994, 285

1. 417 litres of Li quid hourly space velocity

feed per hour .
per litre of : o
catal yst - 5? ‘React

. . _Reactor -outlet pressure 23 -
auge | 0i | ¥ atm
gaug H err]/oil nole ratio :

14/1 to 20/1 . 4

 parENreseROHEATON * -
e 1%DRAWIN s . 10 . 994-285

G
3

tenperature-
Resear ch -oct ane nunber of t
reformate, aft M@ Pt

3, 785 1 f '- T : T P etraet hyll ead, ?I’ o

0. 75%w Oqu;ﬁI o Date mmﬁ""t"f’m"b?‘?"’t"%?é SpeplBing B2 s

0.30%v CL and &40 L R R
Y .- | r. i Nni . 0 . _ ’f

?f thg pro- 1585 N 6‘3'3’51"{7'% madéin M@% $;¢!ri]lbs‘ri‘:g{t\rﬁéﬂic& %.C:tau,m ggﬂr,:gg 1962,

o reduce excesB ve, Cot¥ Complets Specification Pyblished: June ?,ggésa ot condensers

fol | owi ng procedur e N\ s d ek Coyaghpl9&ht . ed by the « .

i nj ection of the hydro After &

reactivation opera-. .65 reed was | Whi_gp of th_é ) o
! | e ’ o - ogen cul ati on
}[Ngisnrergl ][1 t i orfnfleF %"&W’P'b go B égr(?lg% ?g[ﬂﬁ“ i e e byl gne gen cireul ation -
system ng ;\ngl;g_lms—-tn?ﬂlrb_rmve resi‘dual hydro- were discontinued and the
wth air 20 - catOMRLETE SPEJEICAHON hen renoved from

d th e
purge w th f) bgega\gﬂ. i %‘tﬁ@%?ﬁpt Q%BREFa.ﬁon and Reactivation o Deactivatedy “a

err = C 3
catal yst tenperature during the pur r duglaﬁlhdim@amlyat_st hen intro- . .
purge the nitrogen _7We SHELL INTERNATIONALE E bg ‘oh,nitoﬁbwu"% S¥pelifTihe Gub-
circulation rate of 'ﬁlfl’ NV, # Company 'ofpaiiie®Ulstar EdrBoh C. free tuglyst to an atmos:
gas bei ng: about 700 Ladws o N&Sﬁ&&ﬁ, rqd| Phére) comrajning oohlotins, g pnd; gFpgen.
2SNy whil @ [Th Elag@afThe Slefter il thigayy tgaﬁpd&m@ to- g Shlo-
activity and sel et ilanil, ydo hereby declare the imvention, for rided to’ a high chlorme co - satisfhctory |
B _ which ‘we pray that a patent may be granted platinum redispersal can at the same time be --
to us, and the method by which ‘it is to be obtained by this process. When the catalyst
performed, to be particularly described in and  has to be chlorided to a low chlorine content,
by the following statement:— : however, this combined chlorine, steam and
10 - This invention relates to a method for the oxygen treatment is insufficient to give effective 55
regeneration and reactivation of a deactivated platinum redistribution. In the latter case ~~
the chlorine content of the catalyst must there-

fore be adjusted to an unnecessarily high level

supported platinum catalyst. which is con-
tained in at least one bed and on which car- :
during the treatment, after which chlorine bas

' _ bonaceous deposits have been accumulated.

-

15~ 'Platinum catalysts are used extensively in  to be stripped from the catalyst, e.g. by steam, 60
. processes- for: the conversion of hydrocarbons. until the chlorine content has been reduced
or hydrocarbon mixtures, such as catalytic re- to the proper level. _ T
forming.. Platinum catalysts comprisc, plati- = The above method of obtaining -platinum
1ium, usually supported on a suitable base, such  redispersal of a low chlorine - containing cata-
20 as alumina, and 2 small amount of halogen, lyst has a disadvantage that chlorine require- 65
" such as chlorine and/or fluorine to improve ments are relatively high. Moreover, consider-
hydrocracking and isomerization activity. . able time is required to raise the equilibrium
- Priring the vourse of the conversion process, chlorine content of the catalyst to a high level,
_catglyst activity gradually declines owing to and additional time i lost in stripping ‘the
25. abuild,< up of carbonaceous deposits on the excessive chlorine content to the desired final 70
-+ catalyst and/or: 2 depletion. of halogen from low chlorine level. - In addition, risk of ex- =
" 'the" catalyst, .Eyentually it becomes necessary cessive corrosion in the downstream section of
‘ egenerate the catalyst by subjecting the the plant where lower temperatures are en-
_catalyst to an-oxidizing atmosphere to remove countered is considerably increased. - - ¢ - .
30~ carbonaceous deposits by burning. Halogen  The above . disadvantages are obviated by 75
i1, JCan; Be added to the catalyst, e.g. during the performing the chlorine addition in a two-step -’
 Jegéneration “procedure or by the addition of operation. The invention therefore relates
. : F%Bléﬁk'_dedﬁmpt)sable halogen compound to to2 method for the regeneration and reactiva-
: the™feed during operation. Mostly, however, tion of a deactivated supported platinum cata-

35 carbon burn and/or halogen replenishment  lyst which is contained in at least one bed and - 80
27 fails to restore the catalyst to initial activity on which ' carbonaceous deposits have been
and selectivity, or if so, only temporarily, and accumulated characterized in that at least
activity and selectivity decrease at an increased a portion of the carbonaceous deposits is
rate during subsequent use of the catalyst. This removed by burning, after -which a- gaseous
40 decreased activity, even with regenerated and mixture comprising oxygen, steam, chlorine 85
“". halogenated catalyst, is attributed to agglo- and/or a decomposable chlorine compound is “
meration of platinum crystallites. - | passed through the catalyst bed or beds at'a
" Tt has been proposed to reduce the -size of temperature of at least 371°C. in a first step,
the agglomeérated platinum by removal of car- the molar ratio -of steam to chlorine in said
45 bonaceous . material - from .the’ “spent™ catalyst gaseous mixture being such. as to provide an 90

B pistdT -
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55 at constant pressure this is the only way oxy- the temperature -of the: chloridiiip-
‘Ben: concentration can ‘be increased by mech- equlhbrlum ‘has been established.” - - :
- anical means. The removal of CO, from - . Mere steam / chlorine treatment -is meffec— '
the system -can be accomplished by ‘a purge tive to redxsperse agglomerated -platinuny. CIys:
-2 with air, preferably at a reduced pressure, tallites - since platinum- redlspersal ‘does .not
60 When oxygen concentration has risen to pre- occur during chlorination in the .absence:of I
ferably about 15 7.1, System pressure is in- oxygen. While the chenustry involved ‘in. re-
creased ‘to the maximum at which the air ‘activating the catalyst is not well understood, it . - -
. can be injected. and recycle gas. circulation is appears' that the platinum redispersal step ré- B
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- dispersion-of platinum. Thejgxpenyof plagipyn Cl
mnﬁﬁ%@ng g a higkh%fp ugre ox‘ylgg C4820C. and a water / chlorine ratio of about
treatment has been founid to a function 25, the equilibrium citalfso chipgine  content
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of that of fresh catalyst. “Below this vaf?lg Fﬂog‘l_émany mmerélﬁ m&@mﬁ
15 the degree of dispersion falls off rapidly. At maximum chlorine concentration in the treat-
v hionce conen of 0.6%w, edipesion is g g1 B0 L ™
substantially: complete. . : u . T -
: Thereforz in tll;e first step of the reactivat- after the catalyst has been :regenerated, clilof
ing " procedure the molar ratio of steam to rine and/or the chlorine compound, prefet-

and r

. .90 chlorine in the gaseous-mixture is preferably ably trichloroethylene may be injected into the
chosen such as to provide an equilibrium chlo- circulating gas at a rate to produce a chlorine
rine content of at least about 0.6% by weight concentration not higher than 0.05m. Steam
on the upstream portion of the catalyst bed or water is in this embodiment then injected

i or beds; In the first step the stoichiometric into the circulating gas stream to produce -
25 amount of chlorine required to increase the the desired steam / chlorine ratio at the reactor
chlorine .content of the total quantity of cata- inlet. Preferably sufficient water or steam is

lyst to substantially the desired final level is injected to produce 2.0%m water at the bed
suitably introduced at the maximum allowable inlet. With high water concentrations in the
- chlorine injection rate at low water / chlorine treating gas, the time required to dry ‘the
30 mole ratio. The water / chlorine mole ratio. system becomes greater. Also, excessive chlo-

sine loss from the catalyst during the drying
step, if employed, can result. o
- As soon as the total desired quiantity - of
chiorine has been added the second, or

SR should be sufficiently low to provide a chlorine
.- - content of at least 0.5%w, and preferably
. 3 higher

at the temperature which is employed.

» 7= Fof* éxdinple,” at temperatures’ of 482°C. to

- 510°C., the water/chlorine mole ratio should “smoothing”, step is commenced, by increasing
preferably be less than about 150/1. At the water / chlorine mole ratio in the gaseous
Jower temperatures, higher ratios can be used. mixture to 4 value substantially ‘not higher
The lower the ratio; of course, the higher will than ‘that required to produce the “desired

_ be theequilibrium content of chlorine on the chlorine content on the catalyst at equilibrium.
40 catalyst. This causes a local high concentra- This is preferably accomplished by reducing
" tion of chlorine, referfed to as a peak of high the chlorine injection rate at constant water
gasalyﬂ:"'éhlonng content, to deposit on the concentration in the reactor inlet gas. The
ipstream - part of the catalyst. Although the “smoothing” gas serves to push the peak of

.7 tate of chlorine addition is relatively fast, there high catalyst chlorine content on through the
45> will not be a sharp line of demarcation be- bed. In its passage the peak supplies chlorine

Fween -chlorided catalyst and spent catalyst at

- theyfroiit edge-6f the treating gas because as

to the catalyst downstream which is deficient
in chlorine, which results in a continual - re-

'+ chiorifie is ‘transferred from the treating gas duction of peak amplitude as it traverses the
¢ < ‘tosthe catalyst the water / chlorine ratio in bed. Thus, if the correct amount of chloririe
|50 -the" treating, gas ‘increases as the gas passes is added during the first step, the chlorine con-

*(ithfough _the-bed and eventually reaches the tent on the catalyst at the crest of the peak
- gl corresponding to that which is in equili- at the moment the peak is due to-pass: out of

*.. bifum with_the chloride content of the spent the last bed outlet is' substantially equal -to
= catglysts - R iy - the desired final chlorine content on the cata-
55 _Toreduce time.required for reactivating the lyst. In this manner, all of the catalyst is ex-

" catalyst, the chlorine concentration in- the posed to a chlorine content sufficient to" give

gaseous mixture should preferably be at a a high degree of platinum dispersal.
maximum as limited by metallurgical or other Tf less than the required amount of chlorine
reasons. Sufficient steam should then be intro-  were added during the first step the chlorine

60 duced into the treating gas to give a low content of the catalyst at the outlet of the

‘H,0/Cl, ratio, the lower the ratio the higher
_the amplitude of
_content. For example, for a catalyst quantity
of 18,000 kg, a chlorine content-of 0.15%,w

—..65.._on the spent catalyst, and a desired final chio-

the peak of catalyst chlorine -

last bed would not be as great as desired at
the moment the peak passes that point. This
would require continuation of the “smoothing
step” for a longer period of time to bring the

__cata_ly_s_t.___t_o the desired chlorine content and
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off at 4 low temperature was about six hours.
The temperature was then increased to 510°C.
and the oxygen concentration was increased
from 0.5%v to 2.0%,v to complete burn-off of
the carbon. This carbon burning was at a
high temperature completed in about 14 hours.
Upon completion of the carbon burn at 2 high
temperature, air injection rate was increased
from the system. The CO.
purge required approximately two hours.
After the oxygen concentration of the recycle
gas ‘had reached 15%v, trichloroethylene and
steam were injected into the circulating gas
upstream of the reactor in an amount to pro-
vide 0.05% m chlorine and 2% m water.
The flue gas circulation rate had been in-
creased to approximately 1,130,000 nm® per
day. This peak injection period was continued
until the total amount of chlorine injected was
equivalent to that required to bring the total
catalyst quantity to about 0.5%w chlorine,
based on the catalyst. This injection was com-
pleted in 1.5 hours, after which the chlorine
injection rate was reduced by a factor of about
6 to provide a water - to - chlorine mole
ratio of 250/1. This chlorine “smoothing”
phase was completed in about 11.5 hours.
The temperature and the pressure during the
reactivation step were about 510°C. and 5
atm. gauge, respectively. A considerable
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Although the method of the invention Has
been described primarily with respect to plati-
num catalysts used in the catalytic reforming
of naphthas, the invention is not limited as to
the conversion process in which the catalyst
is used. The invention is applicable also to
platinum catalysts which are widely known for
such other conversion reactions as the isomeri-
zation of light hydrocarbons, e.g. pentanes
and hexanes; hydrocracking of high boiling
hydrocarbons, €.8. catalytically cracked gas
oils; hydrotreating light distillates, e.g. furnace
oils, for reduction of the pour point of the
oil,

WHAT WE CLAIM IS:—

1. A method for the regeneration and re-
activation of a deactivated supported platinum-
catalyst which is contained in at least one bed
and on which carbonaceous deposits have been
accumulated, in which at least a portion of the
carbonaceous deposits is removed by burning,
after which a gaseous mixture comprising 0Xy-
gen, steam, chlorine and/or a decomposable
chlorine compound is passed through the
catalyst bed or beds at a temperature of at
least 371°C. in a first step, the molar ratio
of steam to chlorine in said gaseous mixture
being such as to provide an equilibrium chlo-
rine content of at least about 0.5% by weight
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such other conversion reactions as the isomeri-
zation' of light hydrocarbons, e.g. pentanes
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- 1. A method for the regeneration and re-
activation of a deactivated supported platinum.
catalyst which is contained in at least one bed
and on which carbonaceous deposits have been
accumulated, in which at least ‘a’ portion of the
carbonaceous deposits is removed. by burning,
after which a gaseous mixture comprising 0xy-
gen, steam, chlorine and/or a decomposable
chlorine compound is passed through the
catalyst bed or beds at a temperature of at
least. 371°C. in a first step, the molar ratio
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2. A method as claimed in claim 1, in
which the carbonaceous deposits are removed
at a temperature below about 566°C.

.3. A method as claimed in claim 2, in which
thé carbonaceous deposits are removed at a
temperature below about 454°C

‘4. A method as claimed in any one of. the

:; preceding claims, in which the gaseous mix-
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ture is passed through the ‘catalyst bed or
beds at’a témperature up. to 566°C. .
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6. A method as claimed in any one of the
preoedmg claims, in which the gaseous mixture
ig passed through the catalyst béd or beds at

: apreesuremtherangeoffromSto7atm.

gauge.

7. Amethodasclalmedmanyoneofthe
preceding claitns; in which.the gaseous mixture
comprises tnchloroethylene _

8. Amethodaselaxmedmanyoneofthe
preceding . claims, in which during the first
step. the molar ratio of steam to chlorine in.
the ‘gaseous mixture is such as to provide an
equilibrium chlorine content of at least about’
0.6% by weight on the upstream portion of
the catalyst bed or beds.
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which during the first step the molar ratio of
steam to chlorine of the gaseous mixture is
less ‘than about 150 to 1. :

'10." A method as claimed in any one of the
precedmg claims, in which during the first
step the chlorine content of the gaseous mix-
ture is not higher than 0. 05 %, m.
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the preceding . claims, in .which. during. the.
second step the molar ratio of steam to chlorine -
in the gaseous mixture is above about 150 10
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18. A method as. clalmed in any one of the
precedmg claims, in which the second- step'
is continued during about. 12 to 20 ‘hours,

19. A method as. claimed in- any. one of
the precedmg claims, in which the s > system con- ..

4 y :
desired final chlorine conten purged, while
hot, with air and then, whrle still hot with
nitrogen, =
20. A method as. clatmed in, any .one. of the :
precedmg claims, in which after the purge with. - 95
nitrogen hydrogen:is passed. over the catalyst. ::
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