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Process f generation of a solid catalyst or of a rbent
wherein twﬁfe)og@gtsjiﬁeyst or the adsorbent is used in the form gfﬁ
regeneration zone, in which bed the catalyst is in notion, sald process
conprising at |east one heating step under a reductive atnosphere. Prior
art Het er BEGENERATION ystMERHODdSs 010fe HETER@GENEDOU S CATAIYSTS &END

applicati ' i ni ng, petrochem cals and chem cals industries. They
show t hei nggFFBEQ?%brrmnce 15 at start of run, but after sone tinme on

streamusual |y deactivate nore or less slowy depending on the application
and t he CBI’]di tions of use. One reason of this activity loss is the
formation f Oestricting either the access or the nature of
the acgive sites. A well-known counterneasure is the renoval of these

deposits pycass wnmé%@@sﬂermmﬁéls@nd cﬁﬁamit oY of 3l o7l dRS/RPE Ahefdin tHd S

operation can ﬁ formed 20 either inside the reactor (in-situ nethod),
ei t her ou?%tﬁbfét wrt @ ageeroent is ysadin thefeim ef&qu irbe eegamieraiontzens, inagiictet hod

|'s more apgy R c%t&’l&é’z‘iilrﬁﬁgtnérg(r:staﬁi vﬂ’d@@sesr co% ﬁﬁs?(qéast%ﬁe H%?a{ ﬁ&éteh‘?ﬁ%@lf ature

control leading to a ty reco vi ronnent a
constraln@se@meSaﬁmmxﬁenareason of deactlvatlon of catalysts and
adsorﬂfnts especially those containing transition netals, is the

poi soning of the nmetallic phase by various conpounds brought during the
run by thBribeadst ock, one common poi son being sul fur-containing nolecules.
G oup Vill netals, either precious, as Platinumor Palladium or not, as

Ni ckel k ti th d ti f | 30.The

Mool SHBelORRoLS cARIARE St shiballe oS s L B GRpE ebAppiaaES in

conbust i orefininag eetrotHentiesls @mg@mmlmw&mu@u&s WNéWQhéW%éWﬁmgf@formhhdf@r bel
or be

rotary. furnaces_suc s.. Rot ol uvres USP 4 551 437 or 371)
f ur nalfes Shak o6l afesords Simsnan sipa. s oo gagivaleTBoRF of Kres Rlaply
el ement S @pdrithgPe® GRS Sppikcation @ABthelconditions of use. One reason of this activity
loss is the formation of carbon deposits restricting either the access or the nature of
the active sites. A well-known countermeasure is the removal of these deposits by a
controlled combustion, usually called regeneration. This operation can be performed
20  either inside the reactor (in-situ method), either outside in a dedicated unit. For fixed
bed units, this last method is more and more practiced for a number of reasons, as
better temperature control leading to a higher activity recovery, time savings,
environmental constraints...

25  Another reason of deactivation of catalysts and adsorbents, especially those
containing transition metals, is the poisoning of the metallic phase by various
compounds brought during the run by the feedstock, one common poison being
sulfur-containing molecules. Group VIll metals, either precious, as Platinum or
Palladium, or not, as Nickel, are known to be deactivated by the adsorption of Sulfur.

30 ‘

The typical off-site regeneration techniques are based on a controlled combustion
under diluted oxygen in various moving bed systems, either rotary furnaces such as
Rotolouvres (USP 4 551 437 or 4 605 371), or belt furnaces and fluidized bed
systems (EP-A-1002 581). One of the key elements of the process is to control
35  oxygen partial pressure, which in turn governs the kinetics of carbon elimination and
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PCT/ EPOQ/ 13237 2 thus the heat release fromthe oxidation reactions. This
operation of regeneration has often to be preceded of a RhgafNmgQsst ep,

ei ther under air or inert atnosphere (nitrogen or lean gas) in order to
el i m nat e som2h4188 hydrocarbons contained in the catabygbooRoB9SIty, | ust
by pronoting a phenonenon of evaporation. 5 Invention It has now been

di scovered that this conventional technique could be significantly

i nproved in a nunber of cases x addi ng2a heating step under a hydrogen 10
cont ai ni ng attfesirdicat migase doart @Mﬁdéfmﬁ'l regsticdatThigeperation of regeneraiotases t he

hydrogen tr eaidgBiifen ab ®Beré2Bed 8f & WHehiify &85, énﬁernﬁﬁtepéﬁolé %n%@é&ék or

adsorbent actjvit Thi's P Ss can bhe ap ed on any

het er ogeneous(”'(tfﬁgeﬁ/?fé?aé‘ &S n @F%@m'?t%F?%?eW@?CWO%C% HBJ@ or
crystalline mnatatyst pdrosig, jfidby prosiotmrepitenomesdnl df evapdfatidhi s t her mal treat ment
with an hydrogen containing gas can be associated with other treatnent
steps, such as oxygen containing gas treatment, or inert gas treatnment, or
sol vent ext r d@¥end”9nf or renoval of |eachable |rrpuriti es or an association of
these steps. 20 This step in the presence of hydrogen containing gas seens
specifically usef ul for some netal containing catalysts, specifically when

metal s bel ond' % WMbABEVAIRGOVERgRdat thig cpnveationgly femﬁ!sqyar?e@d BeatignifiFAPtYPal | adi um
or Nickel. Thepporetdss apyberas @kse0 bf aiddhgn® haaigr sientudderf arhyidrgikance

Nickel cogy a'c@hﬁﬁlngagﬁ%gé'% %fgap%tanaﬁ onglegm%q{/e &K ”H' € o%?e Sc%'#suht raps for

purification of rocar eeds Yer eam t hey
are nore or |ft¥§@9%ér@@tmaft alane e e nyfiiclent to restore $@I tajalyﬁdsoa@prb@nt capacity

is greatly diggivitysheg. protzaés ameragg%uareanﬁ%ero@l'he@régenéohk Scata%f‘sn&r' on
i nvol ving a trdeabrr%nt un dro en contalnin nor e

ef ficient forfPE8FYY Wbert”P?éje %‘WW“E&’{)&B’F@&“‘? H@F?”a’ %W\Vé’fﬁﬁr@ﬂé‘l
regenerati on zaplith an oxi di zi ng at nosphere.

15 This thermal treatment with an hydrogen containing gas can be associated with other
treatment steps, such as oxygen containing gas treatment, or inert gas treatment, or
solvent extraction for removal of leachable impurities or an association of these
steps.

20  This step in the presence of hydrogen containing gas seems specifically useful for
some metal containing catalysts, specifically when metals belong to Group VIII type,
such as for instance Platinum, Palladium or Nickel.

The process applies also for some adsorbents, for instance Nickel containing
adsorbents that are used for example as sulfur traps for purification of hydrocarbon

25 feedstocks. After some time on stream they are more or less deactivated, meaning
that their Sulfur adsorption capacity is greatly diminished. The new procedure
according to this invention involving a treatment under hydrogen containing gas
would be more efficient for restoring the adsorption capacity than a conventional
regeneration with an oxidizing atmosphere.

30 |
In order to implement the process according to the present improvement, it is rather
essential that during said process, the particles of the catalyst or of the adsorbent,
i.e. the catalyst bed or the adsorbent bed, is in motion, said beds being selected for
instance from the group consisting of mobile or moving beds, circulating beds, slurry
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"~ is rather essential that during said process, the particles of the

catal yst or of the adsorbent, ‘i.e. the catalyst bed or the adsorbent bed,
is in notion, said beds belng sel ected for instance fromlt Al Hbhoup

consi sting of rmobile or novi ng beds, circulating beds, slurry SUBSTI TUTE
SHEET ( RULEwGpnosissds JUN 2005 WO 02/ 051548 PCT/EPCE¥1323&HﬁTmﬂ@gs, fluidized
beds, expanded beds, ebull ated beds or beds such as belt beds or rotary
beds. This treatnent in a reductive atnosphere has proved to be superior to
the conventional oxidative one step tr@atment. It is also better than a

two step tredtinfluidzeg ot eprided N?C\Sr elpdlatetl opads visd besis SHEh R el

cont ai ni ng atumsgh@faaybéds appears that in sone cases Hydrogen is nore
carbon, and al so nore

efficient th ai.r for th val of sone types of

efficient t hZﬁ'ﬁ\htrF?tBEQE n \ﬁ‘\é?fmf)’ e F’@Eﬂﬁetﬂqrﬁeh%r BBV Bes SYRSEor &,1he ci ent
for renovi ng @hVertibreal oxiddtive @ace stes trepeene &,is tibe betier izh aeqoerb tr@&indaati ve
treatment {c i i C d

oo donce ©1 o BlebP O RARER ol DRSS Mot PeBE R much
shortened coraped ceessaiydgioee it m@fﬁlﬂﬁmant/@an Bis farrten temava reé sothe bipke opr i or

art, the oxi datjo¥eartd Q@é %Fﬁ eﬁlé&ﬁstham ﬁlﬁ@géﬁt V\]ih‘%FTr{’r?(-:r %Eb&ﬁe ReieRns3HPC and
7OOC and nore tyﬁg fc et Ween 0C and 600C. The stripping step under 15
ly °bée%‘2é/r‘

air or nitrogefic WHoihieg ‘?Woaaf‘?ﬁf)ﬁ%?p"rc%g@e%ﬁ fUeRRIuRE tifdedve
dependi ng on ttehtnenb @iohventomd fon instaaie) g becaedisan b thie che: thd rdsiipass tinke/pi cal |y

bet ween 20C W SORCeoTbch o aasi b ERLTRY LERAGEREeid PNE

i nvention can rat

around 20- ZOmeCtl%'dﬁWesre@m@’fﬁlh@ mai N phenomenon involved is mainly a
stripping under a non oxidative atnosphere and 20 the benefits of using
Hydr ogen ins ead of Nlt&ogen uld be rather narrow. On the other hand, it

has been fourd Sc¥EF &tnEerBIIGHYS HEABIt fales Pice cdh enpeEtER PeMesR 3P 6 t hat
t he use of hiagH&00G rpe Matratypsalyusiweas L6 trad EHOC Ehadstipping stpadidei cal |y

300 L0 SHOC Mo Aot e R RNAS 23 JRRLARLL0ty TRl o O

t he i nventi on VI Si e FESk has sone
al i phatic charieg E@‘nts\%h qaélot“h@ bestipped typicalit ketweeni 20°C and$308€. has been

used in This hydrogen treatment step according to the invention can also been practiced in
the low range of temperatures, i.e. around 20-200°C. In this case the main
phenomenon involved is mainly a stripping under a non oxidative atmosphere and
20 the benefits of using Hydrogen instead of Nitrogen would be rather namrow. On the
other hand, it has been found according to an improvement of the present invention
that the use of higher temperatures such as 250 to 650°C and more specifically 300
to 550°C brings a specific advantage.

25  Applications

The benefits of the invention are probably most visible when the coke deposit has
some aliphatic character, which is the case for instance if catalyst has been used in
an application at rather low temperature under hydrogen pressure. One example
30  where such conditions are used is the process of selective hydrogenation of olefinic
cuts downstream a steam cracker. Catalysts used for these applications contain
Palladium, alone or associated with a second metal (e.g. Silver or Gold), finely
dispersed on a support, often alumina based. Typical catalysts for the C2 or C3 cut
treatment contain a low Palladium amount (less than 0.1 % weight). One side

35 reaction is the so-called formation of green oil, these long chain oligomers being still
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found in the gienotoung iof thehesresitie Et thesst debcticteanl gasalysts. The apeeaatiabiodn of

regeneration fafdderdtigh S ﬁaJeatBQa@zl fs&e Qttmg&g%yi‘é fodr SREEM W fe iHEsid © the

intrinsic senS|t|V|ty of these naterials conventional regeneration in
oxi dative conglEfHLf fh%?trﬂ%?”%}ﬁ thh coveRlionplogeeneration de axigative gendiiensmay

produce in thawer Witk ok thaﬁlwgén%tml tmafyr\&o@cenﬁ)dhlé?sb thtbm &8Rrgray to
bl ack zones, ai.ni hg sone e ot her hand,

|
a pretreathen c‘t%RC“?%'JhS arf)r%c?u& Wi SO'T%I gr?yetr?r?\F@ 5°'Te§ﬁj’ S“E&?’?awg S?f‘éer FR57° 8hd t he
subsequent oxdagkeni Ve ﬂ@t adperdand, tehprstrésdment eith égdrbgan. wilkrentdve ia largs pard bf

appl i cati on_abridhichq BRMERAERTGALLAR SHBAME B0 Eafrt Ne catal ysts used

in aromatics hydrogenation exa enzene transtormation to 10
cycl ohexane, 'LH}Ohﬁ’paﬁ?@%ﬁaﬁ’ﬁc@wnﬁﬂ\ﬁa'ﬁ“brﬁseflﬂﬂéﬂ mededicar bafasie ¢akdystont ai ni ng

f eedst ocks. TRkeseincadrahatibs hWr@géhEﬁcﬁﬂ Wné@muéwgo@zér@t hehsBintdtioamaunt  of

Ni ckel , pi 30 to e the carbon deposit can
have a son%ho&/aa'll]%&s Bt P %39 i} ‘1? Va"8ﬁ%d)§?ﬁr V%]eé'a'ewq"ﬂ“"gﬁﬁp@ NIt i ve
zeol i t es usededdstocksrlihees caiglisto cee blien torgaisiiprmatheohigh anidnfThieNickélnt er nal

porosity of q%m@g@toa@d,vt%aw ties of these crystallized alumnosilicates is
smal | enough ltmt the formation of polyaromatic ri n%g by steric

hi ndrance. OASORRN FaSRIRIF Ees®rbon LJepesl RBJIVE @ SesIeRoW @liPhatise chgfmsienac hi ng
structure Silencahfeted)withishépeaseebima medlited iusan®r edtioay Bydrdarbdn. and@stisrans. So

this method casidlefi@ H&Q)swgha‘ﬁhémarﬂrcg\flﬂeg of tﬂJse 0@99%5 itiinABsiiites i]§ small b he

al um nosi li cat es 2| 3}] I nventi on
o tmit

reactivation S iy seof?rt')near'ﬁn °p€%¥3f°é'li’ G 1ipes %&ée”f:ﬁm@‘fcreyo'ﬁye%ﬂ%‘ Cafer aps. In
t he refi ni ng e gretite §8Ma (A &alarirersting stycturs Gitiealitshwithl 3/ehipnel dimension around

5.5 Angstroms. So this method can also be used with profit for regeneration of
aluminosilicates.
20

Another application of this invention is for the reactivation of the adsorbents called in
the industry as Sulfur traps. In the refining or petrochemical indusiry, some catalysts
extremely sensitive to sulfur need to be protected by a Sulfur guard bed. For
instance, between a naphtha hydrotreater and the reformer or the isomerizer
25 downstream, a “Sulfur Guard Bed" protects the Platinum containihg catalysts loaded
in these units. lts role is to remove sulfur compounds present in hydrotreated
naphtha feedstock, as mercaptans, thiophene or dissolved hydrogen sulfide. These
compounds are found at concentrations typically below 1 part per million in narmal
operation, and potentially higher during some upsets of the naphtha hydrotreating
30 unit. Some sulfur guard beds are also installed in the chemical industry in order to
protect hydrogenation catalysts containing either precious metals (Pt, Pd), nickel or
copper chromites. In most cases, hydrogenation units consist of several reactors in
series in which the first one usually plays the role of adsorbing sulfur compounds of
the feedstock. Some nickel hydrogenation catalysts can be fully deactivated after
35 adsorption of 1 wi% sulfur. The most common sulfur traps available on the market
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T, fur t . ket
SHEET (RULE 285 P50 Oh o 00 ah e s B e Hpee 580 NS peRriet il - based
nmaterials, wispent gyiuc alateyia The cketentanat ectnigies2d High Bfhpatatere Theynenexhi bit a
hi gh sul fur 3&’@8( &Hepﬂtrsfeﬁéa&bﬁé'erfo geh'%gf'ntgiﬂﬂig IRFGEAR8a% R aMEd redfird | over
ophenes.” Th ng tfraps

affinity for thi [ e ni ckel” contaln aps, once contam nated

with Sul fur HESagPrRiondreneties etithesrosrent matariaie sveroif a partialeytiyi siaietion here i s

%) techni que @nlbévdbagv§&3ttr@ein?@ b_bé\ﬁdiﬁcfdi?ﬂéﬂmaeﬁ refiting stepRRBér §Wd§'é§ennﬁéeri al .
e conventio techni gues of  hi tenperature treatnent . either under

ni trogen ([];é unglea}ntirb%(y&é) %(%%Poé‘fkﬂf(%behg\fvﬁggﬁrﬁetﬁ% aﬂ?"éﬁﬁatpr%?ﬁf“@s lf‘?frg‘gfg[t ore the

adsor pti on preypt@aminated Nitke tiepsengp effitientiyttieam @hegntiensbtechriiquas.parti al sul fur

elimnation can be observed. It has now been discovered that a heating

step under a hydrogen 10 contai ning at nosphere coul d sonehow restore the
adsor ption pr%&ngMMQ ur contaminated Nickel traps nore
efficiently than conventional techniques. Exanple | (conparative) 15 A
spent Ni ckel e rLal, used as a sul fur abs rraent.frli h

hydr ocar bgﬁ é)géeg,N%vv{fggasseéjdm%%”ag’v ﬁeaaﬁseavséfb{i"o §°r£8 é(ﬂrepgéfihéﬁﬂog%éﬁrbs. | t
cont ai ned abdeeds¥ae UsedNiockveluatetvagousesgerbeitiongrasitdsi It containeli aoutrb2wifa oxi de.
Sul fur cont eniiokch thé- &Y Bing HRESHERY diknifnk el Entenf 8! 1PAlRRC AT PONS

content, neasured by wel gf
measured by a LECO analyzer, and hydrocarbons content, measured by weight loss

under Nitrogen up to 500°C in a Setaram thermobalance is 5.7wt%. Stripping of
20 mentioned spent catalyst is performed under nitrogen at 500°C in a laboratory

rotating furnace setup. Catalyst feed-rate is 50 grams/hour with a residence time of

2 hours in the furnace hot zone and a flow rate of 500 liters /hour of nitrogen. After

the treatment, the hydrocarbon analysis is below 0.5 wt% and Sulfur content is 17.6

wt%. This procedure does not reduce the sulfur but removes light hydrocarbon
25 species.

The product is then submitted to an adsorption test using butyl mercaptan. This sulfur
molecule is chosen as light naphtha feedstock typically contains mercaptans and
thiophenes. The procedure is the following: 5 grams of catalyst are heated up to
180°C and kept there for 4 hours, with a gas (10 liters/hour) containing 10 mol% of
30  butyl mercaptan in nitrogen. After the test, the system is purged with nitrogen at
180°C for 1 hour (2 litersthour flow rate) and the sulfur content of the catalyst is
analyzed. The sulfur uptake of this nitrogen stripped product in the mercaptan
adsorption test is 6.1wt%. This is about 1/3 of the capacity of a fresh material in
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PCT/ EPOO/ 1323 étafing funese setias aRfliidne@N$ exafitle 1N I4S,d382 B8l ecb-ie TRL €r i al
is not very a,%tract%ve 5 The materi al

q / f.tgr r.(g%se. Ex%gg)l e 2 (congaratlve) f
of exanple | T FIVIHEMI adaidrce fmagipciqutala fiomrate-pha0disre Moabefiaist or v
rotating furnBeesueat contems ismeddded ne &.6wits eRa@lifer dpthiss ofsEeid .airGagaleyadd
feed-rateqs ! i i ' L hours a low rate
of 500 11 1r <" RsoF R OftdbtaNblchrdio B34 SERERCHAR O, B8 Tl Bk o6 e
sul fur upt akeéh®materiplds ¥itwally égeliver at ed 10 product in the nercaptan
adsorption test as nentioned is 0.2m % which neans that the material is

p

virtually i naé:tai Ve Exanpl e 3 15 The air-regenerated product as obtained in
exanple 2 is sl‘agggq%ently activated wunder hydrogen at 450C The sane
| aboratory rotating furnace setup as nentioned in exanple 1 is used.

Catal yst {pedrealieedairaBe Yol & BELIPLH ngimtpliE 3 ik esﬁkge(aﬂé:n%y activated
under hydrogen at 450°C.The same laboratory rotating furnace setup as mentioned
in example 1 is used. Catalyst feed-rate was about 50 grams/hour with a residence
time of 2 hours at a flow rate of 500 liters /hour of hydrogen. Sulfur content remains
virtually unchanged at 5.3wt%. The Sulfur uptake of this activated material in the

20 mercaptan adsorption test is 13.8wt%, which means that the material may be
qualified for a potential re-use in an industrial unit.

Example 4

25 The air-regenerated product as obtained in example 2 is subsequently activated
under hydrogen at 600°C, all conditions being the same as described in example 3
except temperature. Sulfur content decreases to 3.3wt%. The Sulfur uptake in the
mercaptan adsorption test is 15.6wt%. Product is still better than in example 3 and is
thus improved by the high temperature treatment.

30

Example 5

The raw material as mentioned in example 1 is treated directly under hydrogen at
600°C. The same laboratory rotating fumace setup as mentioned in example 1 is
35  used. Catalyst feed-rate is about 50 grams/hour with a residence time of 2 hours at a
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with a resi deae®ratd ugfsocg‘rarasnhtw ingth altedidt@ich UmBaE © hBG. if %Qum@d’édhcﬁ zB.h@W rate

f 500 lit h t.hi { t t 2wt %
'(I)'hen t heI oilr ?:Fé‘td e\%)w r@‘&eﬁ?b@@?@ﬁ“"é‘f ¢ ‘tf°{§SeB ;ﬂg? H‘E&a{)ﬂg?% his 1@%‘%’[ tions
repl aci ng 15 Tenrtogyexiddiye degenerationadtemistperfperedtini the @he@ﬁdﬁnorﬂtreplhengand of
the treat 'i‘@ntmtrc;g%ﬁ kg rI:iry GPat Q%mée?atlgre]of Wi Goc0 Yk tﬁehgncpc';fqgéj%atrﬁgﬁtl LarBlipws some

bl ack and gray
content is O 1wt% but the product still shows some black and gray shadows.

Example 7

20 The raw material as used for example 6 is treated first by Hydrogen at 450°C in the
laboratory rotating furnace setup. Catalyst feed-rate is 50 grams/hour with a
residence time of 2 hours and a flow rate of 500 liters’hour of hydrogen. Carbon
content is 0.5wi%. Then the oxidative regeneration step is performed in the same
conditions replacing Hydrogen by dry air at a temperature of 450°C. At the end of the

25  treatment, carbon content is 0.1wt% and the product is homogeneously light gray.

Example 8

The raw material used for example 6 is leached first by a solvent in order to remove
30  some light hydrocarbons. Around 300g of this spent catalyst are placed in a beaker,
covered with 600ml of white spirit and left 1 hour at 80°C and filtered. The wet
catalyst is then treated by Hydrogen at 450°C in the labaratory rotating furnace setup.
(50 grams/hour in weight of dry product, residence time 2 hours, 500 liters/hour of
hydrogen. Carbon content is 0.3wt% after the leaching and the Hydrogen steps.
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. Exanple 7 20 The raw material as used for exanple 6 is treated first by
Hydrogen at 450C in the |aboratory rotating furnace setup. Catal yst
feed-rate is 50 grans/hour with a residence tinme of 2 hours and a fl ow
rate of 500 liters/hour of hydrogen. Carbon  content is %df\m Then t he
oxi dative regeneration step is perforned in the sane %2199 repl aci ng
Hydr ogen by wyosrosisds at a tenperature of 450C. At the enﬁbmfpodlﬁgﬂS
treatment, carbon content is 0.1wt % and the product is honogeneously |ight
gray. Exanple 8 The raw material used for exanple 6 is |leached first by a
solvent in order to remove 30 some |igHt hydrocarbons. Around 300g of this
spent cat al ysihesy tieppgative iregepegtiaik sep 1¢ §9deraad wint htheogme ofcondiiang spiri t
wg | eft 1t hztggléamg S%Qﬁfﬁbyfdd' éieémtembr&atuvﬁffzxsgw ak Nﬁ%tetnu of ﬂwb?g%th@ﬁtat e?hby
rogen a in urnace setu gr anms/ hour
in wei ght of W?%%f?ﬂ@? Oa‘?"’%r .aagf%é”ﬁ %é peousy§gtieider s/ hour of
hydr ogen. Carbon content is 0.3wm % after the | eaching and the Hydrogen
steps. SUBSTI Q'#EE%@@EET (RULE 26) 21 JUN 2005 WD 02/ 051548 PCT/ EPOQ 13237 8
Then the oxidatrv egeneration step is performed in the same conditions
repl aci ng hydrogen by dry air at a tenperature of 450C. At the end of the

treatnment, caf b@mﬁe&t.e @bnérme@ td avxa%ywieqoetrﬂeﬁnd%eew&h br%dmgﬁarﬁ&u& y light
gray. 5 Exanp V'te/tylt es r f ormance

of both produ FE‘?Eéf'” & ‘3%? &6 %”%WH“"?E"%ﬁ as’@f‘g?twg‘ea%tb'leefﬁ%‘gfpéﬁgéﬁl of a
m xed et hyl entbe daliowinghempesiist @giressad in theldngd)! Idydrowgen e Eshytene@2(Bexpr essed

in %vol ugg): MEMQI‘IGPQ@Q "/@ O%L%tyléﬁ%rbyi@&&b%g NN W@% e tgg ol AL Y1 ene

0. 26; Carbon nonoxi d tést starts nper ature
i ncreases at %"dS@”Hi’rﬁturq' Hisregagescat| 3- %@/r&meﬁ?ﬂﬁﬁ? @aéﬁ?)éheamqpr TémWQthesTcud%t er m ned

when thte aCEt?ﬁt@PﬁeGOWﬁ?ﬁltﬁé eaetg@@es cd@m.ttoﬁ g&spmndﬂl@g m. TR&T Q@S] ng

tenperature e ene S . nor ydr.o ted and runaway can be

reached. T, ., Pegledipergye %y?qpevggf urﬁ‘éree?r}qy'ﬁ y@lgﬂqggqi%q Bﬁda WRAY 15

t enperature i @ndee rreaed. Pacle bhaeB8&c ardl %h@mnw ettwidue ecoh@ersnape’a’aeed A new

SOUPI S ult TrBEbate S dolie AR ohof B SECIEPEM 1 teal B TILRLE N ol L2
ined as t

Tuis e operatl ng cata elowest
cl eanup couple of temperatures T'cu and T'ra is determined. The dlfference T — Ty is

defined as the operating window. The best catalyst has the lowest cleanup
temperature and the largest operating window. The product of example 6
regenerated according to a prior art procedure has a cleanup temperature of 50.0°C

20 and an operating window of 22.2 °C. The product of the example 7 regenerated
according to the invention has a cleanup temperature of 48.5°C and an operating
window of 24.9 °C.

Example 10 {comparative)

25
A spent massive nickel containing catalyst, used in an application of aromatic
hydrogenation, is also used to compare the conventional regeneration with the new
method. It contained about 52wt% Nickel, the rest being alumino silicate support. It is
contaminated with 0.9 wt% suifur and 6.7 wt% carbon. Regeneration of mentioned

30 spent catalyst is performed under air at 300°C in a laboratory rotating furnace setup.
Catalyst feed-rate is set at 50 grams/hour with a residence time of 2 hours in the hot
part of the furnace and airflow is 500 liters/hour. The product is then fed again under
air at 450°C to the same rotating furnace set up in the same condition. The residual
sulfur content of the regenerated product is 0.6 wt% while the carbon content is
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tenperature and the |argest operating w ndow. The product of exanple 6
regenerated according to a prior art procedure has a cleanup tenperature of
50. 0C 20 and an operating wi ndow of 22.2 C. The product of the exanple 7
regenerated according to the invention has a cl eanup tegrpq[mtgwge of 48.5C
and an operating w ndow of 24.9 C. Exanple 10 (conparative) 25 A spent

massi ve ni celoygsafgai ni ng catal yst, used in an appli catpc@ppdafizaf omatic
hydr ogenation, is also used to conpare the conventional regeneration with

the new nethod. It contai ned about 52wt % Ni ckel, the rest being alum no
silicate support. It is contamnated weth 0.9 w% sulfur and 6.7 w %
car bon. Regerfé‘i‘%’a??ij dn f Wént AoFReressUatiisesampisatcll Yist piosu@eist solastedunder ai r

at 300C in adnﬁ&l&fﬁh%rewedBétﬁéémﬁsédarﬁmwﬁﬁé\)ép Catal yst feed-rate is set
at 50 grans/ hp ence time of 2 hours in the hot part of the

furnace and 4t 8?9 BW/"F!’}E l%ﬁ}gn]fﬁfqdetpg/ brsgene Hydeopraban tast iSemPireh Mogd Whai n under
air at 450C ticert demisame samé gtannigmbly aad Badet in e basksthe spadBock@adiocini on. The

i dual | t ' Wt % whil e th
o bon cort eri s 8 RBhed edfial S9BRETE Sfech O Hlrobfn dovp S B g "
PCT/ EP00/ 1323vdoger fspiaf d diter/d iamplion and reagtesin hested uattd 4@0°6 farpl wustwithhe
product is cahd Séjécﬁide of Qﬁhlé\ﬁ%da 388Lcsd %fé?ed ﬁ%@&t&\eﬁrlhé@amd %é C'AéTMW%I eve. A

0.5g sanmple is lh‘big] ? benzene enation test. le 1s m xed
with inert aldefME%s ’gyﬁ%a@PlsﬂU?mﬁ%rﬁﬁugﬁ é‘ﬁ 'SIF@%é@”Wfat’ﬂ’ét”E?a & ofof an
aut ocl ave fr apvlofexdudimokenses abigi theagh a Bebet€r punt, @h@&ﬁdystp@ﬁ@@@tum th

ni trogen r 8 p. ed ,and reactor
i s heat ed{(ﬁ ag%étﬁgg%p 8‘? EB/ %(%@Egpesgltlrg% ? ﬁu&ec{)aﬁcﬁ{égvia&e t% PM"@vﬁn%asa reduced
state. React (ﬁﬂsﬁ@ Jypiem apetegngat 3 blpa obHyddegen is mruietrtewtq the geastof laogdvtieo  anbi ent
tenperature. p?éss&r@'oﬁh %g@%u@ggﬂs rﬁémtéremﬁﬁédéﬁ% ;ﬁ*&/sgr% tRhsdUe¥CArRREXRAGY benzene

is added thro g , and cata%/ nperature 10 adjusted to
100C. React or Lﬁgr'@g"su |a§t"’éltéﬂj gste df &ﬁ?iesrséﬁlﬂya h@dract% CP”W ofahydegendosage

syst em oper atcomgyingtiorBkiMdiias.of Hydrogen is connected to the reactor and the

pressure of t '@Firgm%n%dé%é%ﬁg etrgg&étg gt}ﬂr&@e,a pressure transducer and

recorded wt resu fssed by the rate constant
of hydrogen Example 11 (comparative)

The spent catalyst as used in example 10 is regenerated under air in two steps in the

" laboratory rotating furnace in the same conditions as in example 10, except
temperature: first step still at 300°C, and then second step at 550°C. The residual

20  sulfur and carbon contents of the regenerated product are respectively 0.4 and
0.1wi%. A representative sample of the product is collected and submitted to a
benzene hydrogenation test as described in Example 10. The same procedure is
used including the in-situ reduction step at 400°C. Activity is measured at 10.9 10

s™'. No improvement is noted with the higher temperature despite the reduction in C
25 and S levels.

Example 12

The spent catalyst as used in example 11 is regenerated under hydrogen in one step
30 in the laboratory rotating furnace at a temperature of 450°C. Catalyst feed-rate is set
at 50 grams/hour with a residence time of 2hours and hydrogen flow is
500 liters/nour. The residual sulfur content of the regenerated product is lowered at
0.7 wt% while the carbon content is reduced to 1.8 wit%. A representative sample of
the product is collected and submitted to a benzene hydrogenation test as described
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,.consunption kinetics. 15 Result is found for this regenerated catal yst at
~12.1 10 -3 s-1. Exanple 11 (conparative) The spent catal yst as used in
exanple 10 is regenerated under air in two steps in the |aboratory
rotating furnace in the same conditions as in exanple 10 eﬁ‘!ﬁ%ﬂ%
~tenperature: first step still at 300C, and then second sgép at” 550C. The
residual 20wgWhhssssgand carbon contents of the regeneratpdpplRsiget are
respectively 0.4 and 0.1wt% A representative sanple of the product is
collected and submitted to a benzene hydrogenation test as described in
Exanpl e 10. The sanme procedure is usedidincluding the in-situ reduction
step at 400C.in Axeinplely The seme presgdye id 0 usedl Bcludng $el in-9io redystiovebrent i s
noted with theoht gRefiy iSHRRUAIY ¢4 FeePiste the reduction in C 25 and S
-levels. Exanple 12 The spent catalyst as used in exanple 11 is regenerated
under hydrogen in one step 30 in the |aboratory rotating furnace at a

t enperat ure dxadpCi3 Catal yst feed-rate is set at 50 grans/hour with a
residence tinme of 2 hours and hydrogen flowis 500 liters/hour. The
residual sulfur content of the regenerated product is lowered at 0.7 W%
whi | e the carlhespetdsetalyst dssusee thuaxenipled1 is Bgeefétedundephyeismet at anesstepanpl e of

t he product i : ] Lt Y, I test as

desct bed_ SulBHEIUFEHETEe! %"E‘%h%%ﬁ%ﬁ%ﬁr%&é‘%’*@%@%@%@WQfe_

PCT/ EPCO/ 13237° 335"e 1A exaRRi &F Ohe TeReluglswiursopieatiite fegenpssier PREYGE ng t he

|5 n_Tf]I tu reduddiersd &to.3 M;O@hglmtelcwbbxyc?rﬁedf%&_éwc@d tt 2 Mﬂf?/é Hé?ire}éhtatri]@éaﬁpl e 13
e spent catalyst as used i a s regenerated under rogen in

one step Yblt nt %?B'Iﬂ°§B‘§rpé‘t’%‘+°§‘sr"8'[é§§?ﬁgg ?%iecdem&tbegzﬁr}?rwgﬁoﬁ?ﬁﬂ@ Bftss0c Al

ot her condi t idessibad én Exdrapls dife Thé aame pawptiee 12 usékhimciuding dtheain-situlstapr  cont ent

of the regenesajfch RUBEHEC vy isl UMl BT affs Dig3owh % whi l e the carbon content

is reduced to 1.2 W% A representative 10 sanpl'e of the product is
coll ected and submitted to a benzene hydrogenation test as described in

Exanpl e 10. The sane procedure is used including the in-situ step
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reduction at 400C. Activity is measured at 16.3 10 -3 s''. SUBSTI TUTE SHEET
(RULE 26) 21 JUN 2005 11 CLAIMS 1. Process for the off- Z ‘ﬁ regenerati on of
a solid catalyst or of a solid adsorbent -wherein the cata y or the
adsorbent is used in the formof a bed in a regeneration zone, in which
bed the catalyst is in notion, said process conprising at |east one
heating step under a reductive atnosphere. 2. Process according to claiml
wherei n* the said heating step is carried out under a non-oxydative

at nosphere. 3. Process according to dlaims 1 or 2 carried out.betwen 250
and 650C. 4. Process accordlng to claim3 carried out between 300 to 550C.
5. Process according to one of clains 1 to 4 wherein the reductive

at nosphere i s a hydrogen-cont ai ni@gA#Sosphere. 6. Process according to
one of claims 1 to 5 wherein after the reductive treatnent, a subsequent
oxidative treatnent is. carried . out. 7. Process according to any of clains

1 to 6 wher Eroteshforse diflitd redensitionnd onsi sting
e fh%olné%éﬁ&%?grgna Ecﬂ% <O tc

of nobile or, novi E]qu beds, circulating or slurr - beds,
expanded be¥8SeELHNG saladysh&dsthe adsoment is used i thelform loécmbed ina@tary beds.
8. A proces o] 7 wherein the catal yst or the.
adsor bent cger?@ gieﬁgg‘gn%zg%brl@r%&g O?‘ehag]gs ?%‘?lxasﬁpﬂbmo 108, Sﬂ\%pp'@ ’s according
to claiml c@nﬁnm!;aatdeasttohe heatiny step endatla r@@j‘d{l% aﬁn@gphg@ast one net al

bel ongi ng t 0., A ess.according to claim9 wherein the
sai d mat grl gf@%ﬁw?’&?%ﬁ‘“ﬁa &‘amﬁ] wﬁqrfm ep‘?aéf&@?éﬂ%’éiﬁpdlﬁr@"ﬂeﬂ evtai m 9
wher ei n t heusdsr e non ugi,vmﬁ{oap mgeni ckel . 12. A process according to claim

9 for th Eﬂ)&gerat i O hydrogenation catalyst. 13. A process
accor di n§ ‘FQ)F° ?‘ﬁ’@‘%’e@' eatded ot betweenB5OaId-650RC i ni ng

adsor ben#. Process according to claim 3 carried out between 300 to 550°C.
- 5. Process according to one of claims 1 to 4 wherein the reductive atmosphere is
a hydrogen-containing atmosphere. |
6. Process according to one of claims 1 to 5 wherein after the reductive
treatment, a subsequent oxidative treatment is carried out.
7. Process according to any of claims 1 to 6 wherein the said bed in motion is
~ selected in the group consisting of mobile or moving beds, circulating or slunry
beds, ﬂuidized beds, expanded beds, ebullated beds, and beds such as belt
beds or rotary beds. :
8. A process according to any of claims 1 to 7 wherein the catalyst or the .
adsorbent contams an amorphous or zeolitic support. '
9. A process according to claim 1 to 7 wherein the said material contains at least
one metal belonging to Group VIIL.
10. A process according fo claim 9 wherein the said material contains pal!adtum
11. A process according to claim 9 wherein the said material contains nickel.
12. A process according to claim 9 for the regeneration of a hydrogenation
catalyst, :

13. A process accordmg to claim 10 for the regeneration of a mckel—contammg
adsorbent.




