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- 1 N » A PROCESS FOR THE FLU D CATALYTIC CRACKI NG OF
HEAVY "FRACTION O LS BACKGROUND OF ﬁ,gm\é@g(p\l 1. Field
of the Invention This invention gelates to 'an I nproved fluid

catal ytic cracking process which conprises cracking heavy fraction oils to
obtain therefromlight fraction oils such as gasoline and kerosene. Mre
particularly , it relates to such a process which conprises catalytically
cracking, in the presence of a particulate iron oxide (ferrite)-containing
catal yst, heavy fracti anPBOCESSNEORIITHE BLBIPpGATALYDE@ in total of at

| east nickel and vanadi um anong heavy netals such as particularly nickel,
vanadi um iron and copp&RACKS¥PaPEt HEGVE PBACTEAN0@ILBe particul ate
catalyst with the heavy netals deposited thereon in a high concentration
(the catalyst portion being magnetically attachable catal yst particles)

froman equilibrated particulate catal¥st roduced fromsaid iron oxide-
- BACKGROUND QF ¢ INVENTION

1. Field of the Invention

This invention relates to an improved
fluid catalytic cracking process which comprises
cracking heavy fraction oils to obtain therefrom light
fraction oils such as gasoline and kerosene. More
particularly , it relates to such a process which
comprises catalytically cracking, in the presence of a
particulate iron oxide (ferrite)-containing catalyst,
heavy fraction oils including 0.5 ppm or more in total
of at least nickel and vanadium among heavy metals such
as particularly nickel, vanadium, iron and copper,
separating a portion of the particulate catalyst with
the heavy metals deposited thereon in a ﬁigh
concentration (the catalyst portion being magnetically
attachable catalyst particles) from an equilibrated
particulate catalyst produced from said iron oxide-
containing particulate catalyst during its use, by the B
use of a magnetic separator, and then recycling to the
system another portion of the particulate catalyst with
the heavy metals deposited thereon in a low
concentration (the other catalyst portion being
magnetically unattachable catalyst particles), together.

with a particulate'ferrite—containing catalyst as a



‘contaj ning, particulate catalyst during its use, by the use of a magnetic
separator, and then recycling to the system another portion of the
particul ate catalyst with the heavy nmetgls deposited thereon in a | ow
concentration (the other catalyst portion being nagnetically unattachable
catal yst particles), together wth a particulate ferrite-containing

catal yst as a -2- makeup or '
repl eni shnent, whereby the perfornmance of the apparatus for carrying out
sai d process makenpbbedreplebéshmentai wedraby athé gretr fvrmance ofPrihe Art
In conventional catalytic cracking, petroleum derived hydrocarbons are
contact ed wit&appatatubyforf earrringkPng sabd epyoeessbisienabled geo quantity
of light oil fractions such as LPG and gasoline as well as a small
quantity of aberBakB8aingdtasif high levielher, coke deposited on the
catalyst is burnt with air for renoval thereof to recyle the thus treated-
catalyst for 2reli5é°TA8T&tarting oils in this case, there have

In conventional catalytic cracking, petroleum-
derived hydrocarbons are contacted with a catalyst for
cracking thereby to obtain a large quantity of light
oil fractions such as LPG and gasoline as well as a
small quantity of a cracked light oil, and, further,
coke deposited on the catalyst is burnt with air for
removal thereof to recyle the thus treated catalyst for
reuse. As starting oils in this case, there have
heretofore been mainly used so-called distillates such
as a light gas oil (LGO) and heavy gas oil (HGO) from
an atmospheric-pressure distilling column and a vacuum
gas oil (VGO) from a reduced-pressure distilling
column.

. However, due to the recent world-wide necessity
of using heavier crude oils and a change in demand for
petroleum products in our country, a tendency of
overproduction of heavy oils and the like has been
appreciated from the standpoint of both demand and
supply of the petroleum products; and therefore, it has
been necessary that heavy fraction oils including
distillation residues be used as'starting oils for use

in a catalytic cracking process.



heretof ore been mainly used so-called distillates such as a |light gas oi

(L&D "and heavy gas oil (HGD from an atnospheric-pressure distilling
colum and a vacuum gas oil (VGO from agreduced-pressure distilling
col umm. However, due to the recent worl d-w de necessity of using

heavi er crude oils and a change in demand for petrol eum products in our
country, a tendency of overproduction of heavy oils and the |ike has been
appreciated fromthe standpoint of both demand and supply of the petrol eum

products; and therefore,id tkdign, DeserEcesEMY Hdwty Taawet fforadiilgn oils
including distillation residues be used as starting oils for use in a

catal ytic cracipdmuPrnoeedsstillation residues contain metals su®h as
It is known, however, that heavy fraction oils including distillation

resi dues cont aiickel al varsadiums imreketoppanadidingodinmm,ic@far arndeodi um
ina far nore total anobunt than distillates, and that these netals '

total amount than distillates, and that these metals
will be deposited on a catalyst thereby to hinder the
activity and selectivity of the catalyst when the
catalyst is used in catalytic cracking. In other
words, the cracking rate will gradually decrease as the
metals accumulate on the catalyét’théreby making it
substantially impossible to attain a desired cracking .
rate, while the amount of hydrogen evolved and the
amount of coke produced will remarkably increase
thereby making it difficult to operate equipments for
carrying out the cracking. Further, at the same time,
desired liquid products will be obtained in a decreased
yield. Among said metals, particularly vanadium will
destroy zeolite which is the active component of the
catalyst thereby to lower the catalytic activity.
Nickel has no action which decreases the catalytic
activity as vanadium does, but it will remarkably
increase hydrogen and carbon due to its dehydrogenating _
catalytic activity.

To relieve such effects of the contaminating
metals on the catalyst in the system, there has usually
been employed a process which coﬁprises withdrawing

periodically or continuously a portion of the

particulate equilibrated catalyst present in the system



will be deposited on a catalyst thereby to hinder the activity and
selectivity of the catal yst when the catalyst is used in catalytic
cracking. In other words, the cracking. rgate will gradually decrease as the
metal s accunul ate on the catalyst thereby making it substantially

I mpossible to attain a desired cracking rate, while the anbunt of hydrogen
evol ved and the anount of coke produced will remarkably increase thereby
making it difficult to operate equipnments for carrying out the cracking.
Further, at tlendanmdtem], rgsliareishimgiad nEcedisary wmblnite ofbtai ned in a
decreased yield. Anong said netals, particularly vanadiumw || destroy
zeol i t e whi ch firegheartiowl atmpatatyssf thereioat ahegebyhéheby to | ower the
catalytic activity. N ckel has no action which decreases the catal ytic
activity as vaedd witistods, thrutequi Mibnivume patedinst lsnaedagaingdrogdi and
carbon due to its dehydrogenating catalytic activity. To relieve
such effects diiihecassht anf it inRFesaw Lhat e Pardigydats t he system

t here has usual | been enpl qyed a process whi ch conprises w t hdraw ng
peri odical 'y &a‘@r}t%mﬁxé’fv%‘irﬁm 1 igh Soft SR Kabdpt ilegiest 8T8%Mit!i br at ed

catal yst presq:Hs éfgésvg¥§ﬁgconomically disadvantageous and

raising a serious problem particularly in case of the
fluid catalyvtic cracking of a residual oil containing
metals in a large amount.

As measures for solving this problem, there have
been known a method for removing metals deposited on
catalysts and a method for inhibiting the activity of
the metals. For example, as the above removing method,
there has been proposed a method for chemically
treating the withdrawn equilibrium catalyst to remove
the heavy metals therefrom for reuse of the thus
treated catalyst (F.J. Elvin et al, NPRA Annual
Meeting, AM-86-41). The method so proposed will
inevitably discharge a large amount of waste liquid
which needs very much expenses to be disposed of from
the standpoint of preventing environmental pollution.

As the above inhibiting method, there have been
known a method which comprises adding a metal scavenger
to the catalyst and a method which comprises adding to
a starting oil a metal passivatof such as antimony
(U.S. Patents Nos. 3,711,422 and 4,025,458) or bismuth

(U.S. Patents Nos. 4,083,807 and 3,977,963). In



-4- and, instead, replenishing a necessary anmount of a fresh
parti cul até catalyst therein, whereby the activity of the equilibrium
catalyst is maintained. In this case, it.is necessary that the partlculate
catal yst be withdrawn in a renarkably Iarge anount, this being very
econom cal | y di sadvant ageous and raising a serious problemparticularly in
case of the fluid catalytic cracking of a residual oil containing netals
in a |large anount. As measures for solving this problem there have

been known a ngHAQEibAL MY REOWR! %hatdsmmﬁé eirtkahétypts and a
method for inhibiting the activity of the metals. For exanple, as the

above renovi ngcpRbBaAdds hher erasthoenanr enesmpetal "pasedva eorshenbeal |y
treating the withdrawn equilibriumcatalyst to renove the heavy netals

therefromfor egu@m@iel, Uhpahbde rPhtecahpglaat Bhy8topénJGakbvtéselosal, NPRA
Annual Meeting, AM 86-41). The nethod so proposed wll inevitably

di scharge a | aspe smpaouodafl ,wshbesbi-quodl,wshoheherW835eryndusho e@penses to
be di sposed of from
123804).

Even in these methods, it is not possible yet to
fully prevent the contaminating metals from exerting
their effects. Accordingly, in order to maintain the
activity of the catalyst, the equilibrated catalyst is
forced to be partly withdrawn from the system and,
instead, a necessary amount of a fresh catalyst has to
be replenished. When said catalyst exchange is
effected, a portion of the equilibrium catalyst
particles to be withdrawn contain those having still
high catalytic activity. Thus, it follows that said
catalyst exchange method uses the catalyst
inefficiently.

The present inventors of this application have
already found that a portion of the particulate
equilibrated catalyst on which the heavy metals are
deposited is withdrawn from the system, the catalyst so -
withdrawn is separated by the use of a highly gradient
magnetic separator into one catalyst portion on which
more metals are deposited and the other one on which
less metals are deposited and tﬁe less metals-deposited

catalyst portion is then recycled to the system,

whereby the activity of the equilibrated catalyst is L



'the'etandpoint of preventing environmental pollution. As the above

I nhibitin th?F there have been known a net hed-which conpri ses adding a
netal scavy 2% e ¢k al yst and a-ngthod whichmcenprises Hdlng to a
starting oi |vator such as antinonyl (U § at.en 'S $

3,711, 422 or bismuth (U.S. Patenfe;ﬁbs—~4.983*801:@nd

3,977,963) In -5- addition, it is
known that al kaline earth netal conpounds are effective as the met al

passi vat ors (éshanexdnphé, tiapaatsetPul ty Apinéneofl ai <l-r@uar @yt t es Nos.

Sho 61-204041, Sho 60-71041, Sho 61-278351 and Sho 63- 123804).

Even in theseimprdved, (Japaseset Ppbest bbazgttes dNog ul63- Preverand he

contam nating netals fromexerting their effects. Accordingly, in order to
mai ntain the 63c87§8%Y. of Thhe technjgue dheckesed iin mald Gazeysesis

forced to be partly withdrawn fromthe systemand, instead, a necessary
amount of a fRev¥arceeRfiicthawith anti-meétal measures such as the

above-mentioned chemical treatment, metal scavengers
and metal passivators and can be jointly therewith. In
such a method which comprises separating the
equilibrated catalyst by the use of a magnetic
separator into a more metal depdéited-portion and a
less metal deposited portion, it is important how to
effect such separation precisely depending on the
concentrations of metals deposited on the particulate
catalyst, and the separation can be achieved more
effectively as a difference in magnetizability
(magnetic susceptibility) is greater between the more
metal deposited catalyst particles and the less metal
deposited ones.

SUMMARY OF THE INVENTION

The prime object of this invention is to provide
a fluid catalytic cracking process which comprises
catalytically cracking heavy fraction oils containing a
large amount of heavy metals such as nickel and
vanadium while lessening a decrease in catalytic
activity of the catalyst due to the presence of the
heavy metals. |

The present inventors made intensive studies

mainly in attempts to improve the separability of



be fepleni§hed. When said catal yst exchange is effected, a portion of the
equilibriumcatalyst particles to be withdrawn contain those having stil

high catalytic activity. Thus, it foll awg that S?ﬁd::&éLaLXSt exchange
met hod uses the catalyst inefficiently. Thggpﬂ¢§eqt‘“ o
I

t hdr awn

this application have already found that a portmon of ;- ;he,partre
equil i brated catal yst on which the heavy netals &re- dep05|ted 1S

fromthe system the catalyst so wthdrawn is separated by the usé of a
hi ghl y gradi eetadggtepiactdefjesatiorto nioreome tadt depssipedt pantdnleki ch
nore netals are deposited and the other one on which less netals are
deposi t ed andanide lesss medpd| seposddicdednesabal e peet ofnai magheticecycl ed
to the system whereby the activity of the equilibrated catalyst is
enhanced and skeageltest iiwi iy comddagft ion odndldld gatapysiedcraapingse
Patent Gazettes Nos. 63-37156 and 63-37835). This techni que disclosed in
sai d Gazett esOfehervyofiraicdion wils adth megaetisasepasasion a8 the

above- nentloned chemi cal treatnent, metal _ scavengers and netal passivators
and can be j oPRONV$ CREPAWiSth PartiSIEF o ask BEd TS €Rsult of their

studies they found that the object may be achieved by

the use of a specified catalyst. This invention is
based on the above finding.

The object may be attained by providing a
process for the fluid catalytic cracking of heavy
fraction oils containing nickel and vanadium in a total
amount of at least 0.5 ppm, which comprises withdrawing
a portion of particulate ferrite-containing
catalyst particles flowing circulatively in a fluid
catalytic cracking apparatus provided with a reaction
zone, a separation zone, a stripping zone and
regenerating zone, the particulate ferrite initially
having a saturation magnitization of not more than 10
emu/g, separating the equilibrated catalyst particles
so withdrawn into magnetically attachable catalyst
particles and magnetically unattachable ones by the use
of a magnetic separator and then returning the
magnetically unattachable catalyst particles, together
with fresh particulate ferrite-containing catalyst
particles, in which the particulate ferrite has a
saturation magnitization of not more than 10 emu/g,

into said cracking apparatus.

This Sheet Has Been Replac

T




conpri,ses separating the equilibrated catalyst by the use of a magnetic
separator into a nore netal deposited portion and a | ess netal deposited
portion, it is inportant howto effect-sgch separation precisely dependi ng
on the concentrations of netals deposited on the particul ate catal yst, and
t he separation can be achieved nore effectively as a difference in

magneti zability (magnetic susceptibility) is greater between the nore netal
deposited catal yst particles and the | ess nmetal deposited ones.

Summary of the InventThbhs inventlonswhhlob¢eexpbdindd persender nimntion to
aneliorate one or nore di sadvantages of the prior art. The present

i nvent ors nadempneedetadlstudies mainly in attenpts to i nprove the
separability of catalyst particles into nore netal deposited particles and
| ess netal depositedThaeBepyyt feagttonfobl prgped i Rerebarat®r in a

conmbi nation of fluid catalytic cracking of heavy fraction oils with
magneti ¢ separ BYAbAcCaFbeReOAbsvEhigharoBtaparatcleast nwhs*t9€ result of
their studies they found that the objecf nmay be achieved by the use of a
speci fied catafy8Eti9RFsPPALEREI BA §é5ba§eﬁro%1¥%%rab%%%ﬁf@n@?%@%ty
According to ong aspict of the pregent ipvegnptio here is provjded a
process for th&f REui828%4t dr §t BECRr aBki by of HRIVAUFFERE iR E#1R contai ni ng
ni ckel and vanadiumin tTe totﬁl agount of at. | east % 5p q%b weight in a
fluid catalyti BoRPXcRERALEpEUrD: B8, 1haRy DAPRE at (ROBLI WL FHOWVTHRET ( h a

one, whi oh coRPRECRRT ko Bropanar pRT<EENERE EORFORL fuo  FREPELRATD..,

fraction ofls 1f GOBLYAL MhblnPab}! GYI SLest! 95! fid! L orneptabpipg catalyst

particles, the particulate zinc ferrite rnitrial a saturation

TR et 1 hibabtetop v cackpbher eopeLipar b ta Rk LIl Reny
and unreacted peggyyubkackbalcehilpressebbaingdili{itioserss lidg, tigatat al yst
oils, tar sand bitumen, Orinoco tar, coal liquefied
oils, and heavy fraction oils obtained by the
hydrofining thereof. They further include mixtures of
comparatively light fraction oils (such as straight-run
light oils, reduced-pressure light oils, desulfurized
light oils and desulfurized reduced-pressure light
oils) with the above-illustrated heavy fraction oils.
The atmospheric-pressure distillation residues and
reduced-pressure distillation residues are particularly
preferred for use in this invention. In cases where
heavy fraction oils containing nickel and vanadium in a
total amount of preferably at least 2 ppm, more
preferably at least 5 ppm, are used as the starting
0ils in this invention, tﬁen thé cracking process of

this invention will exhibit greater economical merits.



particles to which carbonaceous substances and a part of the hydrocarbon
m xture are attached fromthe renmaining greater part of the hydrocarbon
m xture in the separation zone; (iii) sgbjecting the catalyst particles
thus separated to oxidizing treatnment in the regenerating zone to decrease
t he carbonaceous substances and the hydrocarbon m xture attached, on the
catal yst particles, thereby to obtain regenerated catal yst particles; (iv)
continuously recycling the regenerated catal yst particles thus obtained
into the reaction zahe catelwistthdisad Mg ahier inoenafohheopartises! at e zi nc
ferrite-containing catalyst particles flowing circulatively in the fluid
catal ytic cradeold teppdriathud;s @n Jacstdper aompgneaitdapdr ai matrdk whd chat al yst
particles so withdrawn into magnetically attachable catal yst particles and
magneti cal | y sn@poadisalihe caodliftst. pdite olags iy caeiasefefrrdteagnetic
separator; and then (vii) returning the nagnetically unattachabl e catalyst
particles, to@artdchfis haviggha s@turafisne npgnetigption- ednnetnmeye
catal yst particles in which thefparticulate zinc ferrite has a saturation
magnet i zat i on t&en 10 emudigy @refigrabdsi d ¢ gawi/8g dpgREEEGE. therein.
- 8- This invention will, be explained hereunder in_ .

When the heavy fraction oils are subjected to fluid

catalytic cracking using such a ferrite-containing

catalyst, nickel contained in the heavy fraction oils

will precipitate on the catalysf'Where the ferrite

particles react with the precipitated nickel to produce

nickel ferrite particles having a saturation

magnetization of over 10 emu/g. Accordingly, in a case

where the ferrite particles have a saturation

magnetizaion of more than 10 emu/g, a difference in

saturation magnetization between the ferrite particles

and the nickel ferrite particles becomes small whereby

selectivity of metal deposited catalysts by magnetic

separation is undesirably worsened. The ferrite

particles may be illustrated by zinc ferrite particles

and they have an average particle size of preferably

0.001-20 um, more preferably 0.01-5 um. In addition,

the content of the ferrite particles in the catalyst is

preferably 0.01-10 wt.%, more preferably 0.1-5 wt.%.

The zeolite contained as the active component in the

catalyst used in this invention is crystalline

aluminosilicates among which faujasite-type zeolite is

preferably used and ultrastable Y-type zeolite is



more detail. The heavy fraction oils used herein are hydrocarbon
oils which contain at least 5 vol.%of fractions boiling at 565 [err]C or
hi gher, have a density of at |east 0.8 §/cn8 at 15 [err]C and further
contain heavy netals such as iron, nickel, vanadi um and copper, anong
whi ch at | east nickel and vanadium are contained in a total anmount of at
| east 0.5 ppm They may be illustrated by atnospheric-pressure
distillation residues, reduced-pressure distillation residues shal e

o 5, Lar sangaidutinilQ ity Sala.| | 48’ becelt] 5r #d heavy

fractlon oils o taine the ining thereo rther include

mxtures of  copgnAl 'ﬂfr)hh '&*Halffsa&tllsogr%éasigcﬁ -88 ﬁ%r%l ORbreun | ight
e t oil

oi l's, reduced-pressur s, desul furized ight oils and

desul furized m@&mm@ea%u& Wtdhi. @heShatirik WhecAbo¥erhb! mgtheked heavy
fraction oils. The atnospheric-pressure distillation residues and

reduced- pr esswioRiydissippldrafiingn vheslabire Feerpaet pavkachys anaf eepedtkor use
in this invention. In cases where heavy fraction oils containing nickel

and vanadi um iis @onpeisald afountcaafalprtdicaridlyl inat tl easendeppBuchoae

preferably at least 5 ppm are used as the starting oils in this

i nvention, th&adlie,crackiand ipdegessicdf as alumina sol or silica sol;
it may be incorporated with alumina, a metal scavenger
and the like as required.

It is preferable that the bataiyst particles
used in this invention have a bulk density of 0.5-1.0
g/ml, an average particle size of 50-90 um, a surface
area of 50-350 m?/g and a pore volume of 0.05-0.5 ml/g.

The fluid catalytic cracking apparatus used in
this invention is provided with a reaction zone,
separation zone, stripping zone and catalyst
regeneration zone, and it is usually operated at a
reaction temperature of 480-550 °C, a pressure of 1-3
kg/cm?G, a catalyst/oil ratio of 1-20 and a contact
time of 1-10 seconds.

The "fluid catalytic cracking" defined herein
means that the heavy fraction oils (feed o0ils) are
continuously contacted with the catalyst particles kept
fluidized therewith under the above operational
conditions thereby to crack said heavy fraction oils
into lighter hydrocarbon oils suéh as LPG, gasoline,
kerosene and light oil. Said contact may be effected

either within fluid beds of the catalyst or in risers



this invention will exhibit greater econonical nerits.

-9- The catal yst used in this invention conprises zeolite which
is an active conponent and a matrix whichy supports the zeolite. The matrix
carries ferrite particles having a saturation nagnetization of not nore
than 10 enu/g, preferably 1-4 enu/g, dispersed therein. Wen the heavy
fraction oils are subjected to fluid catalytic cracking using such a
ferrite-containing catalyst, nickel contained in the heavy fraction oils

wi Il precipitagierQupt Mhicet Aot thereatdiey Sergdrit c 1y tandd geddaatigM th
the precipitated nickel to produce nickel ferrite particles having a

saturation negiet iwetdah r euercdll @ serAcaeidiing .y, A mixtase ofwhere

the ferrite particles have a saturation nagnetizaion of nore than 10

enu/ g, a diff et amhtunradd ore dreguied t arade <0 rp deetueeeh biyheeHeerrit e

particles and the nickel ferrite particles becomes small whereby

sel ectivity ofcatrlltidepuosidleihgatval tistthdcatwgnmstt earticles is
usually passed to the stripping zone where the greater
part of the hydrocarbons such as the préducts and
unreacted substances are removed from the catalyst
particles. The catalyst particles to which the
carbonaceous substances and a part of the heavy
hydrocarbons are attached are passed from the stripping
zone to the regeneration zone (regenerating tower)
where they arqﬁsubjected to oxidizing treatment to
decrease the amount of the carbonaceous substances and
hydrocarbons deposited thereon, thereby to obtain
regenerated catalyst particles. These regenerated
catalyst particles are continuously recycled to the
reaction zone.

. In the fluid catalytic cracking process of this
invention, the catalyst particles circulated from the
reaction zone to the regeneration zone (such
circulating catalyst being sometimes called
"equilibrated catalyst"™ herein) are partly withdrawn
through the stripping zone outlet, the regenerating
zone outlet or other suitable outlets which have no
hindrance to the operation of thé apparatus used in

this invention. 1In this case, the withdrawal of a part

of the equilibrated catalyst may be effected



separation_is undesirably worsened. The ferrite particles may be
Illustrated by zinc ferrite particles and they have an average particle
size of preferably 0.001-20 [err]m moregpreferably 0.01-5 um In
addition, the content of the ferrite particles in the catalyst is
preferably 0.01-10 wt.% nore preferably 0.1-5 w.% The zeolite contained
as the active conponent in the catalyst used in this invention is
crystalline alum nosilicates anong which faujasite-type zeolite is
preferably usetbrmanthudusstabldl sediypnrandly et such a fixed

- 10 - particularly preferably used. The content of the zeolite in the
catal yst is prigieemnly & 500 wvtxaht mo eadyeferefifloctis-o4b thte % The matri x
which is the nother body supporting the above ferrite particles and
zeolite is comuskting preductsiti cEre yeatradnts tex@eddh &y ol in, and
a binder such as alumna sol or silica sol; it may be incorporated with
al umi na, a netsiibieelehgdireciny tFe magre ke raqpanaddon using ¢ js

preferable that the catal yst particles . .
magnetic separator or may be subjected to some suitable

treatment before the magnetic separation.

The magnetic separator used herein 1s a higg
gradient one having a magnetic field gradient of at
least 200 gauss/cm, preferably 2000x103-20000x103
gauss/cm. The high gradient magnetic separator is
designed such that a ferromagnetic packing material is
placed within a uniform highly magnetic field space to
constitute such a high magnetic field gradient as above
around said packing material, ferromagnetic or
paramagnetic particles are magnetically attached to the
surface of said magnetic substance, and weakly magnetic
or diamagnetic particles can be separated as magnetic
unattached particles. The ferromagnetic packing
material used herein is exemplified by a ferromagnetic
fine wire assembly such as steel wool or steel net
composed of fine wires having a diameter of usually 1-
1000 um. The high gradient magnetic separator is
exemplified by that manufactured and sold by SALA
Company, Sweden.

Methods for treating solid fine particles by the
use of a magnetic separator include a dry method which

comprises using, as a carrier fluid, any one of air,



used in this invention have a bulk density of 0.5-1.0 g/m, an average
particle size of 50-90 [err]m a surface area of 50-350 nR/g and a pore
vol une of 0.05-0.5 ni/g. The f] yigd catal ytic cracking apparatus
used in this invention is provided with a reaction zone, separation zone,
stripping zone and catal yst regeneration zone, and it is usually operated
at a reaction tenperature of 480-550 [err]C, a pressure of 1-3 Kkg/cnk2G a
catalyst/oil ratio of 1-20 and a contact time of 1-10 seconds. The
"fluid catal ymitregaeki mreatefanted heixgiure rohereoffhahdt hewbeamg thodcti on
oils (feed oils) are continuously contacted with the catal yst particles
kept fl ui di zedhitdberomnipdi sesdersiiize axovve caperieti dhalid, cangti bhensft her eby
to crack said heavy fraction oils into lighter hydrocarbon oils such as
LPG, gasol i newatiear esehe thred liightidsi.| . ESdibeérc sheadrynmyg thedebrethed
either within fluid beds of the catalyst or in risers

wet method may be used in the practice of this

invention.

The process variables in the operation of the
magnetic separator usually include magnetic field
intensity, magnetic field gradient, linear velocity,
concentration of particles, and'treating temperature,
and they will widely vary in their optimum value
depending on the particle size of catalyst, the kind,
condition and amount of metals deposited, the particle
size and amount of iron oxide particles contained in
the catalyst, the level of separation intended, the
selectivity of separation, and the like.

The magnetic field strength is the intensity of
magnetic field within the space in which said magnetic
packing material is placed, and a magnetic field
intensity of at least 200 gauss, preferably 1000-20000
gauss or more, 1is used in both the dry method and the
wet method.

The magnetic field gradient is such an amount of
magnetic field intensity produced around said packing
material as to vary depending on a distance within the
magnetic field. This variation éan be effected by

changing the intensity of magnetic field or the kind

and diameter of said packing material, and the magnetic



t hrough whjich both the catal yst particles and feed oils flow upward for
so-called riser cracking. A mxture of products and unreacted substances
produced by the catalytic cracking, with the catalyst particles is

usual |y passed to the stripping zone whéfe t he greater part of the

hydr ocar bons such as the products and unreacted substances are renoved
fromthe catalyst particles. The catalyst particles to which the

car bonaceous substances and a part of the heavy hydrocarbons are attached

are passed fr??hiﬁe§§hﬁﬁggknﬁse Eﬁ %thh%h598?9eéﬂ&'QQtZBQEQ&&nggerat'”9

tower) where re su ecte oxi di zing treat nent ecrease the

amount of thea%a&@aaecggﬁsg§u§§Ve&ce§r@@@ran§r99969963 d6p06kied thereon,
thereby to obtain regenerated catal yst particles. These regenerated

catal yst partialgg/ame continuously recycled to the reacti on zone.
In the fluid catalytic cracking process of this invention, the catalyst

particles ClrCU'atedAfb@ﬁbbh@ra&&@ﬁtb@npéQchl@stﬁéaﬁggﬁﬂgtabfon zone (such
circulating catal yst being sonetinmes called "equilibrated catal yst”

herein) are paathYywitt pdrawaleshwbu¢h tie $brbpphagnéeneaduylet, the

regenerating zone outlet or other suitable outlets which have no
separated in a gaseous or liquid carrier fluid, and the
suitable concentration of catalyst particles is usually
0.01-100 g/1 in the dry method and usually 0.01-1000
g/l in the wet method.

The treating temperature refers to the
temperature of catalyst particles which are to be
subjected to magnetic separation, and, strictly
speaking, it refers to the temperature of iron, nickel,
vanadium or copper which is deposited on the catalyst
particles. The treatling temperature used is preferably
not higher than the respective curie temperatures of
these metals and is usually a normal temperature.

- It is possible to widely change the level of
separation and the selectivity of separation by
changing the linear velocity of the fluid passing
through the magnetic field, and the linear velocity is
incfeased when high selectivity is required. The
linear velocity used is usually 0.01-100 m/sec in the

dry method, and is usually 0.01-10000 m/hr in the wet

method.



hi ndrance to the operation of the apparatus used in this invention. In
this case, the withdrawal of a part of the equilibrated catal yst may be
effected - 15 12 - continuously or
di scontinuously at such a fixed interval as to exert no adverse effects on
the resulting products. The catal yst so withdrawn may be subjected
directly to magnetic separation using a nmagnetic separator or may be
subj ected to sonme suitable treatnment before the nagnetic separation
The magnetic separat gheusmagnegiel Beparatbirghaygbadtaotinnenhakengine
magnetic field gradient of at |east 200 gauss/cm preferably
2000x10[ err] - 26060l @laid] cagalyticmerik&ihgghppgandtest oragagt be separat or
is designed such that a ferromagnetic packing material is placed within a
uni f or m hi ghl ypsedgbattichwiiisel ¢ithand beingosst cutit énsuch a hi gh magnetic
field gradient as above around said packing material, ferromagnetic or
par amagneti c parti cl 8hearcatadysdét Pealtiglast 4ehvdlibrahed satddystdf said
magneti ¢ substance, and weakly nagnetic
withdrawn are separated by the magnetic separator into
metal-rich catalyst particles (magnetically attachable
catalyst particles) on which iron, nickel, vanadium and
copper are deposited in large amounts, and metal-poor
catalyst particles (magnetically'unattachable catalyst
particles) on which such metals are deposited in
comparatively samll amounts. The weight ratio between
the metal-rich catalyst particles and the metal-poor
ones so separated is usually in the range of from 1:
100 to 100: 1, in some cases from 1: 1000 to 1000:1,
and preferably from 1:10 to 10:1.

The amount of metals deposited on the metal-rich
catalyst particles will greatly vary depending on the
amount of catalyst used, the properties of feed o0ils
used, the reaction conditions and the like in the fluid
catalytic cracking reaction, and is at least 0.05 wt.%,
preferably 0.05-20 wt.% and more preferably 0.1-5 wt.%,
as nickel equivalent. The "nickel equivalent” defined
herein is a value represented by the following formula

Ni equivalent = [Ni] + 0.25 x ([V]

wherein [Ni] and [V] are the concentrations of nickel

and vanadium, respectively.



or diamagnetic particles can be separated as nmagnetic wunattached
particles. The ferromagnetic packing material used herein is exenplified
by a ferromagnetic fine wire assenbly sugh as steel wool or steel net
conposed of fine wires having a di anet &r 1Bf usually 1- 1000 [err]m The
hi gh gradi ent nmagnetic separator is exenplified by that manufactured and
sold by SALA Conpany, Sweden. Met hods for treating solid fine
particles by the use of a nagnetic separator include a dry method which

conprises using, as a r

O SO R P rogen, TR RRERLIRULE, CBPIPRE Pareliies eparated pave, o
conprises usin r i an qui ds.
Ei t her the drygﬁé? §l§§ %EEEVEkg %%dhoghQPéfgéeugg%é$ épﬂepéggi?%%e of
this inventioRe the 01rcET§tPﬁEC§§§t¥ﬁrfaplﬁéc*@léheIQPféaﬁé@@lP§ the

magneti c separator usually include nmagnetic f
customary in this case to maintain the amount of
catalyst at a desired level while preventing the
activity of catalyst from lowering in the circulating
system by replenishing the fresh or regenerated
catalyst in an amount equal to or more than that of the
separated and removed metal—ricﬁ'catalyst. As sites
through which the catalyst is charged into the
circulating system, there are selected the regenerating
tower inlet[ the regenerating tower outlet transfer
line or other sites which have little effects on the
heat balance and fluidity balance in the system.

The metal-rich catalyst particles separated and
removed may be scrapped or may be subjected to ion
exchange, chlorination, sulfurization, carbonylation,
oxidation, reduction or the like thereby to detach the
deposited metals from the catalyst particles for reuse
thereof. In this catalyst regeneration, the
regeneration device may be connected to the magnetic .
separator thereby to be cut-in on the line for the
cracking or may be operated batchwise without being so
cut-in.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a graph showing the relationship

between the number of days for oil circulation and the -



i.ntensity, magnetic field gradient, linear velocity, concentration of
particles, and treating tenperature, and they will widely vary in their
opti mum val ue depending on the particle ;ize of catalyst, the kind,
condition and anount of netals depositéd} the particle size and anount of
I ron oxide particles contained in the catalyst, the | evel of separation

I ntended, the selectivity of separation, and the I|ike. The
magnetic field strength is the intensity of magnetic field within the

space i n whi ohaqgldc TBEGE L1 5PAEKLROLER! £F | Bhsd SoP | 8ER N8l dharagnet i o

field intensity of at |east auss, preferably 1000-20000 gauss or

nore, is used ¢8npRERtidE ﬂkgmﬁgghgg and the wet nethod. The
magnetic field gradient is such an amount of nmgnetic field intensity

produced around said pagki pg igBhegtaphashéRiNgl Yhéeperdt Nensi@ di st ance
within the nmagnetic field. This varitation can be effected by changing

the intensity pétweenetheé hu@bdrobft Heyki per anU & vewiLti®Of &@d dtlpacki ng
material, and the magnetic - 14 -
221°C conversion; and
Fig. 3. is a graph showing the relationship
between the number of days for oil circulation and the
ratio (CN/CM) of the Ni concentration (CN) of the
metal-poor catalyst particles to the Ni concentration

(CM) of the metal-rich catalyst particles.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

This invention will be better understood by the
following non-limitative Examples and Comparative
Examples.

Example 1

2155g of a diluted solution (SiQ, concentration,

2
11.6%) of water glass, JIS No.3 were added dropwise to
337g of 40% sulfuric acid to obtain silica sol having a
pH value of 3.0. The whole of the silica sol obtained
was incorporated with 350g of ultrastable Y-type
zeolite (lattice constant 2.450 nm, tradename TSZ-330
HSA produced by Toso Co., Ltd., Japan), 390g of kaolin
and 10g of zinc ferrite (average particle size: 2.2 um)
having a ferromagnetization of 1.8 emu/g, thereafter
kneaded together and then spray dried by heated air at
250°C. The thus obtained spray dried product was

washed with 5 liter of 0.2% ammonium sulfate at 50°C,



field gradient used in both the dry and wet nethods is at |east 200
gauss/cm preferably 2000x10[ err]-20000x10[err] gauss/cm A
concentration of particles nmeans that of catalyst particles which are to
be magnetically separated in a gaseous‘%ﬁ liquid carrier fluid, and the
sui tabl e concentration of catalyst particles is usually 0.01-100 g/l in
the dry nethod and usually 0.01-1000 g/l in the wet nethod. The
treating tenperature refers to the tenperature of catalyst particles which

are to be subjegtaddd. ermff&iiﬁl SEPH A b 1%dgi Shid Ghley raPeRlENg, it

refers to the tenperature of i1ron, nicke vanadi um or copper which is

deposi ted on tdg Ciated Yot 60 d 11 Sbtalile d '@dlahygtt gnerature used is

preferably not higher than the respective curie tenperatures of these

metals and is usuall yrieemorn® WM& Ridkel was carklields ip0%siebl e to
wi dely change the |l evel of separation and the selectivity of separation by

changi ng t he |datestrystel @) tacadrditer fidithpaEicong 11" kr aegholdhd Tn@gnet i ¢

field, and the linear velocity is increased when high selectivity is

requi red. The Erg.nddrenvel daidd. Reexl iDewisudld,y 209011880 )n1.sedoire t he
particularly, the catalyst (A) was impregnated with a
sclution of nickel naphthenate in toluene, after which
the solvent was evaporated and the resuiting solvent-
free catalyst was then calcined in air at 550°C for 3
hours, followed by being subjected to steaming at 800°C
for 6 hours. In addition, a catalyst which was the
same as the catalyst(A) but did not carry nickel was
likewise subjected to steaming at 800°C for 6 hours.

The magnetizabilities of these catalysts so

obtained were determined by the following formula using
a magnetic balance (tradename: magnetic balance NB-2

produced by Shimazu Seisakusho Co., Ltd., Japan). The

results are as shown in Table 1.
= m.x. 48

F: magnetic force(dyn), m: mass (g)
X: magnetizability {(emu/g), H:magnetic
field intensity(Oe)

gg : magnetic field gradient (0Oe/cm)

Comparative Example 1

A commercially available catalyst (Octacat

produced by W.R. Grace Company) was made to carry 1.0 .



dry nethod, and is usually 0.01-10000 nfhr in the wet method.

- 15 The magneti c separator nay be cut-in on the line of the
fluid catalytic cracking apparatus or n be used batchw se w t hout being
so cut in. The catal yst particles” (equilibrated catalyst)

wi t hdrawn are separated by the magnetic separator into netal-rich catalyst
particles (magnetically attachable catalyst particles) on which iron,
ni ckel , vanadi um and copper are deposited in |arge anounts, and netal - poor

cat al yst par tigt esy (HPERE] | 6REFY1IANSH T BREaDARe Gl oiStas pﬁ{tE)&hﬂﬂ)e on whi ch
such netals are deposited in conparatively sam| anounts. The weight ratio

between the netalThéchicrRéBLYSErPadt E&L&By 8005 Néb tEtrdd RAYT a ONes so
separated is usually in the range of from1l: ~ 100 to 100: 1, in some cases

from1l: 1000 tg@idRED-freeaddtpleserablyhfwosn dhd sdme 148 Ithe above The
anount of netals deposited on the netal-rich
commercially available catalyst were each subjected to
steaming at 800°C for 6 hours and then measured for

their magnetizability in the same manner as in Example

1. The results are as shown in Table 1.

Table 1
Catalyst Catalyst (A) Commercially available
catalyst (Octacat)
Nickel (wt. %) 0 1 4] 1
Magnetizability
(10"5 emu/g) 6.4 10.3 0.4 1.4
Example 2

Using a scaled-up apparatus for producing a
catalyst, 100kg of catalyst(A) were produced in the
same manner as in‘Example 1. The catalyst(A) was
evaluated using a riser-type FCC.pilot plant. The
scale of the plant was expréssed as an inventory of 40

kg (of catalyst) and a feed of 1 bbl/D, and the plant



catalyst particles will greatly vary depending on the anount of catalyst
used, the properties of feed oils wused, the reaction conditions and the
like in the fluid catalytic cracking_fqugion, and is at least 0.05 wt.%
preferably 0.05-20 wt.% and nore preferably 0.1-5 w.% as nickel
equi val ent. The "nickel equivalent" defined herein is a value represented
by the follow ng formul a Ni equivalent = [Ni] + 0.25 x [V]
wherein [Ni] and [V] are the concentrations of nickel and vanadi um

respectively. was operated at a négy%ﬂgﬂ‘%eﬁB%?%tﬁ?Eab¥SBZBabti%les
separated have still high activity and, therefore, they are returned to

the circul ati g MStsAPSIAr FRACIF 8 lands aUsegkhbratingOFBwéri N this case
to maintain the anount of catalyst at a desired |l evel while preventing the

activity of cajenpestatiur@mdOWR0-TL0%T .t hahel Fevldabiing weyet aMmiXture
repl eni shing the fresh or regenerated catalyst in an anount equal to or
nore than thatofofst Inet . % eifariaiodd rand TedMmenod atebabherdk -patakyste. As sites
residual oils with 50 wt.% of desulfurized HVGO, and a
metal naphthenate was injected into the feed to
accelerate the deposition of metals on the catalyst
particles. The amount of metal naphthenate injected
was 85 ppm of Ni and 8.5 ppm of V baséd on the feed.
Before the catalyst(A) was charged into the apparatus,
it had been subjected to steaming with 100% steam at
800°C for 6 hours in order to pseudo-equilibrate the
catalyst.

The fluid catalytic cracking operation was
operated for 20 days under the above conditions and
additional conditions that the makeup of fresh catalyst
was 0.4 kg/D, the makeup of pseudo-equilibrated
catalyst was 3.8 kg/D, the loss of catalyst scattered
was 0.8 kg/D and the amount of equilibrated catalyst
withdrawn was 3.4 kg/D. Thereafter, the cracking
apparatus was-combined with a magnetic separator and
operated for additional 20 days.

After the combination with the magnetic separator, the
makeups or replenishments of the fresh catalyst and
pseudo~-equilibrated catalyst, as-well as the loss of
catalyst scettered were still the same as before said

combination. In addition, while the cracking apparatus -



t.hrough which the catalyst is charged into the circulating system there
are selected the regenerating tower inlet, the regenerating tower outl et
transfer |line or other sites which have little effects on the heat

bal ance and fluidity balance in the sy§t%%1“ The netal -rich catal yst
particles separated and renoved may be scrapped or may be subjected to ion
exchange, chlorination, sulfurization, carbonylation, oxidation, reduction
or the like thereby to detach the deposited netals fromthe catal yst

A I A e T T T
B Eos porg. B! L] Phrabea eaeeiq g pioomnde paee b B GE
Fig. 11sa 0reRb maeKepfe! BepkPhebl OBshsdparetd il Nn ¥ Belkfp doys for
oil circulation and e . 17
metal-rich {magnetically attachable) catalyst particles
and 12.68 kg/D of metal-poor (magnetically unattachable)
ones, after which the former (metal-rich) particles
were scrapped and the latter (metal-poor) particles
were returned to the apparatus. At this time, the
magnetic separator wa; operated-under the conditions of
a magnetic field intensity of 13 KG, a carrier air
velocity of 1.7 m/s, a particle concentration of 0.5g/1
and the treating temperature being normal temperature.
Figs. 1-3 indicate "amounts of metals deposited
on equilibrated catalyst™, "221°C conversion" and
"ratio (CN/CM) between Ni concentration of magnetically
unattachable catalyst particles (CN) and Ni
concentration of magnetically attachable ones (CM)",
versus "oil circulation time period", respectively.
Further, Table 2 indicates data for 20 days' oil
circulation (without combination with magnetic
separator) and data for 40 days' o0il circulation (under

combination with magnetic separator).

Comparative Example 2

The commercially available catalyst (OCTACAT)
was evaluated in quite the same manner as in Example 2
by the use of said pilot plant. The results are as

indicated in Figs. 1-3 and Table 2. -



amount *of metal s deposited in case of Exanple 2 and Conparative Exanple 2;
Fig. 2. is a graph showing the relationship between the nunber of days for
oil circulation and the 221[err]C conversion; and Fig. 3. is a
graph showing the relationship between the nunber of days for oi
circulation and the ratio (CNCM of the NI concentration (CN) of the
net al - poor catal yst particles to the Ni concentration (CM of the

nmetal -rich catal yst particles. DESCRI PTI ON OF THE PREFERRED

EVMBODI MENTS This invention will be better understood by the
followng non-limtative Exanpl es and Conparative Exanples. Exanple 1
21559 of a diluted solution (Siderr] concentration, 11.6% of water
glass, JI'S No.3 were added dropwi se to 337g of- 9% sulfuric acid to obtain
silica sol having a pH value of 3.0. The whole of the silica sol obtained
was incorporated with 350g of ultrastable Y-type zeolite (lattice constant
2.450 nm tradename TSZ-330 HSA produced by Tgsg, Cp., Ltd., Japan), 390g
of kaolin and 10g of zinc ferrite (average par size: 2.2 [err]m
having a ferromagnetization of 1.8 enmu/g, thereafter

R
Catalyst (A) Commercially available .
catalyst (OCTACAT)
Days for oil
circulation 20 40 20 40
Magnetic

separation Non-combination| Combination {Non-combination{Combination

Amount of metals T
deposited (ppm) 3200 2400 3150 2730

221°C Conversion

{vol.%) 75.0 TT.7 75.3 76.2
Gasoline yleld

(vol.%) 58.1 59.7 58.1 58.7
Hydrogen yield

(wt.%) 0.31 0.27 0.34 0.31
Coke yield (wt.%){ 6.01 5.89 6.26 6.17

As is seen from the foregoing results, the
catalyst (A) containing ferrite particles exhibited
more increased magnetizability and better
separatability by the magnetic separator than the
commercially available catalyst when nickel was
deposited on each of said catalysts.

When the same makeup or replenishment of fresh
catalyst was effected, the amount of metals deposited

on the catalyst subsequently to the combination with



.kneaded tpgether and then spray dried by heated air at 250[err]C. The thus
obt ai ned spray dried product was washed with 5 liter of 0.2% anmoni um

sulfate at 50[err]C, - 18 - t hereafter
dried in an oven at 110[err] C and t hén %urther cal cined at 6000C to obtain
a catalyst (A). Then, 1.0 wt.% of nickel was carried in the

catalyst (A) according to the Mtchell's nethod (I nd. Eng. Chem, Prod.
Res. Dev., 19, 209 (1980)). More particularly, the catalyst (A was

| npregnat ed wih n?aagprﬁeodit%ijs%;:rggfatt{yxcws %%Htl'%?”%echgets?lr”ﬂ%% ¢kt er whi ch

t he sol vent was evapor a e resulting solvent- ee catalyst was

then cal ci ne%té%olgj[gt f(}A85w§rd6§ehg fa '3 cotﬁ%%r ?enftgg,l_o%g g%ﬁbglfngh%ubj ected

to steam ng er for ours. In addition; a catalyst which was

the sanme as ¢4t 1GAlal )t (ANertidsdl THW ol 1BhCkakeVand khlseWise
subj ected to steam ng at 800[err]C for 6 hours. The

nmagnet i zabi | iy GfhitiRe R GalaA Dhpt iy’ 02t @nRedonRr ¢idelgrm ned by the
following formula using a magnetic bal ance (tradenane: nagnetic bal ance
NB- 2 In addition, as previously mentioned, the

process of this invention is gdvantageous over

conventional processes in that it does not need to

withdraw such a remarkably large amount of the

circulating (equilibrated) catal&st pérticles as in the

conventional processes for replenishing fresh catalyst

particles, it therefore eliminates wasteful scrapping

of still somewhat effective catalyst particles, it does

not have to pay great expenses for disposing of waste

liquids which raise environmental pollution since it

does not chemically treat the metal-deposited catalyst

in liquid phase to remove the metals from the catalyst

and it can be operated simply, not complicatedly.

({Effects of this invention)

As explained above, the process of.this
invention in which the particulate ferrite-containing
catalyst is used makes it possible to enhance
efficiency and selectivity of magnetic separation, and
to maintain the activity and selectivity of the

equilibrated catalyst at a high level.



produced by Shi mazu Seisakusho Cb., Ltd., Japan). The results are as shown

in Table 1. =mX [err] F: magnetic
force(dyn), ﬁ _ 2% magnetizability (emu/g),

H: magneti c ”mw&[, m&m, u,Oe) 2& dH [err]:
magnetic field grad| éht 5(0C&/cm) Conparative Exanpl e lmmmrmmmmfone e
comercially avail able catal yst (Cctacat produced by MRS @rase-is

was made to carry 1.0 1 19 - mER

ni ckel therei yyar ke c3AMERAREr as in Exanple 1. The T cker=ca

catal yst so obtained and a nicKel-free catal yst which was the sane as the
above comercial ly avaid PR alorsitheera @ackatabyedicedraekingeari ng at
800[err]C for 6 hours and then measured for their magnetizability in the
same manner asdavybfa@pitd onl oilke doesid it ny @ izkedhawd wanaddiue in a

total amount of at ieast 0.5 ppm, which comprises
withdrawing a portion of particulate ferrite-containing
catalyst particles flowing circulatively in a fluid
catalytic cracking apparatus provided with a reaction
zone, a separation zone, a stripping zone and
regenerating zone, the particulate fefrite initially
having a saturation magnitization of not more than 10
emu/g, separating the equilibrated catalyst particles
so withdrawn into magnetically attachable catalyst
particles and magnetically unattachable ones by the use
of a magnetic separator and then returing the
magnetically unattachable catalyst particles, together
with fresh particulate ferrite-containing catalyst
particles in which the particulate ferrite has a
saturation magnitization of not more than 10 emu/g,

into said cracking apparatus.

This Sheet Has Been Replaced

O




Tabl'e«1l Cat al yst Cat al yst (A Commerci al ly avail abl e

catal yst (Qctacat) Ni ckel (wm. 9% 0 1 “__“:;___h:f* 1
Magneti zability (10[err] emu/qg) 6.4 10.3 LOTHIS 5By 4 "
Exanpl e 2 Usi ng a scal ed-up appé?%tus for prodjcing mtmgajqjy§t

100kg of catal yst(A) were produced in the same nmanner
catalyst(A) was evaluated using a riser-type FCC pilot plant. The scale
of the plant was expressed as an inventory of 40 kg (of catalyst) and a

feed of 1 bbl/D, and the pl 3STRACT OF THE DISCLOSURE - 20 -

A process for the fluid catalytic cracking of
heavy fraction oils containing heavy metals such as Ni
and V, which comprises withdrawing a portion of
ferrite-containing catalyst particles circulating in a
fluid catalytic cracking apparatus, separating the thus
withdrawn catalyst particles into metals-richly
deposited catalyst particles and metals-poorly
deposited ones by using a magnetic separator and then
returning the metals-poorly deposited catalyst
particles, together with fresh ferrite-containing

catalyst particles, into said cracking apparatus.

This Sheet Has

LT



was operated.at a reaction tenperature of 520[err]C, a catalyst/oil ratio
of 8 and a regenerating tower tenperature of 700-710[err]C. The feed oils
were a mxture of 50 wt.% of Tachi ng (Tai hei) atnospheric-pressure
residual oils with 50 wt.% of desul furized HVGO, and a netal naphthenate
was injected into the feed to accelerate the deposition of netals on the
catalyst particles. The anount of netaﬁ‘ﬁaphthenate injected was 85 ppm
of Ni and 8.5 ppmof V based on the feed. Before the catal yst(A) was

char ged i nt o Yhgprpparatus—i-t—had—been—subj-ect-edto—steam-ng—w-t 100%
steamat 80@[err|]C for 6 hours in order to pseudo-qugﬁ§§£%§e t he .
cat al yst. 8 The fluid catal ytic gradking operati ‘Was® operpated for
20 days under’ thg|above conditions 28di ti on onditions that}the
makeup of frg8Al@atal yst was, 0~ g/ D, the puof . pseudo-egui l | brat ed
cat al yst was83.8 |kg/ D, the s-Yf catal ygt s e §'§Eﬁ} _}D and the
anount of edydilifrated cat t wthdrawn was /3.4 kg/D. elreaft®y, the
cracki ng ag@ab@iJs was cgigpi ned with a magneti\c separator and opgrated
for additio days. ter the conbination/with the magnetic sgparator,
the nmakeupswor riepleni g&ments of the fresh ca%QHyst and

P ¢ :l «

£ 1000/ Non-combination -<——}—a—Combination with magnetic

S separator

_E | _

e 0 al i ] T T
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pseudo-equilibrated catal yst, as well as the loss of catalyst scettered
were still the sanme as before said conbination. In addition, while the
cracki ng apparat us - 21 - was conbi ned
with the magnetic separator, 16 kg/D of the equilibrated catalyst
particles were treated with the nmagneti eparator to separate theminto
3.4kg/ D of netal-rich (magnetically att | e) catalyst particles and
12.6 kg/ D of netal -poor (magnetically unattachable) ones, after which the
former (netal-ric partTcles Wwere scrappéd and the 'atRﬁhp@ﬁE $ al | poor)
particles were refurned to the apparatus. At this tinme nagneéti c
separ at or was ﬁﬁéTated under the conditions of a magneticHikld intensity
of 13 KG a carrig¢fr air velocity of 1.7 nls, a pthche congent r 2/ on of
0.5g/1 and th v eating tenperature being; norﬂal téﬂp@¢ature 47
Figs. 1-3 indicat¢ "anDunts of netals dep08|ged n e |I|brat catal yst",
"221[err] C converslion" and "ratio (CNCM: betwe ] ncentfatyomn of
magneti cal | ys 0.65 S '

N

= 0.6

O
0.55- Ex. 2

Non-combination Combination with magnetic
0.5 : 5 separator |
. ' | |
0 20 40

Period of time for oil circulation(day)

Fig.3



attachabl e ones (CM", wversus "oil circulatipniiyknre perirod pectively.
Further, Table 2 indicates data for 20 days' pil 01rcul“'ﬂ0ﬁ-(VWthout

combi nation with magnetic separator) and dat@~for=s 4Q“ggxs‘ oil iicirculation
(under conbination with magnetic separ at or )= Conparative-Exgnpl e 2

The commercially avail abl e catal yst (OCTACA])!-was- evalkUaHEATI|h quite the
same nmanner as in Exanple 2 by the ugé -of

ai d pi qia a e results
are as indicated in Figs. 1-3 and Table 2'Lif«4_P ’@£”%§§“lr
- 22 - =S = ;

A PROCESS FOR THE FLUID CATALYTIC

unat t achabl e cat al yst particles (CN) and Ni EﬂacenLLatlon_of magnetical ly
[

CRACKING OF HEAVY FRACTION OILS

ABSTRAC_)T OF THE DISCLOSURE
A process for the fluid catalytic cracking éf

heavy fraction oils containing heavy metals such as Ni
and V, which comprises withdrawing a portion of
ferrite-containing catalyst particles circulating in a
fluid catalytic cracking apparatus, separating the thus
withdrawn catalyst particles into metals-richly
deposited catalyst particles and metals-poorly

i deposited ones by using a magnetic separator and then
returning the metals-~-poorly deposited catalyst
particles, together with fresh ferrite-containing

catalyst particles, into said cracking apparatus.

FIG. 3

This Sheet Has Been Replaced
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Table 2 Cat al yst (A) Cormerci ally

avai |l abl e s saataryst

( OCTACAT) Days for oil circulation 20’ REM.A'ZLMA% EET | 20

40 Magneti c separation Non- conbi gat i on ' nmbi n tSOItLNQW conbi nati on

Combi nati on Amount of netals deposited (ppm RO M. Elj400

3150 2730 221[err] C Conversion ==t =Yy 75 13

77. 7 enhapegd3and the selectivity ghereof @agmarkaé»l)y iraprgpved (Japanes@ Raten)Gaze& 1
w . 9 0.31

g?é; N 0‘06833%7 156 and 63"37833.93%1“5 @Sklrélg%e&ﬁ%llgieeﬂtmwd @amtes( hever conflictss, 89

] . he f
Cooults, (Wih antPbfal mepsyes such as she abfVe-eplREn, ChORER) SeaGhain itk

mor e i ncreqsed, @Psgé}ﬁlhﬁl%ﬁp hhési%tcﬁ'g' dnd %Eltx %%éomtl)é ltl’IlCI‘EWﬁE Pgf %fxtghblé é{l%@;ﬁ ?V}\l,ﬁli‘le n

nmagneti c separator avai I'ab
ni ckel WaScomprises separating the equilibrated catalyst by the use of a magnetic separator into a

more metal deposited portion and a less metal deposited portion, it is important how to
effect such separation precisely depending on the concentrations of metals deposited on
the particulate catalyst, and the separation can be achieved more effectively as a
difference in magnetizability (magnetic susceptibility) is greater between the more metal
deposited catalyst particles and the less metal deposited ones.

Summary of the Invention

It is an object of the present invention to ameliorate one or more disadvantages of
the prior art. |

The present inventors made intensive studies mainly in attempts to improve the
separability of catalyst particles into more metal deposited particles and less metal
deposited ones by the use of a magnetic separator in a combination of fluid catalytic
cracking of heavy fraction oils with magnetic separation of the above catalyst particles,
and as the result of their studies they found that the object may be achieved by the use of
a specified catalyst. This invention is based on the above finding.

According to one aspect of the present invention there is provided a process for the
fluid catalytic cracking of heavy fraction oils containing nickel and vanadium in the total
amount of at least 0.5 ppm by weight in a fluid catalytic cracking apparatus, said
apparatus being provided with a reaction zone, a separation zone, a stripping zone and a
regenerating zone, which comprises the steps of (i) continuously subjecting said heavy
fraction oils to contact with particulate zinc ferrite-containing catalyst particles, the
particulate zinc ferrite initially having a saturation magnetization of 1 to 4 emu/g, in the
reaction zone to crack the heavy fraction oils whereby a hydrocarbon mixture of lighter

hydrocarbon oils and unreacted heavy fraction oils is obtained: (ii) separating the catalyst
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continuously recycling the regenerated catalyst particles thus obtained into the reaction
zone; (v) withdrawing a portion of the particulate zinc ferrite-containing catalyst particles
flowing circulatively in the fluid catalytic cracking apparatus; (vi) separating said portion
of the catalyst particles so withdrawn into magnetically attachable catalyst particles and
magnetically unattachable catalyst particles by the use of a magnetic separator; and then
(vii) returning the magnetically unattachable catalyst particles, together with fresh

particulate zinc ferrite-containing catalyst particles in which the particulate zinc ferrite

has a saturation magnetization of 1 to 4 emu/g, into said cracking apparatus.
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zinc ferrite-containing catalyst particles, the particulate zinc ferrite initially having a
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saturation magnetization of 1 to 4 emu/g, in the reaction zone to crack the heavy fraction
oils whereby a hydrocarbon mixture of lighter hydrocarbon oils and unreacted heavy
fraction oils is obtained:

(i) separating the catalyst particles to which carbonaceous substances and a
part of the hydrocarbon mixture are attached from the remaining greater part of the
hydrocarbon mixture in the separation zone;

(iii) subjecting the catalyst particles thus separated to oxidizing treatment in
the regenerating zone to decrease the carbonaceous substances and the hydrocarbon
mixture attached, on the catalyst particles, thereby to obtain regenerated catalyst
particles;

(iv) continuously recycling the regenerated catalyst particles thus obtained
into the reaction zone;

(v) withdrawing a portion of the particulate zinc ferrite-containing catalyst
particles flowing circulatively in the fluid catalytic cracking apparatus;

(vi) separating said portion of the catalyst particles so withdrawn into
magnetically attachable catalyst particles and magnetically unattachable catalyst particles
by the use of a magnetic separator; and then

(vii) returning the magnetically unattachable catalyst particles, together with
fresh particulate zinc ferrite-containing catalyst particles in which the particulate zinc

ferrite has a saturation magnetization of 1 to 4 emu/g, into said cracking apparatus.



(i1) separating the catal yst particles to which carbonaceous substances and
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the regenerated catal yst particles thus obtained into the reaction zone;
(v) W t h@reraBhpatsiclsotize of0.8012A¢Mbarti cul ate zinc ferrite-containing

catal yst _partjcles flow r;a Ci rCLil,ativeI L.n the fluid catal ytic cracking

appar atus3-  The process ageordingofg-glaim o Wigrein paHiCRigIF Bifc (ferEie 4% py gverage
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ferrite- Cgﬂf&hfh&é‘ﬂn&%ﬁﬁé’ﬁf aPahbink! 9.0 109 B weips particul ate zinc
ferrite has a saturation magnetization of 1 to 4 enu/g, into said cracking
apparatus5. The process according to claim 4, wherein the catalyst particles Zontin thdhe
process according to claim 1, wherein said particulate zinc ferrite has an
aver age paatticalate zinz deroite b fH0dmBdntwi0.1-8% by Weighpr ocess according to claim
2, wherein particulate zinc ferrite has an average

The process according to claim 1, wherein the magnetically attachable catalyst

particles contain particulate nickel ferrite having a saturation magnetization of over 10
emu/g, said particulate nickel ferrite having been produced by reaction of said particulate
zinc ferrite with nickel precipitated on said particulate zinc ferrite-containing catalyst
particles. |
7. The p’focess according to claim 1, wherein the magnetically attachable catalyst
particles are those on which nickel and vanadium have been deposited in an amount of at
least 0.05% by weight as nickel equivalent, the nickel equivalent being of a value
represented by the following formula

Ni equivalent=[Ni] +0.25x[V]

wherein [Ni] and [V] are concentrations of nickel and vanadium respectively.
8.  The process according to claim 1, wherein the catalyst particles have a bulk density
of 0.5-1.0 g/ml, an average particle size of 50-90 um, a surface area of 50-350 m2/g and
a pore volume of 0.05-0.5 ml/g.
9.  The process according to claim 1, wherein the fluid catalytic cracking apparatus is
operated at a reaction temperature of 480°-550°C., a pressure of 1-3 kg/em? G, a
catalyst/oil ratio of 1-20 and a contact time of 1-10 seconds.
10. The process according to claim 1, wherein the magnetic separator carries out the

separation of the catalyst particles in a dry method operated at a magnetic field strength
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tenperature of 480[err]-550[err]C., a pressure of 1-3 kg/cn2 G a

catal yst/ati15°Cati o of 1-20 and a contact tinme of 1-10 seconds. 10. The
process according to claim 1, wherein the magnetic separator carries out
the sepatht i Bhe @rogese ageardingsto glaim jlc whereim said Raialyss cooprisere realisel aad a

magnetic field strength
g matrix which sgpports said zeolite, said zeolite being 5-50% by weight, said matrix

comprising kaolin and a binder and carrying said zinc ferrite particles.
14, The process according to claim 1 wherein the weight ratio between said
magnetically attachable catalyst particles and said magnetically unattachable catalyst

particles is 1:10-10:1.



26 of at |east 200 gauss, a magnetic field gradient of at |east 200
gauss/cm a catalyst particles-concentration of 0.01-100 g/l and a |inear
vel ocity of 0.01-100 misec. 11. The process acfarding fo clai m*E; wherein
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0.01- 10000 m hr. 12. The process according to claim 1l wherein said heavy
fraction oils contain at least 5 vol. %of fractions boiling at 565[err]C.
or higher and have aABRSIGHSOFOR THERBLUMD & 0f£n8TI@t 15[err]C.  13. The
process according to claim1l wherein said catal yst conprises zeolite and a
mat ri x whi ch support scrai | i i ikhg 5-50% by wei ght,
said matrix conprisi ngﬁgﬁlﬁ\ﬁ %ﬁ?%&gﬁl;ﬁ er airlddﬁ(@?“§yi ng said zinc ferrite
particles. 14. The process according to claim1 wherein the weight ratio

between said nmagneti C%Igmﬂé@c@pbﬁ:}s cﬁ%r}@gm@rti cles and said
magneti cal |y unattacha 1:10-10: 1.

A process for the fluid catalytic cracking of

heavy fraction oils containing heavy metals such as Ni
and V, which comprises withdrawing a porfion of
ferrite-containing catalyst particles circulating in a
fluid catalytic cracking apparatus, separating the thus
withdrawn catalyst particles into metals-richly
deposited éatalyst particles and metals-poorly
deposited ones by using a magnetic separator and then
returning the metals-poorly deposited catalyst
particles, together with fresh ferrite-containing

catalyst particles, into said cracking apparatus.

FIG. 3



