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Usually, a"gas 0il is used as a starting 'oil in

fluld catalytic crackn.ng. Tile gas oil; as used herein,
"denot es .a heavy ‘gas oil from an atmospherlc dz.st:.llatlon
15' wnit, distillates such as vacuum gas oils from a vacuum
dlst:.ila.tlon unit, or the hydrogenatlon products ‘thereof.
1t has a bo:.l:.ng po:Lnt in the range of 220°C to 600°C and.
a specn.i‘:.c gravn.ty of . about 0.8 to 1.0 - - |
In recent years, wh:.le cxrude o::_ls produced have 1
20 'l:end.ed to contan.n heavy components, there has been a |
rela't::z._vely :anreasz.ng demand for hydrocarbon oils con- : . 1
taining fractions havimg. a boiliné point lower than ’ohe g
.gas oil in view of the env:l.ronmental problem or the ease |
of ut:.l:.’sa‘t;:t.on. Hence, use of ’che gas oll alomne as a
25  raw mater:.al of FCC bas g:.ven rise to a problem from the
| standpo:!.nt of raw material resources. In order to save
energy, too, effective utlllzatlon of residua}_. oils has

become an important problem. ~Attempts have therefore




-2- been made to use’residual oils as a raw material for FCC. In the FCC of -
a\residual oil, a particularly well-known phenonmenon is the deposition of

nickel , vanadium iron and copper contained in the starting oil he
cata® 5 lyst. Usually, crude oils contain 5 to 500 ppm of , bto

1500 ppm of vanadium "1 to 100 ppmof itron, and 0.1 to 10 ppm of per.
Skpee the starting oil, on contact withotransporting, storing and )
processi ng apparatus, tends to dissolve thé iron of the apparatus, the

actual 10 pddillie O 100 bOsiiAa3! 811ENA0 Gielidterttneaty D,

above- nenti on Furthernore, since these netals tend to remain in

the bottomduring therdlighklFeti af. ot B8sAARRIURLIQI Ia GRF RIS 44M0pE et al s
in anounts 2 to 4 tines as large as those of the starting oil. In sone '

cases, 15 wdlEkRSISUBheRbRENTRY i80khal AeddAitddm Bl i el 20fn e ]
vanadi um These netals usually exist as organic netal com pounds including

por phyri n- | i igfo€ Off® UPeEperhesatafiRaUAHS talee steeings ediloror ogiacdawat h
the catal yst at high tenper- 20 atures, and the netals deposit on the

catal yst. Thestle- Posalky, neralie odligceohgin ife tact500 tppmaraf thieckel ,
selectivity of the catalyst. These netal s have hydrogenati ng-dehydro-
genati ng act% via ylS@hdppmdef tvhradiamii dnteodddt ippms off AR, cowkl@rht e
dehydrogenation of hydrocarbons. As a 25 result, the amounts of
urfdesi r abl e tydk@gepm et enppevke Bhvceadbe stantiagicsilds Wi eIrtarsired
LPG ogasoline, kerosene and gas oils decrease. Deposition of netals which
exert an adwkrEe wrapgporting, storing and processing apparatuses,
| .tends to dissolve the iron of the apparatusee, the actual
10 content of iron in the starting oil greatly exceeds the
above-mentioned value. Furthermore, since these metals
tend t0 remain in the bottom during the distillation,
the residual o0il contains these metals in amounts 2 to 4
times as large as those of the starting oil. In some cases,
15 the residual oils may contain as high as 1000 to 2000 ppm
' of vanadium.

These metals usually exist_as organic metal ‘com~
pounds including porphyrin-like compounds. These ‘compounds
are decomposed on contact with the catalyst at high temper-

20  atures, and the metals deposit on the catalyst. The de-
posited metals reduce bdth_the activity and the selectivity

of the catalyst. These metals have hydrogenating-dehydro-

-

genating activity, and under the reaction conditions of
FCC, accelerate dehydrogenation of hydrocarbons. As a

25 result, the amounts of undesirable hydrogen gas and coke
increase, and the yields of the desired LPG, gasoline,
kerosene and gas oils decrease.

Deposition of metals which exert an adverse effect
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Since, however, the amounts of metals deposzted
are very large_ln the FCC of residual oils having a high

metal content, a special means is necessary in order to

 retain the activity and selectivity of the catalyst. It

is the usual practice 1o maintain the activity of the
catalyst at a.certain fixed level by periodically oxr

steadily w1thdraw1ng a part of the catalyst to exchange

1t with a fresh catalyst or a reactlvated catalyst (for

' example, reactivated by an ion exchange method or an

- 25

oxidation-reduction method). However, the amount of the
catalyst to be withdrawn should be very large,land such
a means is economically very disadvantageous. Accordingly,
the problem of metal deposition on the catalyst is espe-
cially serious in the FCC of residual oils having a high
metal content. | o :

It ie this problem which the'preseht inventors

have attempted to solve.

SUIMMARY OF THE INVENTTON
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gasoline, kerosene aud gas oils, and therefore, marked
differences in catalytic activity exist among the three
materials. _ ‘
It has also beén found that by returning the non~
15  magnetic particles to the circulating system of the FCC
unit, they can be re-used without adverse effects on the
conversion and selebtivityf
‘The present invention provides, on the basis of
thé above <ﬁscdﬁuy; a novel FCC process whiéhfpé:mits
20 much'saving'of the amount of the make-up catalyst.
Acc&r@ing.tb this invention, there is provided.
a process for'fluid catalytic cracking_of a distillation
- residual 0il, a solvent desaphalted oil derived there- _
from or a hydroesulfurized oil derivgd therefrom said oil
25 containing at least one of the metals nickel, vanadium,
' - iron and COpper which comprises withdrawing a part
of - catalyst particles circulating through a fluid

catalytic cracking unit, sending the withdrawn
catalyst particles by means of a carrier fluid selected

Sy



'Iytlc crackl ng umt end| ng: the vmthdravvn cat aI yst part1c|es by rreans
\ carrier fluid sel ected -5 fram. ai'r,:.nitrogen,..
Jm-and the m xtures thereof at - a rat e..of 0. 01 t'o -100 meterslsecond in a.

PN 1clef§&Hdentrat|on of 0.01 to?_ioo liter to a hlgh negnetic field
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particles: renderelbl A et i1c SSSFCE |60H§']%1? magnetles il %1‘1'-8 of said -
'.rr;at a::s ng’ﬁ‘?@ieé u;‘ﬂﬂcv%ﬁi’&‘émlﬁi? adfmpma@elﬁicahetaﬁﬁ m{ylabé@d Itﬂ the. .~ - !
© st artingimi rﬁg@—,fﬁw a returning the
- non-"nagnet 65 rtlcles to. (tehe jl'%tga%ér}‘egtﬁ% %?‘ggﬂ E’r? for re-usée in
t he crackt éﬁ’é theamatris, E@ﬁmlwm’aﬂﬂg&dermgjmm are referred -

“t t hea 1] which d t
oin tlgs rﬁamﬂ@lesliht@'ba&‘-%m@ e tﬁ%ﬁg?é%é)yo es" which denote a

- material b netlcforce he matri x placed
" in the na%%gﬁ'?:g&f ggl tqﬁa'? spdometalsnaipked, cvanadiums or . The "non-
" nagnet i cigser and lcoppexisindtie a»enmmemambdvm Hhe NASrRaSS 1 04lg &f the system of
- theg'hi ghhdg¥- .ﬁg%.gg] 2 ar tor wi thout being aftracted to the &
surface of the mat rg Bgﬁ( %Eﬁ TR RIO-MAgna tOENT| ON In the process
© of this Rexképtesoio ’d’ler @%utdu@latalytlcacﬁadmagtmﬁqaf&hﬁgg? deri ved
: therefrmoer&kgﬁg stapgdro-desul furi zed 0|I derived the rom I s used as a

-'Tﬂe_eatalyst par_ticles reridered magnetic  are

referréd to in the present application as "magnetic. par- -

ticles" which denote a material attracted by a magnetic

Peor o Tkl ST

~.force to the surface of the matrix placed' in the magnetic
'field in the hi.gh gradient magnetic separator. 'T_he "non‘-.
magne‘l;ic éé.r’cicles" denote a mai:eria"l which. has'passed"
-- o _' out of the system of the high gradient magnetic
29 separator without be:l.ng attracted to the surface of the
_matrlx. | |

- DETATILED DESCRIPTION OF THE IFVENTION

In the process of this invention, a residual

o:.l, a solvent deasphalted oil derlved therefrom or a

25 _. bydro—desulfurlzed. oil derived therefrom is used as a

starting Qll and is subjected to FCC by contactlng it
contlnuously with a. flu:.d:l.zed catalyst :Ln a reaction zone

of an FCC unit. This contactlng is _effected in a f_lu:l.d:.zed
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starting oil,-and i's’ subj‘ect ed to F(f: y contacting it continuously with a
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the-type ofairieaimédl gst from tLhéo @t ion condltlons -Appr oxi mat el y,
however, the yiel d -of - -.gasol ine as a msu Zi product is 40 to 60% by vol unme”

gasgﬁ'g)l Ilgt gné-S;/o P)c/) @%%ﬁlﬁéec oke 25 are g@?%’l ne &Qlagerrewahycracked ‘
employed in the catalytic cracking of _petroleums. For '
e?_‘amle"ﬁ.;it‘w. be a Eilica— : aiumina catalyst containing - .
15 to : . 20% by weight of alumina, or a s:.llca—alum::.na
catalyst contaln:\.ng 5 to o . 50% by weight of
15 zeollte. .The -catalyst 'is in thé'i‘om of fine- particles
which have a partlcle dlameter of usually 1 to 100Oum,.
.preferably 5 to 200 pm. |
The y:._elds and properties of the. products obtain-
| ed by. the: catélytic- cracking vary depending upon the com-
20  position of the starting oil, the type of the catal-jrsﬁ
| . é.nd the reé.cticn conditiohs. Apprbximétély, however, the
y:.eld of gasoline as a main prod.uct is 40 to &0% by volume,
and 15 to 25% by volume of cracked gases, 20 to 40% by

(4]

-volume of cracked gas o:Lls, ‘and 3 to 8% by welght of coke

25 are obta:.ned.

)

The mixture consisting of the reaction product
formed as a result of catalytic reaction in the reaction

zone, the unreacted material and the catalyst is generally



The nmi xture consisting of the reaction product formed as”a result of e
catalytic reaction in the reaction zone, the unreacted material and the
cayanyst is generally: -7- fed-thqle?t;er into-a stripping zone where
'1€?nof hydro- carbons including the desired products, the unreacted

/i al , : : €6l 4-kh n hC a ' gr'algh-
and h;avyf?ﬁr‘%%ﬁ%%g@gr gngép%s%%aiyﬁ?ge%&}ﬁg Qg%f%c%ﬁ%ﬁg% romI t heng
tripoi ! ) Ci - : .
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! ! edi¥ed
(regenera i's subj ected Yo oxidafion treatnent 1n order to

renove theyRAOAC eoHs, NBRE! &@moﬁﬂ%.hydmg%éﬁa‘iyg%p%&i Wdc dt, and

whil e being maintained in the flu- I di zed state, It I1s usually

subj ect ed e bEHEBEGNS 'mb £8P a1 MRAd Hedvy CRPEFatHrBonk 26Q ldepdsllerr]
using air., The catalyst so treated in_the regenerating zone is  contin-

uousl y ci igiddatiasl sént heohtattovslsp From NthéestPippiogesond fdis

I nvention, a part of 15 =~ the catalyst circulating between the reaction
zone and sheogmmrdtingyzoaee | IonitHelrtegehtepatifgexoheo(rdgenesatdn)yer or
t he regenerator or from another suitable site which does not adversely

af fect théhepeatdlysdfiishsubfiected tiulromldgtddnt beeatinentstid wordeehange =

.?}

may. 20 “be perforned continuously, or intermttently at certain intervals
whi ch” do ot rethosres etlye af febontkeones wdtemi gl odhdt hydiros awbidly awi ng of a

part of the catalyst for exchange is effected in order to prevent the v
reduc- ti depofsittterd cen al{ys i andcwihiiltey esing rmagihmtabhedefastheoflu~ : -

10 idized state, it is usually subjected to combustion tréat-
ment at a temperature of 560 to 650°C using air. The
catalyst so treated in the regenerating zone is contiﬁ-
uously circulated in the reaction zone.

In the FCC process of this invention, a part of

15 ~ the éatalyst circulating between the'reaction_zone aﬁd
the regenerating zone is withdrawn from an exit of the
stripber or the regenerator or from another suitable
site which does not adversely affect the operation of
the unit. Withdrawing of the catalyst for exchange may

20 be performed continuously, or iﬁtermittently at certain
intervals which do not adversely affect the resulting '
product. This withdrawing of a part of the catalyst-
for exchange is effected in order to prevent the redﬁc-
tion of the catalytic activity as a result of deposition .

25 of nickel, vanadium; iron and copper cqntained in the
starting o0il, and the consequent decrease in the yields
of sasolihe, kerosene, and gas oil fractions and the-

consequent increase in the yields of the coke and hydrogen.



25 of nickel, vanadium iron and copper contained'in the starting qi
and the consequent decrease in the yields of gasoline, kerosene, ang
o1 fractions and the consequent increase in the yields of the cokg
hydr ogen. - 8- The novel feature of-t®e-process of this inven- (ti
t hat when the withdrawn catalyst is to be exchanged with a fresh ca E
of* a reacti-vated catalig ndvel Hddburk coh tht abystess efpkhisednyegna hi gh
gradi ent magnetic 5 separator into magnetic particles and non-nmagnetic
par- ticles, tiot tise that wipretile paithdrawn scatalystaliai b hegexebenged,
and selectivity are returned to the FCC unit whereby the_increase of coke
and hydr ogenwitht lee fpeshuctatalysthiar tadreagbivstedecataliysts hEhenwidithof
t he make- 10 up catalyst is saved while the reduction of the regction
conversi on | drpmey emtedy sthdlshisgpagale@n?y naghésh csragaeatorRagns e
abbrevi ated "HGW" hereinbelow) is, a magnetjc separating device which is
desi gné&d sucﬁﬁﬂ%ﬂﬂt@ﬂnﬁnﬁ9<mﬁﬁﬂﬁﬁﬁcéP%5t1°19§rPgaaﬂﬂgrgégﬁﬁpépiQaqﬁs

netic field, -to ate netic

or adi ent f&pa& @ %%r“m?ieganga?a%mgpeﬁ%S%iﬁaﬁ%#ﬂ bt or par-
*iom weaia y Blelnagise o e e Pt By a8 FBliiafor BHE AE iR
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di ameter of ié”iﬁhf%%%é&?riﬂa as the result the amount of the make-

10 up catalyst is saved while the reduction of the reaction

conversion is prevenfed. _
| The high gradient magnetic separator (to be
abbreviafed "HGMS" hereinbelow) is a magnetic separating
device which is designed such that a matrix made of a
15 ferromagnetic material is placed in a uniform high magnetic
field to generate a very high magnetic gradient around the
matrix, and is adapted to attract ferromagnétic or par-
amagnetic fine particles to the surface of the matrix
and separate them from weakly paraﬁagnetic fine particles
20 or diamagnetic fine parﬁicles. Usually, the ferromagnetic
matrix is an assembly of ferromagnetic fine filaments

such as steel wool or steel net having a diameter of 1

| 4]

to 1,000 pum. |
. - HGMS itself is known, and SALA-HGMS manufactured
| 25 ,/and sold by SALA company of Sweden may be cited as an example.
! Separation of the withdrawn catalyst by HGNMS is
achieved by sending the catalyst particles together with
a carrier fluid to HGMS, and passing them through its



HGVB~ tsel f is known, and SALA- HGVS manufactured 25 * and sold by SALA
y of Sweden may be cited as an exanple. Separation of the w thdrawn
t by HGWS is achi eved by sending the catal yst particles together
wtNLA4 carrier fluid to HGVS, and passing themithrough its -9- magnetic
field. The carrier fluid is selected fhr-freedom fromdeleterious effects
on t-he catalyst as well as for econony and safety, and in the process of .
this 5 imeanebke faetd.steam nitrogen, or the nixtures thereof are ot

(used Usually, theestafpgbR #huide TRURLReMChie—theHal Y1 oltLle
magnetic field, the concentration of the catalySt particles, the IInear

velocity offamdregdemr foomr deletemipymeeffeatpngnt digecatialy sk cashe

process vanjel &fs i floPPEEBhLAY HAYS saF et PPt AAHMIKAkHES pdloddifs N £CEAzs

vari ables vary greatly depending upon the particle dianmeter of the

catal yst, tYetien, » ALeaB, jrHEEPEER snOTalthe iMix turesided

separ at i on YHauedo f adifle 1@skle sel ectivity of separation. The strength of the
e, magnetic, field i.n which the

magnetic fil ed notes-the strength qf t ]
fe?ronagnetic|%ﬁ%q§ff%’p§98eﬁ.rl q L%EaFW? nagpgtis Sdelsbo HRiss or

hi gher; pr efreididnt 2 000heomdgnedd gafiseld JO0the condBAtdatdicntoPfthée .
~magnetic field.denotes the diff%rential W th he.grst?nEE Qf the strength

of the nagﬁaﬁﬁ}#%kﬂﬁﬁﬁ 181 &Rad TS 9% YRIPFIEY Pf ke garrier -

10 fluid, . and the treating temperature are the process ' =

variables in operating HGMS. The optimum values of the
process variables vary greatly dependihg upon the particle
- diameter of the catalyst, the kind, state and amount of
~ the deposited metéls,'the intended separation level, and

15 the selectivity of separation. . :

The strength of the magnetic filed denotes thé
strength of the magnetic field in which the ferromagnetic
matrix is placed. It is usyally 1,000 to 20, 000 gauss
or higher, préferably'Z,ODD.to 20,000 gauss.

20 _ The gradient of the magnetic field denotes the
differential with the distance of the strength of the
magnetic field generated around the matrix. It can be
varied ‘-by changing the strength of the mégnetic field or
the type and diameter of the matrix. A.defailed descrip-

25 tion of the magnetic field gradient is.given,_for example,
in John A. Oberteuffer, IEEE Transactions on Magnetics,

p. 223, vol. Mag-10, No.2, (1974).

In the process of this invention, a very high
magnetic field gradient of, say, 2,000 x 103 to 20,000 x e

30 10 -




vari ed. by changing the strength of the nagnetic field or the type ag
diameter of the matrix. A detailed descrip- 25 tion of the magnet}
gradi-ent is given, for exanple, in John A Oberteuffer, |EEE Transaq¢i{fypys
on Magnetics, p. 223, vol. Mg-10, No.Z2, 161274). In the process of SN
fnventiona very high magnetic field gradient of, say, 2,000 x 103 to 20, 000
X%30 103 -ddisfeaB sisnré§uiprgdir et hbs haevRoRWlsu Yaedaaibwioys to use
a drumtype magnetic separator for separation of ferromagnetic particles
having a rel aise/ed ydtan-gtyparnaghneticdeapeirat;orn foag RRigarsfirassi ng,

etc. The drum 5 - type magnetic separator has a magnetic field strength
of about 500 fErscmagule ticeparticlésehdvingdisemeleftiatedy 1difpeapest cm:

whi ch are much | ower than the magnetic field strength and magnetic field
gradi ent of HAE eiskiemnetehi $ninagnetin. oBecdra sdimg,t \gir dlthe tdmun- :

. separator can renove 10 I ron dust included as an inpurity as a result of
corrosion or tee wignékicappeparatorbhesi & megneddc fisdphrstitengtiheofiet al
deposi ted catal yst which has been used in the FCC of heavy petrol euns. The
concent r at i orfRFUE H0Q Fangst apdr & Bpagetic figddosraddentc @fceahauki on of
catalyst particles in the carrier fluid, _It is 0.01 to 500 g/ljter, pre-
ferably 0.1 tFPABAYSS/¢BWhipR aracEuChelovery than; fhe Haguati lﬁth% t he

|[near” vel ocidy, of L, ot er Y1 §5E5°L09 5009 Whfts used in tnis

invention. Such a drum-type magnetic separator can remove

. i

10 iron dust included as an impurity as a result of corrosion
or wear of the apparatus, but is useless in separating
the metal deposited catalyst which has been used in the
FCC of heavy petroleums.

The concentration of the cataly;t particles

'15 denotes the concentration of catalyst particles in the
carrier fluid. It is wswelly 0.0l to 500 g/liter, pre-
ferably 0.1 to 100 g/liter. . |

The linear velocity-of the carrier fluid is the
linear velocity of the carrier fluid passiné through the

20 - magnetic field. By varying this linear velocity, the
level of separation and the selectivity of separation can
be varied greatly. It is uwswedtsy 0.0l to 100 m/sec,
preferably 0.1 to 50 m/sec.

©

_ _ The treating temperature denotes the temperature
25 of the catalyst particles.to be separated magnetically.
Strictly, it refers to the temperature of nickel, vanadium,
iron or copper deposited on the catalyst particles.

E}referably, the treating temperature is below the Curie
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diameter of the filaments of the net—llke matrix has
closely to do with the magnefic field gradient, and gener-
_aliy, the:magnetic'field grédient increases'ﬁith decreasing

15 1i)ament diameter. |

| HGMS may be used on or.off:the FCC unit. The
withdrawn catalyst is separated by the_HGHS into magnetic
partiqles On-whiéh great aﬁqunts ofinickel, #anadium,
~ iron and coppef are deposited and'non—magnetic particles
20 on which these metals are not deposited in great amounts.
The weight raﬁio_of‘the mégnetic particles to the non-
nagnetic particles ray range from 1:1000 to 1000:1.
Preferably the separation is effected by keeping this
- weight ratio ét from 1: 100 to 100:1. |
25 .. fThe amounts of the metals dep051ted on the magnetic
| partlcles vary dependlng upon the type of the catalyst used

in the FCC reaction, the desired product, the reaction

conditions,'etc.]h the terms of nickel equivalent it is
- generally ) '

b
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t v pﬁﬂg the type-of the catal yst- used P
_ 0%5?%%%?%5% Jb?hg;il e?‘rr 1gﬁpr 0 guaeggnr eact |ygn condi ti ans, >e#t cC. .
,Ihe t'erns of. equi val e ener Q.05 0% Rhy. . wei '
Cpreférably 0. Efg%& '_J((ZQ)(, \ﬂer(g%‘lt) "Trfé- 5cKeEVqu‘r Pallent fl‘g%fr'éf @ede&: t%jc]&’u)
IS a. va ue expressed by the foll ow ng equation. Nickel = - (N)

(V) + 0.1 xyuhede. fnﬁr} >fh P')%FEE' walkeficn ) WesgectiyelfV) , (Fe)

respectrvely represe

e co trations (@6by wei ght) “of nickel,,

vanadi um irdn and eapRYYgent ns CPGHELRETALIOMRIN(G ity PRELEREDS off €
. returned to the FCC uiit for re-use because they contain relatively 10"

-smal |

amount's of thglég@qrt¢§hg&i@m? #pEnshinldl dopesed) gh activity and
'sel ectivity. Usually, destruction o

the. fluidization bal ance and the

redulctlon of the cafrhkyigepaatdted [NoR-RaBheteR! ehriclés ngrep ratuamed!t ,
equa

reactivat egh cghel FEC taifRifor hee2uBunbechulsee tiaiyel oo tad tihrel atierdXE
unit the same as that before w thdrawal .

N

- 10

15

25

to the separated nagnetic particles, of a fresh catalyst or 15

small amounts of the deposited metals and stlll have hlsh
activity and selectivity. Usually, destruction of the
fluidization balance and the reduction of the catalytic
activity are prevented by making up an aﬁount, equal to
tﬁe separated magnetic particles, of a fresh catalyst or

reactivated catalyst to make the amount of the catalyst _'

with in the FCC unit the same as that before withdrawal. -
‘The site of'charging the catalyst into the FCC unit may"

'be an inlet of the regenerator, an exlt of the regenerator,

a transfer line, or other parts which do not adversely
affect the ﬁhermal balance and fluldlzatlon balance.
The magnetlc particles after magnetic separa--
tion may be discarded, or may be reused after remov1ng
the deposited metals from the partlcles by‘lon exchange,
chlorlnatlon, sulfldatlon, carbonylatlon, oxidation,
reduction, etc. In performlng thls reactlvatlon, a
reactlvatlng unit may be used on. or off the HGMS.

As stated herelnabove, the process of this
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catalyst t he non-nagnetic particltes are returned to the FCC unit for f

re-use. Jhisthrhtea :Rtalpieltvhiteaguanaseddpietie papeikidst he o

make-up cata- |yst can be narkedly decreased in conparison with a prior art
met hod | gy ahp&guthedqenio rtmé:@@d:yﬁhw Fogr ahude, e@ﬂﬂggbémgéﬂ a fresh

M

catalyst or reactivated cata- |lyst. 15 he anount of the.
chcul atdneus atBey sl vied tigeV §Hat * tHEAdMoUMY &F dﬁi@rﬂa@@-u@maﬁ@-type of ~ =i
the starting oil,. the type of the catalyst, the desired products, the

reac- 1lyst can be markedly decreased in comparison with a
prior art method in which the entire catalyst withdrawn.
is exchanged with a fresh catalyét or reactivated cata-—

.lyst;

 15' , : Thelaﬁount of the cinﬁﬂauhg catalySt'to bé-wifhr
drawn varies depending upon the type of the starting oil,.

the type of the catalyst, the desired producﬁs; the reac-
fion.conditions, etc., and may be suitably~determined ;
~according to these factors. Generally, the amount of the

20 catalyst'withdrawn:per day is-S to 300%, preferably. 10 to

100%, of-fhe'amount of thé ¢atalyst inventory of the FCC ~
- unit. | |

The starting oil used in the process of this

-

invention is a residual oil, a solvent—asphalted oil pre-
25 pared therefrom, or a hydrodésulfurizéd oil prerared there—
ffom. | | | |
The residual oil is a'residual.oil résulting

~from atmospheric distillation ‘or vacuum distillation



‘ : \
tion conditions, etc., and may be suitably determ ned according tdiééé;L .
factors. Generally, the anmount of the 20 catal yst wi thdrawn per—day is...
3 to 300% preferably. 10 to 100 % of the amount of the catal yst inventory-
of the FCC unit. The starting oil used iyythe process of this invention is

‘a residual oil, a solvent-asphalted oil pre- 25 pared therefrom or a
fygdr odesul f ubipzegni@id cdnepParB|eb thwyiaiudY ol THe aegifvareotbniss stimgsi dual
oil resulting from-atnospheric distillation or vacuumdistillation of

crude oil. Hagnlesiodudligh-mdlseculirdwebgltbnsesinogsnmeiubkyantes,

hi gh- nol ecul ar - wei ght resinous substances, asphaltenes, and relatively

| ow nol ecul aasphisditten®edr and ardicnt tweilgp kow-snekecat apbive ighthhiyidgo-

hydr ocar bons 5 such as propane, butane or pentane, and contains |arge
anmount s of heawpome campomendia sttt alyl & eni thiehightl hgdrockrbousbt ai ned -
by sub- jecting the residual oil to the so-called solvent de- asphalting
treat npnt whisulghc asp propanaednitrane ar reettiane, 19nd centainshlendge a |ight
hydr ocarbon as descri bed above to precipitate the resinous substances and
asphal t enes aR@uater &t haavyomatal HRRPRWE4S. Since the heavy netal
conpounds in the residual oil are contained in |arger amoynts in th

resi nous substances andeaSHAanAeaFRRAL Y °l§rgstﬂht§%PP§cPWbﬁ Esi due,

th ts of th | ds_in the sol vent hal ted_ oil
Siract are SREFABEHEY ARHAIRAL A0 PR HSParBLLoRnaRaBLeden

asphalting treatment which comprises treating the residual
10 0il with such a light hydrocarbon és_descfibed above
.~ to preéipitate the resinous substances and asphaltenes
and extract the other components. Since the heavy metal
compounds in the residual o0il are contained in larger
amounts in the resinous substances and asphaltenes which
15 are the extraction residue, the amounts of the metal
compounds in the solvent deasphalted 0il as an extract
are small, but these amounts are much larger than those in
a gas 0il. Usually, the solvent deasphalted oil contains
more than 1 ppm of nickel and vanadium. |
20 The hydrodesulfurized oil prepared from the
residual oil is 6btained by hydrogenatiné the residual
0il at high temperatures and pressures in the presence of
.hydrodesulfurization catalyst in order to remove sulfur.
. A crude oil contains about 0.1 to 4.0% by weight of sulfur
25 although this amount varies depending'upon the kind of
the crude oil. This sulfur tends to be concentrated in
the residual oil as a result of distillation, etc. |

Thus, distillation residual oils from the Middle East



.feas.o|| USuaIIy, the solvent dé&ébhalted oi | contalns nDre than 1 ppn1: .
: “ickéL and vanadium 20. .. : - The’ hydrodesulfurlzed oi | prepared- O
t hervdes odla capithin @somch ﬁéd&tﬁ% Iﬁvd%-@@ehuatwenght e sekﬁ\ﬂual oi’l at high

\bper e R REEEFHE§0 B BIRRLITRE ol B oty negt b&”gia&,ﬁ! éﬁi.&' :
- of 't f th “
Sruae ofprthe S50 ShEn R A c s deachy ?ﬁ?ﬁ‘%&éu gaphind of the -

- result 9k di styld aédéeegpre&%ﬂ% dHdiy el 18nreaskdano i s $1#4e the

M ddl e eru s'contarn as nuch as 2..5% y wei ght. of

3014 R gl LU Mutopobgabicl oul bay secs Db oo 13 Lo |

crac cata- lyst, the activity of the

. catal ysg, vgﬂtu éébf Bhei a3t WY DY Ot he SHbfEhel@daiderzoheh the coke
| dep05|te3 on e cata %st under.goes oxi dation |% t he reégﬁeratlng zone and

s conveghedd eatiydxtee e8CBra%ald Wuch Oabley PaRseduapidy,  the vaste

‘gas may cause troubl es such as air po utlon,@-n the corrosion of the

appar at gg égr\%eoﬂr hge? %ﬁ:t? %eﬁg'ﬁ%téaugewbwb&e@gsﬁ&ﬁ ggsi dual oil

i s knowsorn According to this nethod, 50 to =

80% of agpgfrlcmﬁnréﬁave wmwaéfnehéhap?abawstheApresence of a-

hydrodes - zatron catal yst I's saild that by using severe reaction.
Lu@igﬁ dBh $sifigl BereRtildral e Sl GRRZERE0 th TRIBVEdalHovever, *
_ mhen |t I's desired to pe forn1botquesulfurlzatlgﬁ and denetal lization, it

s ffrsbhl REC astovny iR bﬂﬁh@a%b solve this problem. According
to this method, 50 to 80% of sulfur can be removed by
hydregenating the oil in the presence of a'hydrodeetlfuri-
zation catalyst. It is said that by using severe reaction
15 coﬁditiOns, metals in the residual-oil can also be removed..
" However; wﬁeu it is desired to perform both desulfurization
andldemetaliization, it is firstly necessary to increase
- the hydrogen consumptlon, and to make the reactlon con—-
'_'duﬁnnsrmne,&amwe. Semxxﬂyu as a result of removel of
20 metals, the metals may deposit on the hydrodesulfurlzatlon _
catalyst to cause a reduction in the act1v1ty and 11fet1me
of the catalyst. _ |
According to the process of this invention, cata-
lyst particles in. the FCC unit which have deposited thereon
25 large amounts of metals can be selectlvelj separated as
| magnetlc partlcles, and- therefore reroval of metals is -
unnecessary in the hydrogenatlon treatment of the residual

oil. Consequent;y, the hydrogen consuaption is relatively

PPV



the hydrogen consurrptl on and to. make t he. reactlon con- dltlons rm
~ ‘severe Segtndl V. ané Sheepdkic tafon eyonwdl tD6n20apet a3 d.t hams ol shaay

o dep93|t on-the hydrodesul fufizdtion catatyst to cause a reducti.on i-n.. t he -53' '

. activity andd idetthe. n&drbaesm&wizatﬁscmrdaﬁelystt e@np e egsosef "t hi's:

~invention,.cata- Fyst partictes in the FCC unit which have deposited ... '
tber eon- Za_dngegsa_ anbnntheotagset aifs’ a:a‘esh:edﬁaleomvhbwm@aa: arghas rragnet ic .-

‘particles,-and therefore removal of netals is unneeessary in the :

,ihydrogena@mmfurenmntentofthhmeﬂnreuudt01s adﬁansagsaus3motmsehy&sogen
"consunption’is relativety - 16- . small, and the reaction-- -

- congi t i onhydmodesulfuFheed produde as ahstayﬁmngesu&fmnzﬁhedﬁCSatalyst

~.can be pro- longed. In the case.-of a residual oil having a high. sulfur :

cont ent., EreaEsse, it is advantageous to use its 5 ~ hydrodesul furized - .

“.product as a'starting oil in the FCC process. In perforning the

: bydrodesulfurlzatloﬁﬂopenﬁ@rmmna|ﬁhauhx¢r¢éssumﬁurQMthpneﬁﬁttheof any.
-known type such as a conti-nuous fixed bed, nmoving bed or fluidized 10

‘bed may bdistsidl at;a@nrnasﬂ.dmloronel,plwuaeacyonf ofcany tanawrobyPeted to

éach other in series, may be used. Exanples of the hydrodesul furization

- catal yst &UEHs A9 LA -¢eBtinmense fiaedikeduchouing hiegk ot ol yidbnam

catal yst, _a nickel -cobal t-nolybdenum cat al yst, 'a_cobalt- 15 mol ybdenum

Cat 30yst Red Ry Be| uBafyst TR RABGEITWHPENRE B sréasﬁm tQfg Jaﬂasuch a

carrier as alum na or silica-al um na.
tors connected to each other in series, may be used.

Examples of the hydrodesulfurlzatlon catalyst are
sulfur-resistant catalysts such as a nlckel—molybdenum
~ catalyst, a nickel-cobalt-molybdenum catalyst, a cobalt—
15 molybdenuﬁ cataiystsand.a.niskel-tungsten:catalyst which
are supported on such a carrler as alumlna or silica-aluminz.
The - hydrogenatlon reactlon 1s carried out at a
reaction temperature of 300_to 45000, a pressure of 50 to
250 kg/cm® and a liquid space velocity of O.1 to 4.0 hr T
20 yhile keeping =2 hydrogen—to—oii ratio o:.frsm 200 to 1500 |
(vol./vol.). ' | : . |
If desired;'a contaminant_metai passivation
-agent'Cto be referred to as metal passivator hereinbelow)
- may be sdded,to the starting oil in the process of this
‘25_ invénfion. ‘The netal passivatof'is an agent-for'de—
activating mefals deposited on the catalyst. Inorganis
“antimony compdunds and organic antimony compounds are

known as metal passivators, and any of these can be used
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] ag‘en-t R (t - . r . . -. ta a -' , . 1 . e . y . « s - tO . .\’v‘_.
The st ar e RERSHY FRAGE AR AR, SanR Bl W ISR BRI AREORS 10 O
‘passi-vat 9& L SuARSASSY Pt My aEbE E.gﬁ,g; : KERPS idd¥&na - .

“.cat al ystcz’ot’.r’mi.).?%%?ga%?g-aetnrﬁlrr%ﬁnfcg%ph’gén S aerr?é%gtt%%m C an%ﬁ%ﬁ%& oerrab%unds_ are -
“known as s\atons; ny.of these can be. used ih this :

i nrR/Devnt'i o%&i@gﬁgl%?g\%fqlﬁ’éo?%%?ggﬁ?é anti nony * conpounds are -

‘antimony trioxi demgantdeBitye L6f Sthéi At tand pLdivREYrt £6CBOEdaq and

- exanpl és of the organi c antinony conpounds "are antinony-triformte,

tri phenyfo aghbmMRaraithed oil adsi #1861 U ito UIJCWS shphchy- whigrpunt of the

" metal passivator to be added to the starting oil is from1 to 10, 000 ppm by

-wei ght. .rdgepaekal iwator fRy be added AiMsdtly!Pol BReSigyditing |
before feeding to the FCC unit. O it may be added to -10. the starting
oi | fromanypdesireed cddin@ftd HEnECECENinitlhe Glditi AlyObel RRided ato -

passivator to the start- ing oil has the advantage that the anount of -the

- majee- Up €16 abyebtAeEIgEd feembangearedyed gl ORI tEENFOC hudie, case of |
not adding it. Furthernore, when the netal passiva- 15 tor-is added to *

‘the starting oil, Thie saiitionfoflephe tetdletpdssieatorned itheé hetanpgaetic
‘particles separated by _ .
- ing oil has the advantage that the amount of the make-up
| catalyst required caﬁ be decrea;ed in cémparison with the
case of not adding it. Furthsrﬁore, when the metal passiva-
15 - tor is added to the starting oil, the amount of deposited
_ﬁetais contained in the'magnetic particles separated by
the HGMS is much larger than that when no metal passiﬁator
is added, provided that the'magnetic particles in bpth
cases have the Same activity level._'Consequentlj, fhe_.
20 mégnetic'field strenéth during séparation can be ldwer,
‘and. the amount of electric power used for generating a
ﬁagnetic field can be reduced: | | .
| The withdrawn catalyst may be directly subjected
to the separation in HGMS, but if desired, it may be pre-
25 treated prior to thé.separatioﬁ. A preferred pre-treatment
is a chemical treatment such as oxidatién, pgdﬁction, |
_sulfidation or halogenation. This chemnical treatment

acts substantially on metals deposited on the catalyst.
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" t'he :MGVS-i's-nuch | arger ‘than that when no metal passivator 'i's added, ' <~ "
.. provi ded Orfeatoxt tee ‘¢ombanadigsr OfcIte o baone ckesthends Ma"rﬁ' act’i S
- Fevwek. 'Consequently; the 20 - magneti.c fiel'd strength dur'hg=sepams ‘g! S
" can be | penformed  heTalbensage dreatnenyonay B§e@eﬂ§°§ﬁﬁéf ¥Png a > - .
«rmagnétic- fiield can_be reduced. The, wi t hdrawn catal yst nay be directly - '
" subj ect e®nt @anR EEPAPati on in HGVS, but. if desired, it ray. be. pre- 25 -
treated prior to the separation. - A preferred e-treatnent ‘is.a chenical - .
treatment ‘'such aé-%Rﬁdﬁ%#éﬁFFQQHﬁRQQYFEnEu%FygiyﬁéntﬁeqﬁﬂQﬁeF ion. This :
‘cheni cal - treat nent ac%s-sggft n_ial“x on (etal s deggsited on_t he catalyst.
& or  a VEFRATANT oFRERLTRG & SUPREY #REt 81Fa P ThOXIETHr FEdZ: .. or the

o e Bl cole S B AT TS| bRl OBt o
ot med | ROFTab R, 81 bhPH, SRR P2 81 RaFoR: AYHERLI 2 BeRL A RARg
DR O S, el SRS 0 i E DA, SRR 4R Bl th o
200 QE0OLER 1S ERFRPE: SBiY, TR 1% GHOt R SRHe kR ot W ERBRY T2 The
200 sl RS IR an ¢ or i nor gani ¢ compounds. capabl e of
:redUCing'nEtalS'dgﬂﬁéiEgﬁdgﬁi&ﬁ“%f@QE&ent comprises treating the

withdrawn catalyst with a reducing agent at 200 to 80000,

preferably 300 to 600°C. The manner of treatment is.the
same as in_the'oxidation treatment.described above.  The
15 .'réduCing agent used denotes any of organic or inorganic
" compounds capable of reducing metﬁls.deposited on the cata-
lyst. Hydrogén, carbon monoxide, methanol and aldehydes are
especially preferred reducing agents. .
The sulfidation tregtment'invélves treating the
20 ﬁithdrawn.catélysf with hydrogen sulfide or a mércaptaﬁ
" at 200 to 800°C, preferably 300 to 400°C. o
The halogenation treatment is.carried out using
chlprine,-thionyl chldride, etc.
| When the aforesaid chemical treatment is performed
25 1before'separation of the withdfawn'éatalyst, the separation
of catalyst-particles_ can be perfofmed under milder cdn—
ditions and in_better.selectiyitj than in the case of not

performing the chemical treatment. The chemical treatment



. Hydrogen, carbon nmonoxi de, met hanol and al debydes are especially

prg “‘red Teduci ng agents. The sulfidation treatnent involves treating the\J
A thdrawn. catalyst with hydrogﬁn sulfide or a nmercaptan at 200 to
8080e, preferably 300 to 400[err] e hal ogenation treatnment is carried

{real roaBd & °e“4 e S N S e s N

treatmme ore separa fon o W rawn catal yst, ‘o
t he sep I | C I eseC b d under m | der con- .
dltlons%al;btc.yl t%géé ??%?%§§t§£n%§ﬁ ? g%gﬁgf not perforn1ng t he
chemi cal treatne eﬁggﬁgggabft%ﬁggnggy nt faind to exert
no del eterious ef eé? e conversion an ect|V|t the cat al yst.
- In theRieoess éﬂée&“ﬂf@h' 8he h&%n@&&%t Iertra ﬁ gEclsparated .
fromthe mnf%dramn cat al yst HGW 5 may be dlgggfde | f deS|red- i
h ver,malf%mﬂnﬁié\fd@@rtlrfeéegﬁreae Boklevergd the and fent of renoving
tals, and then returned-to the FCC unit for re-use. met al renovi ng
t r eat negaxrEk s aiky WBe dsm%@bteaaﬂ:ol an tireeaimeriy s:ﬂ/\/meﬁmﬁmg_us ual Ly
performed. Preferably, it 1 is perforned, for exanple, by---calcining
t he magmeital quarand i thes retthreqr ¢oethe FCCaumidr forygsssused di pping <
-the---- calcined particles in sulfuric acid at a pH of-0 to 1.0 to dissolve
t he net dx mdtmlk atahysingr treatinehtt heynbtealesiyhafe dematalibszabioal |y

| eached out is then well washed 15 with water, neutralized with - aqueous~
anmoni atrgatnentrl which are usually performed. Preferably, it .

10 is performed, for example, by-calcining the magnetic par-
ticles in the presence of air or oxygen, and dipping the - --
calcined particles in sulfuric acid at a pH of- O to 1.0
to dissolve the metals. The catalyst from whi¢h the metals
have been substantially leached out is then well washed -

15 with water, neutralized with aqueous ammonia, etc., and
further washed fully with water. The-catalyst may be Te-- -
used after dfying and, optionally, ion exchange treatment.
In énother embodiment, the magnetic particles are calq;hed

i in the presence of air or oxygen and then-treéted with

20 hydrogen éulfide, and thereafter the metals are leached

| by an acid, followed by washing.

As a result of such a metal removing-treatment,
the activity of the magnetic particles can be restored.
to a level close to the activity of a fresh catalyst, and

25 this brings sbout the advantage that the expensive cata-
lyst used in fluid catalytic cracking can be effectively
utilized. |

The leaching solution after use may be discarded



further washed-full'y with water. ‘The-. - cat al yst may be re----used after. _
- dwyi.ng: and, "optional ly,-ion.exchange trgatnment.. I n another enbodi nent, Ahe
- magnhetic. particles are calcined.in the g

esence of ai.r ‘or exygen 'and;,'%M' :
al..

IR e S B S S

| 'eached: by. an_ aci d, wa

r &#bVvi-ng- t reatReFECOMES -a%ﬁqulyn@tame magnetic particles can be restored |

to-a'level c¢lose.t@nehEFAGdwity Sfam{&ES , .and 25 ‘thi's brings -

“:about -t he advant agg t hat t?gﬁg%eér?zs?@%iécgtg%fﬁ%/g%xﬁéeaﬁﬁnpfﬁﬁed’l%at alytic. .-

cracki ng- can -bBVERFIORN MARE @RqGLkealdie. | eaching sol ution after use may ° .

be di scarded - 20n thesay M@ltéseci%éﬁdé(&%f?#%n?@gg" g%'ﬁgflf eatnents -to
ustrate t

‘recower -usef als. The fqllow ng exanples 1] pr esent
i nvention m)rﬂg-’ggg;c{i f t&aleyd &°5 indieate |3 R¢Eskiksampruetueepanded

stai nl ess st édanyfiacitureds bys edrovd ditl ecs Neta! {:ﬂffnséﬁéiﬁtt%g .

- manuf act ured bie PHOYLY B S bkbSiy n%et hi nhs'heet, of the metal "and expanding
-to sheet in two di nensions to- proau t[ches Gt -In kBrQdimenséona ' cycle

oi I' is a nidt®ePBPdure she BRit-fikeéusdtruntuie. FCC process which nay be,

but istGot necessagily¥yciacyehed ot cess far further treatnment. The
' carbon produci n&jufa tor' is a meas&r gﬁc#yl% fisStio'{late oil
~ Produced by the FCC process.which may be, but is

| not necessarily, recycled to the process for further
treatment. |

&

_ The ‘'carbon producing. factor' is a measure of
the coke producing factor of a given catalyst in
relation to a standard reference catalyst. The
smaller the value of this factor, the better the |
performance of the ‘catalyst in producing desired

| products. The carbon producing factor (CPF) is
26 defined as: S |

15

Coke yield of test catalyst when

used in a given process
CPF =

B Coke yield of reference catalyst when
25 - used in the same process.




. the coke produm ng factor of a g| “Ven- catal yst in * .- reI ation to a .

'ar.d E ggelncel catal yst., - The snal | er the value of this factor, the .. . \J

nce of the .catalyst in- produci-ng desired products The

carbon produci ng faCAOrGéSﬁFBa&%:P%tmo&ﬁ?éffgogi%tﬁﬁg&nf%ﬁ' egigigal

. ‘tatal'yst when used in’'a given process eyie erence R
~catalyst whgn the Fol38kiid t S catalvhPdalrgxanple 1 A\.{'
Gach Sar a#ig't m)sp e i C. gl stil Iatllﬂdkn éﬁ%ﬁ%ﬁ}@ 'ﬁsﬁa\?langa Pﬁt %ol ?’%i,(\,, ng _
propert'e% FVESAL ¥ &HaGked PimPhaIROCS ichited vt NeaatEOaiGRs al yst
'_contalnlng o 5% DBy weight of .zeolite in an FCC pilot unit while .

exchaggi nabeu%ars% %ytﬁelghtcwfatzéawéaﬁ%tnmct @s_lla%cuﬁb whinesh

" catalyst. Starting ol Specific gravity: 67 10

. Sul fur copix@Menging a part 3f6&%é)yc:we¢@hét£ﬁgr %ﬁ%@.ﬂ.fs’ﬁ@m the FOC
10. 93% by. wei'ght ™ Ni ckel “content: 45 ppm by wei ght Vanadi um

. content: with a 2ZPesfincl¥alfisght The withdrawn catal yst was separated by
~the HGMS 15 into nagnetic particles and non- magnetlc particles under the .

.operating cond|t|0n§t£Mng piRuns Nos. 1 to 3 in

_ Specific gravity: 0.967
10 o Sulfur content: - | 2.68% vy ﬁeight ] | .
Conradson carbon residue: 10.93% by ﬁeight‘-
Nickel content: , 45 ppm by weight.
Vanadium content: 225 ppm by weight

The withdrawn catalyst was separated by the HGMS
15 into magnetic particles and non-magnetic particles under
the operating conditions shown‘._'in Runs Nos. 1 to 3 in
Table i. The operating conditions in Runs Wos. 1 to 3
were set so that the amount (.pa'rts.-by weight) of the
magnetic particleé was equal ,te that ef the non-magnetic
20 particles. An expanded - - stainless steel
matrix was used. in the HGMS, and air was used as a carrier
fluid. | o
The amounts of nickel and vanadium in the with—
dréwn catalyst, | the magnetic particles and the non- - =
25 magnetic partlcles were analyzed, and thelr activities
were evaluated using a fixed-bed mlcroreactor. The results
are shown 1n Table 1.

The results of Table 1 show that in all of



' k ' - 22 =
'Table 1. The operatlng condltlons in Runs Nos. 1 to 3 were set so that th .
Amount (paRaasbFommilghtd 3 the mﬁﬁérﬁm;tbamen@ fdwtonf @
non- nagneti ¢ 20 particles. An expanded stainless steel matri
was used. (GFPF)e addFhendmountvwas gsiregen pabdue:rea lby dthéhaicarount s of
ni‘ckel and vanadium in the with- drawn. catalyst, the nmagnetic particles
ael the nanagheticmgmeticlpsr wWisrdecMese toathoed odhd thebshawdbaljes,
were eval uated using a fixed-bed mcroreactor. The results are shown iIn.
~ Table 1. Tandr thgdes mindmappetichparttiél &8 sebtadhed actReity azlins Nos.
1 to 3, the conversion, carbon producing factor (CPF) and the anount of
hydrog&n psell ectd Wity I‘m]:x’noh-wumg.mhtl enpdlie cl exewarse.cl ose to those of a
fresh catal yst, and these non-nagnetic parficles retained activity and 5 »
sel ectivity which would- enable re-use -24- Exanple 2 The same :
starting oil as used in Exarrple 1 was cat.al ytlcally cracked in an FCC p|Iot
uni t u3|ngaS|I|ca- :
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cat al y'st (pounds/ barrel) 1.5 0.8 Exanpl e-3 The cata
Wit hdrawn in Exanple 1 was \5 separated into magnetic particles a ]
non-tragneti c particles by HGVS under the operating conditi-ons sho
Nos. 4 to 6 in Table 3 so that different,propor- tions of the nag
particles (the percentages of the magnetlc particles based on the anount of
te treati n%%a%al yst) were obtained. The magnetic particles obtained
were anal yz contents of nickel and vanadium and also their

activities were eval uangd séiie SYFE4RE 3131 Wetined Y ERiive VY @

filament dianmeter of 700 pmand a Tyl er mesh opening size

used, and 1%at ﬂ;ﬂ:ﬂ\@éll{ﬁ edraskadCinl b FCCUA1 ot udfits Hdingfa IR icam
experinments together with data for the withdirawn catal yst for conparison

are shown i mlhahiga FCC cabéilyFobkenBalint gl avouu s bﬁmalghﬁ?wfcat al yst.

No. 4 No. 5 No. 6 Proportion of the nmagnetic 30
50 part il exzdoiti®e whikel exchanging a part 230&he CII’Qﬁﬂ(htlH@-OéhtaiBiQa
Vanadi um (wt. ppm 7500 12100 11600 11250 Concentrati on of

cat al yst parini ctlee FCC with a freshS5cltalystQ The Fluj/d idebdlyE ocity of

the cracking was performed under reaction conditions which
would give the product shown in column I of Table 2. The
fresh catalyst was required in an amount of 1.5 pounds

10 per barrel of the starting oil. | |

A HGMS was incorporated in the FCC pilot unit,

and the withdrawn catalyst was separated by the HGMS into
magnetic particles ax.id. non-magnetic particles. The non-
magneti-d particles were returned to the circulating

15 system in the FCC and reused. In obtaining the product
shown in column II of Table 2 which was nearly the same
as that obtainedl’ when the HGMS was not used, the fresh
catalyst was required in an amount of 0.8 pound per barrel
of the starting oil. ,

20 It is seen therefore that the use of HGMS leads

to much saving of the amount of the make-up catalyst.



< £ ui d 3.0 1.0 (mrs Nh'g"h'eti ¢

carr R )
1€ Jt.rengt h UL 2“—él’i-ei-—g-lo 0 4.0 (kl ‘ogauss)

" Con fon (W .9% "'.59,1"'-:',~" 30.5 32.-5 355302 6.15.  6.05.
.- 5. ’\&AferTTvolune ratlo . 2.0 - 3.8 3 = 3. 1 fnplet 4 A
_sol vent deasphal ted oi'l obtained-by extracting|5 % Kuvva t _vacuum: §- - :

-di sti.jl-ation residual "oill wth pent ane .and haV| e ol (ﬁ/@ﬂ pr-opgerties.

.was:uded as a startlng oil. Starting’ oi I Speciif *1§ g{lawdtgy' 10
. Sulfurl_content. (w % 4,70 Conradson Carbon jds § | Nk ent

(W. gpm: 12 Vanadi pmcontent (wt'. ppm: 28 "} 27 - Theaftarti ng oi} was

catal ytically crackefl H’gsaﬁwm% pilot unit usirg a 3i.0icafalunde@ FQC

catal st contai ni ng pbout 5% wei ght of zeplite|at a | ow cpnversion whi l e

‘excharjgi ng_a part - of | the -¢i @gulta ienévda%)yst iln 5 1.6ne FCC WL+% a fresh-

~catal yst.. The fresh gat al st was required in arf anount of} 1.1 poundsj-per

. barrell of the stari'ng% wer to obtain tthe pPeBuctf showh«8n cpl um |

- of Taijl Braduct - ' .

.| distribution| C, (vol. %) | _ 8.3 8.0
Cg + gasoline (vol.%) | 28.9 29.2
Total cycle oil (vol.%) 55.0 55.2
Coke (wt.%) | 13.5 13.8
Amount required of the make-up
catalyst 2pounds/ barrel) | 1.5 0.8
Exampl e |
The catalyst withdrawn in Example 1 was
G sepa;rated into magnetic particles and non-magnetié
'pa;ct_icl es by HGMS under the operating conditions shown .
in Runs Nos. 4 to 6 in Table 3 so that different propor—
- tions of the magnetic particles (the perceritages of the
magnetic partié.les_ based on the amount of the treating
10 catalyst) were obtained. The magnetic particles obtained
were arialyzed for the contents of nickel and vanadium and
~ also their activities were evaluated. An expanded stéinless steel matrix
hav1ng a ‘filament diameter of 700 pm and a Tyler mesh opening
size of 10 mesh wasused and’ L :
15 eir was used as a carrier fluid. The résults of the

experiments together w1th data for the withdrawn cataly.,t

for comparlson arc shown in Table 3.

B




A HG was intorporated in the FCC pilot unit, and 10 the wi thdrawn

catal yst was separated by the HGWS into rragnetlc particles and non- rragnetlc
partjcles The non- magnetic particles were returned to the circul atix '
systemln the FCC and re-used. The freskecatal yst was required in th#
in an anount of 0.6 pound per barrel 15- of the starting oil in ordg
eptain the product. shown in col um Tabl ef §Tabl e 4 which was nearly
a that obt ai ned vvhen the HGVE was not used.. It is seen therefore at the

Use Of S 1 UCIUO LU IIUUII QAVI] 'I_IU UI L 11T ClIIUU[II. UT IJFTC T nr\c LaClt Cl: _yOL .
-28- Taple 4 | Il HGVB HGVEWh bhdorsma |p Bmdec%ar; %ﬂ/@
1.4 1.4 [err] (wt.% catalygst | No. # 4Noi.st i &
[err] [wOr=—9% 5 0ot T PT.ogpTTs
Cerr] \Rmp%tlon of the magneticy| 8 .5 [érOr] + &bl i ndQvdl . %
30.0 rarfi @ antwt Hie oil (vol| % 5.0 54. 5| Coke (wtf. %
13.0 P L3]I Anount requrred or [ne nmake-ugd catalyqt (pounas/parrgl’)
1.1 '345-? 6 Wicede Owt\ sppmdi ng pi |l 260gposgd af50D 1fi 410 ofg'pgo'aquum
58 | Venadium (wt. ppm) | 7500 | 12100 {11600 | 11250
. Concentration of
: catalyst partlcles 5.0 5.0 5.0
(g/1liter)
0 .
gog Velocity of the _ _
a8 carrier fluid 5.0 3.0 1.0
o o sec.)
o g
&8 Magnetic field
strength 10.0 4,01 4.0
{kilogauss) | : -
8 . | Conversion (wt.%) 59.1 | 20.5| 32.5| 35.5
RN £
§ ¢ | CFP .3.02 6.15 | 6.05| 5.75
~ ' - o
£4:0 | H5/CH, volume ratio 2.0 3.8 | 3.5 | 3.1
Mow .
Exemple 4

A solvent deasphalted oil obtained by extracting
5 a Kuwait vacuum distillation residual oil with pentane

and having the following properties was used as a starting

oil.
* Starting oil
. Specific gravity: 0.986
10 Sulfur content (wt.%): 4.70

Conradson Carbon residue: 8.9
Nickel content (Wt. ppm): 12
Vanadium content (wt. ppm): 28



©ouni

gas oi | (26 i ters/ day) obt ai ned. 't 1 iy Kuwal t crude oi I ‘and ‘a ‘$ol vent .
«piia) t.ed oil (10 I'i't er s/day) obt Rhed from a vacuum resi‘dual- oil- from

p _,rude oi féd at g rate.of 36-1iters, per d i At ECC-pi'Io,t'-'\J
Gt i i ng 2 1Ener SASAREL SHluiae FEbsbItapLy ARpdsed 1B

gﬁ;ag%;%;%(gﬁﬁgg }l{?}g r usual-- ia"-gl ponvgim on oge,r{:atéatgfyc%ndltlons &g._:
h drodesulfurl,za,tlon 't r- use alytic.-cragki.ng, the
: .;tg?rgg;)ﬁgfﬁ&ﬁs Th§ gﬁ%ﬁ]ﬁ}% \/\:1:'%3;‘ha{&hé\dr ?ﬁ?toq‘?y %nggﬁﬁ-on jone;'.'
“of the FE@Jﬂ-rﬁt éﬁﬂngﬁ & P Pat %?Igd%?scﬁﬁﬁ}ig taggy ? 3%\ the
R e WP MR R T L'eqt‘igeLZ‘ELL or at ?ZE b 10 kg
Catalyst L&?f??éi@k} PoSpL e o daf PeGRE ral AT 4 afurl” o
Bropert | s fomaids, “°¥'S??éfmi FEF %ﬁ%réﬁge?’%ﬂ%é%égi%lﬁﬁm in
o Speclitiaidh e prafiact) sbown in JSbygoT 8T MRS i1 (BRSDI | o
[err] A HGM3/was Jmorpm'abeddfz:uﬁ the FCC pilot unit, and
10 the withdrawn catalyst was separated by the HGMS into

magnetic particles and non-magnctic particles. The non.
magnet‘ic'particl es were returned to the circulating
system in the FCC and rg—used. The fresh catalyst was
required in this case in an amount of 0.6 i;ound per barrel
15- of the starting oil in order to obtain the product. shown

" in column II of Table &4 which was nearly the same as that

' vht.ained when the HGMS was ncﬁ: used..
| It is seen thereforé that the use of HGMS leads

' to mich saving of the amount of the make-up catalyst.




Viscosity, cst. at 50[err] 20.3 at 98. 9[err]

5.3 49. 6 ‘&onr &dson carbon resi due - 0.1 2.3
Ayerage nmol ecul ar wei ght 404 580 Nitrogen, wt.%

0. 06 0.15 Sulfur, w. % - 28 - 0.22 0. 1%L
Ni ckel , ppm by wei ght <0.5 4.1 Vanadi um ppm by

< &5 11.3 Iron, ppm by wei ghtpgpie 4 < 0.5 0.8 Wi le
a part of the catalyst C|rculat|ng wnrﬁ%%j?né uni t was wnthdramm at arate
of about ' ats ABW-R-RIL

was 15 supplled to the regenerator the experlne
continuoysly for 21 days. |In addition to the cat allys . at e
of 150g .per day, a small anpunt of the catal yst Vwr.Eﬁmsled OVEGM$r0n1the
reactor and regenerator together mnth the cracked prostichse@nppeaiidet, [
gases. T ~ Tttt ba‘LuITU% r\plun. et Eteti =t L*‘aﬁmmi
kg. Thusj it was ascerta?n ag t he amount of the¢ cat I st :uppl'eg was -
nearly i equilibriumwvitRBt unt of the catal yst drajwn. Arter p1
days, the catalyst in tlhg ugi g wascgan I 10 and f dtp conj agn P52
ppm of nilckel, 608 ppmjo 2vang&|un1éh§ ppm of 'ron wap there?o;f
found 't hat_ by nmj nt ai nifn oot  of the catal yt heddy [ he ugi g 2
kqtmhile % 1H3thBBLt §7gg of the fresh cat al ys| pe?sday,  he a%nunt of
metal s dé¢ 8 on the
> & products Cy (vo1. %) 7.8 75
05 + gasoline (vol. %) | 30.0 30.8
Total cycle oil (vol. %) 55.0 54.5
Coke (wt. %) 13,0 13.1
Amount required of the make-up
catalyst ?pounds/barrel) 1.1 0.6
Example 5

A starting oil composed of a mixture of a vacuum
5 gas oil (26 liters/day) obtained from Kuwait crude oil
and a solvent deasphalted oil (10 liters/day) obtaincd
| from a vacuum pésidual oil from Kuwait crude oil was fed
at a rate of 36 liters per day into an FCC pilot unit
containing 2 kg of a silica-alumina FCC catalyst,.and
10 _catalytically cracked under usual high-conversion operat-
ing conditions. .The component oils of the mixture had
been subjected to hydrodesulfurization treatment prior
to use.
In the catalytic cracking, the reaction temper-
15 . ature was 492°C, and the reaction pressure was atmospheric
pressure. The starting oil was charged into the reaction

zone of tﬁe FCC unit, and the cracked products which came



15 - catalyst can be maintained at about 980 ppm The above experinent was

carried out continuously under the sane conditions forS/ 15 days
At.hat the catal yst was withdrawn four tinmes a day in an anount of
edch time. The withdrawn catal yst sgas 20 separ

ated by HGWS, and

ab f‘4809 of non-magnetic particles were recovered each tinme, and again
returned tosrtRe Whid -re@&ﬂdlefvf@ff,réé@véféﬂcéi‘%ﬁbo%in@%'f qd to
the regenerator in an anount of | OOy per day. After 25 15 days, the

catal yst inghbkeidey cThecatElygedras 286ntinetsi guednthairomhaneat al yst

cont ai ned 232 ppm of nickel,

620 ppm of vanadi um and 52 ppmof iron. It s

seen from t peacton intebtthiaatcgdmératen at a3tatbhefplockes pefr Howr

i nvention involving magnetic separation by HGVE is applied,.the anount of
t he make- upinabaidest toandum vkecgarisenh ¢ e0i0mat eoinl 7@gpoisidted omadessary
I n the absence of nmagnetic separation-by HGVWS. 5
condi tiBns obatehysHGERTtiml ¢y exxidizatianawiths adfr.t h&heago@generat-
particles separated by HGVWS were as shown in Tables 6 and 7. The

di stri but i opdotcatmdyistodasrsl cless et oopntingusly geturned deethaat

substantially the same 10

HGVS oper at FRgcEoFdiandoReUFashess vari abl es
The properties of the starting oil used in the

10

15

experiment were as shown in Table 5.

The operating

products were obtained in both cases. Table 6

Oper ati ng

Tgble 5
Vacuum gas oil Deasphalfed
_ oil
. os . 70 .
Specific gravity, d; 0.855 0.920
Pour point, °C 37:5 42,5
Viscosity, cst.
at 50°C 20.3 -
at 98.9°C 5.3 49.6
Conradson carbon residue 0.1 2.5
| Average molccular weight 404 580
Sulfur, wt. % | 0.22 0.71
Nickel, ppm by weight < 0.5 4,1
Vanadium, ppm by weight < 0.5 11.3
Iron, ppm by weight < 0.5 0.8

While a part of the catalyst circulating within

the unit was withdrawn at a rate of about 150g per day

from the regenerator, and 170g of the fresh catalyst was

supplied to the regenerator, the experiment was performed

o

= -



condi t:i on Magnetic fleld strength 20 (kilogauss) Velocity of
4

air (m/sec)

parti-cles (g/liter) Operating tenperature Room t enper at ure

Table 7 15

0.5 Concentration of catalyst

Metals in the maggetd c particles Kind of met

‘Amgunt deposi ted (ppm by wei ght) Nickel 468 Vanadi um

T£00 Iron |

continuously for 230days. 32n stbiteich Resuthe edtahpsteaction

HGVS HGVS not used provided H2 + C1 + C2 (wt. % 2.61
2.55 [err] (vaitPgrawn at a rate of 150g per dbp @ ssmaliitamount eof]

(vol . %

19.7 20.2 of products C + gasoline (voI % .

62. 3 63. 1tle Toatalyst| wasi cafriledypver Mran the neact@okandw . o

6.7 - 6.3

5

10

15

20

25

regenerator together with the cracked products and exhaust_

‘gases. The amount of the catalyst kept in the unit 21

days later was 2.1 kg. Thus, it was ascertained that

 the amount of the catalyst supplied was nearly in

equilibrium with thc amount of the catalyst withdrawn.
After 21 days, thc catalyst in the unit was analyzed,
and found to contain 252 ppm of nickel, 608 ppm of
vanadium and 120 ppm of iron. It was therefore found
that by maintaining the amount of the catalyst held in
the unit at 2 kg while supplying about 170g of the fresh
catalyst per day, the amount of métals deposited on the
catalyst can be maintained at.abqut.980 ppm.

The above experiment was furthef carried out
continuously under the same conditions for 15 @éys except
that the catalyst was withdrawn four times a day in an
amount of 500g each time. The withdrawn catalyst was
separated by HGMS, and about 480g of non-magnetic
particles were recovered each time, and again returned
to the unit. |

Furthermore, the‘new catalyst was supplied once
to the regenerator in an amount of 100g per day. After
15 days, the catalyst in the device was analyzed,*ﬁnd
it wés found that the catalyst contained 232 ppm of nickel,
620 ppm of vanadium and 52 ppm of iron.

It is secen from the results obtained that when
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The distribution of the products was as shown

in Table 8. It is seen that substantially the same

products were obtained

in both cases.
Table 6
HGMS operating conditions
Process variables f Operating
condition
Magnetic field strength _ 20
(kilogauss) .
Velocity of air (m/sec) = - © 0.5
Concentration of catalyst
particles (g/liter)
'Operating temperaturé Room
o - temperature
Table 7

Metals in the magnetic particles

Kind of metal’

Amount deposited
(ppm by weight)

Nickel
Vanadium

Iron

- 468
1100
150"

t he
t al

wth

kL



unchanged and only the netal renoval degree decreases. 10 It is noted
tlhat the life of'the catalyst is greatly affected by the netal renoval
degree. (2) The hydrogenated oil obtained as in (1) above was introduced :’
into an FCC pilot unit incorporated w t¥pa. HGVS, and cracked in the :
presence of a silica- 15 alumna FCC catal yst contai ning about 5% by . -
wetight of zeolite. A part of the c@adlwst8 circulating in the FCC pil ot
was Wt hdrawn, and separated into magnetic particles and non-nagnetic
particles by the HGVS. Resul®® ofhdherampexntiomarticles were returned to
circulating systemin the FCC and reused. The nagnetic particles were.

exchanged prttr—e—frestcatatyst—T T SuciTa guant 1 Uy Lol the Ct
coul d be dgbtained fromany of the starting oils in e 9, .
For conpar|li son, the above procedure was repeated i|meheiaed diREO¥Aefe HaVE
using the m NO. 3. Tne resurts are gnown i n laole I10.
Starting dil (*1) Hy + Gy + Cy (wt.%) Con2,81 |2 2.55 3
parison Hlerr] (wt.% 012 & 3 0.3 0.3 [erjr] +[err]
2.1 2.1 1.9 2l O_(\(tvo¥0.94) stribution [lerril(&ol .[%911.9 6.3
61 6.0 6.1 of thé products c4 (vol |9 8.4 8.
8.3 8D8stribution | C, (vol.%) 19.7 20.2
< of products _
Cg + gasoline (vol.%) 62.3 63.1
Total cycle oil (vol.%) 18.5 17.3
Coke (wt.%) 6.7 6.3
Amount required of the make-up
catalyst ?pounds/_barrel) 1.6 0. °
Example 6 - .
5 (1) The Gach Saran atmospheric distillation

residual oil used in Example 1 was hydrogenated in the
presence of a hydrodesul furization catalyst in a micro-

reactor. The results are shown in Table 9.

Tab e 9

10 Run No. - _ 1 2 3
Pregsure (kg/ en) 150 150 150
Reaction Hydrogen/oil ratio 1000 | 1000 800

. conditions | (vol/vol)
Temperature (°C) 400 | 400 380
| 1EsV (ur 1) 0.5 | 1.0 | 1.0
Desul furization (%) . 80 70 70
Nickel removal (%) 45 30 20
Vanadium removal (%) 60 45 35
Catalyst 1life (liter of.oil/gram 2.5 4.5 6.5

of catalyst)




C5 +-.gasol i ne 31.9 31.8 31.8 31.9 .(vol .% Total cycle oil

'55.1 5_5.0 55.1 55.0 (vol .%) Coke (wt.% 10.5 < 10.5 10.3
10., nount required of the nake-up catal yst 0.4 0.5

0. 1.2 (pounds/barrel) (*1): =TH& munbers correspond to Run nunbers

I n e 9. (*2): FCC was carried out wi thout using HGVWS. 5 It

is seen fromthe resuWhensthenreactdbhe cobdittdionty arse ngenddfed t fevarount v
of the make-up catalyst in FCC can be fully saved without performng netal
renoval to ss domsRuier¥dl €l extbet depubfurdgatinindegres Mot redzespl bu¥ 10

In an FCC pilot unit,the same Gach Saran atnospheric distillation residual

oi | to whi ctemmodl ppfn Betal sphiends Hot ocowr Menelreadidiyat Whenathadded

was catalytically cracked in the presence of a silica-alum na FCC catal yst
.cont ai ni ng ZeRfE1WL by orrghedopusespi thatiThe desul furizelpien degrae

circul g-i ng catalyst in_the FCC - wi t hdrawn, and separated into

i cAfarsqméwRat depBrafagnas ggpgﬂ\&laivloes dry etz ReRe¥@Ynetic

a magn

particles re returned to the gi trcul atin z)é/qstem and re-used gﬁ

For conpari "e§ e%%_%ﬁeﬁr_ocg ut& \ﬁ&@nrgff & SATRAFASOR R hF e net al

passi vator l\foo. té]ewfttzl?rﬁtlzﬂglvoll 3 that despite the lowering of the )
reaction temperature, the desul furization degree remains )

ﬁnchanged and only the metal removal degree decreases.
10 It is noted that the life of the catalyst is greatly
affected by the metal removal degree.

(2) The hydrogenated oil obtained as in (1)
above was introduced into an FCC pilot unit incorporated
with a HGMS, and cracked in the presence of a silica-

15 alumina FCC catalyst containing about 5% by weight of
zeolite. |

A part of the catalyst circulating in the FCC
pilot unit was withdrawn, and separated into magnetic
particles and non-magnetic particles by the HGMS. The

20 non—hagnetic particles were returned to the circulating
system in the FCC and reused. The magnetic particles
were exchanged with a fresh catalyst in such a quantity
that the same product could be obtainéd from any of the
starting oils in Table 9. | ) ',

25 For comparison, the above procedure was repeated
in the absence of the HGMS using the'stérting oil of
No. 3. '

The results are shown in Table 10.



and the operating variables of the HGV5 were set so that a product nuch t he

sane as that obtained when the netal passivator was added coul d be

obt atned. 10 It is seen fromthe results given in Table hat:

the amount required of the nmake-up cataB¥s+ was decreased by the add on. -

of the metal passivator, and that the anounts of nmetals deposited in the-
A . . . .

megnetic particles increased narked3abbenk®| ong the |ife of the 15

catalyst. Furthernore, since the amounts of netals deposited were |arge,

t he NMoRelukeGefiglgl cfrnngfhinrragm‘_l_c Lon.caoul d ba °”&",4ﬂdthe
electrijc poSemrtden icilggmrnting a magnetic fleld cquld be sGoad. 36-
Tabl e 11 Metal passivator Added Not gddded H2p (\& . 3 arison
1.0 1.0 2 +C  +C2 (w. % 1.B 1.7 o €#@dbuti oh
C3 (vol|. %9 - 5.8 5.8 of the groducts (@71
(vol . % H.S dvt.%) 4.0 QeBr| ©.3adol Pad (Mol . B 3
. 28.5 29. 2. Tot al (ﬁ?cle oil (vol.% 55.p 55. 2 Coke (wt. %
13.3 . 13. 3 Armoun fqtuicrled'l'cﬁath'e mak@.lp| casal yst 1e¢Pounds/ Bakx el
.5 0.8 Ni ckel L|f{|q';{;.%) ' 7300( 3750 NeBnet ic
. Distribution | C3 (Vol.%) 6.3 6.1 | 6.0 6.1
of the ' E
products C, (vol.%) 8.4 | 8.4 | -8.3 | 8.3
C5 + gasoline | =z g |31.8 | 3.8 | 31.9
(vol.%)
Total cycle oil | 55.1 |55.0 | 55.1 55.0
(vol.%)
| Coke (wt.%) 10.5 |10.5 | 10.3 10.4
Amount requi.réd of the _
make-up catalyst 0.4 | 0.5 0.6 1.2
(pounds/barrel ) -

(.“‘l)z The numbers correspond to Run numbers in Table 9.
(*2): PCC was carried out without using HGMS.

5 ' ‘It is seen from the fesults shown in Table 10
'that by using HGMS, .the-amount of the make-up catalyst
in FCC can b'e fully séved without performing metal removal

to a considerable extent by hydi;ogenation treatment.

Example-7 .
10 In an FCC pilot unit, the same Gach Saran
< atmospheric distillation residual oil to which 1000 ppnm

of triphenyl antimony (metal passivator) was added was
catalytically cracked in the presence of a silica-alumina
FCC cat.alys’c containing about 5% by weight of zeolite.

15 A part of the circulé.ting catalyst in the FCC



Vanadi um ( ppm) 21000 - 11250 lron (ppm

10200 Magnetic field strength 5 10 (kil ogauss) \)
prg condi tion Vel ocity of air (nifsec) 1.0 1.0
ation of the. 4 - 354 catalyst particles (g/liter)

Exanpl e 8 The Gach Saran atnospheric distillation residual 5 _oil used-in .
Exanpl e 1 w2 HEFHdravn yavdasrparaf edhd ni¥oe e MasnAtic Wwarebchesni na FCC i
catal yst contaj ni ng about 5% by wei ght of i'te [ n an FCC pilot unit. The
catal yst wi taR T%W?F%GFEErEFF’gtesuth subjRe tRP1RRERYEEE | on

treatnment by heajing it at 10 a tenperature of 6000C for 3 hours in a
hydrogen f| RBTHHEL €5 MeEq TsFurped &Es IR e ine | YL eRAREI ¢
'-37- particles and,non-nmagnetic particles by a HGV5 .- The non- magnetic
particles worE 884t ned to the FCC unit and re- used. For conparison, the

catal yste Wi t hdrawn fr th pi ot unil_ but not bjecte Q :
reducti on treatnent mgg&geggﬁﬁFgggg ’ot (o] 4ﬁ?;259?§9é%?a.%Sngﬁﬁﬁﬁgﬁgtic
particles b T, - netk.cqparti Gl e, I r he; $CC uni t
for re-use. h@%%c%@%{@gr ?ggl géjb%?' ﬁéégi\xésceo"igetfo s@%h%fgﬁeg?%dﬁé ’much

the and the operating variables of the HGMS were set so that v

a product much the same as that obtained when the metal .

)

passivator was added could be obtained. |

10 It is seen from the results given in Table 11
that the amount required of the make-up catalyst was |
decreased by the addition of the metal passivator, and
that the amouﬁts of metals deposited in the magnetic
particles increased markedly to prolong the life of the

15 catalyst. DPFurthermore, since the amounts of metals
de?osited were large, the magnetic field strength in
magnetic separation could be small, and the electric

power used in generating a magnetic field could be saved.

X3



10 . same as in the case ‘of perform ng the reduction treatnent of the
catal yst could be obtai ned. * It is seen from Table 12 that when- i’ '
- the wirt hdrawn catal yst was chemically treated prior to separation by H %
the magnetic field strength can be markefhy-decreased, 15 and also t )
amount of electric power used for generating a magnetic field could b

sdved. Table 12 Reduction treatment Zebli¢yddni t hdrawn catal yst Yes No
S (wt % 1.0 1.0 2 1 2 (w %17
1.8 Distfribtien G (vol. ™ 510 8T o-product s
c4 (vol |% 8.0 8.3 C5 +|getahepassivagor
29. 2 28.9 Total cycle oil (vol.% 55.2 U-CoRe %
13. 8 13. 5 Tabl e 12. (conti nued) Yes Wﬁ@ourﬂ"tréﬂrﬂﬁﬂeﬁ
t he makg-up 0.8 0.8 catalyst [(pounds etic
partiled %90.5 HS(wt%) 21. 1 Nom- fregneti® .0
particl ¢s (% 79.5 78.9 I\/E*t al depgsit- N ckel
(ppm ' 56 C; + 850wl %N the magries8c Vapadi um
(ppm . . . 1300 1250
- Distribution Cs (vol.%) 5.8 5.8
of the
. products C, (vo1.%) 8.0 8.0
C5 + gasoline (vol.%) 28.5 29,2
Total cycle oil (vol.%) 55.2 55.2
Coke (wt.%) 13.3 13.3
Amount required of the make-up -
catalyst ?pounds/barrel) 0.5 0.8
. o1 Nickel (ppm) 7300 3750
agnetic X
Pa;‘gicl es Vanadium (ppm) 21000 | 11250
. Iron (ppm) 18500 10200
Magnetic field strength 5 10
) (k:.logauss) |
Operating ‘
condition Velocity of air (m/sec) 1.0 1.0
Concentration of the. 4
catalyst particles
liter
Example 8

o The Gach Saran atmospheric distillation residual
5 o0il used in Example 1 was catalytically cracked in the
Presence of a silica-élumina FCC éatalyst containing
= about 5% by weight of zeolite in an FCC pilot unit.
The catalyst withdrawn from the FCC pilot unit
was subjected to reduction treatment by heating it at
10 a temperature of 600°C_ for 3 hours in a hydrogen flow.
Thé treated catalyst was then separated into magnetic



§i ng Vel ocity of air (msec) 2.0 -2.0,conditions
1.5 1.5 catalyst particles (g/liter)
- Room- 37 Roomtenper- tenper- ature
ature Exanple 9 Fifty granms of each of the withdrawn catalyst, 5 the

non- magnet i papti tl else sndndorhamagnpittc pamtickéesbybaaHGdd . |nTEmamme 1

m c

It

.76

were calcined in the air, treated with an acid, neutralized, washed and
cal ci ned. Thagnethey pastd cles sarsl returnedvoithet BSE unik andedeped
roreactor. The results are shown in Table 13. 10 They -
exhi bited a8&edisties close to the activity of the fresh catalyst, and there
was scarcely any appreciable difference anong the acfivities of the_thrce.
is therefore. seen pﬁ'ath%m ithe satalzstivikhdrewn fzea §hﬁere :
renoved_suffigien reta| act|V| resh Af t
denetal§|2a£¢@np%i€§t %d% e%ﬁ?%dg%mﬁeéﬂﬁ ion treat etic
cat al yst netic p r % cl es nver si on 80
wa ggseparate 3n o} magnetlc partlcles and non-magnetic
particles by HGMS., The non-magnetic particles were
returned to the FCC unit for re-use. The process
variables of HGMS were set so that a product much the
10 same as in'the case of performing the reduction treatment
of the catalyst could be obtained.
It is seen from Table 12 that when the withdrawn
catalyst was chemically treated prior to separation by
HGMS, the magrietic field strength can be markedly decreased,
15 and alsO'the'ambunt of electric power used for generating
a magnetic field could be saved.
| Table 12
Reduction treatment
of the withdrawn
catalyst
Yes No
HS (wt.%) 1.0 1.0
. Hy, +C; +C, (wt.%) 1.7 1.8
istribution .
of the C5 (vol.%) 5.8 6.0
products ¢, (vol.%) 8.0 8.3
Cg + gasoline (vol.%) 29.2 28.9
Total cycle oil (vol.%) 55.2 55.0
Coke (wt.%) 13.8. 13.5

ht-rati on of the

erating tenperature

Nel.es Magnetic field strength . 5.0

20 (ki l ogauss)

-

)

v



-':B.err L 08

% CPF ., ,'07'5, - 380-80 0.80 - - 0.85 4,
0.8 . 0.8 . - 0.8 vol ume ratio:
._'the’drssol ved metal s ‘were- re_ . salts fromthe -
_.acid-treati ng | i-quor, the amounts 5 ° of thesalts recovered were 4.09
. from[fThe magnetic particles, 1.Qg 1.rom the non-nmagngtig partfcl es, and. 2. 49
ﬂ:i)mthe w thdrawn catalyst. It is seen fromthe rePuI €5t ha Ia?%%r.- .
amournt of m?tals can be r over d Tromthe magneti ¢ particlgs . I0 ~ evien

“when Jt Itefégt\li‘%s € dBt | and that en gegal jremovals | -
treat nﬁﬁ?a§35§e RS /]H Sﬁgﬁhe rragnetrc gartrc\l/\‘t s, the etficiency Jof
nmet alf-. em)v Flncr I'n the foregoing descplptd oh- anc the

“cl alr ﬁﬁ’éﬁkﬁ%ﬁt% s and ratios. are by w£ bbnl bss %g} se -

. expli cNohyma@HﬂllcerartleﬂésC(%Dl\/S 1.-. A process fo'f79f.|51| | catPBy9i

© cr ack-rg—of—e—et-st+i mheerd-u-a-r——e*h—a—s-e-weﬁ-t—r%,
. ~thergf q derived therefjfo ' n§ ng
at Iealg' Ji%ﬁ)r %q'to qﬁéﬁﬁgtg |ckel vanadi um rgﬁggﬁd oppe‘?ﬁﬁ) h
- conpfi awr ngd f Iyst particles ¢gi g t a
fMuid. (‘s cracHi n@ﬂ%ﬁ&}:ﬁ S@ﬁiﬂa the wi't hdrawn i%ébgt y$t 't%#‘gl es by
® Magnetic field strength 5.0 20
kilogauss)
Operating Velocity of air _(m/séc) 2.0 | - 2..0
conditions. Concentration of the 1.5 1.5
catalyst particles (g/liter) : '
- Operating temperature Room ‘Room
: temper- | temper-
ature | ature
Ex le

.'Fi'fty grams of each oi‘ the withdrawn cé.talyst,
5 the zron—magnetic particles and the magnetic particles
obtained in 'Exaﬁple 1 were calciﬁ_ed in the air, treated
wﬁ.th_ an acid, neutraiized, washed and calcined. Then,
' they. wede subjected to an activity test in a fixed-bed
microreactor.. The results are shovm in Tabl.e 13.'
10 ., They exh:r.blted activities close to the act:r.v:r.’cy
- of -the fresh catalyst, and there was scarcely any
X apprecn.able d:.fforence among the- activities of the thrce.
It is therefore seen that the magnetlc particles from -;

which metals were removed sufflclen’cly reta:r.ned activity.



\ of @ carrier flmd selected f-ch@l-O P A mtrogen B
o and the 'm xtures.thereof at a rate. of 0.01 to 1.00 meter/second |n '
T a partlacle concentration -of. 0.0t Tabie @1idgliter to a high magnetic field-

grad| ent, separator in which-a ferromagnetic matrix is pl aced-in a unlform :

tlD ‘Flalrl'jc;_nnn vaiq 'g h nh rmnnnfur-

uc\.rvvll

.. , the -.
~matrf x, "t her eby -separ at | #g:ddie Wi | miraeﬁ dem@tnaumwﬂlmesreatmemtlcl es’

r ender ed magnetlc by th cdRA3 4t oa +-eas5t—one—ef—sai-d—hetal-s—hi-g kel |
vanadi um iron and coppér 20 i‘bhdrawnmi&@lm.ed in tmagneltwcng @il .
and.}] non- nagnetic particles; ¢etal yeby | hRgmutieg epagtn@u_tegl é4s to

- the fluid _.catal ytlc cragki ng un|t for re-use_ | palrtd i@kl ng step. 2.

The jprocess of claim1l érein the gradient of 25 t e magnetic fijeld .t
i mreldifat € mde:asjaon the f&Q o- gnefeéc matrix A8 2,000 Kk 196 to 20, Q00 x . :
.. 10 gal;bs/ The process of jclaim 1 whefein the striength of the
- mag Tleldlm"rediat | y- adj acept the 30 - ~ferromagnetic matrix ifs

1,0 -ct.o WEWPO0 gauss. 4. O froce@s80f clai mOL8hereg n t10e8%rro{

- magn 9 c matrix is a st eI net ha ing a filam>nt diarreter of 10 to 1090 pm
‘and I-Iﬂ openi n dé mesh O 8 Ahe, procdgss of ™
cl ai G_Lg;/\J &etggtgbl |s a sol vent a§pha_l 1 ed 011 haV| ng a ¢ont ent Jof Lo
ni ckiel & : 7

| When thc dissolved mefals were recovered in the
| ,ferm of salts from the acid-treating liquor, the amounts |
5 of the salts recovered were 4.0g. from the magnetic
particles, 1.0g .frofm the non-magnetic 'particles, and 2..4g
from the withdrawn catalyst. |
It is seen from the results that larger amounts
of metals can “be recovored from the magnctlc partlcles
10  even when thé same treatment was c_arrled out, and that
When metal remdval trea’cmenﬁ is performed onl& on the
magnetic particl es, the ei‘ficien_cy of metal 'removalt
increa‘ses greatly. | |

In the fo'reg'oing description and in the claims,

all parts, percentages and ratios are by weight unless

otherw1se explicitly specified. :

5



CL.N ~41-" or vanadi um of at | east 1 ppn1by wei ght. 6. The

process of clai*m lswherein from1 to 1046000 ppm by tm II

\\metal pasngent is added to the starting m”ﬂllﬂ I"' Iﬁ“l‘”ﬂfﬂ
of claim1 St he wi t hdr awn catal yst particles *aré pte-freat€d bef

" they are sentifo thg br@h&ﬁéﬂﬁdﬁnfrmgmeéatasywababwhcﬁing dheapr ocess of

$o™ ™ mgnet | S gkt L pFeeh BRe iyt op oLy oY, PR e dc od to
a denptalIi;adennvédeahmmmrramubnr&whydmﬂesamemlzbd'Hlﬂld catalytlc
e g o kb 488 e pm, P GEE“Coffafhihl b i gk s 15
produced by ttieepmetals nﬁckqlxﬁvanadnmmllign ﬁhd cepipeaf, wﬁmnh i
Spect {1 cat! o Higebegn (ARRLGA e HIGEPCeY LHBANE AR EACE 5501 01N
The ori gi nal c&peubatpngc@Mnguahmptfknedaneha&rmng expakingispect ed on the
- prem ses of t&ﬁiEatsethBE'%he withdrawn. catalyst partlcles by
o means of a carrier fluid selected from
10 ° . ...-:%.= . air, nitrogen, steam and the mixtures
o thereof at a rate of 0.01 to 100 meters/second in a
' partlcle concentration of 0.01 to 500 g/liter to a
high magnetic field gradient separator in which a
_ ferromagnétic matrix is placed in a uniform high-
15  magnetic field to generate a high magnetic
gradient around the matrix:;, thereby separating
the withdrawn catalyst particles -into particles
rendered magnetic by the deposition of at least .one
of said metals nickel, vanadium, iron and copper
20 which are contained in the starting oil and non—
magnetic particles; and returning the non-magnetic
particles to the fluid catalytic cracking unit for
re-use in the cracking step.
_ 2. The process of claim 1 wherein the gradlent of
25 ' ﬁhelmagnetlc field immediately adjacent the ferro-
' magnetic matrix is 2,000 x 10° to 20,000 x 10°
gauss/cm. ' '
3. - The process of claim 1 wherein the stréngth
_of the magnetic field immediately adjacent the '
30 ferromagnetic matrix is 1,000 to 20,000 gauss.
. 4, The process of claim 1 wherein the ferro-

.

i , magnetic matrix is a steel net having a fiiament
diameter of 10 to 1000 am and a Tyler mesh opening
size of 3 to 80 mesh. '

35 : 5. The process of.claim 1 wherein the o0il is
a solvent deasphalted o0il having a content of nickel



IIIIIIIIIIIII|I||I|I|||II| [ S S
» i a R
*ﬂg ,.-f or vanadlum of at 1east 1 ppm by weight.

S 6. The process of claim 1 wherein from 1 to 10, 000
~:ppm by weight of a contaminant metal pass1vat1ng

_ agent is added to the starting oil.

5 7.  The process of claim 1 wherein the withdrawn

' catalyst particles are pre—treated before they

are sent to the high gradieﬁt magnetic separator.'
8. The process of claim 1 wherein , after
separation of the'catalyst into magnetic ahd'non—
10 magnetic particles, the magnetic catalyst particles
are subjected to a demetallization treatment,
and then returned to the fluid cataiytic cracking
unit for re-use. . ' |
9. The process of claim 1 substantially'as
15 hereinbefore despribed in any one of the Examples.
10. A cracked product produced by the'process
of any of claims 1 -9. '

The text of the specification has been reproduced by photocopying the

applicants original
typescript. It may contain a few amendments which are difficult to read. The original
typescript containing these ama:anents nay be inspected on the premises of the Patent Office
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