PROCESS FOR ZEOLI TI C CATALYST REACTI VATI ON FI ELD OF THE | NVENTI ON
This invention relates to a process for inproving the activity of fluid 5
catal ytic cracking (FCC) or noving bed cracking (TCC) catalyst, including

any ad¥PPBRIBI2 cont ai ning zeolitic nmaterial as one of thPCHU$TLR1524
conponents and whi ch may be enpl oyed ,with each type catalyst, which
process can be integrated with the operatlons of the hydrocarbon
processing unit in which the catal yst is enployed. 10 BACKGROUND

OF THE | NVENTI ON nat ure
and there are many tﬁ)BQCES§Ei9c¢hgﬁ?ﬁiﬁ%&g&%%%bﬂv@ﬁ)h& ed t hat
there are abwgﬂﬁgﬂgﬁetlc zeolites and sone of these are
used in cracking catal ysts anpt-es—of such 15 cracking catalysts are
those used in the Thislinvention relates to pradegsi for imprvingythe activity@@)fiuid ocess
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zeolites 4gp are crystal line, hydrated alumnosilicates of the Goup I and

Goup Il elenents, in particular, sodium potassium magnesi um
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(FCC) process and those used in the moving bed (TCC) process as described

in U.S. Pat. No. 2,548,912. These types of catalyst contain crystalline zeolites,
often referred to as molecular sieves, and are now used in almost 100% of the
FCC and TCC type units, which process about 10 million barrels of oil per day.

20 Zeolites, or molecular sieves, have pores of uniform size, typically
ranging from 3 to 10 angstroms, which are uniquely determined by the unit
structure of the crystal. These pdres will completely exclude molecules which
are larger than the pore diameter. As formed in nature or synthesized, zeolites
are crystalline, hydrated aluminosilicates 6f the Group | and Group Il elements,

25 in particular, sodium, potassium, magnesium, calcium, strontium, and barium,
which can be exchanged with higher polyvalent ions, such as rare earths or
with hydrogen. Structurally, the zeolites are “framework” aluminosilicates
which are based on an infinitely extending three-dimensional network of AlO,
and SiO, tetrahedra linked to each other by sharing all of the oxygens. The

30 framework contains channels and interconnected voids which are occupied by
the cation and water molecules. The cations are quite mobile and may be
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* - 2- exchanged, to varying
degrees, by other cations. Intercrystalline "zeolitic" wat er in many
zeolites is renoved continuously and reversibly. In many ot her

zeol i t es,woi98®@33k and synthetic cation exchange or dehydr aPCHWSH#RLISI oduce
structural changes in the framework. 5 As stated above, the uses
for zeolites are nmany, but they typi caﬁ'y nmust - be conbi ned with other
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sol, . or anorphous silica, alumna, and zirconia as descrjbed in Demel's US
10 Patent 2zedlies7atneral andsynthetioycalionsexchangs or debydration may ®Eodues ni shed
mat eri al tha& has Ihl',?ﬁrf)ro erties desired for the intended use. These
properties srucﬁ*{? ¢ nihefameWokasi st ance, crush strength, particle
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are bl oglef,oraimbrptiots shidd) iaturhing, antizirconial a3 described inlDemiied'sUScess

described 20 herein can renove this blockage and increase#e av(ﬁi | abl e .
zeol i t e.10  Patent 4,826,/ 9% and ther sprayr digd phextrydadtaRiodyce afnishedas al ways'

i or der 't o Mgt that P (K Brfib & dsfiefl of (e iiehiREuee? Ted Pibetfigsiuct
speci al ty pragydudé bitritibiirénstaiee kerush strength, iparfidlg lsize distributiondded -

products of oil refining with the |argest market have 25 been .
t ranspor t at isunfacectrea, mattix areay activithand jséabilitye Angtheronethad efirnoducing a

Hi storically, . . b in t fini f LLE
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residual oil, the crude oil fraction boiling above about 1000[err]F

(5380), i nt withECG typeccatalyst, isigilanprgeedoras aredsed intthe produstion of zeglitie
obst e € L i her T et paoliaos, % Befbume ot e Harkfihd ™
of zeolitic moving bed and FCC type catalyst that some of the zeolite pores are
blocked or buried within the matrix material and that the process described
20 herein can remove this blockage and increase the available zeolite. So not

only is the present process applicable to regenerated equilibrium catalyst, but it
can also be used on the fresh zeolitic catalyst or additives before they are
" added to the FCC or TCC process for the first time.
An objective in refining crude petroleum oil has always been to produce

25 maximum quantities of the highest value added products in order to improve

the profitability of refining. Except for specialty products with limited markets,

the highest value added products of oil refining with the largest market have

been transportation fuels, such as gasoline, jet fuel and diesel fuels.

Historically, a major problem in the refining of crude oil has been to maximize
30 the production of transportation fuels. This requires a refining process or

method which can economically convert the heavy residual oil, the crude oil
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- 3- nitrogen, sulfur, and asphaltenes (coke precursors), in this

portion of the crude oi | . Since nost of the oil refineries
in the world use the well known fl uids catal ytic cracking (FCC) process
as the nmajVWOIPRIFRss for the upgrading of 5 heavy gas oil s RGX/US97/21524
transportation fuels, it is only natural,that the FCC process shoul d be

considered for use in the processing of heavy residual oils. |ndeed,

this has bee for the | & fLft. [s ver. the.
s 2, Dehaien Bl oub A 000 B, I Ra E AR5k LS HSHendrifor
convert in tfigl&OR majoriibeefié 16 fse PRodessinG bEthidieahe résidlialddil haPbaepment
catalyst required as a 10 result of catalyst deactivation which results
from t he net thescomcentrationcafrefining catalystrpeispns| sugh as metals, nitrogery,sulfur;

poi sons on the.catal yst uch as the coke. . recunsors,, ni.trogen and
sul fur, can BB9 g‘@ﬁ?@%‘??" 'P&Pf%%ﬁ&%‘ﬁ?&’@%‘? 8? crude oi o er s t o

negate thg ef fect sy.f.c&ﬁi&tBPfH@&ﬂ Ratirerie@ ihthe WoHPLEE e %mwﬂwzgwgcts of

usi ng regenerator ue gas treating to negate the environnental

feed 15 sul tatalytincrackingd FEG)process as dhe major prat@ssrfor thesupgraddingief t hat
described in ny US Patent 4,985, 136,,.1{0 negate e effects of feed
nitrogen, anBeaw Sﬁﬁ@%{s to tragspedation fuels it is aply a§‘.-"'at' ?hat the F éC Rrecess e

past twenty r . 0 \ . been
Deol i1 cat ShodiEe XaftidercdtioP PRk it plotiihd bFhGaFIetidis) ofs. AGYE.
matrix, usuathiy has!bexh thelsisedor tHellast tervto fifteen ikars. hdvwages theGthgultof ve
zeolitic material dispersed in the matrix. As is well-known, the

zeol i t es 10sefrsidual pitthat a refingrhgs been able tg ecanomigally converiindhe FGGve a

er it he- | RiStees Y e 98 s, ansieR lomBctmeRt Badil rSBLPE B8 4 °an
the zeolite pasulitoM&itilySt 8adtivatibhVehiah resiits/frofhieahetfls ithe fdRiIstb&h! v
active zeolite is dispérsed in a matrix having a | esser cracking

activity in dhedwildupraftoemcatalyst poisons®nthe catalyst, suchamthecceke use.
Typical ly used zeqlites are of the faujasitic t X, Y- or L-
type. synt het PeCHEPrs; Bitrogen and,Sifr, GaP hssifeavlY copfrolled bysing Gatalvs of

t he zeol ke | b g i _
manuf act Fo SaTERAT HEgate e effect of E5Rs Kormfaticr Gl e iphaltens: campoynds,
wor ki ng i n t hsingrregenerator flue gas treating to negate the environmentat effects of feed

sulfur, and using a short contact time FCC process, such as that described in
my US Patent 4,985,136, to negate the effects of feed nitrogen, and to some
degree, the feed metals. |

20 For the past twenty or more years the most widely used FCC catalysts
have been zeolitic catalysts, which are ﬁnély divided particles formed of a
matrix, usually silica-alumina, alumina or the like, having a highly active zeolitic
material dispersed in the matrix. As is well-known, the zeolites used in such
catalysts are crystalline and typically have a structure of interconnecting pores

25 having a pore size selected to permit the ingress of the hydrocarbon molecules
to be converted, and the zeolite has a very high cracking activity. Therefore,
the highly active zeolite is dispersed in a matrix having a lesser cracking
activity in a ratio providing the desired activity for commercial use. Typically
used zeolites are of the faujasitic type, e.g., X-, Y- or L- type synthetic zeolites,

30 and from about 5 wt. % to about 70 wt. % of the zeolite is employed. Such
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-4- It is commonly accepted in the oil refining industry that

vanadi um contained in the residual oil FCC feedstock will irreversibly
deactivate the zeolite by attacking the structure, and that this
vanadi um =0 8823375 nor e pr onounced at tenperatures aboRCHESAT21524

1330[err]F (721 [err]C). It is also %orrrmnl y accepted that catalyst
deactivati on by hydrothernmal deactivation or by netals (e.qg. SOdI um

20 vanad) U b S b B utspayp ana their Ueh e L BoBiefla

the repl acenpaf khaivh By thoBe wdrking idtthearcat al yst (equilibrium-
catalyst) with fresh catal yst including additives, such as ZSM5 and 10

other zeolitic naltis cammanlyeaceepted e the pil refining ndustry thatvanadiumyui | i bri um

ini ¢ bet weereameined o rartatal RGP eRRRIRs W FrbiataBi Hepdiallé ther . T

amount ofg ffféé(]etgpaéne |@ﬂbtst%tu@quhaqﬁatmis\vémdimﬂéa.gﬁmrécerrent

rate, is the catalyst loss rate and that rate necessary
to maintain pmwcedmtemﬂemundsu abomhmtal?lﬁ@tF a&tlsalsq/cqnmqniy ectivity-

to produce the optinum n the,ca oper at |
wherei n a fca¢earied ﬂﬁirf%/aé"l’lwfr@e?‘gy?h Mdmt ermagd _lv CR% @ﬁso

necessary to(éaﬁ séam..%harvg[nlraﬁm %%lnsltsqgté@%eé evel mai ntai n the

nmetal s | evel circul bel ow whi ch t he

yield structure ifntid éﬂ:erﬁﬁ@ﬂ@lﬁand?ﬂt& proeddseunit (FGENthe: proeess lenonorties
equi librium20 catalyst with good activity is ad?ed alonlgtvmth fresh
catal yst 100 ate hlg&vimdemdent uppndberrerelapamlt rateiqf $he girgulating gatalyst cost .

Fopl aced as. (el Py cafelbsitivin k% SAabvpCickietio 4adives b & ZSMiESha 02
the ZGOthér%emﬁ@maqénaeaabu\fat ﬁseampnrﬁdsesm@m ansquIﬂbﬁMnd in the

process. In 25 some cases, such and TCC type cat al

appl i cat i ons¢afalystlis FEE ox TeC CatalYﬁhWBthﬂ\as been gir §U|é§€ﬂ9' téﬁl FeVorcEeH yst

or additives sych _as ZSM 5 cribed i e 3, 886),
are added onY Hl‘!g’ shyveen a%g‘? qe?a@rgg%yﬁi‘l ré}t‘?@%asdde dai ly at
a typi calsr agfdiintiof frEsh cétél?staédd'li&hré\‘ﬁnr&%ﬁfhé batalyse egpslacsrent rate, is
inventory to maintain the deSired activity 1n the unit. Typically, as fresh
catal yst 30 deterthined by thé:catalystioss ratandi thatmt%nese%‘arvrte magiatain dhet o

mai ntain t hedgsfred equilibrium catalyst activity and selectivity to produce the optlmum yield

structure. In the case of operations wherein a feedstock containing residual oil
is employed, it is also necessary to add sufficient replacement catalyst to
20 maintain the metals level on the circulating catalyst at a level below which the
yield structure is still economically viable. In many cases, low metal equilibrium
catalyst with good activity is added along with fresh catalyst to maintain the
prdper catalyst activity at the lowest cost.
In the processing applications that utilize zeolites, the material must be
25 replaced as it looses its ability to perform the desired function. That is, the -
zeolitic material deactivates under the conditions employed in the process. In
some cases, such as FCC and TCC type catalytic applications, fresh zeolitic
material, in this case zeolitic catalyst or additives such as ZSM-5 (described in
U.S. Patent No. 3,703,886), are added on a daily basis. Fresh zeolitic catalyst
30 is added daily at a typical rate of from 1% to as high as 10% of the process unit
inventory to maintain the desired activity in the unit. Typically, as fresh catalyst
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- 5- catal yst inventory within the design limts nmust w thdraw

equi | i brium catal yst fromthe unit for disposal. WO 97/ 24182
of Robert E. Davis and David B. Bartholic discloses a process for

i Npr ovi ngWOIs8/23a3Ri vity of zeolitic catal yst containi ng one F&T/¥R§7R1324
contam nants which bl ock the pores of t_p_e zeolite and adversely affect the
activity of the catal yst. I n"accordance with such

Davi s-Bart hal i ¢, pr,Qcess sl ur. S f ] tic
cracki ng cararyeBadhiie Fok BpiLtEC MR RERER the gperdE e MdIRRS 1tk

det er gent andftqKsEimvERGCIFWithin tie absighYimits most withdraweqoilibhiui catalyst/ or 10
di sl odge contani nants which bl ock the pores of the zeolite, and a portion

of the fearnithe amitfondisposaly t he sol ubili zed and/ or sol ubilized ~

tam ts i 1.t hd - A t.h ' i .
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pores. The r@éﬁgts.%ﬁﬁ&gt&chﬁéééh)ﬁbce%s_formprdi\zingéﬁeigum?@ ofeediitief

contam nants and Tnproved activity'is then separate romthe remaining
sol ution, wasdtalyst eontaining oaeat rhore contaminants whick blaglithe poregoftha si ng

it. S I SI | ]..h \ t ' d that th tivit f

g El:h a -M%@mﬁ%’@ﬁﬁgéﬁ“ﬁﬁéﬁ%ﬁg&giﬁmg%@'%?gni f ?cant F'yagnlh\élncgdoby
ol q ; b . ; L ow
20" ™ e peln 2RRCFHEE Ui Suck DEE BRrtbE brodedst sHalitgE RAIGE O

zeolitic contBirfnatedzeotiit cracking oatatyst ahd @spaquedisosdlatien ofiaistitablen be
reversed. This pore bl ockage can occur during t(re grodi:[}ctiog st age by
the ret e#@i cacidf delergent and/or surfagtast the slwryds Agitatad tosoubilize And/oF ¢ he

"zeolite pores., The pore bl ock [ | ng
st age by si I$'§5’4§?a$°wa?rﬁﬁ§agﬁdfﬁe&cggpgg?’}%opﬁ‘%ir%di%gr’bﬁsé?’? cr)ir?n‘5 '?Egﬁ@eed
or reaction gi|afs contaihing the sollbildddedrtd/er sslabllized contaminaets isawithdrawn
catal yst itself, that depOsit or migrate into the zeolite pores, thereby

bl ocki ng of f francthesagitated sty inprdeetcaemaeve sueh conamieantsiand pravestar e
feed " artnerafionbRRECPRRtD RS e Prtetor Tos By et cagise e
hydr ocargn !g%&igg'ta’g}ﬁdgfg&etd@eﬂaf%htérhﬁaaw &nd Fhbfoveldcsdtivitg ivthreseparabed -
- 6- from the remaining solution, washed, and recovered for use in a hydrocarbon

processing unit.

. Surprisingly, | have now determined that the activity of such a
contaminated cracking catalyst can be significantly enhanced by a simpler and
20 less expensive process, which is described hereinbelow. .

It is believed that much of the deactivation mechanism for zeolitic
materials results from zeolitic pore blockage, which can be reversed. This pore
blockage can occur during the production stage by the retention of silica or
other binding or matrix material in the zeolite pores. The pore blockage can

25 also occur during the processing stage by silica that migrates to the pores,
hydrocarbons from the feed or reaction products, or other materials presentin
the feed, or catalyst itself, that deposit or migrate into the zeolite pores, thereby
blocking off access and reducing the activity of the zeolite. There are
indications that hydrocarbon material may help to bind the silica and other feed

30 and matrix material in the pores of the zeolite, or only hydrocarbon material
may block the pore. “This blockagé prevents the reactants from entering the

-
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zeolite pores and therefore reduces the activity of the zeolite. Another

cause of zeolite deactivation is the dehydration of the zeolitic
structure. Based on | aboratory work, it is believed that there
are vari OVQ 987233y ds for reactivating these zeolitic maPeAVERIS2ER4ed on
(1) chem cal treatnents, 5 which | ooseqn or 'sol ubilize the materials

bl ocking the zeolite pores, and (2) - agitation, which aids in

that the i EPBARPE AdoBRBeAIERR IR Tor e zodite, AndihéPedifng 07 e
the pores nashebiteititti¢htich is 1@ délfydratien bf tHieegedlitiedtaictare] t hat the
nost econom cal nethod to acconplish this reactivation in-situ, i.

e.,
conj unction wit h Basedpnlabosatope work,dhis believed thatthere age varigys-methods

As will be geen fromthg follow.n i | L tay i t zeolitic
Fec and TodRarhtng fesazsoiie rataRaliAsoh (1) hefBiceF Rl 2
contrary 5t owHigh!lcsehor ﬁxubiﬁ%tftﬁ@n%emsma&ngﬁfé réolte Hdras Yarid @B | Vi ty
decline is zeol1te pore ockage whi ch can occur, even during the
cat al yst nmagitationywhighids v meshanically removingthei poreblockagematerialorit is
conpounds of silica or aluymna r of.her ,materi.al s, which are |ef
behi nd and Bisstkeliaved that Hleeglﬁlﬂdgﬂ%rﬁ%@nzed contaminant Materialiremaye

obj ective o | | ; te| ipn of
a1 br i umTERhEREREYnust BEREpaldtelrir 1At product SRAHAEINGT 1
so as to i mpicstedonemicalimnethos toldcconplishethis relactivatiorein-sihe ieosin 20  of
transporting the catalyst to an off-site |ocation for ctivation and

I . e
el i mi nat!®s conjunglipnwith the presess opgtationsaagds dﬁﬁcrl'bﬁ%éﬁ :on of the

present reactivatyjon. i 2 : ' rati ©t.

costs and envi roAsve'gtﬁé)%g%ilf@r%thé{\*&lﬂagé@gl;ggtﬁgg‘gﬁw ﬁ%g??g‘éﬁ {eﬁyrieiggglﬁgat I on
will be gre®de anddPCebatapsts'&in Bonéfitifrath the preddrdt ipverstion, becaasée; on i s to
enabl e the renoval of zeolitic catalyst deactivating 25 materials w thout

dest royi ng cestrany typopylanbeliefe thaxmajgrsausenf zeolitig Catalyet activity decline s

significantly {nprove the activit n el Y '

equi i bri umz\éoh@)m?blgﬁlgagﬁﬂh% a'?gg?l?rt Fggégﬁlé#'éstﬁ gaér??ié1 X%@l“% F‘\l/jgégét&irﬁ%t her .
obj ect of5 t Bgocess, diletodrde Sili6d ©F alurfiina of 88fipounte of &ilical or-alaniiva,dmg '
equi li brium catal yst using an environnental | y safe and accept abl e

process. 30 other magerials which are lefithehind anddslock the zeeliteipsie opepings.
e The primary objective of the present process is to integrate the

in 10

reactivation of equilibrium FCC, and TCC, zeolitic catalyst with the unit
operations so as to improve the economics. This process eliminates the cost

20 of transporting the catalyst to an off-site location for reactivation and eliminates
catalyst disposal costs. Also, by integration of the present reactivation process
with the TCC and FCC operations, the costs and environmental problems
associated with off-site reactivation will be greatly reduced. Another object of
the present invention is to enable the removal of zeolitic catalyst deactivating

25 materials without destroying the integrity of the catalyst and, at the same time,
to significantly improve the activity and selectivity of the reactivated equilibrium
FCC- and TCC-type. zeolitic catalyst and additives. Another object of the
present process is to reactivate zeolite-containing equilibrium catalyst using an
environmentally safe and acceptable process.

30 Another object of the present invention is to improve the activity of fresh

zeolitic catalyst and additives. Still another objective of the invention is to
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costs, transportation costs, equilibriumcatalyst disposal costs, and unit
cat al yst | osses. O her objects of the invention wll becone apparent
fromthe foll ow ng descri ption and/or practice of the invention. 5
SUMVARY OWOMER3PRESENT | NVENTI ON The above obj ececr/Usst/nsiaer
advant ages of the present invention may be achi eved by a process for

i mproving the activity of a contam nat ed spent zeol i t e- cont ai ni ng

Ki t al,yst d Ki t d
o o rRlRa S EenifrTent fop figsh AtV BEfRRAR Rt B FEG uBf dvhih "
adversel y affitcbdhbs frashichtdlys %oﬁgqraﬁgﬂnafonv%s@@ juiiiitim catgydises:

a. regenerating spent crac ing catalyst used in a
hydr ocar bon dispasal msts;l iandignibcatalysy lasselsomw;ects of the invention wiltieposi t s

t herefrom | g portiqn, of t regener d catal yst
rom 15 " become appatan froh g tallawiod dlespypian andlcs aracie of the ©°' °
form ng sl; such portion of the unit catalyst

i nvent or? Wllwél%lcﬁ‘lf qui d containing at |east one activating

agent selected fromthe group consisting of acids,

detergents and surfactants, the agent 20 bei ng effectlve to
sol ubi |1 zo SUMMARNOF THE PRESENT INVENTION: ont ani nant s! -
"Rl uding a tenpelis APEYS ops HAb Aef RiartpOBS of the present invention may

solubilize &e deie0dd y'd Broeas Tt MPioving i Aétivity of a dontamiiaedspent ng t he

agitated slurry containing the Sol ubi l'i zed and/ or
di sl odgeld c @eddité-cantaining ceacking catalyst contammg one or Memptamlmwmcm

separate th bilized i sl nts
fromthe caﬁ’i?@% e pores of the zeolite and agvg ttt?' ?%gyﬁg

zeolitie- Co%ﬁbﬁlﬂ}gcg& comﬁrlses cat al yst haV| ng a I eveI of cracking
activity greater an the activi ty of the active circulating

cat al yst a. regenerating the spent cracking catalyst by burning
carbonaceous deposits therefrom;

15 - b. removing a portion of the regeneréted catalyst from the -~
active circulating catalyst inventory of an FCC or TCC
process unit;

c. forming a slurry of such portion of the unit catalyst
inventory with a liquid containing at least one activating

20 agent selected from the group consisting of acids,
detergents and surfactants, the age'nt being effective to
solubilize or dislodge the contaminants;

d. aQitating the slurry under activation conditions, including a
temperature and a time sufficient to solubilize or dislodge

25 the contaminants;

e. withdrawing the agitated slurry after the contaminants
have been solubilized or dislodged and transferring the
slurry to a drying stage to obtain a treated, reactivated
zeolitié-containing catalyst having a level of activity greater

30 ‘than the activity of the active circulating catalyst inventory;
and
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I nventory. In the present process, the preferred nmethod is

to wi thdraw hot regenerated catalyst fromthe regenerator of
the unit and add it to a liquid 5 sol ution containing the
activati nWQ8g2d7%50 that the hot catalyst will aid in PCT/US97/21524

i ncreasing the tenperature of the resul ing slurry to the desired operating
t enperature. However, one could withdraw the regenerated catalyst fromthe

FCC regenerator o TCC_kij ] ' r ; qﬁi ,Jal@p ore

addi ng f it Féh{#ghgﬁ@%?’ﬁb% ’J?Fge;l@tﬁggclem%ca teireéecat nt is
normal |y carried out agonditions With Ihpdroearboh feedsfockidhargedito thet amiher at ur e

| ess than 212] errl F (100[err]C. This chem cal .treat nent nay be

acconpl i shed wi t himthe-prasenyp 885 ont'ai'nin
np the tpeagesssthe prefersed method is to withdrawehot: 9

degr easi ng/ surf act ant | i kd, | i : P

nydr oyl ani niPaRErSeH cAbst foffing aBhEidr of ik iffapd add it o g flauid
det ergents. solution containfAg@héaittivating abbnt & trtithé hobcatahyst will aidcin | F
(100[err]C) to help obtain agitation 15 bty boiling, but then one

nust provi deincseasing she tergperatunekef theasguiting slurry tothe desired operatinge -

. Anot ion, if till higher t ' ' hs to
Conduct the KPS Hawever onssalid NihaATEG RdbrskibeSRal @ ke 4 (.
tenperature F&GPébSéﬁé‘r‘éfoﬁ g?*mi 'kgﬁ ﬁjttoté)inftéi%édié‘l@tétéfag;éfhéﬂiéttﬂéfbié agding -

di sl odgi ng pore bl ockage materials. I't is believed tha
cycle time fittotiealitjiidesolation. The cheémicalrirdadmenbist noreially\carried et abg t he

t ture, but t t | ow th i tion .
tonper at Pe’ BEtWaRN BENS 1 P A0 Sk adRTperRiiES lessithaR 20ar i Bpis gtipmical
l'iquid, and ' ' I

act vat i ng. reauREHt R HEadloifisl Wit oiyalink aderits shth dsteryyrds

The agit ati ogoAtiniag degreasingisutfabtantsiahaliciacid, getivesfiuoridesy hydematamine or

25 tunbling. The preferred method for spall particle size majerials, .such
as FCC- hydrochloridg; @ng:ether acidia mateyialy, ag wel pgdejergents, PHeran raise

concentratiog. o | ; I Hé}pﬁn 0%
slurry, and ﬂbe i?éﬁﬁé#ag‘zfep%ﬁ"legﬁ%?'étgm‘%dé'has'%gﬁgée@’ﬁ%hﬁﬁ‘g' Bﬁ?? nt eé
sol uti on 1gnd nRlstpri@ide fbPfesiliguidhakédmandaecovery of tiee sapors. emather to
the fresh chem cal reaction by stirring and aeration. For larger particle

size " sptioneid i Stlllwigh@l'etﬁmﬂ%‘?t@aéﬁfi%ifq%$§9§9§€8Fﬁ.¢?@@? PYst,
stirring may nﬂ%@%msge & re, \ggicp}i%{nqrg%iggg‘fﬁ&reﬁEinB‘fHB‘t&%p@FélH@ist he liquid

in the contaéf

-9-  UpVRbfsideréd Eanéﬁaan@%efreaeﬁérebﬁéa&bmzmgtwigbagmgvthétpdrbe
aeration nedia. The liquid gurrparound may be renpved bel ow the upper
liquid | evel binakage materials. It is believed that the cycle time for reactivation can be

20 shortened by increasing the t’emperatufe, but temperatures below the
decomposition temperature of the _reactjvating agents, the boiling point of the
liquid, and the aggressive attack on the catalytic structure by the activating
agents should be employed in this process.

The agitation can be by any suitable method, e.g., stirring, aeration, or

25 tumbling. The preferred method for small particle size materials, such as FCC-

 type catalyst, is to form a slurry of up to 75% concentration of solids, but more
preferably at less than 30% slurry, and to keep the particulate solid suspended
in the solution and also keep the maximum surface area of the solid exposed
to the fresh chemical reaction by stirring and aeration. For larger particle size

30 =zeolitic materials, such as TCC-type zeolitic catalyst, stirring may not be as
practical as pumping around the liquid in the contacting vessel so that it flows
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returned to the bottom of the contacting vessel to provide a m xing of the
chemical liquid in the contactor and an upward flow of liquid with the
aeration 5 nediato aidin agitation and stripping of the small particles
from the 2QPIRB72 pores. In either case, the small partiRECEYSIH248Hat ed
fromthe zeolitic pores are kept il_suspension by the constant

agi tation. The tinme of treatnent can be varied from several

m nutes to |fd%?e kRe der&iid
concentratio p'é’rté‘é%‘%%ggﬁ tgj%?%ig@llg%{eﬁ?r SI zemgﬁhﬁeﬁgeol | teﬁ?r“aetde'ar‘r al ,

and the nat (Fiee liquidhpumpamund mil dekremgoved:below thampper liquidh deved e f ound
that the chem cal actjvating 0“gent acts to dissalv and/ or I oosen the

pore bl ockad®tymedtpihe bafioppot the a@rtaﬂ'rasmgﬁfrqirtpmowemmmng of thgepar at e

? ggcts |m\3131|t eg aéﬁeé'ﬁ'h?ﬂ'#m?t"r’ ﬂ?@gﬁ%%fblh%(@g%ht “;séga rrf%twersfl“ilgas%g pendé%"qbr?nt he
15 sol uty ormedizetodaldiih iagitation andfstrippingofihd sarileparticles fromathe zevlitere -

separation and suspension of the small particles nmay be desirable.
At the end drorege Ingitber case.dhesmalkpaticiesdliharatastifromthe,zediticnores areed to

Catal yst  haier) 15SGsPEngY By 0B ArBRTARGRR: cr " Ran the beiivity of e

deactivated circUTRé tiffe bNtrEatheENt: ca?pbe V/Briéd roth $eEral hifatdd® mang! yst -1 s
fluidized by a suitable fluidizing nmediumto separate the confam nants

from the cathours; demhdrng \mjher tespersture gchemicahconheentratiom mefreentsblids; hod,
of the Wt 'Bsﬁﬁ‘éﬁnsrs%gb B £85Hin iRafeh Grifisaiathih SPEE srajenial piobling the'
added back tﬁbrbﬁelf R ﬁtfé’un fhé’lggég;ﬁbac tacﬂiﬁlﬁﬁ@ agﬁ'nia clOEdisEolvk! 1S

25 preferred that t urry tot tor section of the

unit. It carand/or Iadsen the pmldubdimgle matdriad, white the aeratmnlstrrrmgehelpmtd or
vessel itself, where wi || | eavi ng behind the

reactivat ed magpsthe SFHE“ 936!9‘?5131?" have hqqeﬁ\}rb’/lgc%lglz ﬁemreﬁrfrqm e norkct or
vapors. Any r%%trvat@ﬁ zt%n‘fi{eeﬁra ial AN kP el rh tenals Eﬁ%é‘érg%@d or or

regenerator systemas T1nes he I’eSI ual™ actl va ei t her

deconposts Orsdlatlmrm'hetaﬁdhﬁdn bfmnfa@antsrand)detergents to ard in the separation -
-10- IS preferred that the agitated s|lurry be transferred

directly to QVPFESWBETPFQOHO the small Rartices may e desigble: (o settle so as to

Caabcing the 11 kert mena pF iEreacty toREVIE elaliifel SV e bafibERbd 9.

zeol i te por edrying stage to obtain a treated, reactivated zeolit_e-conta:nmg catalyst having a

level of activity greater than the activity of the de_activated circulating inventory.

20 In the drying stage the catalyst is fluidized by a suitable fluidizing medium to
separate the contaminants from the catalyst and to vaporize the liquid. In the
preferred method, the slurry is transferred back to the circulating catalyst
inventory of the unit which is used as the_ drying stage. This slurry can be
added back to the regenerator or another part of the unit. However, it is

25 preferred that the slurry be added back to the reactor section of the unit. It can
also be added back to the reactor riser or the reactor vessel itself, where the
liquid will be vaporized, leaving behind the reactivated catalyst. The vaporized
liquid will exit with the reactor vapors. Any small particles will eventually exit
from the reactor or regenerator system as fines. The residual activating égent

30 will either decompose or be combusted in the regenerator.
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5 BRI EF DESCRI PTI ON OF THE DRAW NGS The
present invention will be nore fully understood by reference to the -

foll ow ng description thereof read in conjunction with the acconpanying
Fig. 1 = wows2sh7a s a schematic flow di agram of a preferred®qmussrzsszan
accordance wth 10 the present inventi o,{cb. DESCRI PTI ON
OF PREFERRED EMBODI MENTS . Since one of the largest markets for

lit is in the. f f_ . t . ] A
Cootr ori b 1 or oo G BARESH i R acrtecink Bokrer R P8 oo
‘However, t hestageWitHout Pepmitting ititd seRid, isol ® keep the cdritaminartparfidiasyst and
additives or equilibriumand Tresh TCC type catal yst. It Is only

necessary t hstispendediinithe liquid, thereby seducingrthe:likelihopd\of the iseparated | evel

or be essentially.free of coke: that Js the coke should be renoved by
regener at | of@%%‘"i’@ﬁt’ﬁﬁ&?ﬂ‘%ﬂ'@rﬁe@ﬁ?gpﬁst with an oxygen-contai ni ng gas
at 20 elgvated tenperature to burn the carbonaceous deposits fromthe
catal yst. The present invention conprises treating

zeol i te-cont ai ni ng FCC or BRIEF DESCRIFTHION OF THEDRAWINGS sl urry sol ution
containing a chenm _cal activating agent - I ch, has 8 en chosen to | oosen
or solubilize theThﬁPéﬁQﬂtén‘tﬁrﬁ@lﬂi‘M@ hegore fl%iﬁlﬂﬁ'?@o g}Ye@}e'&'?&edP;fhﬂg t he

treated zeolg | - Thi L ogs : 4o0mps. It .
o used to VNS Sbadintiof thariHeaR it REiaRRS the SRLGRBanliEGr 1
zeolitic catwhichtis aédHematic idw disgrant of e pleferred protéssin accordavicanivithl
amount of the dislodged or solubilized small particle size materials .
removed B the pr@ﬁ@ﬂ?mentl%at ment/agitation fromthe zeolite pores from"
reentering the pores. It is believed that as the liquid is vaporized
theses small particles or solubilized 30 materials will be dried and

separated fromthe trepESCRIPTIONIOPPREFERRED EMBODIMENTS €l se they will
deposit on the surface, as will any renmining activating agent that

i s not deconposedStceconmabthedargest marketsi fapzpelites isin thedmandfastueofui | |
o o EGR iRy B8 AT 7040, Bsck O RS ik Mabilation o
B?ggz . ZT ';] % heregRplerated FOCRataAGS0 fﬂ%\hé@é‘? thepfed@ht/ vehlion i Appiddbié to -
fresh FCC catalyst and additives or equilibrium and fresh TCC type catalyst. It
is only necessary that the surface of the zeolite material have a low coke level
or be essentially free of coke; that is the coke should be removed by
regeneration e.g., contacting spent cétalyst with an oxygen-containing gas at
20 elevated temperature to burn the carbonaceous deposits from the catalyst.
The present invention comprises tréating zeolite-containing FCC or TCC
catalyst in an agitated slurry solution containing a chemical activating agent
which has been chosen to loosen or solubilize the materials blocking the
zeolite pores, and drying the tfeated zeolite material. This drying step serves
25 several functions. It is used to vaporize the liquid and obtain the treated,
reactivated zeolitic catalyst, while at the same time keeping all or a substantial
amount of the dislodged or solubilized small particle size materials removed by
chemical treatment/agitation from the zeolite pores from reentering the pores.
It is believed that as the liquid is vaporized theses small particles or solubilized
30 materials will be dried and separated from the treated catalyst by fluidization, or

else they will deposit on the surface, as will any remaining activating agent that
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5 steps, such as, chem cal renoval of netals (N, V, Na, Fe, etc.) from
equi librium FCC or TCC catal yst, or exchange of the zeolite with rare earth
el enents or other cations to nodify the activity or selectivity of the
zeolite. WO9823372 The first processing stage is to put thBCPUSELIIS2EKI ng
material into solution or to |oosep the small particles blocking the
pores. This may be 10 acconplished by treatnment of the zeolite-containing .

solid partic i ng
agent, "an ac i decinposed GAAAbELteh th ARG HiBeds ndthelofBrd Wl H6H
mat eri al andcemml.mt@the)deamwhﬁﬁnrﬁtmtreated tatalpst.he pores of the treated

catalyst. In the preferred praqcessing nethod, the agitatiaon of the
acid solution is 5@& ligid chemios! treatment to rergve the aré\aatnamcesffromﬂms been

ef foct i vo, aRar PLEERIR b PeHosdiien5 n CORENEBH with GRGF proceseing 4o

fromthe 50| é@psnsuehégpbl@emldéﬁéméhﬂrbﬁﬂéﬁfls ﬂ\ﬁt‘aﬂ N%\t Fe, etc{ﬁéﬁi ivation is
contrary to the beliefs of those working in the catal yst ar Test

results obt aeq@thbnynuEGComr TGE gatalyshion amhaﬂgsrﬂf theizeolite wﬂhtrateheartbt hod
of 20 catal ct| t|o na n Lo t he a t heo

i rreversibl e femét é?ﬂ‘?ﬁ Mt?ytar@@@\rf W@ﬁlsﬁlﬁéwﬁg&i\%ﬁ/%e rmal
conditions or net ;b?ﬂé@ results
of the testing ina-lhctéaﬁrgt rﬁg?gﬁhg%‘ia ﬂgﬁe cata st@h‘gﬁgﬁl viﬁalaon S '

reversi bl e. Wluhentdrdo;tmrsihermnalbpadfcles blocklaga’hgstoremaﬁ'hlsmaycbe may not

be known, .the resu t he tes lead, to t heory that the
primary n8t hBECYNP ﬂ?ea‘fblé reeggep 9 FAeqlite-can ai"i'T'Q sp Qara/"‘esm3@kage.

Thi s bl ockaggqiiseRddiidticbitalifing ds {Heo h)%ﬁng(ygé'n?aért 88d%¥r e of

conponent s, eavy organ conpoun iC conpounds or

pol yneri zat i acidef fdleWsd byCthhe)ﬁeafe@dmtalal antiisepaeatiort of corgaminatéisor
cat al yst base material s, as alum na and silica conpounds. 30
The pr ef er r effoRtthespergs ofdbe tr@atmcataa@éﬂﬂn the erefesed precessing methed, the

such as mali i

‘12 o EOAEH bE R cid SRIMH s dogbifbfishéd by Bt i and Beldudtf, f, T

or attachk5onhas beehTount that\ise of 4 sombiiatiorsof adids forireatmdntiy/fiorei t s
believed the nalic acid acts to | oosen the material blocking the pores

of the zeol i efeglie,iandibis istthe preteredgnethod. t o cause noticeabl e struct ural
O oo e Wi AN B o Ry PP tne hebai S Bstaie™
reactivation is contrary to the beliefs of those working in the catalyst art. Test
results obtained by use of the present invention indicate that the method of
20 catalyst deactivation may be contrary to the accepted theory of irreversible
zeolite structure collapse resulting from hydrothermal conditions or metals,
such as sodium and vanadium, attack. The results of the testing indicate that
the method of catalyst deactivation is reversible. While the precise method of
catalyst deactivation may not be known, the results of the testing lead to the
25 theory that the pfimary- method of catalyst deactivation is zeolitic pore
blockage. This blockage is believed to result from the combination of feed
components, such as heavy organic compounds, organometallic compounds or
polymerization of zeolitic reaction products in the zeolite cage, and/or catalyst
base materials, such as alumina and silica compounds.
30 The preferred acids for use in the present invention are weak acids,
such as malic, acetic and ammonium bifluoride. For example, malic acid may
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appears to be rich in silica. One can use other fluorides to react with the

silica, but very active fluorides such as HF are not reconmended
because of their envi ronnment al / safety concerns and their tendency to
renove st WRP823F2 si|i ca. . Normally the amount of amonPGRUSPT2A33 i de
added to the solution will be less 10 fghan 10 wt % of the catal yst being
reactivated and typically wll be betvveen 1 and 4 wt% The malic acid
will be nor I rAe&korgnd
typically w l%ghgéi\?%g%g%%%ﬁ&%ﬁ&g ﬁ*lﬁﬁheetsheee%é?ﬁ%\'i&(ﬁr one of the

exanpl es bel the alaminaiy thie catalysh strooturen ¢bviexer, i isibelisvgehtheamalic acid acts
surfactant, and malic acid were used to reacglvate an

lib F
catal yst. | ntalposepihe matedabhlegkingthenares ptthe %%ng%@uqul‘ ?éﬁ%’#ﬂ%?"ougg—

o erorrod enfy e hofcedt hfiial dffidestn 66 Rl THTARRINL T oy

whi ch at t gckpiflufide, it is Béﬁﬁ\iédahmélpé%mm ﬂhbcpdfeflﬂo@l(ayﬁ matefidlawhidie
pore-blocking material in th zeol ite cage can be renpved and thereby

reactivate tappeass tothe righin athcat 2ne ean use Iqﬂi%fsﬂUQﬂﬁ’@sttﬁé'eaﬂ with tae sdlica; i on

b h th
fo 111t the. CHEVFVRPIEiaRs sinas LEGHTE R F8Bimirhrded BBNER ofBlt £ ' *
these fine i BRYpGHNE Pa’ilshfﬁ%‘énaeﬁ{s%n&w@%ﬁabﬁa){ to remB%é efrugtural émeat he

zeolite cage opens t e zeolTtic channels so he interior of the
zeolite is ablmmmp ltiee @maunt of apumonieian bifluoside tadsieddp thesolution wilkbe less25

| ih h E
oo 1110 ' than s ohing GalvatbelngdBphvatatiartl ybiERY Wil bndehyeRs by e
any {ree al Ugha Bioe Tne et S RIPGY AmlPlesE B 1erwog cTtg Loyt

pores of the zeolite dur This woul d al so bethe case
for any fresbeing taaiedi Eh‘id twslcaﬂyahube betweeadhand rﬂOngt%eaﬂs w&lsbe seeh ins

ZSM 5. 30 The results of the testi ﬁj at e . t.hat c?lon wi.th
as wel | as °"§|C§‘|5B¢§ixéﬂ"R5$s balows @n %F‘?Wg"? IqmtﬂﬁeﬁP elgge ’?tsarkﬂaso
hi ghly desir Lﬁfaoc#téqfhgng spalic acid werelised to r’eQ‘éﬂﬁété% émﬁgﬂ:bﬁur’iﬁeﬁfﬁcd' sper sed

bubbl e aglta 'S a ageous

obst r uct i18ns chfhett hA thieWaskethoasation media usede:aus‘ed a fmtmthatmparam on
data, although not including the step of -  tran fer“fggﬁi agi tated

slurry cont athe fige pasticles from thesteaskhvatied eatalystiglhe serves
e S S A et i Sfiobnion g v o
hydrocarbon binding or blocking agent so that the pore-blocking material in the
zeolite cage can be removed and thereby reactivate the zeolite. The acid
20 solubilizes, and the stirring/aeration agitation media combines with the
surfactant in the enzymatic material to lift the small particles from the zeolite
pores. The removal of these fine inorganic particles and/or hydrocarbon
.materials from the zeolite cage opens the zeolitic channels so that the interior
of the zeolite is accessible to the vapor reactants, thereby reactivating the
25 catalyst. Itis also believed that the activity of fresh FCC and TCC zeolitic -
catalyst may be increased by this type treatment to remove any free alumina or
silica compounds that might be retained in the pores of the zeolite during
manufacture. This would also be the case for any fresh or equilibrium catalyst
containing zeolites, such as ZSM-5.
30 The results of the testing indicate that agitation with air, as well as
dispersion of the solid in the solution by stirring, is also highly desirable. ltis
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present process when used to reactivate a commercial FCC catal yst forned of
a silica-alumna matrix containing about 10-20 Wt % of a type Y zeolite.
A sanple of 50 gns of regenerated equilibriumFCC catalyst was placed 10
into a soW@PE83®E 200 nl of deionized water, 20 grms nulic BETWSEHMMSH nl of
a comerci al enzyne and heated to abgyt 130[err] F (54[err]C) in a
magnetically stirred beaker for 12 hours. Duri ng this time the solution
s et ared WddiAA P RAEH disodiskd bt ARG bPheolidits RUARiRRoRIn

detergent in"enzyme cause has 0 de vel op on the top of

liquid Ievel reﬁbvxmammdnsﬁmmtlwzbolltecpotést 0 separate the smal |
particles fromthe reactivated material and conveyed these

particl es upwar d-iihe fellowingExample damoanstratss tk)@r%d\@afamome P"RFFBF 12

"Tquid and coRoGme oL LBk ¥ ieabtaib & odihinetGRI FEC CotafiBF Yo of £ Bfcat 9

(before tEeabfiing math fentafing abaue 4020 wi% Jf 22)pedf keoliter eat rrent ) were
each tested on a Mcro Activity Testlgs (MAT) unit at a 3.1 catalyst to

oil ratio, 16 WHS\Exegapledr |A sapnse of 5Pgms of regeneratatiequiliiiumdiCC The

fresh catal yst ct|V|t e_an he, un

starting cat \ﬁ@qeglelnp gﬁ%&@‘{iﬁ gk gal?@?;.ﬂ(f ‘@afede?(%@?’gs( &(ﬂ!‘c
nunber s i ndi BEATMENT
LI TREATI\/E%IFFSEW mnfof é)conEBE Scﬁal enzyme 2 and heated to abou’tBE-'ﬁf":i‘E in B EATVENT
ACTI VI TY még.jrietu'ﬂa,ll’glL stlrred beaker for 12 hougs. 3Duting this tlme the schh:tlﬁmm | VI TY
gg ST d&e qep@jeg:wlth compressed girg The @mbmagon of the aeration;and d_eLteygent |n

GAS FACTOR
After extensiN&YS %?uasfeodr%ﬁoérs'lp :ﬁra\gec’g?\ dzeggﬁoptoen ?heeatco |‘\)/fat{1 Fcl)lr?a{d? c\!é t ertr‘n ne the

]ICO_f oper procedigration and frathidonstbinéd ¢o sepalate thne satalll pesticles fronwtheni ned from
i ve

different opdeactivajedmateriat and capveysd thesesmall padicles vW?Eﬂﬁ%f&égéﬂﬁef
sanpl es op where épe}‘(ﬂﬂegﬁ frﬁn‘feri'la(ﬂ‘f hKEl ¥2 'Hdﬁ‘i’#‘ft@tr@été& éétﬁ%@){‘\tma ypes of

fresh cataly si nce
uni ts chayge ﬂltb?ed WAE vasHadER remidv siny rérhelnmgiliqmd@nd contaminants andal so

add out si de edqulgd i brium cat al yst on occaS| on. However, it is known that
The equilibrium catalyst (before freatment) and the reactivated catalyst
(after treatment) were each tested on a Micro Activity Testing (MAT) unit ata
3.1 catalyst to oil ratio, 16 WHSV, 960F using a standard gas oil. The fresh
20 catalyst activity and the analytical results for the untreated starting catalyst and
the treated catalyst are detailed below: (two numbers indicate two tests)

BEFORE TREATMENT AFTER TREATMENT

FRESH ACTIVITY 2.8

25 CATALYST ACTIVITY 14 14 23 19
MICRO ACTIVITY TEST: _
CONVERSION 59 &9 70 66
COKE FACTOR 1.8 3.1 14 17
GAS FACTOR 121 563 22 49

30
After extensive laboratory testing on zeolite reactivation to determine the

proper procedure, five samples of equilibrium catalyst were obtained from five
different operating FCC units. Each of these five equilibrium catalyst samples
were more than Iikely mixtures of different types of fresh catalyst from different
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5 these five sanples of equilibriumcatal yst have a very broad range of

activities and netals levels (Ni/V) since these units
operate on feeds which range from gas oil to residual oil
oper ati onWO 98R288%2r, the fresh catal yst added to these PCT/US97/21524 unit s

woul d typically have 20-30% of a Y or U§X_ zeolite with different |evels of
active matrix. Al of the five sanples were treated in the foll ow ng

e e i n guppliers,lglnce mo&'FCC%ﬁﬁl@Wa%b%q%Pﬁégﬁf fr@gﬁicﬁ%ﬁ%%{siagﬁiém

cat al yst urnace

(677[err] C) &amo dddieutside'eqoiibrium catalyst on occasion. However, itd® known that
oxygen-cont ai ni ng_gas. 2 Added 100 gns of the

regener ated these fivg samples of equilibrium catalyst have a very broadgepgesif astiviliesz ed

bet veen 3.5 AN Mewilevels (NN SES Bles il GHordté bR e Wher arige o

hydroxyl agi ngaé%il%qgsﬁ%aﬁoﬂ SFEthibﬁsfiQ%Wevéf?iHH fte$i? catalyst added to these
reduce the nickel on the catalyst. 4. Sanpl e from

step 3 was puniteavauld typjcally have 2036% of a Y or USY zedlite with different levélstof
plate. At 125 E (52[,err] ) .added 2 ammoni, U . . o
D1 11 ror e aREIMG TRy of e fie SaHRIpS Werg tifted in the following manner:

rai sed tenperaturg to r ddlivbr : : 5.
After2 hours at bgt'ween %m errﬁ@ %AZ:S[ errl\gd %ﬂhlﬁr%nlgatalystma
(66[err]C), renoved samiffleffunracetatr1250 Fdor 4 haues using an oxygen- al | owed
the sanple to settle until the majority of

catal yti dOmaterial was cOMaiBNGGA$Hensi on but - the fine
particle size andacol | g4 ' j ' P -
gﬁ ; %ﬂdgédsgﬁr% §éﬂ{"l’>f t%%e@éh%#}aéé@ equilibrium to 500cc

sol ution, and dec ed’{ 0 reno

particles that were stidflddidhized wiatemn. 30 6. Washed
t he decanted sanple 3X with 300 m _of deionized water and decanted after
each wash as 3. Added 4 gms of hydroxylamine so that pH was heiween
described in 5 above. | es, Af t i s

reactivated equilibri u?ff%ﬁ@l%g ﬁ%‘e%gﬁ@&x‘pﬁ@me ps. used asa results
are shownsbel ow. reduding agét IBINY teRsfucefthé imickiel vh thevatalyst.
reactivated 5 sanpl

es from stei) 6 were exchanged wth 3.64 gns
aced on magnetic stirrer-hot

4, Sample from step 3 was p
plate. At 125 F added 2 gms ammonium bifluoride and 10
gms malic acid (pH of 3.0) and raised temperature to
about 150 F.

20 5. After 2 hours at between 125 F and 150 F, removed
sample from stirrer-hot plate, and allowed the sample to
seftle until the majority of catalytic material was out of
suspension but the fine particle size and colloidal material
was still in solution, and decanted the sample to remove

25 the fine particles that were still in solution.

6. Washed the decanted sample 3)_( with 300 ml of deionized
water and decanted after each wash as described in 5
above. Samples of each of the five reactivated equilibrium
samples was tested and the results are shown below.

30 7. 40 gms of each of the five washed reactivated samples
from step 6 were exchanged with 3.64 gms of a rare earth
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of arare earth elenent solution (27.46% rare earth el enent

oxi des consisting of 12.23 La2(3, 7.22% Ce@2, 5.64% Nd2Gs3,
1.95% Pr6®4) in 100cc of dei oni zed water. After 2 hours at
190[ err] FW@9¥/2B73 C), the 10 now rare earth excF&ijep7/21524
reactivated sanples were _1g@shed 2X with 150cc of deionized
wat er and dried overnight in a drying oven and put in the
miffle Fs&lﬂfloﬂ f?ﬂ%%?arﬁ%ﬁéférﬁeﬁﬁ%ﬂéér] Q.

8. The regener at ed eqw r| um cat , the reactivated

sanples fromstep 6 and:ohbtstmgroi 1223 haﬂmﬂr@&% Ce02, 5.64% Nd203arrp| es
fromstep 7 were tested as det ai | ed st was done on
a Mcro Activity Testi rg®3%dBQa)ip ﬁmcs Qfdfmmze‘at“éﬁ-li?&t;\ﬁﬁ ér}?oqrgt io, 16
VWHSV, 960[err] F (515] er}] % ?@es A and C
were equilibrium cat al f;@p #bg%@é%pera I'ng o érdegelacfgg oil. The
resul ts of the MAT t esigansples Wete wabhdtc2X witholSOw@: of deionized water

MAT TEST RESULTS SAMPLE ACTIVITY CC](E FACTOR GAS
FACTOR A REGENERATEDdRIpiad owsinight in a drying oven apd put in the gnuffle

2.04 25 A REACTI VATED 1.16 4. 36

1.33 A RARE EARTH cfesnaceder 1hourat1000F. ,~5," ;59

1.01 B REGENERATED ¥Hd JdgeRBratdd equilibrium catalyst, the reatftivated 1.58

B REACTI VATED %A ql 56 g 23 1.53 30 B
RARE EARTH EXCHANGED samples from stepLG 2hd the rar@eagth exchanged 1.69 C -
REGENERATED EQUI LI BRI UM- .

REACTI VATED & samples from st@ ggvere teste? %sgdetalled below. i ig g

RARE EARTH EXCHAN !ﬁt}r?fé tina (MA RaPa 3%

" 16- D REGENE sEEfJI“ﬁsB?Q?rl‘ﬁ/loa Miicro Actilty Festing (MAT) unRela 33
catalyst to oil ratio, 16 WHSV, 960F using a standard gas oil. Samples A and
C were equilibrium catalyst from FCCU's operating on residual oil. The results

of the MAT testing indicated the following:

15 o ' MAT TEST RESULTS
SAMPLE ACTIVITY COKE FACTOR GAS FACTOR
A REGENERATED EQUILIBRIUM 075  7.63 2.04
A REACTIVATED _ : 1.16 4.36 1.33
20 A RARE EARTH EXCHANGED - 1.34 4.29 1.01
B REGENERATED EQUILIBRIUM 1.23 2.28 1.58
B REACTIVATED 1.56 2.23 1.63
B RARE EARTH EXCHANGED 1.72 232 1.69
25 .
C REGENERATED EQUILIBRIUM 1.02 4.71 1.50
C REACTIVATED 1.25 4.39 1.12
C RARE EARTH EXCHANGED -1.56 3.75 0.97
30 D REGENERATED EQUILIBRIUM 1.36 3.89 1.33
D REACTIVATED 2.06 3.01 1.14
D RARE EARTH EXCHANGED 1.70 3.91 1.45
E REGENERATED EQUILIBRIUM 1.01 1.52 1.21
35 E REACTIVATED 1.29 2.48 1.07
B RARE EARTH EXCHANGED 1.20 3.29 1.17

The MAT results above not only show an increase in activity for all of the
reactivated samples, but also indicate a selectivity improvement in the
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D REACTI VATED 2.06 3.01 1.14 D

RARE EARTH EXCHANGED 1.70 3.91 1.45 5 E
REGENERATED EQUI LI BRI UM 1.01 1.52 1.21 E ,
REACT| VATWD 98/23372 1.29 2.48 PCT/USPT/gtS24 B
RARE EARTH EXCHANGED 1.20 4. 3-29 1.17

The MAT results above not only show an increase in activity for all of the

The VAT 1 ow activi of th
react vat ear SRR CataiesTotibarRl (B3N rdaafaed YaokbnR; STERS AT o A

B, and CB, rffidc@tindichtt thabtHete Wiss availablidzeolite thatt exchanged wittatigerarei t h
the rare earth elenents, which resulted in increased actjivity and

sel ect i vi t y eapthselements, which mesulteddiainereased activileand selectivily. efechani sm

for zeolitic, catalyst reacti.vati ' I icle size
material f rgﬂ‘ﬁ“ﬁﬁ@%ﬁﬁ?‘ﬁﬁEtd%ﬁék&%ﬁfigﬂé&%{h%ﬁ% Y‘qlf?%es?ﬁ ?irgtcérl t I ndi cat ed
it is ri@ irgashvdtion i8tise eerbldl dfisendll particieosize nedtedalfrorhithe zeolitid poyes.
i ncludi ng alum na, nickel, and vanadium It is theorized that the pore

bl ockage matAdr analysis afdhissnatedial indicated dris fichfin silicaalong withdheiolbet he
€ comSnts ot g Al i i gl 2, "
that contrag %?ﬁz | il i ited i Gfitget y of :
regener at ed t% céaat)a y?{ie @gté @Eyd&%ﬁ{:ﬁé&é{l%&?@%ﬁﬁ@rhgfeh];%ogfcgeg fﬂg?/ ractice
of the preseeblitedaning the maautaoturecofithe frdslx catalysband by the afigratiom of to as

equilibrjumzeolitic catalyst fromthe processing unit, treat the catal yst
as 25 di't| Sdica diing aperatiopaidhe PFF%CQLSPE'&%@ECM al yst having an i nproved

activity and Ly T | ' fdf. tecadtRityt
successful zeoli fﬁj};@%@a{"\ﬁ 9§¥a 'ngg{‘?svgﬁtlghntrénpgr%%%ggr ?é‘%f'ermwé\tgmh@@

zeol i ti c porthelsehsdtivitg ofégurieratet EOCtdutalyst ean bé gréatly improwedi te and
separating this materital fromthe reactivated zeolitic catal yst. The 30 _
foregoi ng devharefara: by pramdiceraf therpresent invaniion; ong ??fé"‘?fﬂ?\é%"‘é%“be | oosened

o ockaon | © AFBPDLARRLIESL BBl A i BhaSen St eIy LA, PO
mld acif Srsdt the catalystaddistioséd heveiniaiel wosethé treated datalystaving3ano 5
takes less tinme than nalic acid on its own.

improved activity and selectivity. :

It is believed that the key to a successful zeolitic catalyst reactivation
process is removing the zeolitic pore blockage material from the pores of the
zeolite and separating this material from the reactivated zeolitic catalyst. The

20 foregoing demonstrates that the material blocking the pores can be loosened
by mild acids or combinations of acids that are reactive with the pore blockage
material. The laboratory data also indicates that a mixture of mild acids such as
ammonium bifluoride and malic acid at pH of 3 to 5 takes less time than malic
acid on its own.

25

ZEOLITIC CATALYST REACTIVATION PROCESS

in a commercial operation using the zeolitic reactivation process of the
present invention an essentially carbon free, regenerated, FCC or TCC
equilibrium catalyst is mixed with a chemical solution containing the activating

30 agent(s) in an agitated contactor vessel to form a slurry. After a designated
period at the desired Wed slurry solution is transferred
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-17- ZEQOLI TI C CATALYST REACTI VATI ON PROCESS In
a commercial operation using the zeolitic reactivation process of the
present invention an essentially carbon free, regenerated, FCC or TCC

equi | i bri owOO8R3\7est is m xed with a chem cal sol ution cont RAWUSY7TR21524
activating 5 agent(s) in an agitated confactor vessel to forma slurry.
After a designated period at the desited tenperature, the reactivated

oo N A SRR e Sl 8 oA
agent (s), watcital §ﬂ¢e§iﬂhu%étivéﬁﬁ?%yyrﬁ(%z,dhétbﬁdﬂﬁﬁsﬁmbﬂiﬁéhrafﬁiﬂor di_slbilfgg,iocl es

I n suspensi on. st prefer.abI%/, he agitated reactivated slurry is
transferred dlondaminantpasticles inisuspensign.niiast preferabiyttheagitated seactivated

Y oY Gy BRSBTS e ] o B e
di stribi i i ; | dakhi
e L1018 iy SHELREA U oBprmads et B o) 8 o

particl es carthealislodged poes biatking particles! totbeoredistributed idrthe zgofiteaperest he 15
water is vap%ri zed, the residual react i,vattiag)gE agent .Is_dec
i

conbust ed, ofptn Beingrieansiered da the dryings hmm@tayyela%@%z?tgﬁ%m ed
o e e A%fie Yurry, thiEe H38 PeHELE LahFbAlal busd it e dciGbor il 0doed -

fine particles are Separate I'zation 1n

stage from t kdryingestagd, thearater i vagorized; dhe rosidualiBactivating dgentriger ci al  FCC
or TCC catal yst reactivation process would c ' contacting

regener at¥l cgconpesed; cemwtec&twlpsthekG@nggnpélﬁgr%ém%)acﬁmﬁﬁg:agentaare

oo U Ol e s s suffled B AR TRheatdl BRINSE heboltiofizsl ot ¢ °U°"
bi f1 uori de i nfiflodged FPe! FetitIRS are Tk artf separatatbby Adidiation T th driin

desired tenperature, the treated 25 activated FCC catal yst slurry solution
i s transf err stage from ke freated: reactivated cgtalysit of the FCU or TCC unit,

wh he h f h | I Gl [ i ' h ,
focompose or  causdh CRETESIAAITSE S CE satalist rSarivalRhbESss would SolRiiee o,
the surfame lorthéting & FEhéndrated ah@iyst in AR defafe)RYfedbr derhb) chemical

regenerator, and separate by fluidi Zation the fine particles di'sl odged from
the 30 por es ssfiutiorecentaining adwadtivgting ageot; dhatcarisists of armildh acid; stexchvas ed

gghgg%:;i s ofM@ ergruaaHi%tu}eh of %ilfdiar}:?gs %c':rl ag Talic énhdear%rrlrilctmiu%sbi%lonl'idé ?r? aOt her:

contacting vessel. After a period of time at the desired temperature, the
treated activated FCC catalyst slurry solution is transferred directly to the

20 reactor system of the FCU or TCC unit, where the heat from the circulating
catalyst will vaporize the water, decompose or cause the components of the
activating agent to deposit on the surface of the circulating catalyst to be
combusted in the regen'erator, and separate by fluidization the fine particles
dislodged from the pores of the zeolite during the reactivation from the

25 reactivated catalyst. Eventually these fines will leave the unit, as will the other
components of the slurry solution except for the reactivated catalyst, with the
regenerator or reactor exit gases and vapors.

Large sized zeolitic materials, such 'as the pelleted or extruded zeolitic

TCC catalyst, can also be freated in stirred vessels. However, other forms of

30 agitation, such as tumbling or ebulating beds, or only recirculation of the
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slurry solution except for the reactivated catalyst, with the regenerator

or reactor exit gases and vapors. Large sized zeolitic
materials, such as the pelleted or extruded zeolitic TCC catal yst, can
al so be tweaBesd7zn stirred vessels. However, other forns ofPCTRUSSgRIRMI ON,
such as tunbling or ebul ating beds, or ly recirculation of the

chemical solution to the bottomof the vVessel to give a continuous upward

fl ow of rabd '

used i1 desiicaPsolfoff A EbGH, ithd yeREeRBidie ALAMALGUS S RNy
of the preseasfichemicaFiaGonijidriction witie tiRs aefation medidldarralBerbegased if desiredas
nitrogen or light_10 hydrocarbon gases, which will act along with the

activating agent Ehelpréferred aergtionmesha imanyembadimest pfithe presente di sl odge —

I I d
P ocess T oWEREIVATRD piicess el byt pthaf daded. such'ss AfkBRabriaRboc ki 1 oo
in the arg fﬁ)ﬁr&&%oﬁfgﬁééewwr@&tawﬁ%mmﬁé detivating 8gBhPARd the t he

process. It i's iInportant however, that e equi pment sel ected 15 perform
t he functi oragitbdioormby deusead to malmamttherthslddge patticles: in susnenamn results

AT 7 e i St B e b
H )
o vt 0, S . TROBS RGNS arcmaptnyr eSS cn o

pH i ndi cat o In'r act I'on vessel

3, agitator maysbecmrploysdqn&ﬂe apwbe’ﬁs tltns |dqmrtardl hwmf tﬁatltbe expipmentt ed
ZeO|ItIC FCC catal yst fromF t or 1t on vessel, 3 1is

added tol@ heseleefencperfqmm fynsh@?s eﬁ ribe ein §e eddeactionscc

cat al yst is f vent ory
utilizing thé{eﬁ%gl%l@fgh escrllbgg Iﬁ%‘?@ﬁ[@% a(tc%?ddé%s‘i@ég}ﬁﬁ%%iﬁ‘ "Process
and Appar at usigues 1Crsctiohlvesgelbd s ﬁ!ﬁidawlthghe besifed weightof2tatér,card er of
Solid Particul ates”. However, reaction vessel 3 can he equipped

| oad cel | s sactivadingagents frorestorage hopeers-h and 6 torgetdbe Mﬁ&!ffeﬁgﬂ'&eérn'é couI d

b dd h d h
I?qw d : eq8§&?£EHﬂgb£§&ﬁem|J%q§Qg %%@'sg%hq##éé Fer con zli?mgﬁﬂaﬁ;}i ©
desired ¢§OUBIcdNSrhissioned éﬁHﬁfédésuré@W@igmrdf hot f neratédt)zébmlbme and/ or
solubilize the E’gre bl ocki ng 30 contami nants in the zeolite pores. Reaction

vessel 3 is caja &anbliCﬁsemec@tpr 1 to reactionovessed 3ds addedrt@rtheuhﬁeucb Inwhi ch
i_ igi_ nj ect ed t'hrc]-:‘t r?re erre 8%:5;-:% {‘ Feglén%?ét%dt%elb%alyst is withdrawn from the
regenerator active catalyst inventory utilizing the device described in my US
Patent No. 5,464,591, “Process and Apparatus for Controlling and Metering the
20 Pneumatic Transfer of Solid Particulates”. However, reaction vessel 3 éan be
equipped with load cells so that all of the liquid, catalyst, and activating agents
could be added on weight. The hot regeneréted catalyst is then added to the
liquid activating agent, which is composed of water containing the desired
amounts of mild acids, which are effective to dislodge and/or solubilize the
25 pore-blocking contaminants in the zeolite pores. Reaction vessel 3 is agitated
by mechanical stirrer 4 and air from line 8, which is injected into the bottom of
the liquid through a distribution grid. Malic acid or a mixture of malic and
ammonium bifluoride from storage hopper 5 and 6 is added into reaction vessel
3 on weight control to control the pH at between 3 and 7, with a pH of about
30 5.2 being preferred. A surfactant/detergent from storage tank 9 is added on
weight control to control the concentration within a suitable range, which may
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a distribution grid. Malic acid or a m xture of malic and ammoni um

bi fl uori de from storage hopper 5 and 6 is added into reaction vessel 3
on wei ght control to control the pH at between 3 and 7, with a pH of
‘about 5. 2We9am33Tr ef erred. A surfactant/det ergent fromBEHUAYLI5K 9

i s added on weight control to control 3gthe concentration within a
sui tabl e range, which nay be from about % ppmto 10 wt % dependi ng on

t he catal yst A @{% ' ' ; a
sur f act ant akg%rﬁgi&%é‘{lggﬁﬁ] or mngéggﬁh?g@a?@ﬂ?é/neﬁn@ﬂﬁtgngi %%nt e smal |
cont ani nant pafgloyédin feactivhvesseld. Suthensurfactanbandior detergentiformsgent
al ong vmththegqy?ltatlon the evidence of foamopn ,the top of . the liquid

| evel - +-n-reatoaroto Bid inmaintaming the small contaminant patticles in sy sign. fe

f e . ! e B S
e during ORPLNSA e RUPRSBaYdeleigeRt sifhe itk dhialieR. MiE iderod br
surfact ang/ d%h&gg&p& i e pgmaclé@@l ih Peactidrovessel 8 will indivatetbiens i siefficiemtnt

action which ai nmoval by suspension of the small cont am nant
particles |i aetive sdrfactant/detergent intthe ghemical splutien.stherefore, ffiat any time | 15

o dunab e bAeA isesey Befoat dabPEEs TeA MorSifctantdbtergent™
) oA hded 55 fedtord SRS MacMIdtBrhati aRiBh Witich BT . but
preterre at

it is 0 operate rom about Oferr]F (54[err]Q) to.
200[ err] F ( 9&ieowval BY suspénsion of the small ventaminant ppeicieslikerated fram theki | |

the surfactant/detergent_activi, r resy in, 20 ressive attack of the
cat al yst 19ar Zeelitic Po'?%'e T@ﬁﬁe?'ﬂ{]%/ﬂ & a W’@gkpp\'ﬂggggggﬁyéem ca%hﬁ be
controlled b t u c"a‘n?l ok 5i T n
t he vessel . @g@%ﬁ‘gggﬁl T%Eatayrgg\y%ﬁz'segl ???’génrrdatg eria %?ﬁglﬁega\tﬁg q’%?\%)

t he chemcefiés and tenperature enployed in the processing, the treatnent
time can be as low as 10 mi nutes and as_ |ong as 36 hourﬁr@\/\ﬂ'ahéto 12
hours being 25 norReaction vessel 3 can be gperated at amiient temperghre, hut i j%

aeration supply.8 c b c o hhnd@si After
the reactivatf" T?rfﬁtf;foegéerlgge %gﬁgﬁ'e?%emts@ gg]lt? gpgd%lbl??ﬂ'yngg 3?ia(§na S
transferrgl feRiperamrd Batal Rill theatifavtantiiatelgent dictivity oyresulttin aggfessive t .

VWhile it 30 can be transferred to any part of the unit, it is preferred

that the sl uratiackeofdtiecatalyst pasticles Etetemperashreinsieaction vessels saRbes as

E 28_ fluid zeo(lm%;( o'llgg bsyt 1Y éxternal heat source, such as, a steam coil or jacket on the

vessel. Depending on the type of zeolitic material being treated and the
chemicals and temperature employed in the processing, the treatment time can
20 Dbe as low as 10 minutes and as long as 36 hours, with 4 to 12 hours being -
normal.
If air emissions are a concern, the aeration supply 8 can be a closed
system, if desired.. .
| After the reactivation process is complete, the agitated slurry solution is
25 transferred from the bottom of reaction vessel 3 directly to the FCC unit. While
it can be transferred to any part of the unit, it is preferred that the slurry be
added to the FCC reactor system 2, which serves as the fluidized drying stage.
. Testing has indicated that the efficiency of this reactivation process can
be improved by the addition of a suitable concentration of ammonium bifluoride

30 to the activating liquid to aid in the removal of free silica from the pores of the

zeolite. - .
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Testing has indicated that the efficiency of this reactivation process can
be inproved by the addition of a suitable concentration of ammoni um -

bi fl uori de to the activating liquid to aid in the renoval of free
silica fr¥massRores of the zeolite. 5 An exanp|RETHFSI7I28524
comerci al application of this process js a 25,000 BPD (3925 netric
tons per day) FCU that operat es on residual oil, which requires the

fons) of ?feeé ¢ B telle Bt SoPoRALEbIGHor  R mBedf B4,

catal yst at BPP FCU tHaEop&rdtdsun |reS|Eﬂ]aI50il ¥hith eequifedhe RAditiens of 311 aﬂ?» kg)

or 12.5 tons (11.34 10 netric tons) per day of fresh catalyst. At a
del i vered pfrash cataWsSpemsneVmﬁfsed to maintain the activiheand {avel oattheyst costs

of foed.  rdgauiitir Befatvatthe deStedievs. Thie RurigAtbod Rotingedizs ) ' ant
(he Cosi 5 g dbor AGs et Uolfordd B $150000h o gbsh et |

is estimte se present process would require t he
reactivat i orcatdlysibcdxts avé §48,700260 pieg dayar)$0.76 pehbarrel df feeduckdd e thisesh -

catal yst co tion to about 6000 2722 k nce .about 30% of
t he fregaegﬁ FOQM&?QM‘P%@&&{‘* égs §@§’Lp %9 rrgliofifeads

2t anokdt i‘«‘%%eg%ﬁ R4S prosbneBitRlst wduiF ridlife. f*Fé"eZhlZaf’S?yst ‘

costs to U Seammwmm&oow#mamvmehwmwremelﬁfémn tatalyst) . Since the
reactlvat ed catal yst should not have a sses, the 6000 #/day 2722

kg. / day)1G&hsensupiption te akouhS0R0H/day ﬁE'Q?rﬁ“?OUt 30% ©f the Fregh satalysk

any activit k t I st _
one remvesxggh%b@'tggi&g@% Q&%‘?E}?bggoif‘ﬁ/’é ?ﬂgtF of e’ re%lgpgr#gg te% tél yst
from regener’tﬁé@fnltlohlift qwm#'sqvov'@ss efffedtive® Thisvbuldredudé thé lﬁfdsh

concentrati on of 25% the resultant teg&qlature of the slurry in reaction

vessel 3 wi |qatalystensts tq&épemqaymr(mz[l cPincenthedeactivated catalyshsheudes

he 1 oact] vl dipveaRuiosSes, i o AuaTEnely 68 Brik e malntaflihe WiF . o | 1o

slurry o hgvéstdafaRa Hiakdup fé@%h?racttwt%&fférénéé@béhﬂéén’thesfrééﬁlﬁEler red to
the FCC reactor or” regenerator ovér an hour 30 period, the result will be

t o i ncr ease renctivatedicptalyst. rit aheremoves 16:00Q:#is pRrday of regeneratedatalyst | |
Pglfin | ner e%’?éam?'feggnerlé or ‘P int : 8 1%358/ onnvéshseel toar|e¥u|tt in hrs urlr)‘;i E:c':r?cr:]errnt?ét?on of
25%, the resultant temperature of the slurry in reaction vessel 3 will be about
180° F. Therefore, if one insulates reaction vessel 3 there is not a need to add
20 much, if any, heat during the reactivation cycle. After, the reactivation cycle is
complete, the slurry can be added back to reactor 2. If the slurry is transferred
to the FCC reactor or regenerator over an hour period, the result will be to
increase the catalyst circulation by between 5 and 6 t/m. This will be an
increase of about 20 to 25% in the catalyst circulation rate. If this is not
25 acceptable, the transferring time can be'increased, as desired, forup to 24
hours. Not counting capital costs, the operating costs associated with an the
above-described on-site, or integrated, FCC or TCC catalyst reactivation plant
should be less than half the costs of the fresh catalyst, so the refiner in this
case could save upwards of $3,000,000.00 per year.
30 While the foregoing déscription of the present invention has been given

with reference to a2 batch-type catalyst reactivation process, those skilled in the
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If this is not acceptable, the transferring time can be increased, as
desired, for up to 24 hours. Not counting capital costs the operating
costs associated with n the above-described on-site, or integrated,
FCC or TO®O®RA7Tst reactivation | ant shoul d be |ess tRaNUA%I3S2he
costs of the fresh catalyst, so the refjper in this 5 case could save
upwards of U..S. $3, 000, 000. 00 per year . Wil e the foregoing

descripti on cégﬂi& rifotR to a
bat ch-type ¢ &t"@%"%@%‘t“aﬁ pr ocreb% ose é%ﬁmﬁ%ﬁaﬁg&m art will
recogni ze t Iigsis,nesifig B9 BontigEsaddition of regeneratet oata!ysmotreaetmrsvess_el
basi s, using t he conti nuous addition of regenerat ed cat?p st to reaction

vessel 3 10 &andmmtxnuguslylvylthdramngaﬁgttgteéﬁ vty dherefrom jortransier s or
transfer to a.fluidjz | descri bed above. As
descri bed aﬁvgzegt#éy'ﬂgeﬁtﬂg? %ﬁiﬁgeﬁ Pying stage is the reactor or

regener atgr SeCt'ﬁEv ribetd preferféd éﬁtﬁodnhéms\/@nh reséhtmenﬂdﬁriﬂs)od
by t hose skil the art that ot her fluidized EI ng systems e.g.,
a catal yst slprbqumde&lmml ﬂmtmaubystardanodnﬁ@ahmtweg falling,withinithey

effect the dr f the slur and se of ant
particles fr%&f'{]%%tﬁﬁr'aﬁ?%@ﬁjm?%@ﬁ appa |t6§§e skﬂ‘éﬁ é?@gf?&g%
present procgsshd f thatif éﬁtt&iias"to% aeerﬁﬁﬁé&bwhe appéﬂdéd diaing &ed thétay
ari se sone situations ere It I1s desirable t0 take the regener at ed

cat al yst offe?mit,aleh(g reactivation by t he present process.
1. A process

particul #e cr 32 ktl'\gc régts"lagaﬁtbr‘]’gﬁﬁf ﬁt%ﬁéfe%ﬂgﬁ%é\htﬁ 6\/!%?%9??' m@gl{e?ﬁpﬁﬂfr es
o e on iisFaP ettt bP e/ FEIC B TG inif Hdudiat el B uhabAtEsH by o

process conpr enerating spent crackin

catal yst useghose skilladiintherdrbthat other ﬂuldlzed drymg systems, exg,aak:atqustrsprayo
renove carbonaceous dep05|ts therefro

ving a
portion of tddereueatalyst calcinarangy tbef'ﬁﬁﬂ igstead to effect the d"V""Q of the nPU"y J
circulating 5%& lexs%}atiorﬁvmhgrﬁﬁeoéoﬂtgﬁltfé'ﬁttpartlcles from the treated reactivated

15 catalyst. Most preferably, the present process is integrated with a processing
unit, but there may arise some situations where it is desirable to take the

regenerated catalyst off-site for reactivation by the present process.
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10 c. formng a slurry of said portion of the regenerated

t he . . catalyst with a [iquid containing at | east
cons ot rivassiarads N WHLALAL LU e Cnfmi ant s,

sai d agent being efféctfvettd sdl ubil izg or
di sl odge the contam nants; 15 e g d. agitating the slurry in

an agitati r tivation ' condi tions
ef fective ?@’@qglﬁgﬂﬁgdag'di sl odge t he | |
contami nants fromt heAWS#éforﬁﬁ&e‘éHﬁi@%@ activly oga zeo\lli\}et-%cmtgmi% t he

contam nants in said liquid,
agi tated sl partigulate crackingcatalyst cbotaining edntamibants which block the pores of

di sl odged cgntam,pnants, or both_ s ended in. the |jquid. o
fromthe agﬁ%af?r%ﬁe ?Baé&P% ?Eﬁﬁ% 'ﬁ(ﬂ‘y ﬂmp?mﬁ ﬁ%ﬁl)’gtdﬂ’%@h process
to a flusdi gaflpfitys:ng stage without permtting the slurry to
settle and subFectl ng the transferred slurry containing the
suspended cont anmanant segendrafinglsgent crackihf atalyst used3h a

evaporate the liquid ggg separate or deposit on the catalyst
surface the sol ubi | i zBYdmcaghon eragkingdinitie remave earbanaeeous

catal yst and thereby L ed, reactivated
zeol i te-cont ai ni ng ca@gbéés'% ﬁgbéfﬁ a level of cracking activity

greater than thebcrackémevingtd portisn@f thé fegeridrafd-éatalseirbRtthal .
catal yst i nventory. 2. The procesS of claim1l, wherein

the regerated cat al gatalyst inyentory of thecanitat al yst . 3.
Th f [ wh ' he r. | [ ' T
catalyst o C 62 ™ forms B Ry BF s5i8 BEHIoR bf the gt %ﬁ"ﬁgﬁa vcess of o aim

sl " 1 " eoen Ol AR contaping g eget ASAANG, 1)1 \11
the sol ubilized or di ageniselected from the group camnsisting ofcerdids,ar e renmoved from
the process by fl u.i di éé‘%éré’é‘ms' and surfactants, said agent being effective to
15 ' solubilize or dislodge the contaminants;
d. agitating the slurry under activation conditions, in an
agitation zone to solubilize or dislbdge the contaminants
from the catalyst;
e transferring the agitated slurfy containing solubilized or
20 _ dislodged contaminants, or both, to a fluidized drying stage
to separate the solubilized 6r dislodged contaminants from
the catalyst and obtain a treated, reactivated zeolite-
containing catalyst having a level of cracking activity

greater than the cracking activity of the active circulating

25 catalyst inventory.
2. The process of claim 1, wherein the regenerated catalyst is an
FCC catalyst.
3. The process of claim 1, wherein the regenerated catalyst is a
TCC catalyst.
30 4, The process of claim 1, wherein the regenerated catalyst

contains a zeolitic additive.
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5 6. The process of claiml1, wherein the activating agent

is malic, II"HIE"III ﬂll”ﬂ“l acetic, maleic, citric,
form c, oxalic, hydrochl orlc [ sul furic aC|d an

L
enzyne, awOAs23¥Rant, a deter gent ‘or"a mxture of any t her eRgT/USI7/21524

7. The process of claim1, where the acfivating conditions include
an el evat ed terrperature beI ow 212[err] , but not greater than the

deacti vation 8.
The process of cI dim1, ﬂ?an%c%@rg %l#ﬁg?%hé@ﬁggﬁ?gahb I'ﬁgdt dé?'?ﬂged
reactivated dbﬁtéthlfﬁnts\fai'@rémbwh froni ﬂ@prfcﬁédﬁlbvcﬂﬂldlﬂaﬁm d unit.

9. A process for increasing the activity of a zeolite-containing FCC
cat al yst contai nifhg coﬁ%ﬁﬂ%ﬁ@f\ﬂlﬁiﬂh']blvb@lelmme9@“‘@"@39% iseaaliq,e and

15 adversel af f ec CtIV ty_o a st ich e.ss

conpri ses: omumtblﬁuorl 8 Hodhit ‘mleid, et"§ ﬁ'ﬁ%&ﬁaﬁg EV%PB Ori, Bitrig. R
regener atged gnffrie Aichl, i ehzyiie % surfactant, a detergent or a mixture of any thereof.
circul ating catal yst 'i nventory 0 uni t ;

b. hf orlm ng a slukry oTheprabqssrafldmnm wheretk@eeievdedctenmeraﬁﬂ'e is below

t t t t t
Sel ected 1 e o G brdster Sram e feacivalion Jetwelainre ofsaid agent. -
surfactants, sai Ch age”fhé’ﬁfd&sgfcff%?élhi’?, ﬁxﬂh%?kd&hdnhﬁ%oﬂiactmg the t&%a.tFSti ng

di sl odge the cont am nant

said slurry raadWatedtcav@l%/smith:awdn-d:wrbon ifeedstdck én said unit.
tenperature and time sufficient to solubilize or dislodge the 25
cont ami réhts in dh agi Asreessstonincreasing the activity of a zeolite-containing FEC

the' cont am ARLRYER g AR A M dF bl 19 AL Bt anc

e. transf ergdvegséipiafifest tmﬁé@t gsﬂflihé !&aféWétaWhiqu:tbhés§ @bhﬁjrisbéed
or di sl odged, contam nants, suspended in the

wi t hout pernmittiriy thermqmmgatmrb@mqu eganerated Eﬁthaqalyst from
circulating catal yst igvento and di zi sterred

slurry containing the @\9 !’%{ﬁlgu?, é{ﬁ# Wé(ﬁf'%r??%neﬁ%m evapor at e
the liggd and bsepafo%ﬁxg Qrsluﬁﬁpeﬁééld%rﬁ&%ﬁﬁié‘#ég%he%ﬁwa%ﬁ

sol ubi li zed or dissol ved
with a liquid containing at Ieast one activating agent

30

v-ll-

selected from the group consisting of acids, detergents
and surfactants, said agent being effective to solubilize or
dislodge the contaminants; . '

20 c. agitating said slurry under activation conditions, including a
temperature and time sufficient to solubilize or dislodge the
contaminants in an agitation zone;

d. withdrawing the agitated slurry from thé agitation zone
after the contaminates have been solubilized or dislodged;

25 and

e. transferring said withdrawn slurry to the FCC unit
circulating catalyst inventory to obtain a treated zeolite-
containing FCC catalyst having a level of activity greater
that the activity of the deactivated circulating catalyst

30 inventory and to contact the treated catalyst with
hydrocarbon feedstock charged to the FCC unit.
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contam nants from-the catalyst anel—{—hereby obtain a treated
zeolite-containing FCC ¢ ng a | evel of

activity greater th E“am g i“ f the deactivated circulating

cat al yst wmmay e treated catal yst wi tRCT/gS97/21524

hydr ocar bon f eedst ock charged to the ECC unit. 10. The
process of claim9, wherein the solubiTized or dislodged contam nant s

are renoved fro he y4 - . 11. The
process of clai m"g V\Efe‘rggﬁéé?%/e Q&'élﬁg g«h Pé',‘eg%%)ng%ord'dog%epuori de,
acetic, malcrbmanmamscarefremvedfmmlth@prdqeischyﬂmdi'zataomitric or sulfuric
acid, 10 an enzynme, _a surfactant, a detergent or a m xture of any of said
agents. 11. ' The processyof ciaian B wherein dhe agantisgnalie,caremonive

activation o) I ture belo

S orerr] - has Ao, madiBr Gt OfiE) Sl HyMERRRIR Mifisciteliuric, <z
agent. 5§ acid,an enzym e, a surfattant)a detergensoPh rﬁikﬁlré‘o‘?anvftﬁrs%d'abbﬁté' urry
is transferred to the 15 react or secti on of an

14. The process 2. cl ihmmocemfeclalm Bewhecemjheelewaterttempetatute ishe

r egener at or Qcess

i aim o wieign2EEhr, byt ok graater them thseadfivation tempeiatre-ptia)d EusNLFoc
addi tives wi t hth eq‘FBE p\%er L |3y 8! whéfbin the slurry is etgmsferre&@o e

process of claim he agitation is e
mechani cal IlseacthSéDﬂonrdframlEcULon of gas into the slurry, or a conbi nati on

;-

t her eof %cess of claim1 or 9, wherein the
treat ed1@at al yst 1#s The P"Qﬁ%‘]'se‘éft‘éﬁ'"ﬂ 8 Wheesig t@%ﬁl%’%’ﬁémﬁfeﬁﬁé ftaitae
process to =~ ar e : earth elements into the
zeolite. ILE'El’ter'fg‘j’éﬁ?sge{i’or%fgil?fgu"l'he process of claim 1, wherein

regener at ed cat afgst The pmcesst?@rf‘élamgymrémrmwﬂdluf'ﬂydﬂﬂﬁér Goning fresh
circulating catalyst inventory, sald itated slurry is

cont i nuousl| gatalysher EQ(‘eQddl@\lgaNthfﬂTGlQﬂLulM“m 9& sft age.
16. The process of claim 1 or 9, where agitation is affected

15 mechanically, by the introduction of gas into the slurry, or a combination

thereof. ' _
17. The process of claim 1 or 9, wherein the treated catalyst is

subjected to a rare earth element exchange process to introduce one or more
rare earth elements into the zeolite. .

20 18.  The process of claim 1, wherein regenerated catalyst is
‘continuously removed from said active circulating catalyst inventory, and said
agitated slurry is continuously transferred to said fluidized drying stage.

—_—
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