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PROCESS FOR CATALYST RECGENERATI ON This invention relates to a
peocess for regenerating - used hydroprocessing catal ysts havi ng

cont am nant s conpri sing carbonaceous and/or sul fur-containing
materi al s deposited on their surface. 5 A nunber of catalytic
processes argwgygadiagn the petrol eum and pet rochen calPCIVEPS&W2P6cs f Or
pur poses of treating and converting process streans into a variety
of useful products. Among the refining processes utilizing

catal ysts are cracking, hydrocracki ng, hydrodesul - 10 furization,
hydrodenitrification and reformng. The catal ysts used in these
processes decline in activityprocess 2OR/ GATESYLE REGENERATIONY t he course
of use as a result, in major part, of an accunul ati on of
carbonaceous material s commonl y contai ni ng hydrogen and sul fur on
the 15 surface of THis davenfion relates to sCarmicesss foraregenerating
carbonaceous materjged hydroprodé%mabt bsea%@%m%roattaﬂmnts situ
carbon bur n- of f a co | I"ed OXI tl\MEi? IR fixed bed
apparatus or a qu??WEE&F Qﬂf Vided =) uguggn a1fi89 patent No.
4,007, 131, di scussmaterijials alepdsdited on thehegﬁ;mﬁme.ng catal yst from

hydroproces% Ng operata fignddt of catalPRSe Plod¥isds @rle UBRACIA! 8hEI NY
0.1-4.0 %volume Ongroleum and petrochemical industries for purposes of
treating and converting process streams into a variety of
useful products. Among the refining processes utilizing
catalysts are cracking, hydrocracking, hydrodesul-
10 furization, hydrodenitrification and reforming. The
catalysts used in these processes decline in activity
and/or selectivity during the course of use as a result,

in major part, of an accumulation of carbonaceous
materials commonly containing hydrogen and sulfur on the

15 surface of the catalyst.

Catalysts deactivated by carbonaceous materials
deposition can be regenerated by in-situ carbon burn-off
in a controlled oxidative atmosphere in a fixed bed
apparatus or a fluidized bed apparatus. For example,

20 U.S. Patent No. 4,007,131, discusses a process for
regenerating catalyst from hydroprocessing operations by
passing hot inert gas containing 0.1-4.0 % volume oxygen
through the catalyst while in-situ in the reactor. Such
in-situ regeneration, however, requires shutdown of the

25 reactor for the time period needed to perform the
regeneration, which may require many days. In addition,
some channelling of the hot gas flow in the catalyst bed
usually occurs and results in undesired variation in the
degree of regeneration obtained. Thus, more effective

30 external catalyst regeneration processes not involving
extensive reactor downtime have been sought. However,
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catalyst pores often requires a long "heat soak" period
in order to achieve high removals. Accomplishing the
conflicting objectives of surface area retention, which
suggests controlled heat for a short time, and complete
renmoval of carbon, which suggests longer heating times,
has long been an elusive goal. Thus, it would be
advantageous to have a catalyst regeneration process
whereby the recovery of catalytic and physical properties
as well as the levels of contaminant removai are
enhanced.

It has now been found that a process for regenerating
catalysts which comprises subjecting a spent catalyst to
a fluidized bed treatment step followed by a moving belt
treatment step results in a regenerated catalyst from
which the contaminants have been removed and the physical
properties of the catalyst have been substantially
recovered and/or enhanced.

The present invention, accordingly, relates to a
process for regenerating used catalyst particles
contaminated with carbonaceous and/or sulfur-containing
materials, which process comprises the steps of:

a) contacting said particles in a fluidized bed with
an oxygén—containing gas at an elevated temperature
whereby at least part of the contaminants is removed, and
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advant ageous to have a catal yst regeneration process wher eby t he

recovery of catalytic and physical_properties 20 as

of: contam nant renoval are enhanced.

di scl oses the continuous regeneration of used cat

carbon and sul phur in a mul ti ple stage process. The first
preparatory wodgig9id® consists of stripping the parti cul ®CEEPIE/MARGST
wi t h hot inert gas for 1-2 hours to evaporate low boiling liquid
conponents and the second t hrough the fourth3sdbstantive st ages

Choreasi ng concentr at Phreedt e %*5%"“ rkalefiptatatyst R $38s, £, %0
for an increasingm@Wﬁaglbnlbfam maysing the belt noomoweirsaic-aatisdyst and

6-10 hours respec a!QE&lesTﬁﬁrough a fﬁ¥ﬂhbﬂphﬂﬁe§tﬁﬁﬁbﬁﬁablﬁhiﬁﬁyﬁﬂéaﬁﬁtln a
flui di sed bed, an conduct ed i

bel t . 3 temperaiis Sl 8°2eiRYe Jond Finting botedoh; "

carbon cont®nt of ofpshe cohtaminants frosy theocatalyst particles.
AVENDED SHEET In step (a) the catalyst particles are Freferably
catal yst from at |east gﬁg W o9% tq | ess Al hur ni L a
catalyat reganer aCORtERERReYE thhe Bpars-contatnlhy| otn ctox 4t i <
catalyst in the rd@eﬁenatoexceﬂdﬁmwenty mznumssneﬂheedlmoatuieaﬁt(fﬂﬁ#&n 15
m nutes by keepi ngdrid@nt by welPLRIHE sul fhBEcORESRERAMEE £ Hovald.at
| east 660 {err]C In the subsequent step (b), the catalyst particles

preferably are moved through the furnace zone for at

least two hours.

The present process provides a process in which a

used hydroprocessing catalyst deactivated by

15 contamination with carbonaceous materials and sulfur-
containing compounds, normally by deposition of such
contaminants on the surface of the catalyst particles or
by plugging of the catalyst pores by such contaminants,
is regenerated by a two step process. The first step of

20 the regeneration process is a fluidized bed treatment,
and the second step is a moving belt treatment. A
combination of these steps results in regenerated
catalysts which show low attrition, i.e., little or no
reduction in size of the particles. In some cases,

25 enhanced surface areas can also be seen. In addition, in
the process of the present invention, the throughput may
be doubled and the end result is a much more optimal
regeneration process.

The regeneration process of the present invention is

30 particularly suitable for regenerating hydroprocessing
catalysts, especially hydrotreating catalysts. These
catalysts typically comprise Group VIB, VIIB, VIII
metals, or mixtures of two or more of these metals
suppocrted on various supports such as, for example,

35 alumina, silica, silica-alumina, aluminosilicates,
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(2220 [err]F) and by introducing 10 to 100 percent of the conbusti on

air tothe transfer line | eading the catalyst to be regenerated into
t he regenerat or chanber, wherein the velocity in the transfer |ine
reaches 6.10 to 18.29 m10 - (20 to 60 feet) per second. The catalyst is
fluidised in the transfer line as well as in the regeneration
chanber 1480 A- 9201511 di scl oses a process for regPOHERIIP6
spent fIU|d|sed9ﬂmh cracking catalyst in a fluidised catal ytic
cracking regenerator with a CO conbustion ¥4 - pronoter [such as Pt],

characterised by regen ratln t t
stages under cont A (ﬁgﬁ % atla Bi%n]d’r]ﬁ ons%%]té:rag%i%x% t%&énerixq%véwo
cat al yst contaln|mglindricalthephllxﬂ#ﬂnﬂﬁ|Nﬂ4tﬁré ?eﬁhﬂgere%yQQQRPQQRHnthe

second . StaGgifg! Beohi 0580 S EEFLIrY thesss A0 Doherarsistarn 20
ne o e nts

addr esses t he progi tgfgggween br%é%ﬁ%ﬁ%ﬂfq: e 8H9s?c3a§§¥§ﬁg$ﬁ#H§ of the

spent catal§sts Theufingtt step ofddreeregengration process |Qf Hfe now

Egﬁgrrgggdshgﬁécsl 3 é&%%%sé.ir}t%ngfgﬁ”fé ad | M2l zed befafltﬁédﬁﬁénﬁ\hl GBriefly,

a flui t
step foll owed by & %&HH‘?@ZS@H ﬁe c n51st[§ &f RARss: 85 ngéf$£g$ céﬁ@ﬁd@&‘
regenerat ed catal yist & ohamber through ovhidhe a:(gatsaliﬁnaﬁsseﬂave'nb%en renmoved
and the physi cal particlell ape' tyBEcal1f ielRienland LharRebogTos by tantitad |y

30 recover ed enhance ent | Oon,

accor di ngl ¥° rel at9as eptering Ehe FheRes *?nPHQRﬁgﬁgrﬁapﬁatﬁgbd St al yst
particles partinliesasegavats and uore ahwsitadid)/ er rantiphumareex a$UFhg

materials, which npAReSSLRRRIrECBelBeRi¢dS Ufke a liquid.
In the present invention, the spent catalyst is

placed in a fluidized bed apparatus or chamber of any

15 suitable construction and is supported on a bottom plate
or other suitable device having a plurality of ports
designed to permit flow of an oxygen-containing gas
upwardly and to prevent the catalyst particles from
moving downwardly such that the flow of gas would be

20 restricted. The oxygen-containing gas is normally
introduced into the chamber prior to the introduction of
material to be treated. The oxygen content of the gas
can vary in the range of from 4 percent by volume to
100 percent by volume. Preferably, the oxygen component

25 of the gas stream is from 4 to 30 percent by volume, and
more preferably from 15 to 22 percent by volume. A
convenient gas stream is atmospheric air, although pure
oxygen may also be utilized. After the oxygen-containing
gas is passed upwardly through the ports into the chamber

30 and contacted with the spent catalyst particles, the
exhaust gas exits the chamber and suitably is subjected
to a further treatment, such as, for example, it may be
passed to egquipment downstream for discharge by
procedures well known in the art.



-3- a) contacting said particles in a fluidised bed with an
oxygen-contai ning gas at a tenperature in the range of from 204
[err]C (400 [err]F) to 593 C (110 [err]F) and for a tine whi ch does
not exceed 20 m nutes wherein at |east part of 5 the contam nants is
renoved; and b) passing the thus treated catal yst particles to a

movi ng belt qpbesddsi Ng the belt to nove said catal yst PCTYER96/0120éc S
t hrough a furnace zone which is naintained at a tenperature in the

range of from371 [err]C (700 [err]C) to 16 5 - 593 [err]C (1100 [err]F)
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regeneration process. Generally, tRaecoxwgmmecatadnipgogassisfinteoduastent
i nvention is inb%arth'ecﬁhafni%rséﬂtt@b&éinﬂé}ratﬁx%egﬁﬁfﬂbEGnEY% O OGRS NY

30 catal ysts, ecl reat| ng cat st s.
catal ysts typical | eg 3F§9 égﬁ ?/I‘Bi;“ °3‘“¥"F and lsné?%’rgablcﬁ’ that
m xtures of two ortha)mﬁemp[eraluase uﬁttalhe; gas stream in the chamber be

15 maintained constant at the temperature it was introduced.
Therefore, the temperature of the gas at the inlet is
adjusted so that the temperature of the chamber is
maintained at the desired temperature, i.e., a
temperature in the range of from 204 °C (400 °F) to

20 593 °C (1100 °F), preferably from 399 °C (750 °F) to
538 °C (1000 °F). The pressure in the chamber is
typically atmospheric pressure.

After the gaseous atmosphere has been established at
the desired temperature and velocity, the spent catalyst

25 materials are added to the chamber. The residence time
of the catalyst particles in the fluidized bed apparatus
or chamber is suitably from 1 minute to 20 minutes,
preferably from 5 minutes to 15 minutes. These residence
times at the temperatures specified above suitably result

30 in the removal from the spent catalyst of at least
50 percent by weight of the sulfur contaminants. The
first step, i.e., the fluidized bed step, of the
regeneration process also suitably results in the removal
of from 5 percent by weight to 40 percent by weight of

35 the carbon contaminants and from 25 percent by weight to



supported on various supports such as, for exanple, al um na, silica,

silica-alumna, alum nosilicates, MCS13/ TH636PCT WO 96/ 29148
PET/ EP96/ 01206 -4- zeolites, and
the like. The catalysts typically have a cylindrical, spherical or
mul ti-| obe shape, a dianeter rangi ng from 0. 50 mlllrreterst035

m | |i-neters,wanehnds | ength between 1.5 nmillimeters an8CHEB6/01206
mllimeters. 5 The first step of the regeneratlon process of the
present invention is a fluidized bed treatnmenf.=Briefly, a fluidized

bed consists of a BBZEeP%] elb@ gy QJe%hQOBEatHé’dtotal vol&i@i@h@@ﬁ&ehbﬁﬁueﬂ
which a gas is pasgﬁ t artchE ﬁg%f tﬁf al ated an f t he
velocity of the 10th¢ SRR SREAIYES -t nEXeReRaR} Y1 Efiﬁﬁgg a896§F8 Yhe
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entire bed bEhaveswéi&ﬁtaté'2Bt?¥rcent by weight Nof henhd'@¥@¥n i nvention, the
spent catalyst is %g aced 1 n g Slzed bed a pazﬁg{s or hanber gf
any 15 S5ui t abFRNEFRLBRRES (ﬂﬁ‘darfémf“s ubBpbEFERY apgrcen
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catal yst particles suc | ow. of gas
mouldybe P one skilled in the art would readlly recognlze, the 9

above-described fluidized bed treatment is guite

10 ' effective for removing contaminants from used or spent
catalysts, but the constant agitation is quite abrasive
and thus detrimental to the integrity of the catalysts.
Thus, if the catalysts are subjected to such a treatment
for prolonged periods of time, attrition becomes a

15 significant problem. For this reason, the present
invention is a process in which the most volatile portion
of the contaminants are removed in a first step to
control the exotherm, i.e., a fluidized bed treatment,
and the remainder of the contaminants are removed in a

20 second step, i.e., a moving belt treatment, in which
there is a minimal amount of catalyst particle motion.

Following the fluidized bed treatment, the spent or

used catalyst is subjected to a moving belt treatment.
In this second step of the regeneration process of the

25 present invention, catalyst particles are withdrawn from
the fluidized bed apparatus or chamber and transferred to
a continuous belt driven by mechanical means such as, for
example, a motor and which moves through a furnace zone.

The furnace zone may comprise a single furnace com-

30 prising one or more heating zones, but may also comprise
two or more distinct furnaces as will be discussed in
more detail hereinafter. The belt is advantageously
constructed of wire mesh, suitably made of stainless
steel, but any other known material capable of being used

35 as a moving belt resistant to high temperatures could



20 restricted. The oxygen-containing gas is normally

i ntroduced into the chanber prior_to the introduction of nmateri a
to be treated. The oxygen content of the gas can vary in the range
of from4 percent by volune to 100 percent by volume. Preferably,

t he oxygen conmponent 25 of the gas streamis from4 to 30 percent by
vol ume, and wopoegmeiggnore preferably from 15 to 22 percent byPOTERSE®1206\
conveni ent gas streamis atnospheric air, although pure oxygen nay
al so be utilized. After the oxygen-contai ni-n@ = gas i s passed
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absence of combustion gases is passed through the wire
mesh belt. The direction of the air flow may be upwardly
or downwardly, as desired, but must flow through the
" moving belt containing the catalyst particles. The
15 temperature of the air flowing upwardly or downwardly
through the moving belt and contacting the catalyst
particles should be sufficiently high to achieve the
removal of the remaining portion of the contaminants
still present on the catalyst particles. It has been
20 found particularly advantageous to increase the
temperature as the particles move through the furnace.
Very good results are obtained when the temperature of
the oxygen-containing gas used -suitably air- increases
over a range within the range from about 370 °C (700 °F)
25 to about 595 °C (1100 °F) as the catalyst particles
continue on the belt. Accordingly, the temperature in
the furnace is suitably maintained in the range of from
371 °C (700 °F) to 593 °C (1100 °F) and preferably from
371 °C (700 °F) to 510 °C (950 °F). The time required for
30 the moving belt treatment and the removal of the
remainder of the carbon and sulfur contaminants suitably
is at least two hours, and is generally from four hours
to eight hours.
In one embodiment of the present invention, the
35 catalyst particles are passed through a furnace zone

cpont chtal yet pafiiee) B8, Sphd: Crid T e ty & nEPPLSRNF HhakiR |



16 (ft/mn)) to 488 mMmn (1600 ft/ mn). General ly, the

oxygen-containing gas is introduced into the chanber at a
tenperature sufficient to Initiate the desired reaction in the
columm, and is desirable that the tenperature of the gas streamin
the chamber be 15 mai nt ai ned constant at the tenperature it was

i ntroduced. glherefore, the tenperature of the gas atPCIEPISOLE6 | S
adj usted so P%at the tenperature of the chanber is mai nt ai ned at
the desired tenperature, i.e terprature in the range of from

204 [err] C (400 rrl] kR
from 300 [er1]C (AT Re 8,2 sei’?gs[ﬁéé‘fﬁ < f‘%ggj S&EF*“?E?I’%@”
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96/ 29148 time by controlling the belt spaxd Epdyigizidy, the

temperature of the oxygen-containing gas in the first
zone is 371 °C (700 °F) to 482 °C (900 °F), preferably
from 412 °C {775 °F) to 468 °C (875 °F). Following a

15 residence time in each zone of 0.5 hours to 2 hours, the
catalyst particles are passed to additional zones in
which the temperature of the oxygen-containing gas is
increased to 427 °C {800 °F) to 593 °C (1100 °F),
preferably from 432 °C (810 °F} to 510 °C {950 °F). The

20 total residence time for the moving belt treatment is
suitably again in the range of from two hours to eight
hours, although longer residence times may be utilized,
if desired. The regenerated catalyst is then withdrawn
from the moving belt and passed to a cooling step before

25 packaging and return of the catalyst for reuse.

The regeneration process of the present invention is
particularly advantageous from an economic standpoint for
continuous operations in that the throughput can be
significantly increased.

30 The process of this invention will be further
described by the following embodiments which are provided
for illustration and are not to be construed as limiting
the invention.



50 percent by weight of the total volatilities present on t he spent
catalyst. Preferaply, at |east 55 percent by wei ght of the sul fur
contam nants, and from 10 percent by wei ght to 25 percent by wei ght
of the carbon 5 contam nants, and from 30 percent by weight to 40

per cent by weight of the total volatilities present on the spent
catal yst areweosmoess during the fluidized bed treatnent. PCI/EFS%/00206
skilled in the art would readily recognize, the above- descri bed

fluidized bed treatnent is quite 10 ef Fe& ive for renoving contam nants

fromused or spent t C t quite
abr asi ve P an 'I'he fgﬁ?&y #i’.xé?%ﬁlt Ig?‘dnte gﬁ#ﬁ?&f& %A@;{ al ysts.
Thus, if the catal z&FesEﬁB E?%EIQQF%%MﬁtsahPWéagnﬁhP following

pr ol onged periodscmhrhcmerlatlcstlon becomes a 15 significant problem
For- this reason, the present |nvent|on is a process in which the
nost vol atile port| 8 , first
step to ent ,
and the renalnder t he contanlnants are renoved [in apﬁf segond step,
I.e., a noving belt treQi |n WMILH te ey anount
of catal yst parti C:.k Rt n Eallawing the f]-IQQi3di zed bed
treatnment, the spe or Sulfur, %used catalyst is qubjectedgto a npving belt
;geatnent. ) Iryttgﬁ} f%gogg_gfeszj (fp regenerat|- o PT OCESE of the
present invg o1 A 8 ; . t he
fluidized bed apparfalus. s rg‘.nneﬁnéﬁ&(¥¥ansferreo t o 53 4 a cpntinuous
belt driven by mechani cal nmeans such as, for exanpl e, a notor and

whi ch noves throuq?)a furnace zone, . The furnace zone nmay
conprise a single fur f4EE2EBNRreEY is dehergiingdohy the nBsB- Te e thpd, divss,
but may al s®% conpdetermining spéfntﬂcrﬁﬂﬁfd@bshkéﬁtaéuﬂéﬁ@fibéﬁiﬂH'| be

di scussed in Brun3BEg, dgt a %m$@g after,  .T t ageousl y
constructed of mnrgu#es% Sﬁl rade of ?Pg|2§é§§L ——éﬂh&iﬁiﬂﬁﬁ
other known mat er S2E€z¢288p| 30 %T3 i AP3IRed

{(2) Attrition index is defined as the number percent of

particles which are less than the averaged length of 2.5
10 millimeters.: -

Example 1

Spent catalysts having the above characteristics were
regenerated using the process of the present invention.
The conditions used were as follows:

15 The gas atmosphere, i.e., air containing 21 volume
percent of oxygen, was entered into a fluidized bed
chamber, i.e. pretreater, at a superficial velocity of
131 m/min (430 ft/min) and an initial temperature of
510 °C (950 °F). The fluidized bed chamber had a

20 staggered, perforated type of distributor plate at the
bottom, a reaction zone having a 45.7 cm (18 inch)
diameter and a height of 160 cm (5 feet, three inches), a
transition zone of conical shape having 45° included
angles and having a height of 28.6 cm (11.25 inches), and

25 a disengagement zone having a diameter of 91 cm



35 as a noving belt resistant to high tenperatures could WO

96/ 29148 PCT/ EP96/ 01206

-7- al so be used. The belt nobves in a horizontal direction

t hrough a furnace zone such that the catal yst particles are
subjected to only a mninmal anount of agitation. The cat al yst
particles w wogsmosasl |y be placed onto the belt 5 i N t hBCT/EP26/03306 5

| ayer "or bed, although this is not strictly required. Such bed
suitably has a thickness of 0.64 cm a8/ 2 of an inch) to 6.4 cm
(2[err] inches), p¥d andbes) and a héight lof 9:1mdm3/cé kfaeh) t orRefe (Wd£'d ]

I nches). As the bed talnln the cata ticles,is,in
t hrough 10 ttﬁ¥?ﬁﬂﬂﬁé€8wﬁéﬁ€?aﬂo? %.? W qt % rt 8r F8 ﬁﬁ%&?ﬁrggne
absence of conbust¢aﬂaky§§eparsip&esedntrningﬁlﬂﬂum\ﬁheefluidlzednbe@ bel t.

The  direction of tdiamdidr %h@WfBBYrQﬁoUPM@TGHé/sulfur digkideVpreattyd £
desired, but nust flow.t ou%e t he novi ng belt contalining the

catalyst pa ticl etherk¥ 'tenperature of the air flow ng upwardly or
downwar dl y t hiithegispent gatahgste/ thamnichg @antxdlobg shepeaawén;@ging

particles shoul d kg, 153/ dd G1920! Inéhﬂhlﬁodféikéé‘éie 2.5 muiﬁéﬁg y Lhe

remai ning portion of the contamn nt. on e catalyst

particles. It has Yefnath, werpogﬁé 5%?9’2:’%9%39 g&t?g‘aﬁ't gggoﬁ@ FeRrease
- the t enperiaichle pipet be paet sitdesofthe tdirsenglagementuseation. The

Very good ggsul t's gyy6 qty Q% ew@gﬁtééecé £ WerePdischarged! N€
oxygen- cont ai ni ng gas use Itably air- 1 ncreases
ontlnuously from a2 15.2 cm (six inch) pipe on the

opposite side of the reaction zone. The catalyst
discharge rate was controlled by means of a flapper
valve, while the spent catalyst feed rate was controlled
15 using a vibrator connected to a hopper. The bed height
of the catalyst in the pretreater was maintained at about
15 em (six inches).
Initially, 19.5 kg (43 pounds) of regenerated
catalysts were charged to the pretreater for facilitating
20 control of the initial reactor temperature. 'In order to
achieve a steady state, prior to the fluidized bed
treatment step, the spent catalyst feed rate and the
discharge rate were set at 1.0 kg/min (2.2 lb/min). The
inlet air temperature was then gradually decreased
25 from 510 °C (950 °F) to 466 °C (870 °F) after 20 minutes
of start-up. The feed and discharge rate were then reset
to about 2.0 kg/min (4.3 lb/min) (10 minute residence
time) and the inlet air temperature was gradually reduced
- to 293 °C (560 °F). One drum of partially regenerated
30 catalysts was collected at 60 minutes after the start-up.
The feed and the discharge rate were then further
increased to 2.5 kg/min (5.5 1lb/min) (7.8 minute
residence time), and the inlet air temperature was
maintained at 293 °C (560 °F). Another drum of the
35 partially regenerated catalysts was collected at



over a range within the range fromabout 370 [err]C (700 [err]F) 25 to

about 595 [err]C (1100 [err]F) as the catalyst particles conti nue
on the belt. Accordingly, the tenperature in the furnace is
suitably maintained in the range of from 371 [err]C (700 [err]F) to
593 [err] (1100 [err]F) and preferably from 371 [err]C (700 F) to
510 [err] C (Wuoee148] F). The time required for 30 t he NCOE/ER9GOLN06
treatnment and the renoval of the remai nder of the carbon and sul fur
contam nants suitably is at |least twdlours, and is generally.from
four hours : —uml N '

120 Rifshted UF¥ter the start- up. 'I;ii% é‘apaéas g.?grff %%gx&%ﬁ%zgﬁre

resent invention, ,the 35 caf.al yst partic
]P Ur nace zone insgdw%/leglli%ze% beg pretreater fluctuated from

PCT/ EP96/ 01206 393 °C (740 °F) to 416 °C (780 °F) wh8n both drumsnsfsting
of -a series of zonggtuhgses tiisrd %m%ewtaﬁs For the tﬁrfstcsaﬁﬁnol ked £B188

h
zone, suitagjy I n sucp m@y t hat | e tenperatlre increases in eacﬁ
successi ve Zone. |fontent fron,this step Was 2; At ¥mds eare 5§ WERNGE §REd by
physical 5 sepul finr ocomtaminants hadi bebhyrémevdd) ek thencarbsnof a
nunber of snaller . n er Qres hl L normal |y
be | ess than 8, _ansaég?{igb‘f%]i%zjl E}%{%Heﬂfm,, 9E'$ange %% é:rl{xqe?,ctao_g.h However ,
the nunber of zoneSPUEAPIBARLs had beepsrgmeved; t j Kol .the, segonde fzum, nthe,

the catalyst 10 sulfesicismoent iwas 207e9ed, Z0De. ) SEETHILY dMetedbul bar
desired 39 t'€3n9¥mfﬁﬁﬁééﬂﬂddpgekﬁergﬁég?%ge$#éE#HE16&#&6%’c%g%ent was

tenperature of the oxygen-pontalnlng %as
8.6"wt? i.e., 16.5 wt% of the carbon contaminants had

been removed.
The drums of partially regenerated catalysts frcm the
pretreater were then sent to the moving belt for the
15 second step of the regeneration process. The catalyst
passed through Zone 1 which had a temperature ranging
from 432 °C (810 °F) to 443 °C (830 °F), Zone 2 which had
a temperature ranging from 382 °C (720 °F) to 438 °C
(820 °F), Zone 3 which had a temperature ranging from
20 432 °C (810 °F) to 454 °C (850 °F), and Zone 4 which had a
temperature ranging from 432 °C (810 °F) to 460 °C
(860 °F). The catalyst bed thickness on the belt was
maintained at 1.9 cm (3/4 inch) and the belt speed
corresponded to a production rate of 3402 kg
25 (7500 pounds) per day.
The results are presented in Table 1 below.
Comparative Example 1
Spent catalysts having the above characteristics were
regenerated using a fluidized bed treatment, but without
30 a subsequent moving belt treatment. The conditions used
were as follows:

The catalysts remaining in the pretreater in Example
- 1 above were gradually heated from a temperature of
393 °C (740 °F) up to a temperature of 482 °C (900 °F)
35 over a period of 75 minutes. The superficial air



zohe is 371 [err]C (700 [err]F) to 482 [err]C (900 [err]F), preferably
from412 [err]C (775 [err]F) to 468 [err]C (875 [err]F). Following a 15

residence time in each zone of 0.5 hours to 2 hours, the cat al yst
particles are passed to additional zones in whi ch the tenperature
of the oxygen-containing gas is I ncreased to 427 [err] C (800
[err]F) to 59%olserslss (1100 [err] F), preferably fromPCIEPP&IINEC
(810 [err]F) to 510 [err]C (95G [err]F). The 20 total residence tine
for the noving belt treatnment is Swt t1gbl=y again in the range of

fromtwo hours to gj . : 4 5| e

be utilized, 1%98#1%% in té'xe EF@% g U’?Qhag%eﬁ y % Qlh 11'3|1r‘r§28r awn
from the moving beKﬁ3%nﬂﬁﬁﬁ§§eGWFan @bslrﬁgeseéﬁtiﬁ§<nn9q553- packagi ng
and return of the catahétrdstiltisas@ presented in Table rnegenewqti on process

of the present invention is particul arly advantageous from an
econom ¢ standpoi nt for continuous operations in that the
t hr oughput can be significantly i nZABEEel. 30 The process
of this invention will be further descri bed by the foll ow ng
enbodi nents which are prpvroeg (w2 mmn v IS A U to be
- construed as liniting the invention Ex. 1 | GanposBX9143
FCF{EP96/01206 I g Carbon, $wt. 092 0.1 Thﬂd
ol | owi ng Exanpl e and CopparatlV anp uLr1] zed T/USq

catal ysts having the folj E E%¢%( ?fﬂrﬂﬁtﬂf'sprés: A

Surface area, /9. (1) 229 228

Attrition Index (2) 54.2 57.4

(1) Surface area determined by the B.E.T. method for

5 determining specific surface area as described in
Brunauer, S., Emmet, P. Y. and Teller, E., J. Am. Chem.
Soc., 60, 309-316 (1938).

(2) Attrition index is defined as the number percent of
10 particles which are less than the 2.5 millimeters
averaged length. The number percent is 53.4 for
spent/used catalysts as indicated in the table above
summarizing the characteristics of the spent catalyst.

As can be seen in Table 1, the spent catalyst
15 regenerated according to the present invention (Example
1) has a much lower attrition index than catalysts
regenerated using a fluidized bed process alone
(Comparative Example 1).



Cat al yst Conposition Ni /Mo _on

Al 2033 Car bon, %wt . 10. 3

Sul fur, 9. . This Sheet Ifas Been Replaced. —~ Sur Facp THISER. m27 g, ,(JEEN
230 Attrition |”I@UHIHEIHIII| 53. 4 REPLLAID
Surface area is determ ned by I thod for 5 'dere.“;“..g
speci fic surwarwnesa as descri Br unauer, PCUIER96/01206 Y.

and Teller, E., J. Am Chem Soc., 60, 309-316 (1938)

(2) Attrition index is defined as the nunber_percent of particles
which are less than the averaged | ength of "2:% 10 mllineters.

Exanple 1 Spent catal ysts having the above characteristics were
regenerated using the process of the presepta ignyemstion. The
conditions used were as follows: 15 ——Tne gas atnosphere, i.e., air
contai ning 21 vol une percent of oxygen, was entered into a fluidized
bed chanberl. i Zeprocessefiorrregenerahipy fuisedacatalysttparticles

131 mimin (430 ft/éﬂﬂﬁaﬁﬂﬂiﬁ%ﬂ h@tﬁ'ﬁécpéﬂgﬁgéﬁ Haaa?br suléur5é€?orate (950

[err]F). The fluidized b

of distributor pl
(18 inch)

type
"%ggﬁrp5%$?§ﬁanFH§%§ﬂ§lGg zﬁﬁﬁpﬁanng a 45. 7y£n1

ch)arrmmrtamtdng beidhparfidkds dm @5 fladtizédrbediwitlessn a

transition gone of

having a hei ght of°’§%§?&ntﬁaggaa#ﬂga€%?rerc}]eé)g%hquﬂpﬁra'é‘ﬁ’é% ety

havi ng a di aneter

10

15

20

25

rt of the contaminants is removed, an
b) passing the thus treated catalyst particles to a
moving belt and causing the belt to move said catalyst
particles through a furnace zone, which is maintained at
a temperature sufficient to remove the remaining portion
of the contaminants from the catalyst particles.
2. Process according to claim 1, wherein the contacting
in step (a) takes place for a time which does not exceed
20 minutes wherein at least 50 percent by weight of the
sulfur contaminants are removed.
3. Process according to claim 1 or 2, wherein in step
(b) the treated catalyst particles are passed thfough the
furnace for at least 2 hours.
4. Process according to any one of the preceding claims,
wherein 5 to 40 percent by weight of the carbon
contaminants are removed in step a).
5. Process according to any one of the preceding claims,
wherein the temperature in step a) is in the range of
from 204 °C (400 °F) to 593 °C (1100 °F).
6. Process according to any one of the preceding claims,
wherein said oxygen-containing gas is selected from the
group consistinq of air, pure oxygen and mixtures
thereof.
7. Process according to any one of the preceding claims,
wherein the furnace in step b) is maintained at a

——
[

) O O
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- 10 - (36 inches) and a height of 91 cm (3 feet). There was a

cycl one downstream and a wet scrubber for collecting fil ,HF EE Gat
’%EEQL‘%V

particles entrained fromthe fluidized bed cha em)w
t he sul fur dioxide produced in 5 the pretreater.
catal ysts, hwogsgomstrilobe shape averaging 0.13 cmlttmmwmm i n
dianeter and 2.5 mllimeters (mm in length, were fed continuously
froma 7.6 cm (three i nch) pi pe on—oAd side of the di sengagenent
section. The 10 ¢e rtdt@r'eyj.heﬁﬁgefa"ﬁé‘@ SR Blogs 3y 10eE e( P gl ¢8dse3 oc
continuously from m (SI X inch) pipe on the opposite side of
the reaction zone. gf di scharge rate was controlled by
means of a fl apper8. Procesﬁaaceprqul eto rany pme ofatheypre€eding ackaims,

controlled 15 wﬁ@ééﬁ &hel ?héhQEeCQ&E@%F%ﬂééa a(ﬂ?OEBﬁ‘sistgthbgdsé‘ﬂé@t

of‘the catalyst in ret eat er i nt ai ne

(six incneed " ot KorepaReln {RS EEnpadptize Jmdacreapetcipretch cd
cat al ysts were chesupaessivehgopeet reater for facilitating 20 control
of the initial reagtorplRuas ﬂcEdelné ”t&ré’.’l?ahﬂ @ wherein i‘ﬁﬁ' R¥Rbér s§eady

state, prior to the fIU|d|z.ed g treatnent step e spent

catal yst feed rat *fRP thfe in the raﬁ?%c%r%’ép’?eﬁl'ﬁe\ﬁelté §é9h§t 1. 0 kg/ m n
(2.2 I b/mn). The inlet air tenperature was then gradually
decreased 25 fromb510 [err]C (950 [err]F) to 466 [err]C (870 [err]F)
after 20 m nutes _ .

Sheet Has Been Refllaced

R
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of start-up. The feed and,di scharge rate were then reset t o about

2.0 kg/min (4.3 Ib/nin) (10 m nute residence . . tine). and the inlet
air ‘tenpetature was gradual ly reduced . ... .to 293 [err]C-(560 [err]F).
One . drum of partially regenerated 30 catal ysts was collected at 60
m nutes after the start-up. The feed and the discharge rate were
then further increased to 2.5 kg/myn (5.5 Ib/mn) (7.8 mnute
residence tine), and the inlet air tenperature was mai nt ai ned at

293 [err] C (S6GndTle ARQLARN YD Uonitcddl catBlysk?ehel2E2RI0H o0

| ysts was coll ected at
IgaCEI'?E?;QGI 01206 Processes have not been entirely satisfactory due tollack

mnutes after (df tHtl cuhtrBle Girnlgsy teneeatlide®, oxidativesi de the
fluidized bed pretreater fluciuated fr. 3|93 ryr!C(740[err]F to
a

0
416 C (780 [er rTTICRBRGT S5 AR/ isal rlT:;ma‘]‘“‘"‘-”@at | regenexpd@d For
the firsi drumby Hthese forrocesses ofitant dnivel rimtonpletd eocevRry. HEM %

i.e., 59 wt % of f cqQpt-ai nant s..had been remmved, .and.t he
car bon ’ sc%ﬁrﬁaecn? e f?ﬁ‘gi \Hi{;qe %elmel’Gr;Sm cﬁont%ﬁé‘tcg%b5ﬁ91%r‘?‘al
cont anmi nant s heﬁiﬂlﬂtﬁf ranfb\earbanr and sshetantdalnfines losses. sMhfisr
content was 2. giMfAtio aridesMBéudd it iy nkgzegs\ﬁr%cg%tea‘@m% s had

been renoved, and the carbon content was . wt % of
t he carbon contCHRLAMMRANERy Yet excessdiyve higdfegauses collapseTiof gones of

partially regensrmicrhnst dlosd of rAUPHdtR area and’=Rig1MeFatWRne Jehen sent
to the nnvingl%%éa{éy tﬂgiease of contaminants from deep in the
catalyst pores often requires a long "heat soak" period
in order to achieve high removals. Accomplishing the
conflicting objectives of surface area retention, which
15 suggests controlled heat for a short time, and complete
removal of carbon, which suggests longer heating times,
has long been an elusive goal. Thus, it would be
advantageous to have a catalyst regeneration process
whereby the recovery of catalytic and physical properties
20 as well as the levels of contaminant removal are
enhanced.
US-A 4,621,069 discloses the continuous regeneration
of used catalyst containing carbon and sulphur in a
multiple stage process. The first preparatory stage
25 consists of stripping the particulate catalyst with hot
inert gas for 1-2 hours to evaporate low boiling liquid
components and the second through the fourth substantive
stages consist of burning the oil-free catalyst with (per
stage) increasing concentrations of oxygen at increasing
30 temperatures and for an increasing duration of time (i.e.
4-6 hours, 4-6 hours and 6-10 hours respectively). The
stripping stage may be conducted in a fluidised bed, and
the burning stages may be conducted in a moving belt.
US-A-3,647,714 discloses a process for.reducing the
35 carbon content of spent silica-alumina or zeolite
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15 second step of the regeneration process. The catalyst

passed through 'Zone 1 which had a tenperature ranging . from 432
[err] C (810 [err]F) to- 443 [err]C (830 [err]F), Zone 2 which had a
tenperature ranging from382 [err]C (720 [err]F) to 438 [err]C (820
[err]F), Zone 3 which had a tenperature ranging from 20 432 C (810
[err]F) to 454 [err]C (850 [err]F), and Zopg 4 which had a

tenperature ranging from432 [err]C (810 [err]F) to 460 [err]C (860

F). The cat al ysatimlysthifixtowsst dredste (b.es twtdato less tham mf. &ISH%%a‘byl cm

(3/4 inch) and (§L onde a pr duc on rate of
3402 kg 25 B ﬁgﬁﬁﬁs taly%f gederator’ aﬁ% Tred %

presented i n Tamgaidengs diime Of the @lﬁmﬁﬁ i Megeherator chambe‘.ipent
catal ysts havi ngg tfmﬁm&&ﬁ%@%ﬂé %Ha% 1"59Gﬁn utes by ﬁakgl% using a

fluidized bed treatnent, but w.t hout se u
treat men TheE TRRFAGIIR i dehe regenez\-ﬁé:,q;- zﬁh elrb\ﬁé'r at 1east 660 T

cat al yst s remi (Lazp i F )} rendriwy rﬂﬂh&fdudld_g(a!m't%:gg.og 7eA:f:‘6:1ar1%P;6]£|°;t:‘H°eLet o a
Cerper atur o of Ry G Y 94y, Yranatisr. 1138, datiin He raraliet’ Tne
superficial airto be regenerated into the regenerator chamberiﬁﬁhereln
TH 0636 PCT the velocity in the transfgézllne f%écﬁ%& éWf% to 18.29 m
10 (20 to 60 feet) per second. The catalyst is fluidised in
the transfer line as well as in the regeneration chamber.

WO-A-9201511 discloses a process for regenerating
spent fluidised bed cracking catalyst in a fluidised
éatalytic cracking.regenerator with a CO combustion

15 promoter [such as Pt], characterised by regenerating the
spent catalyst in at least two stages under controlled
conditions, whereby hot regenerated catalyst containing
the CO combustion promoter is recycled from the second
stage to the first stage and at least 90% CO combustion

20 is maintained in both stages.

None of the above documents addresses the problem of
preserving the physical properties of the spent catalysts
during their regeneration.

It has now been found that a process for regenerating

25 catalysts which comprises subjecting a spent catalyst to
a fluidized bed treatment step followed by a moving belt
treatment step results in a regenerated catalyst from
which the contaminants have been removed and the physical
properties of the catalyst have been substantially

30 recovered and/or enhanced.

The present invention, accordingly, relates to a
process for regenerating used catalyst particles
contaminated with carbonaceous and/or sulphur-containing
materials, which process comprises the steps of:

AMENDED SHEEY



1. A process for regenerating used catalyst particles cont am nat ed

wi'th carbonacedus and/or sul phur-containing : materials, which process
conpri$es>the steps of: a) .contacting said particles in.a fluidised
bed with an 5 oxygen-containing gas at.a tenperature in the range of
from204 {err]C (400 [err]F) to 593 [err]C (110 [err]F) and for a tine

whi ch does not exceed 20 m nutes wherein aty|east part of t he
contam nants is renoved; and b) passing the thus treated catal yst
particles to a d0 contd@vi é&»‘id ﬁé&fé’!@é Nih ti‘eflbﬁélééa ‘o vﬁ%lfign

cat al yst ’E!égr“c' es_t f’b‘?n furnace zone which 1s _maintalned at a
tenperature i n HRETARTAHALR 928 3t (3 tempaxature [iny the range ofp3

[err]C (1100 [efr@tﬁ)zﬂbrﬁat(tlmmﬂvm IBBB *C WIAIRiaF)t kd for a 'tgR Ni Ng

portion of the t.Sadl S .31 A cess ccordln to
claim1,iwherein :geto 4 tiot ei@ée?%gqu '%1 ‘b'\"’e?s m%‘%ﬁeltxﬂ@%c;ﬁﬁfﬁ: %
cont am n@nt s an’élh%rcgﬁtam-nantﬂ! trgm)\m_ﬂneand by wei ght of the sul phur
contam nants adéfng eE‘IQé eﬂ'uw @fé‘aﬂ:@a catalyst %artﬁ. ﬁaccordl ng

to claim1 or 2, erein said gen- COnt A ng gas | s s€l ect ed

from the group Woving b%‘hs?%@l?@‘%milﬁhe Rk &g geverahid xaabadyather eof .
4. A process acpartisoles cchrdugh ca OfufnatdSzdnd Witich 1s maintiSifld dde

el n the
furnace zone of Sl gl 0S8 8  ie Fren n 3 BRES
processl@ccor di 593t ¥CclHLO0 4°FnWhEoriat tTeastiws urs, wherdmﬂaﬂaés in the
range of from tRLEe: hon&! S tion of the contimirdnt® 3 Femoved.

The present process provides a process in which a
used hydroprocessing catalyst deactivated by
contamination with carbonaceous materials and sulphur-

15 containing compounds, normally by deposition of such
contaminants on the surface of the catalyst particles or
by plugging of the catalyst pores by such contaminants,
is regenerated by a two step process. The first step of
the regeneration process is a fluidized bed treatment,

20 and the second step is a moving belt treatment. A
combination of these steps results in regenerated
catalysts which show low attrition, i.e., little or no
reduction in size of the particles. In some cases,
enhanced surface areas can also be seen. In addition, in

25 the process of the present invention, the throughput may
be doubled and fhe end result is a much more optimal
régeneration process. ‘

The regeneration process of the present invention is
particularly suitable for regenerating hydroprocessing

30 catalysts, especially hydrotreating catalysts. These
catalysts typically comprise Group VIB, VIIB, VIII
metals, or mixtures of two or more of these metals
supported on various supports such as, for example,
alumina, silica, silica-alumina, aluﬁinosilicates,

'MCS13/TH636PCT
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- 13 - . - CL'Al MS. - 1. A process

for regenerating used catal yst particles _. . contami nated with

car honaceous and/ or sul fur-contai ni ng . .. mterials, which process
_conprises the steps of: a) contacting said particles in a fluidized

bed with an 5 oxygen-contai ni ng gas ai an el evated tenperature whereby

at least part of the contaminants is renbv a “and . b) passing the

thus tfeated catalyst particles to a novi ng belt and ﬁﬁgs:ng t he
belt -to nove said catal yst - particles through a furna ARt ch
j s’ maintained at 10 a tenperature sufficient to renove the remaining
portion of the contani nant syf gogn t Rey cat 3l ysg particles. 2.
Process according to claim1, wherern E%ﬁeﬁgﬁgﬁgrﬁﬂé _ in step (a)
takes place for a tinme which does not exceed 20 m nutes wherein at

| east 50 percert. bm\w@iﬁs@ffdﬁl&e&neratﬁig f'dﬂed?@&tt%ﬂ‘y%%nb%ﬁr 1legmoved.

3. ‘Process acc io.cl erein 5
treated catal ys'{oq{%*%arte% are t]]b "s’séé?’iarﬁ at"rﬁ’j or Sulph%,q%wgat
| east 2 hours. materials|, whioztegsremess thn@mmefm}tmn@wpd lef :pr ecedi ng

cl ains, 20 W%&i&%f% Aé)aﬂfgae&tléiyeél\%nq@ AP Y with an

contam nants are renove
5 oxygen-containing gas at a temperature in the range of

from 204 °C (400 °F) to 593 °C (110 °F) and for a time
which does not exceed 20 minutes wherein at least part of
the contaminants is removed; and

b) passing the thus treated catalyst particles to a

10 moving belt and causing the belt to move said catalyst
particles through a furnace zone which is maintained at a
temperature in the range of from 371 °C (700 °C) to
593 °C (1100 °F) for at least two hours, wherein the
remaining portion of the contaminants is removed.

15 2. A process according to claim 1, wherein 5 to 40
percent by weight of the carbon contaminants and/or at
least 50 percent by weight of the sulphur contaminants
are removed in step a).

3. A process according to claim 1 or 2, wherein said

20 oxygen-containing gas is selected from the group
consisting of air, pure oxygen and mixtures thereof.

4. A process according to any one of claims 1 to 3,
wherein the furnace zone of step (b) consists of a series
of zones wherein the temperature is increased in each

25 successive zone.

5. A process according to claim 4, wherein the number of
zones is in the range of from three to eight. |

—_—
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% Proc """?'.-'.s”*'apcordi_ ng to any one of the preceding clains, hl} 'r‘%*_,
the tenperature in step a)-is in the range of from 204 '[tefr 480

one of the preceding clains, wher ei n sai d oxygen-contai ni ng
selected fromthe group consisting of air, pure oxyge
t her eof . 7. Process according to any one of the preced
wherein the furPET i n st ep "OSLD NTELECTHALFROPERIY ORGANIZATION

[err]F) to 593 [err]C (1100 {err] F). 25 6. Process accordi ng;%}ggny
is
x¥u

<
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(57) Abstract

A process for regenerating used catalyst pasticles contaminated with carbonaceous and/or sulfur-containing materials, which process
comprises the steps of: a) contacting said particles in a fluidized bed with an oxygen-containing gas at an elevated temperature whereby
at least part of the contaminants is removed, andb)passingthethusueatedcatalystpmiclestoamwingbeltmdpa.usmgd:wbeltto
move said catalyst particles through a furnace zone, which is maintained at a temperature sufficient to remove the remaining portion of the
contaminants from the catalyst particles.
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