration, while still conducting the carbkon burn step

in a manner that is both quick and effective. We have

found

it desirable to keep the oxygen level in the inlet to the
regeneration vessel between 0.2 to 4.0 mole § during the

practice of the present invention te avoid thermal damage to
. the catalyst, and still allow for the regeneration process

%o be accomplished in a reasonable amount cf time.

The low temperature carbon burn process of the present
regeneration method occurs at a temperature of between

149 °C

to 416°C (300°F to 780°F). QOther .conditions present during the low

temperature carbon burn step include a pressure suffic
to maintain the flow of the gasacus oxygen containing

ient

mixture through the catalyst zone such as a pressure af
between 101 to 5070 kPa (1.0 to 50.0 atmospheres) and preferably from

203 to 1520 kPa (2 to 15 atmospheres), and a gas hourly spac
veloéity of 100 to 10,000 per hour, with a
preferred value of 500 to 5,000 per hour.

The regeneration method of the present invention is

e

performed in a halogen-free environment. By halogen-free,
we mean that chlorine, fluorine, bromine, or iodine or their
compounds including for example, hydrogen chloride, carbon
tetrachloride, ethylene dichloride, propylene dichloride;
are not added at anytime during the catalyst regeneration

process.

It is desirable to keep water levels low during the

reforming reactions and during the regeneration procedure.

This is especially true when températures are above 371°C (700F).

Although short peridds of time (several minutes) at water
levels as high as saturation can bé tolerated at. 3717 (700°F) and
higher, it is desirable to avoid this high a water level.



product) simlar to fresh catal yst. At regener.ation terrperatures bet ween
290 and 360[err] C (550 and 680[err]F), aromatiz

to about that of the start of the run cycle. hows t he
regeneration tenperatures and tinmes for sever efations,
along with the activity and selectivity;qesult cat al yst

or greater

was able to maintain product benzene |evels of ab Eﬁ bgqaﬁig@ﬁ
than 1000 hours between regenerations. _

3 preferred embadiment cf the present invention includes the
use -ct a'dryer in cembination with fleowing at least a
" pdrtion of the combustion gas resulting Ircm the contacting
cf the catalyst with the oxygen ccntainiﬁg gas to a dryer
ané recycling the dried combustion gas to the catalyst zone.
We have found that drying the recycle gas further reduces
catalytic metal ag%ﬁameration, resulting in a more active
regenerated catalyst. Water in the
recycle gas is reduced ﬁ from 100 ppmv to 1000 ppmv
' . prior to the gas being
recirculated to the qgéalyst zone. We have found results to
be best when a fresh dryer is employved just prior to the
beginning of and throughout the coke-burn step.

'In the preferred embodiment of the present inventicn, the
low temperature carbon burn step results in removing most of
the carbonaceous material from the ca.a’vs; while leaving an
amount of from between 0.1 to - 0.5 wt. % carbon on the
catalyst. Although the present invention is not limited by
any theory of operation, one possible explanation of the
resulting improved catalyst performance is that the small
amount of carbon remaining on the catalysts locates at the
acid sifes, and thus significantly decreases the fouling
rate of the regenerated catalyst. Surprisingly, we have
also found the yield of C;+ product to increase slightly
after a first regeneration of the catalyst.

Further, in “another breferred embodiment of the present
invention, the first reactor inlet temperature is increased
during the carbon burn in a step-wise fashion over a period
of about one to five days from an initial temperature of

less than 260 °C (500°F), preferably between 149°C and 260 °C (300°F

and 500°F) to achieve a final peak catalyst hed temperature of less than
416°C (780°F), preferably between about 316°C and 400°C (600°F and 750 °F).
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The oxygen concentration at the first reacter inlet shcould

220 -

ke qantrolled'in the prccess of the present inventicon so as
tz limit exctherms and high moisture levels due tao
hydrocarbon combustion. Therefore, in the practice of a

pr |

maintained at a level between _ 0.2 mole ¥ and

2.0 mole % in the oxygen containing gas throughout the
carbon burn-off step. During the initial stages aof the
burn, it is preferred the oxygen level be maintained at a
level between 0.2 and 0.5 mele %¥. As the rate of burn
subsides, oxygen levels may be increased to between 0.5 and

eferred embodiment of the present invention, the oxygen is
o]

4.0 mole %.

The resulting regenerated catalyst with a portion of
typically -

]

carbonaceous material burned cff is thereafte
cooled to abeout 260°C (500°F) and purged with nitrogen or another
inert gas to displace the oxygen and any water therefrom.
The exit gas is easily monitored to determine when the

catalyst zone is Substantially free of oxygen and water.

After the low temperature carbon burn-off and purge, the
catalyst is activated by treatment with hydrogen. 1In the
initial reduction step, the catalyst is contacted with a

hydragen Containing stream at a temperature of from
149°C to 371°C (300°F to 700°F) for a period of at least of 0.1

tao 10.0 hours. Preferred gqnditioné for the reduction
step are from 204°C to 316°C (400°F to 600°F) for a period from
' 0.1 to 2.0 hours. The pressure and gas rates

utilized in the reduction step are preferably very similar .
to those above described in the low témperature carbon burn
step.*.FolloQing the initial reduction, the catalyst may be
further reduced and dried by circulating a mixture of inert
gas and hydrogen while raising the temperature to between

480 and 540°C (900 and 1000°F). In the reduction step, metallic components
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y-e returned to their elemental state and the resulting

regenerated catalyst possesses activicty, and selectivity

"characteristics gquite similar to those cccurring in a fresh

catalyst. Additionally, we have found the regenerated
catalyst has improved stability, as measured by a decﬁeaged
fouling rate. When iron oxides are present cn the catalyst
or in the piping, it is desirable to use at least a 4:1 mole
ratio of nitrogen to hydrogeh'during the reduction and

dryout procedure, in order to limit the formation of NH; to

‘less than 200 ppmv.

After completing the reduction step, the temperature is

lowered to’ 427°C (800°F) or less. The reforming processin which the
catalyst is employed may be resumed by charging the )
hydrocérbon feedstream to the catalyst zone and adjusting
the reaction conditiaons to achieve the desired conversion

and product yields.

The following examples are intended to further exemplify the
invention, and are not intended to limit the invention in
any way. ' '
EXAMPLES T to X, XII AND XIII are not -in accordance with the present invention.

LO%W TEMPERATURE REGENERATION

EXAMPLE I (for comparison only)

Pretreatment and Composition of Naphtha Feedstock

P 8

A hydfocarbon feedstock was hydrotreated and dried to remove
sulfur, oxygen, -and water. The treated feed was stored
under mitrogen to keep it substantially free of water and
oxygen. The sulfur content of the hydrotreated feed was
about 0.1 ppmw. A gas chromatographic analysis showed the

following composition.



L1 GHT NAPHTHA -

MODEL FEED  COMPOUND I U
w. % Total ([err] 16. 1 : ?E_H‘“m:w‘tﬁr‘ﬁ\gﬁggﬂqerr]
49.7 . 70.0 Total derr] q il 34.2 |
24.0 N-derr] 12.5 | 28 ecTvEspy |
Cycl ohexane 5.9 T o §§
| !
VY%
i-pentane 0.0
n-—-pentcans 0.5
2,2-dimethylbutane 2.2
2,3-dimethylbutane 3.5
2-methylpentane 17.9
3-methylpentane 14.5
n-hexane 20.0

2,2-dimethylpentane
2,4-dimethylpentane
2,3-dimethylpentane
2-methylhexane
3-methylhexane

n-heptane .

LN SN N
.
LWLt 00~ W

[\
[

C,* paraffins

cyclopentane
methylcycleopentane
cyclohexane
methylcyclchexane

O N I~ s
NnNowN

[
~

other C, - C; naphthenes

benzene
toluene
ethylbenzene
heavies

HOOO
NN

EXAMBPLE II (for comparison only)

First Run Cche Starting with Fresh Catalvst

Eighty cubic centimeters of fresh.reforming catalyst were

charged to a qne-inch diameter
catalyst comprised platinum on

and a. binder.

reforming pileot plant inside a
Catalyst bed temperatures were

tubular reactor. The
barium exchanged L-zeolite
installed in a naphtha
thréefzone eiectric‘furnace.
measured by six equally

The reactor was

spaced‘thefmocéuplé points located from the top to the

bottom of the catalyst bed. in an axial thermowell.

The



Feed'A used
EXAMPLE Xl V

Substantially Conpleting Carbon Burn at Low Tenper at fifes Thi s efa
shows that tenperature nmay be raised beyond the 415[ pr nldCoCyo®RP |li
after substantially canpleting a hal 09?!‘53)‘ ree _

for start of run. Feed B used for rege ert-0T] ayol] ]
'a'iﬁﬁ‘i-écwgérg"‘&?

Ef fect: of Rai sing Tenpe
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pilet plant was purged and pressure tested with nitrogen,
depressured, then pressured to 78 kPa (100 psig) with a blend of 1.0 %
oxygen in nitrogen and the recycle compresscr started. The
reactor effluent passed through a chill

separator, .a moisture analyzer, a drver containihg 4 A
molecular sieves, a cdmpressor, a mass flowmeter, and back
to the reactor. The gas circulation rate was adjusted to
0.7 standard liters per minute. A small amount of the
recycle gas was allowed to bleed off the recyclé lcop and

makaup ox'ygen/nitrogen blend was fed from a cylinder.

The catalyst was dried by circulating the oxygen/nitrogen
blend and heating the to 260°C (500°F). The temperature was held at

260°C (500°F) until the reactor efffuent contained less than 300 ppm

water. The furnace temperature was then raised to 316°C (600°F) an&

held until watexr in the reactcer effluent again was less than
300 ppm. _ Finally, the temperature was raised to 317°C (700°F) and_ )
held until the reactor effluent contained less than 100 ppm
water. The reactor was cooled te 2&TC(&DT)amiUm
oxygen/nitrogen makeup gas replaéed with dry nitrogen. The
pilot plant was purged of oxygen and tﬁe pressure adjusted
to 579 kPA (70 psig) with the compressor continuing to operate at the:

same setting.

Catalyst reduction was initiated by switching the makeup gas
from nitrdgen to hydrogen and pressuring from 579 kPa (70 psig)"
up to 786 kPA (100 psig). The compressor setting was then readjusted: to .
again.obtain a circulation rate of 0.7 standard liters per

minute. After holding at 260°C (500°F) for an hour, the reactor

_furnace reactor temperature was rais_ed to 371°C (700°F) at rate of

27.8°C/h (50°F/h). The temperature was held at 371°C. (700°F) until water in.

the reactor effluent was less than 300 ppmv and then raised

to 427°C (800°F) at 27.8°C/h (50°F/h). When moisture-in the reactor effluent
again fell below 300 ppmv, the. temperature was raised to



carbon. burn regeneration at |ower tenperatures. A platinun1on bari um
exchanged L-zeolite catalyst was used to reforma |ight n:.u.uléﬂﬁﬁ ock
he

very sinilar to the one shown in Table 1 of the speci FAEPBACEATENT
of the run,

- 30-

b end

the catal yst was regenerated as foll ows.
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480“@ (00F) and held until water in the reactor effluent was less _ _ .

" than 100 ppmv. The furnace temperature was then lcocwered to

427°C (800°F)} and preparations where made for naphtha feed

" introduction. This included putting a sulfur

converter/sorber reactor on-line in the recycle loop between
the naphtha feed introduction point and the! reforming

_ reactor. The purpose of the sulfur converter/sorber was to

reduce sulfur compounds in the feed entering the reforming

reactor to below 5 ppbv.

The naphtha feed from Example I was fed at a rate of

128 mL/h corresponding to a liquid hourly space velocity
(LHSV) of 1.6 volumes of feed per volume of catalyst per
hour. Pressure was controlled at78 kPA (100 psig) by allowing
product hydrogen gas to exit the recycle loop throucgh a back
pressure regulator. The product hydrogen stream was
analyzed and the hydrogen recycle rate was adjusted to
obtain a hydrogen to naphtha feed molar ratio of 3.0.
Liquid product was collected in the separator at16°C (60°F). A’
level control and valve allowed the separator to drain into
a debutanizer still which produced a C;* liquid product.

After feed introduétion, the furnace temperature was rapgidly
raised until the catalyst aromatization éctivity was able to
produce a liquid product comprising 42 wt. % aromatics. The
yield .of liquid product was about 85 LV% on feed.

Thereafter as the catalyst deactivated temperatures were
raised to mdintain constant aromatics in the l;quld_product.

In order to determine aromatization activity in terms of a
start-of-run temperature, the followinq'broﬁedure was used.
After an initial lineout period, the average catalyst bed
temperature was plotted against time to determine the
catalyst deactivation rate. Such plots are gensrally linear



The naphtha feed was stopped. The reactor was. cooled to 260[err] C

(500[ err]F) while addi ng nmakeup hydrogen. After rdaghh

(500[err]F), the unit was purged with nitrogen gas ?E'Qgﬁggg&qgﬁ%?ta
all of the hydrogen. Any remaining quuid hydr ogarjbons wer e drafng
the gas liquid separator and ot her points in |tHe 28s06M1¥9he|n
makeup rate was then reduced to a Io evel, theisdl fur convertef/s

was by- passed, and the pressure and recycle gas rate were aajustedhto

about. 683 kPa (85 psig) and 100 GHSV, respectlvely After purginf
recycle 1 00p mnth nitrogen, air was added

-and may be f'b ed by the least squarses methcd. The slcpe

the line is tHe catalyst deactivation rate and the
start~of-run temperature is defined as the zerc tinme

ntially
d from
trogen

50r ber

t he

cf

intercept. An approximate eventual run length is estinated

by making a linear extrapolation to the end of run

‘temperature. At =nd of run, aromatics selectivity begins to

decrease and catalyst deactivation accelerates markedly.

The end of run temnez;s ture was expected to ke 500°C (935°F) for

the feed and run conditions above

After startup, the pilot plant ran at constant LHSV, recycle

ratic, pressure, and aromatics for 658 hours. A least
squares fit of the reaction temperature data yielded a

fouling rate of 0.014°C/h {0.026°F/h) and 2 start-cf-run temperature of 460°C .

(855°F). Asseming an end of run temgerature of 500°C (935°F), the

eventual run length would have been abcut 3100 hours if the

r2action conditions had remained unchanged.

After 658 hours on-stream, reaction conditions were changed

in order to study process variable effects. The run
continued under various conditions for a total of

3810 hours. At the end of the run, the naphtha feed was
stoppéd and hydrogen circulation was continued while the
reactor furnace cooled to 260°C (500°F). The unit was then purged
with nitrogen an allowed to cool to ambient temperature.

Finally, the reactor was blocked off under nitrogen pressure

and the cétalyst saved for a future regeneration.

i3



through a mass floweter to bring the reactor inlet oxygen concentration
to 0.5% After holding for two hours at 260[err]C ($0R ﬁ t %ﬁﬁﬁ
tenperature was raised 13.9 Ch (25[err]F/ h) to 404C =) NEZ Yle t he
i nl et oxygen |evel was maintained between 0.4 and 0.6% The tenperdture
was then hel d overnight at 404[err]C (7%g[err]F) with {h@8 Q0T 1999xy0dn
| evel between 1.0 and 1.3% After 1€%burs at 404 e} r]C (760[err]F), t he
carbon burn was substantially conplete as indicatedfby the arTtererice
between .inl et and oxygen concentrations which was |ess-than Q. 05%__ The
tenperature was then raised to 454[err]C (850[err]F) and mai ntai ned at 454C
(850[err]F). .for 14 hours. A snall @anpggofrgdghkl@&@arhgmnbmg\occurred
at thehigh tenperature but at a very low rate. -

—

Firs™ Rageneration of the Catalvst

The reaétcr containing the catalyst from Example II was
reinstalled in the pilot plant, purged with nitrogen, and
heated to reaction temperature in hydrogen. The reforming
réaction was then resumed at the original space velaocity,
pressure, and recycle ratio to determine catalytic activity.
After 84 hours on stream it was determined that and an
average catalyst temperature of 490°C (919°F) was required to make a

C," liquid product containing 42 wt. % aromatics. The
catalyst had therefore aged-41°C (74°F) since the start of run in

Exanple IT.

Hydrogen circulation continued while the naphtha feed was
stopped and the reactor furnace was cocoled to 260°C (500°F).

At 260°C (500°F), the sulfur converter/sorber reactor was bypassed and

blocked~in and the separator drained. Recycle gas
circulation continued overnight while the recycle loop was
purged with nitrogen and the reforming reactor cooled to

149°C (300°F).

The carbon burn was initiated at 149°C (300°F) anid 752 kPA (95 psig) by
introducing air and about sixty standard cubic centimeters
per minute of 1.0% oxygen/nitrogen blend to the recycle gas
stream and adjusting the air flow to maintain about 1.0%
oxygen in the gas entering the reforming }eactor. The
recyclé gaé rate was 1.3 standard liters per minute. The
air was dried with molecular sieves and metered through a
mass flowmeter. The oxygen/nitrogen blend was added to
provide enough ofogas for oxygen analysis. The molecular
sieve dryer remained in the recycle loop and moisture levels
'were measured before and after the dryer. Reactor inlet



The reactor was then purged with nitrogen and a fresh
brought on-line while the reactor cooled to 260[err]
the water level in the reactor effluent was |ess tha

(REPDAGEMENTT) SH E\M' e

reduction was initiated by pressuring from®683 to 78 é8& i_ #00 p: s))
wi th hydrogen. The nitrogen makeup 2gas was st opped ;? G '
mai nt ai ned .at 786 kPa (100 psig) by“addi ng hydrogen as. The

tenperature was held at 260[err]C (500[err]F) for two hours and t hen raised
56[err]C/h(10[err]F/h) to 480[err] C (900F). m————

-'c.xygen concentraticn was maintained at abcout 1.0% throughout
" tHe burn. Water in the reactor inlet strean was less than

3 ppmv.

‘Upon. introducing air an exotherm equal to about 11.1°C (20°F) was
obtained at the front end of the catalyst bed. This was
attributed to the combustion of hydrocarbon vapors in the

. recycle gas. The exotherm subsided after several hcurs.

The furnace temperature was held at 149°C (300°F) for 22 hours then
raised tc"260°C (500°F) at a rate of 27.8°C/h (50°F/h). As' the furnace
temperature was faise’d, the exotherm increased to about 13.9°C
(25°F) and moved through the catalyst béd. The oxygen

concentration in the reactor effluent dropped to zero. By
the time the furnace 'temperature reached 260°C (500°F) the exotherm

and oxygan consumption were decreasing again.

The furnace temperature was held at 260°C (500°F) for 20.0 hours

then raised te 316°C (600°F) at a rate of 27.8°C (50°F) per hour. Again, the
burning of catalyst coke accelerated as temperature wa.s
raised. The exotherm increased and oxygen in the reactor
effluent decreased. The exotherm peaked at apbout 5.5°C (10°F) and
oxygen _cbnversion peaked at-about 30%. A short time after
the furnace temperature reached 316°C (600°F), the burning again
subsided.

After _holding at 316°C (600°F) for 22 hours, the furnace

temperature was raised 27.8°C/h (50°F/h) to 317°C (700°F). This time the peak
exotherm was less than 2.8°C (5°F). After 22.0 hours at 371°C (700°F), the

air and oxygen/nitrogen blend were shut-off. The recycle
gas dryer which was now loaded with water and carbon dioxide
was bypassed and a fresh di’yer brought on-line. Gas
-circulation continued while the recycle loop was purged with
nitrogen and the reforming reactor was cooled to 260°C (500°F).

!glx



- 40- Feed was reintroduced and the reforning reaction was resuned at
the sanme conditions used in our previous exanples a d i Rs
adjusted to nmaintain 42 wt. % aromatics in the li ELWE@?‘#{EEt r
~1070 hours on-stream a | east - squares plot was mage|of the data fyom 186
to 1070 hours. Fromthis plot, it s determ nedjt pat28 IGCT 1999art -jof - r un
t enper at ure was 464[err]C(868[err]F7 d the foulimgirate was
0.011[err]C/h (0.020[err]F/ h), which conpares to 454[err]TC’ (850[err]F) and
0.014[errfC/ h (0.026[err] F/ h), respectively, for fresh catalyst. The
projected run length ° was 3350 hours conpared - to 3300 for fresh catal yst.

The - regeneration was not.as 9aed;as-4hess gt 3% BOPF) Bl &pressuring to

e ]

tal[ Teduct
579 kPA (70 psig) and then pressuring up to 786 kPA {100 psig) with hydrogen
wh;le the compressor continued tc.operate. The makeup gas
was swltched from nitrogen to hydrogen. The temperature was
held at 28U°C (500°F) for one-hour and then raised 2.2°C/h (4°F/h) to 480°C (900°F).
The temperature was held at 480°C (900°F) for 16 hours before
cooling te 427°C (800°F) for naphtha feed introduction.

EXAMPLE IV (for comparison only)
Catalvst Performance After First Regeneration

After catalyst regeneration, the naphtha reforming reaction
was resumed with the same conditions and feed used in
xample II. Liquid product yields were the same as before
regeneration and slightly better than with fresh catalyst.
After 840 h on stream a least squares fit was made as before
to determine fhe start-of-run temperature_and deactivation

11y

rate. The start-of-run temperature was 459°C (859°F) and the
catalyst deactivation rate was 0.009°C/h (0.017°F/h). Thus, the
catalyst activity had been restored to within 2.2°C (4°F) of fresh
catalyst. Surprisiﬁglf, the catalyst deactivation rate was
siqnifiéantly less than with fresh catalyst. The projected
run length was 4300 hours compared to 3100 hours for the

first cycle.

. After determining start-of-run'temperature and catalyst
deactivation rate, the liquid hourly space was increased to
3.0 ana the furnace temperature was increased to obtain a
maximum catalyst bed temperature of 550°C {1025°F) in order to
accelerate catalyst foulinq. After 1464 hours at these
conditions, the catalyst had reachedlépproximately end of
run activity and the liquid hourly spaae velocity was
reduced to the original value of 1.6. The average catalyst



exarrpl es where terrperature was kept bel ow 416[err]C (780[err]F) but was

consi der ed
i -mpr ovenent

t he oxygen after substantially conpleting the canbgn burn at a ,
tenperature bel ow 416[err]C (780[err]F)»p

EXAMPLE XV

accept abl e. As can be seen by this no
in catal yst performance obtai ned by r;ﬁ% - e%"@ﬂure of

Regeneration with up to %20 ppm V\at’er |n the I]?eqc,?yc‘l g Gas

bed temperature to prcduce a liguid product con

ol
. . (-] Ly
42 wt. % aromatics was then determined tc be 500°C (939°F). The

ca\.alys... nad aged 44.4°C (80°F) from the start of the second run

cycle.
EXAMPLE V (for comparison only)
Second Recgeneration of the Catalvst

At the conclusion of the run cycle described in Example IV,
‘the naphtha feed was stopped and the reforming reactor was
caooled to 260°C (S00°F) while continuing to girculate hydrogen. At

260°C (500°F ),' the recycle Toop was purged with nitrogen, the sulfur

converter/sorber was taken off-line, and the separator was

drained. Purging ceontinued while the reactcr coclad te

149°C (300°F).

The catalyst was then regenerated following substantially

the same procedure used in Example III.

EXAMPLE VI {for comparison only)

catalyst Performance Followina Second Catalyst Regeneration

After the second regenera’éioﬁ, the reforming reaction was
restarted with same conditions and feed used at the start of
the.first and second run cycles. After 660 hours, 2a least
squareé fit 'was again made to determine the start-of-run
temperature and catalyst deactivation rate. The,
start-of-run temperature was determined to be 468°C (874°F) and the
catalyst deactivation rate was 0. 0067°C/h (0 012°F/h) The projected run
length at these conditions was therefore abcmt 5000 hours.
The start-of-run temperature had declined 7.2°C (13°F) from the
start of previous run cycle, but the catalyst ¢ deactivation



Thi s experinment shows that up to 520 ppmwater is present in the recycle
gas and an dacceptabl e regeneration-~s-~achjeved.

Al"'so, one may consider using a | ess expensive dessi CﬁﬁPLAUEM[NM!.&Q&I nr
sieves in the recycle gas dryer, such as silica-gel ' . -a] ufri na.

The catalyst from Exanple Il was regegerated a secgn tzlé’na as foll
Preparations for the carbon burn were’the same OCT 1999

L

rate was again reduced sc that projected run length had

>

increased. Thée ligquid ¢~ yield was- the same as after the

PR

£irst regeneration.
EXAMPLE VIT
Regeneration without Drver (for comparison only)

A coked catalyst from a 4700 hour pilot plant run was saved
~and later returned to service at the same conditions used in
the previous examples. Prior to its use, the catalyst had
thé same composition as the catalyst used in Exanmple II.
After 330 hours on-stream, the average catalyst bed
temperature was 500°C (930°F) and liouid product contained 42 wt. %
arcmatics. The yield of liquid product on feed was

beginning to decline and was 85.5 LV%.

At this point the naphtha feed was stopped and the reacter
cooled tc 260°C (500°F) in circulating hydrogen. At 260°C (S500°F), the

recycle loop was purged with nitrogen and the sulfur
converter/sorber reactor and recycle gas dryer were bypassed
and the separator was drained. The pressure was adjusted to
683 kPa (85 psig). Thsi time the carbon burn was started at.260°C (500°F).

_Air and oxygen/nitrogen blend were added to the recycle gas
stream as in Examples III and V, but the oxygen content at
the reactor inlet was adjusted to 0.5% instead of 1.03%. The
dryer remained bypassed throughout the burn. There was
compete oxygen conversion and the exotherm was about 6.7°C (12°F)
After holding at 260°C (500°F) for 1.5 hours, the furnacé , l
temperature was raised 13.9°C/h (25°F/h) to 371°C (700°F). Oxygen breakthrough
occurred when the furﬁace temperature reached about: 340°C (640°F).
There was only a small amount of burning by thé time the
furnace temperature reached 371°C (700°F) and the exotherm was
negligible. Reactor inlet'oxygen level was raised to 1.0%



-41- as above. Before adding air, water was added to the recycle gas
stream by bubbl i ng nmakeup nitrogen through water ¢ Ilned in a smal |
bonmb. The makeup nitrogen feed rate was adjusted t q)pt@b
water in the gas streamentering the reactor and air

the oxygen level to 0.5% During the3?arbon burn, ft e reg%tor
T 1999 °

and the femnera,tu:e held at 371°C (700°F) for 20 hours to complete

the. burn. ‘The exotherm during the final surn ‘'was less than
£ 1.1°C (2F).

Since the recycle gas dryer was bypassed, water built up in
the recycle gas during the burn until it reached saturation
levels in the separator. Moisture levels in the recycle gas

exceeded 2000 ppm well into the 371°C (700°F) hold period.

¢

After completing the carbon burn, the recycle loop was.
purged with nitrogen _.ahd the reactor was cooled to260°C (500F)
while recycle gas circulation continued. At 260°C (500°F) the drver
and the sulfur converter/sorber were put back on line. When
water in the recvcle gas fell below 100 ppmv, the plant was
prassured up 786 kPa {100 psig) witn nydrogen to initiate catalyst .
reduction. After an hour at 260°C (500°F), the reactor was heated to 480°C
(900°F) at rate of 5.6°C/h (10°F/h). The reactor was held at 480°C (900°F) until the
moisture content of the reactor effluent was less than 100 ppm then coo]ed to 427°C
(800°F) for feed introduction.

EXAMPLE VITI (for comparison onty)

Catalyst Perfcrmance after Regqenerating without a Drver

After the catalyst regeneration in Example VII, the naphtha
feed was restarted and the reforming reaction resumed for
590 hours. The feed and the run conditions were the same as
in Example II. Catalyst performance was not as good as
obtained in Examples II, IV, or VI. The start-of-run
temperature was 464°C (868°F) and the fouling rate was 0.017°C/h (0.031°F/n).
The projected run length was therefore only about

2100 hours.



i nl et oxygen-level was maintai ned between 0.4 and 0.6 and the inlet water

| evel between 420 and 520 ppnmv by adjusting the air and nitrogen feed

rat es. After holding for two hours at 260[err] C ( ——

tenperature was raised 13.9[err]Ch (25[err]F/h) to}3 (?’(U FErr]F)

whi |l e mai ntaining inlet oxygen |evels 3%etween 0. 4% . (% The

t enperature was then held 20 hours at 71[err]C (70 [ r f t he {i nl et
ut o

>

oxygen |l evel rising from 0.6 and 1.2% The air was and fdry
makeup. . nitrogen was substituted for water-saturated n gen: A fresh
dryer -was put on-line and the reactor was cooled to 260[err]C
(500[err]F).. \When the water |evel gxaMehe raactor efflTuent was | ess than

Qeceneraticn with Drver (for comparison only)

The regeheration procedure of Example VIII was repeated with
ancther coked catalyst sample except that the recycle gas
d*ve* was emploved during the carbon burn and consequently
the reactor inlet moisture levels were always less than

5 ppm. The catalyst composition prior to its use as a

-
| I

reforming catalyst was the same as that used in Examples II

~ and VII.

EXAMPLE X . (for comparison only)

Catalvst Perfcrmance After Regeneration with Dryer

The catalyst regenerated in Example IX was tested with the
same run conditions and feed as in Example VIII. Azlter

576 hours on-stream, the start-of-run temperature was 461°C
(862°F) and catalyst deactivation rate was 0.011°C/hr "{0.019°F /hr). The

. projected run length was 3800 hours compared to 2100 in

Example VIII.

The results of from Examples I to X are summarized in

Table 1 below.



lbO ppm the catal yst was reduced and the reforni ng reaction resunmed as in

t he previous exanple. After 600 hours

tenperature and fouling rate were calculated to be ] dﬁg%gm
This corre p?ﬂﬁﬂ@‘W C

respectively.

on-stream

the start-of-run

hd
ed

0.010[err] C (0.0186[err]F)
run length of 3225 hours, which.is clogf to that of flrgsh catal yst.
- 42 - : i 28 OCT 1999
TASLE
) Start of )
Run Deactivation Projected
Description Examples Temp. °C (°F) Rate °C/h (°F/h) Run (hours)
Fresh Catalyst II 457 (855) 0.014 (0.026) 3100
First A
Regeneration II-IVv 459 (859) 9.4x10 (0.017) 4100
Second . ' 3.
Regeneration’ V-VI 468 (874) 6.6x10~ (0.012) 5000
Regeneration )
without Dryer. VII-VIII 464 (88)  0.017 (0.031) 2100
Regeneration .
with Dryer IX-X 461 (862) 0.011 (0.019) 3300

The Table clearly shows that a controlled low temperature
carbon-burn regeneration procedure rastores most of the
activity present at the start of the previous run cycle and
that catalyst deactivation rates are significantly reduced,
such that several cycles are possible before there is a need
for platinum redispersion. The results further show the
advantage in using a dryer to reduce the water content of
the recycle gas during the carbon burn. These results are
surprising in view of the prior art and afford the
opportunity to increase cycle length and avoid the use of
corrosive and sometimes highly toxic halogen compounds

during regeneration.

M



WHAT IS CLAI MED I S: 1. A process for regenerating a coke-contaninated
reform ng catal yst conprising platinumon a L-zeolite or silicalite

mol ecul ar sieve, said process conprising of: 1
- - hal Oge ) REDIRCERENT SheeT |

catalyst in a catalyst zone with a

oxygen-containing gas at a tegperature of {ldss than 416[kry]
(780[err]F), said gas having a wat er cont gnt| @8fECMMO ppnv to
1000 ppnv; and : :

IXAMPLE XTI s e

Receqe +ion Procedure for a large-Scals Plant

' Allowing for differences in the exotherm as compared To a
pilot plaht; a commercial unit with four reactors in seriés'

' is regenerated as follows. Naphtha feed is withdrawn and
hydrogen is circulated at high temperature to strip
hydrocarbon from the catalyst. The separator and knockout
rums are periodically drained of hydrocarbon. Hydraogen
circulation is continued while the reactors are cooled to
about 216°C .(420°F). At 216°C (420°F), the recycle loop is purged with
nltrogen and low points are checked for ligquid hydrocarbons.
\fter periodic draining shows that little or no hydrocarbon
liquids are being collected, it is advantageous %o switch: to
a fresh recycle gas dryer which is substantially free of
hydrocarbaons and water. If there is a recycle gas sulfur
converter/sorber, it will be bypassed at this point.

When the reactor inlets are at 216°C (420F) and the Tevel of
combustibles in the recycle gas is less than 2. 0% air is
introduced to the recycle gas stream. The oxygen level at
the fifst reactor inlet is adjusted to 0.5%. The bﬁrnigg of
residual combustibles in the recycle gas consumes all the
oxygen and results in ad4.4 to 69.4°C (80 to 125°F) exotherm across the
first _reactor. Eventually, the vapor-phase combustibles are
consumed and the burn-wave moves through the reactor chain.
After oxygen breakthrough occurs and the exotherm subsides,
furnace temperatures are raised at rate of about 13.9°C/h (25°F/h).
until peak catalyst bed temperature reacheéSﬂ?C(KDT). The
total exotherm at this pdint is less than'aboutllJfC(ﬂTFﬁ When
oxygen conversion across the reactor train drops to less
than 10%, the oxygen concentration. at the reactor inlet is

raised to 1.0 to 4.0% and the furnace temperatures are



produce a -

(b) oxidizing -at |east a portion of said coke to

conbustion gas for a sufficient period of ti R&&hcg"y@ﬁb&
catal yst aromati zation activity is restored t a1l 1l errJiC
(20F) of the activity said catal yst possesse bl&fe start e;f
the previous run cycle. 2. A proces_ssgc_cordi ng to cl a m 14 ocTeee |

conprising the steps-of: |

adjusted to maintain the peak catalyst bed temperatures as

close to 371°C (700°F) as possible.

Temperatures are maintained at 371°C (700°F) for 12 to 24 hours
before the-air makeup is stopped. The recycle locp is then
purged with nitrogen and cooled tc 260°C (500°F). At 260°C (500°F.)'the
recycle gas dryers are switched again and the sulfur
converter/sorber is brought back on-line. About twice the
stoichiometric amount of hydrogen needed for reducticn cf
the catalyst is fed into the unit over a period of akout an
'hou;. The unit is then partially depressursd and pressured
up with hydrogen to adjust the hydrogen to nitrogen ratio to
about one-to-four. Higher hydragen to nitrogen ratios can
result in excessive ammcnia formation, which is catalyzed by
the ircn particles present in the reactor tubes. ’"The )
temperature is held at 260°C (500°F) for about an hour then raised 5.6°C/h
(10°F /h) to 430°C (00°F). The hydrogen/nitrogen ratio is maintained
by adjusting hydrogen and_ nitrogen makeup rates. The
temperature is held at 480°C (900°F) for at least 12 hours. When
water in the ﬁéurth reactor effluent is less than 100 ppm,

the temperature is dropped teo 371°C (700°F)'or_’lo~er to await feed

(M

introduction.

EXAMPLE XIIT ('for comparison only)

Reforming With A Silicalite Catalvst/Catalvst Coking

A silicalite catalyst was produced by impregnating a dried
synthesized Silicalite powder to give 1% Pt on the '
Silicalite powder, then mixing this with SAPO-11 powder to
produce a finished catalyst consisting of 25% wt SAPO-11 and

75% wt Pt Silicalite.



than said portion of conbustion gas; and
| east a portion of said dried gas to said catpllst zone.

s 28 OCT 1999

-43 - " (a)- passing at least a portion of said cqnhustion gas
through a dryer to produce a dried gas having a - ; o fjess
ke!r?‘é'c@.gtj;_.g? at
!
|

- aromatics. The feed compositicns are listed in Table 3.
k
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The conversion cenditions used were a press
(30 psig), a WHSV of 0.72, a hydrogen to hydrocarbon ratio of seved to
. one, with the catalyst temperatures ranging fror 470°C - 540°C
(830-to 1000°F) to maintain a high product benzene Tevel and adjusf .
for fouling.

EXAMPLE XTTT

‘Receneration Of Silicalite Catalvst (for comparison only)

The catalyst of Example XII was repeatedly coked and
regenerated. The regeneration conditions included treating
the catalyst with low concentrations (0.5 to 2.0 wt. %) of
oxygen at 303 to 736 kPa (30 to 100 psig) at a CHSV of 923. During
egeneration, the regeneration gases contained less than

H

100 ppm water,

The regeneration temperature was varied over_ the range of
230 to 360°C (450 to 680°F). Regenerations below about 260°C (500°F) for 16 to
24 hdu;s were not successful in producing a catalyst having

an activity (as measured by hexane conversion) or a
selectivity (as measured by the wt. % benzene in the
product) similar to fresh catalyst. At regeneration
temperatures between 290 and 360°C (550 and 680°F), aromatization activity _
was restored to about that of the start gf the run cycle.

Table 2, below, shows the regeneration temperatures and
times for several of these regenerations, along with the
activity and';electivity results. The regenerated catalyst
was able to maintain product benzene levels of about

40 wi. %, for greater than 1000 hours between regenerations.
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E o1 . . . . TABLE 2
-t 02 REGENERATION CONDITIONS ' SELECTIVITY AND ACTIVITY RESULTS¥*
mw ...... ’ . . . Before Regen. After Regen. ’
MM mﬂ W 03 Régen. 4mwﬂJ. 0, Level Pressure Hexane Product Hexane Product :o:nm on Stream'*
i - m 04 No.  °C (°F)  Hours ) kPa (psig) # Conv. wt.% BZ Conv. wt.% BZ Producing B2
& nm m ! 05 10 316 (600) 72.0 0.5 303 (30) 55 14 74 41 1200
1 BT B 30 (630) 46.7 1.0 786 (100)
IZ| @ m -
) o .01 o
e ; 11 316 (600) 46.8 1.0 78 (100) 82 27 68 39 1200
R ;o8 30 (60) 3.6 1.0 7 (100)
= 09 .
W 10 12 316 (A00) 26.3 1.0 7868 (100). 86 .8 72 41 1700
o 11 330 (630) 65.3 1.0 786’ (100) f
= 350 (660) 119.2 1.0
s - 12 (660) . 786 (100)
W. P> 13 13 316 (600) 66.6 1.0 786 (100) 59 24 98 - 39 1000+%
e ' 14 330 (630) 24.9 1.0 786 (100)
15 350 (660) 30.9 1.0 786 (100)
16 360 (680) 8359 1.0 786 (100)
17 : >
0 Fresh catalyst at 21 Hra. ggM 429
18 on Stream ;
19 T T rerwr
70 *Converslion Conditlons: 303 kPa (30 psig), WHSV =.0.72, Catalyst Temp. 471C to 540 C (880°F to 1000°F)

"ytilizing Feed B (Table 3)

‘21 ™pt constant (40%) aromatizatlon activity.
22 Mytilizing Feed :.:.mcw.m 3)

21. 'BZ = Benzene

24 Run wae <.o.w==.p..mp.:< terminated; catalyst remained active.

A process accordi ng to cllaim 2,
reduci ng the regenerated catal yst by contacting

gaseous stream contai ni ng

3.



44 - hydrogen at an initial tenperature from1l49[err]Cto

371[err]C(300[err]F to 700[err]F). 4. The process as recited in Caim
1; 2 or 3 wherein the - oxygen content of the oxygen containing gas is
from bet ween 0.1to 21.0 nol e % oxygen. 5. The process
as recited in Cdaiml1, 2 or 3 mhereln ?g oxygen

4.0 nol

containing gas is from

FEED COMPOSITICN

FEED A FEED B
LIGET NAPHTHA MODEL FEED
COMBOUND wh. % wt. %
Total C; i6.1 . 0.0
. Total G4 49.7 70.0
Total C, 34.2 _ 24.0
N-C, . 12.5 70.0
Methyl
Cyclchexane o 5.9 6.0

Feed A used for start of run.
Feed B used for regeneration studies.

EXAMPLE XTIV

Effect of Raising Temperature After

Substantially Completing Carbon Burn at Low Temperatures

This éxample shows that temperature may be raised beyond the
416°C (780°F) 1imit after substantially completing a halogen-free

carbonzburn'regenératioh-at lower temperatures.
on barium exchanged L-zeolite catalyst was used to reform a

light naphtha feedstock very similar to the one shown in
' the

A platinum

Table 1 of the specifiéatiohi At the end of the run,

catalyst was regenerated as follows.



6. The process as reC|ted in daiml, 2 Q 3 wherein the L-zeolite

further conprises an alkaline earth netal. 7. The prqﬂe§§g§@gﬂegHE§p '
S an :

Ckaim1, 2 or 3 wherein the L-zeolite further conp
process as recited.in Caiml, 2 or 3 wherein said cptal yst i s bound

with a support matrix conprising al ygi pa, silica of [ 28OET 1998r dof}.

: Tng naphtha feed was stcpped. The reactor was ccoled to
. ';'260fC (500°F) while adding makeup hydrogen. After reacﬁing 260°C

(500°F), the unit was purged with nitrogen gas to remove
substantially all of the hydrogen. Any remaining ligquid -

) hydroca*bons were drained fram the gas liquid separatcr and
other low paeints in the system. The nltrogen makeup rate
was then reduced to a low level, the sulfur converter/sorber
was by-passed, and the pressure and recycle gas rate were
adjusteéd to about 683 kPa (85 psig) and 100 GHSV, respectively.

After purging the recycle loon with nitrogen, air was added
tnrough a mas_s flowmeter to bring the reactor inlet oxygen
concentration to 0.5%. After holding for two hours at

260 °C (500°F), the temperature was raised 13.9°C/h (25°F/h) to 404°C
{(760°F ) while the inlet oxygen level was maintained.between 0.4 and 0.6%.
The temperature was then held overnight at 404°C (760°F) with the inlet
oxvgen level between 1.0 and 1;3%.

After 16 hours at 404°C (760°F), the carbon burn was substantially
complete as indicated by the difference between inlet and
oxygen concentrations which was less than 0.05%. The
temperature was then raised to 454°C (850°F) and maintained at 454°C (850°F)
for 14 hours. A small amount of additional burning occurred
at the high temperature but at a very low rate.

The reactor was then purged with nitrogen and a fresh
recycle gas dryer brought on-line while the reactor cooled
to 260°C (500°F). When the water level in the reactor effluent was

less than 100 ppm, catalyst reduction was initiated by
pressuring from 683 to 756 kPa (85 to 100 psig) with hydrogen. Thé nitrogen
makeup gas was stopped and pressure was maintained at

786 kPa (100 psig) by adding hydrogen makeup gas. The temperature was held at 260°C

(500°F) for two fours and then raised 5.6°C/h (10°F/h) to 480°C (900°F).



-45 - 9. The process as recited in Gaim 3 further_conprising

raising the tenperature of the gaseous stream contai pizp O8JEpk O
between 427[err] C and 540[err]C (800[err] F and 1000[errf15hdyw&§?rnﬁﬁﬁe

the dryout and reduction. 10. The process as reciftdd in Caim3 wherein
t he carbon - ag - <8 OCT 999 |

i

.Eegd waé.feiniroduced and the reforming rsaction was resumed
at the same conditions used in our previous examples and
temperature was adjusted to maintain 42 wt. % aromatics in
the liquid product. After 1070 hours on-stream, a
least-squares plot was made of the data from 136 to

1070 hours. From this plot, it was determined that the
start-of-run temperature was 464°C (868°F) and the fouling rate

~was 0.011°C/h (0.020°F /h), which compares to 454°C (850F) and_0.014°C/h (0.026 F/h),
respectively;-for fresh catalysﬁ. The prcfected ruﬁ length
was 3350 hours éompared to 3300 for fresh catalyst. The
regenefation was not as good as those of the previous
examples where temperature was kept belew 416°C (780°F) but was

considered acceptable.

As can be seen by this Example, there was no improvement in
catalyst performance obtained bv raising temperature of the
oxygen after substantially completing the carbon burn at a

temperature below 416°C (780°F).

EXAMPLE XV

Regeneration with up to..520 ppm Water in the Rechle Gas

This experiment shows that up to 520 ppm water is.
present in the recycle gas and an acceptable

regeneration is achieved.
Also, one

may consider using a less expensive dessicant than molecular
sieves in the recycle gas dryer, such as silica-gel or

activated alumina.

The catalyst from Example II was regenerated a second tine
as follows. Preparations for the carbon burn were the same



11. The process as recited in Caim1l4 wherein the
escal ated during the carbon burn in a sl ow r anpi

process as recited in Claim14 wherein the t enper aj uy e; ch@gt éd
he

during the carbon burn in a stepwype fashion.

recited in Caimi1, 2'or 3 wherein the peak cat al yst -tenperatt+-e
during the carbon burn step - is between 316[err]C gnd 400[err]C

(600[ err] F and 750[ err]F).

burn is initiated at a tenperature of |ess than 260[err}

i ng.! fhs EI on~ 73 Fhe

Y.

ot L1r .o

as above. Before adding air, water was added to the recycle
gas stream by bubbling makeup nitreogen thrcugﬁ watexr )
contained in a small bomb. The makeup nitrcgen feed rate
was adjusted to obtain about 500 ppmv water in the gas
st:eam'entgring the reactor and air was added to bring the
oxygen level to 0.5%. During the carbon burn, the reactor
inlet cxygen level was maintained betmeen 0.4 and 0.6 and
the inlet water level between 420 and 520 ppmv by adjushlnc

the air and nitrogen feed rates.

- After holdinq for twd hours at260°C (500°F); the temperature was

raised 13.9°C/h (25"‘-’/h) to 371°C (700°F) while maintaining inlet oxygen levels
between 0.4% and 0.7%. The temperature was then held

20 hours at 371°C (700°F) with the inlet oxygen level rising from

.6 and 1.2%. The air was then shut off and dry makeup
itrogen was substituted for water-saturated nitrogen. A

Hn.'I!O

resh dryer was put on-line and the reactor was cooled to

. 260°C (500°F).

When the water level in the reactor effluent was less than
100 ppm, the catalyst was reduced and ﬁhe réfcrming reaction
resumed as in the previous example. After 600 hours
on-stream, the start-of-run temperature and fouling rate
were calculated to be 468°C (875°F) and 0.010°C (0.0186°F) respectively.

This correspcnds to a projected run length of 3225 hours,
which .is close to that of fresh catalyst.



14. The process as recited in Claim3 wherein prior to reduci ng the

catalyst, the catalyst is purged with an I nert gaseous stream 15.
The process as recited in Caim3 further conprising: (a) passing at
| east a portion of said gaseous stream cont ai ni ng hydr ogen

t hrough a dryer; and (b) recycli Ry & portion of said gaseous stream

cont ai ni ng hydregen to said catal yst zone. 16. "The process -as-tect t ed

in leii ‘m 3 furt her conpri S? ng | | ,l!l’"c”"lyl"ﬂ"l!S””!ll

" WHAT IS CLATIMED IS:

1.. A process for regenerating a ccke-contaminated
cmprising platinum on =z L-zeolite

0

refaorming catalyst

or silicalite molecular sieve, said process comprising of:

(a) contacting said catzlyst in a catalyst zone with a
halogen-free oxygen-containing gas at a
temperature of less than_416°C (780°F), said gas having a
water content of from 100 ppmv to 1000 ppmv; and

(B) oxidizing at least a2 porticn of said coke to
pfoduce a combustion gas for a sufficient period
of time such that the catalyst arogmatization
activity is restored to within 11.1°C (20°F) of the
activity said catalyst possess-ec‘. at the start of

the previous run cycle.

2. A process according to claim 1, further comprising the steps of:

REPLACEMENT SHEET \
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reduci ng the fegenerat ed catal yst by contacting the
- 46 - catalyst with a gaseous stream containing a nlxture of .

I(SSBE e??]sFagﬁdh{ggg?gPr?}:)a t enper at ure bet ween 480C- &r\‘rﬁ‘\“ “ \‘4‘““\‘ \“\
. - 43

(3) passing at least a pcrtion of said ccmbustion gas
-through a dryer to produce a dried gas having a
water content less than salid porticn of cembustion

gas; and

(P) recycling at least a portion of said dried gas to
said catalyst zone.

g

3. A process according to claim 2, further comprising the step of:
o
(¢) reducing the regenerated catalyst by contacting

the catalyst with a gaseous stream containing

| REPLAGEMENT SHEET

28 OCT 1999




17. The process as recited in Caim3 further conprising: reduci ng the

regenerated catal yst by contacting the catal yst wi.th a gaseous stream
containing a mxture of’ nitrogen and hydrogen at a e petween
480[err] C and 540[err] C (900[err]F and 1000[err]F) L@M[HMT Hms as
recited in Caim2l wherein the nole _rgtio of nitro L en

gas is at least 4:1. 19. The process as recited in Claim3 further
.the step of purging the catalyst resulting fromstep (b)

conpri si ng
W th a gaseous stream conprising nitrogen prior to the reduction step
(c) S _ hyvdrcgen at an initial temperature from 149°C to

371°C (300°F to 700°F).

1, 2 cr 3 wherein the

The process as recited in Claim 1,

4

oxygen ccntent of the oxygen containing gas is frem
to 21.0 mole % oxygen.

-

‘hetween- 0.

S. The proccess as recited in Claim 1, 2 or 3 wherein the
oxygen ccntent of the oxygen centaining gas is from

. 0.2 to 4.0 mole %.

6. The preocess as recited in Claiml, 2 Qr 3 wherein the L-zeolite
further comprises an alkaline earth metal.

1. The process as recilted in Claim i, 2 or 3 wherein the L-zeolite

further comprises boron.

8. The process as recited in Claim 1, 2 or 3 wherein said
catalyst is bound with a support matrix comprising

alumina, silica or mixtures thereof.
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20. The process as recited in Caim3 further conpri sing the step of
purging the catalyst resulting from step (b) with a.gaseous stream
cenpri sing nitrogen prior to the reduction step (c) ar’@,

\ng the —
recycle gas dryer so as to reduce carbon dioxide in the ﬂ@%@ﬁ!ﬂﬁ#ﬁtﬂ}fm
S *

| ess than 100 ppm 21. The process _ag recited in Caim
L-zeolite catal yst contains barium 5 A reform ng process wherein a
reformng catalyst is - regenerated for at |east two cycles by the process
as fecited in daiml;, 2 or 3.
' " .3, The process as racited in Claim J further comprising
' raising the temperature of the gaseocus streanm
(-]

containing hydrogen to between 427°C and 540°C (80C°F and 1000°F)

to complete the dryout and reduction.

10. The process as recited in Claim 3 wherein the carbon
purn is initiated at a temperature of less than 260°C
(500°F).

11. . The process as recited in Claim 14 wherein the
temperature is escalated during the carbon burn in a

slow ramping fashion.

1. The process as recited in Claim 14 wherein the
temperature is escalated during tThe carbon burn in a

stepwise fashion.

I3. The process as recited in Claim 1, 2 or 3 wherein the
peak catalyst temperature during the carbon burn step
is between 316°C and 400°C (600°F and 750°F).

14. The process as recited in Claim 3 wherein prior to
reducing the catalyst, the catalyst is purged with an

inert gaseous stream.
15. The proéess as recited in Claim 3 further comprising:

(a) passing at least a portion of said gaseous strean

containing hydrogen through a dryer; and

(b) recycling a portion of said gasevus stream
containing hydrogen to said catalyst zone.

16. The process as recited in Claim 3 further comprising
reducing the regenerated catalyst by contacting the

-
N
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23. The process as recited in Claim1, 2 or3 wher ein t he catal yst

ig cortinugusl¥ mﬁtgd[amn fromreactors for regehé;atroﬂwanamigﬂﬁfate
vessel, and returned to N
' M0 g g

- -

caralyst with a gasecus stream containing a nixture of
. R - . . 1 o
inert gas and hydrcgen at a temperature between 480°C and

540°C (900°F and 1000°F).

il .rhe process as recited in Claim 3 further comprising
reducing the regenerated catalyst by contacting the -
catalyst with a gaseous stream containing a mixture of

‘nitrogen and hydrogen at a temperature betweeq4&TC&ﬁ

540°C (900°F and 1000°F).

18. The process as recited in Claim 21 wherein the mole
‘ratio of nitrogen gas to hydrogen gas is at least 4:1.

19. The ?rocess as recited in Claim 3 further comprising
the step of purging the catalyst resulting from step
(») with a gaseous stream comprising nitrogen prior to

the reduction step (c).

20. The process as recited in Claig 3 further comprising
the step of purging the catalyst resulting from
step (b) with a gaseous strean comprising nitrogen
prior to the feduction step (c) and changing the
racycle gas dryer so as to raduce carbon dioxide in the

recycle gas to less than 100 ppm.

2l. The process as recited in Claim 3 wherein the
L-zeolite catalyst contains barium.

22. A reforming process wherein a reforming catalyst is
regenerated for at least two cycles by the process as

recited in Claim 1, 2 or3..

?3. The process as recited in Claim 1, 2 or3 wherein
the catalyst is continuously withdrawn from reactors
for regeneratieon in a separate vessel, and returned to

the reactors.
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2&. A reformi.ng process conprising contacting a hydrocarbon feed with a

pl ati num containing L-zeolite or silicalite mecul ar si eve cat al yst
under reform ng conditions and regenerating said catal yst in accordance
with the process of Caim1l, 2 or 3. B ' T
N
] _ * [ L M S *

. 24, Afreforming process comprising contacting a hydrocarbon
. feed with a platinum containing L-zeolite or silicalite molecular
‘Sieve ’
catalyst under reforming cenditicns and regenerating
.said catalyst in accordance with the process of

Claim 1, 2 or 3.
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LOW TEMPERATURE REGENERATION OF COKE DEACTIVATED
REFORMING CATALYSTS

ABSTRACT

A process for generating a coke contaminated reforming
catalyst comprising. platinum on a molecular sieve, said
process consisting essentially of contacting said catalyst
with a halogen-free oxygen-containing gas at a temperature of
less than 780°F for a sufficient period of time such that the
aromatization activity is restored to within 20°F of the
activity said catalyst possessed at the start of the previous
run cycle. '
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