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DESCRI PTI ON METHOD FOR TRANSPORTI NG FLUI D CATALYTI C CRACKI NG CATALYST
Techni cal Field 5[0001] The present invention relates to a nethod for
transporting a fluid catalytic cracking catalyst in a fluid catalytic
cracki ng process for a heavy oil such as residue. Background Art

[ 0002] Denmand for a hydrocarbon oil product containing a fraction 10
having a boiling point equal to or less than that of light oil has
relatively increased due to environnental concern and availability,

and how to convert heavy oil to Ij gt |l F been an i nportant

i ssue. In the ci rcu_rr:stance, i rrpor]#g QﬂﬁT 651 d catal ytic cracking
eren. the Mot HORFORTTRAONSPARINGFL IR CATAEYRR: (ACKNG
deconposi ng Ega]?%‘&%,g(pet rol eum hydrocarbon) by bringing it into

contact with atal ytic cracking catal yst (hereinafter,

referred to ?sg asl ."lFCC catalyst ") to provide products such as
gasoline, I|i GERNER ?é?fiol eum gas, an feed stock of alkalized and a
niddI% distit

d(ﬁ)tﬁ ﬂé(bférsgnt invention relates to a method for transporting a fluid
catalytic cracking catalyst in a fluid catalytic cracking process for a
heavy oil such as residue.
Background Art

hd [0002] Demand for a hydrocarbon oil product containing a fraction

10 having a boiling point equal to or less than that of light oil has relatively
increased due to environmental concern and availability, and how to
convert heavy oil to light oil has been an important issue. In the
circumstance, importance of fluid catalytic cracking (FCC) using heavy
oil has grown as a heavy oil treatment process. Herein, the fluid

15 catalytic cracking refers to a method of decomposing heavy oil
(petroleum hydrocarbon) by bringing it into contact with a fluid
catalytic cracking catalyst (hereinafter, referred to also as a "FCC
catalyst ") to provide products such as gasoline, liquefied petroleum gas,
an feed stock of alkalized and a middle distillate mixture.

20 [0003]1In this method, since the heavy oil contains metals such as nickel,
vanadium, iron and copper, these metals deposit on the FCC cateilyst
during fluid catalytic cracking of heavy oil. This phenomenon is
significantly observed. These metals are present in heavy oil, which
are derived from crude oil and provided by being in contact with a

25 transport apparatus, a storage apparatus or treatment units, and are

usually present in heavy oil as organic metal compounds having a



20[0003]In this nethod, since the heavy oil contains netals such as
ni ckel , vanadium iron and copper, these netals deposit on the FCC

catalyst during fluid catalytic cracking of heavy oil. This
phenonenon is significantly observed. These netals are present in
heavy oil, which are derived fromcrude oil and provided by being in

contact with a 25transport apparatus, a storage apparatus or
treatment unif{s, and are usual,l resent .in heavy ojl as .organig¢

net al con&%ﬁgl%wgrﬁ“ﬁtmﬁ@gk&}h&ﬁ fﬁ‘?’fﬁf%%r‘ﬁ]é?%ﬁ@ %yoqlﬁé?%@s Into
Therefore, when the heavy oil cones into contact with an FCC catal yst
at a hi gh ecangré mathuarel Clhnatalys ahk digheteaiperabrpobe dsganicemdiat omppawdsand
these netals deposit on the FCC catal yst. [0004] When these netals

deposit onartkiecdrfidsedund jiebe meeds daployit bh ehealC ¢italysf the FCC
catal yst but also the selectivity thereof decreases. To explain this

mor e speci fg4] When 6 Sackd1S 86 JRIA the REE &@ﬁ?ﬁé&é%&%ﬁ%%ﬁ%y of the

hydr ogenati on 'and dehydr ogenat’i on reacti ons, rogenatt on

reactions hydr,0 ons e cel.erated in the reactian. cqonditions
AR o ?ﬁ?@lxﬁiﬁtﬂc@%ﬁfie AEIEGTYIB, Hiereof, dosregsesor Q. KAy St anore
products such _as_hydrogen gas and coke increase; whereas, yields of
f avor abl e Yoeeifispkladsipee ribpeyumeals, argasapable oineausingo Jwdeogenation and
decrease. [0005] To avoid such yield reductions of the |liquefied

pet r ol eum dghydrogesasionneeaeichsk eho slelmadrogdnation resctionowd hydrenarbony e
met hod using a nmagnetic separati on apparatus when heavy oil and

residual qickeleRrddinthé teadti bbb @A RTRWATIRS cABi@¢ Sradkifig SAPL BGHBY/ibRs
fluid catalytic cracking. In the nmethod, a part of an FCC catdl yst

present | %ﬁ@-ﬂ&%@ﬁfgﬁg%ysﬁ;?% Ihblgro%%ltf Bhs MR gﬂlﬁ(g aiﬁpryg%%? v@%%eg%,)éﬁ%@§

reduced in activi l'ec t I's©perio _ _ Ty
of the. FORTEATAEfapead iR DI S EBI0y SOOI OICEREER a5 &
whol e (see, for exanple, Patent Docunent 1). Pat ent Docunent 1:
Japanese HAP@HtTonpsid suahi veldpadudtions pHie Niguedabpetrol@my g4s, gasoline and
kerosene oil, it is known to employ a method using a magnetic separation
apparatus when heavy oil and residual oil containing a large amount of metals are
subjected to fluid catalytic cracking. In the method, a part of an FCC catalyst
present in a circulation system, in other words, an FCC catalyst reduced in activity
and selectivity, is periodically or constantly removed and a fresh FCC catalyst is
supplied to maintain the activity of the FCC catalyst in the circulation system to be
constant as a whole (see, for example, Patent Document 1).
Patent Document 1: Japanese Patent Application Publication No. 2006-

187761

Disclosure of the Invention



Di scl osure of the Invention [ 0006] Note that, in order to renove an
FCC catal yst or the like reduced in activity and supply a fresh FCC
catalyst in place, it is necessary to transport the FCC catalyst in a
dry state. Usually, in the step of transporting the FCC catal yst, the
FCC catal yst is transported by blowi ng dry air. However, the FCC
catalyst hits the wall surface of a curved portion of a transport
pi pe when it passes through the curved portion of the transport pipe
and wears owoasmotte&m,smfderm RE100 2PFCOIcaRyRE AtheNkd Rahced D tRithyS
formed in the curved portion of the transport pipe. [0007] An object
of the presant sipplieatiresin FGhestelystr @, place, Gioispicosssaly @ traispoat tHeOFCC
transporting a fluid catalytic cracking catalyst, capable of

si gni fi cant $ajalysidu@i ¢y siate- d&5uely,dh the siep wé trappottingrtho FCL catalps pibet

i i i nQ. fluid | yti r acki I CC
0P L SRR, S LA € LA e CRUA YL (e ot o
tal yti i or di t t . i ti
catal Y R ARBL b BRERE oL SRR o P o
W h Uhe nelpval i bl B biE GBS Bl ISR SRR BEY! O

material; theblesrtiad H & feinddin €RaiVeH YbRIbNn OF tif tfdnkSdrt ﬁa?é.ti on in the
formof a |inear pipe and a second portion in the form'of a |inear

pi pe conmunj088it]i vy ohjechof the presest ingentionptherdforef Baotpravidpamictisddefpr t he
superficial velocity of the gas is set to 5 ms or nore and 20 Ss or
| ess: the dFRSROIERS prkuid IC@N)%PW%WWY%WP%Q of |sigRifiegntin radueing
second portion.mttl;%resgéct 1o the flow direction of the 9 s fl ow ng

in the firstPisit ooh FYeLaprtiog st BIsART Fngl aepqsiing aduld safalviike
content of &%*#ﬁ@%f‘f@%ﬁfﬁﬁ?ﬂaagﬁ%%tecat alyst in the gas is set to

59g/1 or nore a g/l or nmore and 20 g/ 1 or

lless. [ 0008b0d)THeheeth®t 230 dahPortinsa RO ththiVEc Brabkidk @!ats%taécb‘&rhﬁg 0 ui d

cracking catal yst according to the present "invention, Since th

catal yti c chegkéserg inedngiby Seclidesta steys pd titesgotiingethe il edtalyberentkioned
specific conditions in the step of transporting the fluid catalytic
cracki ng caetalxss ithi thp belpeohgaspdby Slowinggths gay ifib awirargpot wingakavingt ® a
transport pipe,forned .of tal material apd_ having a curved portion,
Che fricti SHEYdrRERGR G YiHgh ?‘P%Ffaﬂseaﬁté%l@ﬁ scfogmed jof RAgmetat majesial 4pg) i ed

Corves porr BB gP PR A RY BYATTE nllof B8k oLBIRY Foblnl A

10Ef fect Ofseédh@ poRtifith iR ¥orm of a linear pipe communicating with the first portion; in
the transport step, the superficial velocity of the gas is set to 5 m/s or more and 20
/s or less; the angle of the flow .direction of the gas flowing in the second portion
with respect to the flow direction of the gas flowing in the first portion is set to 45°
or more and 90° or less, and the content of the fluid catalytic cracking catalyst in

the gas is set to 5 g/l or more and 10 g/1 or less, or 15 g/l or more and 20 g/ or

less,



[ 0010] According to the present invention, it is possible to provide
a nethod for transporting a fluid catalytic cracking catalyst,

capabl e of significantly reducing abrasion at a curved portion of a
transport pipe when a fluid catalytic cracking catal yst (FCC
catalyst) is transported in 15a dry state. Brief Description of the
Drawi ngs [0011] Figure 1 is a view showng the structure of a fluid
catalytic cracking systeml1; Figure 2 is a view of show ng a part of
a transport pipe; 20Figure 3 is a view illustrating an abrasion

resi stance t wadenaﬂlperggthgdeﬁ@;transpomng gfhaid £atalytic graghing ivetalyss
the rel ati onship betweep the ang|le of, i nclination and ahrasion rate
when a SIC paeqqq‘ém ta thedpresent mnvention, sincegthee finid satalytie raekisgi ng

the rel ati onshji p between superfici 3 . .. .
cata[)yst 18 transportg under atJne aforementioned specific conditions in

the step of transporting the fluid catalytic cracking catalyst with the help
5 of gas by flowing the gas into a transport pipe formed of metal material
and having a curved portion, the frictional force of the fluid catalytic
cracking catalyst applied to the transport pipe can be reduced. As a
result, abrasion at the curved portion of the transport pipe can be
significantly reduced.
10 Effect of the Invention
[0010] According to the present invention, it is possible to provide a
method for transporting a fluid catalytic cracking catalyst, capable of
significantly reducing abrasion at a curved portion of a transport pipe
when a fluid catalytic cracking catalyst (FCC catalyst) is transported in
15 a dry state.
Brief Description of the Drawings
[0011] Figure 1 is a view showing the structure of a fluid catalytic
cracking system 1;
Figure 2 is a view of showing a part of a transport pipe;
20 Figure 3 is a view illustrating an abrasion resistance test of a test
piece;
Figure 4 is a graph showing the relationship between the angle
of inclination and abrasion rate when a SiC particle is used;
Figure 5 is a graph showing the relationship between superficial
25 velocity and abrasion rate when a SiC particle is used;

Figure 6 is a graph showing the relationship between the



25vel ocity and abrasion rate when a SiC particle is used; Figure 6 is
a graph show ng the relationship between the concentration of SiC
particles and abrasion rate; Figure 7 is a graph show ng the
rel ati onshi p between the angle of inclination and abrasion rate when
an FCC catalyst is used; and Figure 8 is graph show ng the

rel ati onshi p between the 5superficial velocity and abrasion rate when
an FCC catal yst is used. Description of Synbols [0012] 1: fluid

catal ytic cracking syste 0: reactoy, 12.: eneratlon tower, 14:
magnet i ¢ sep&PRtS é’é‘r}é{%‘d @ge QIFL g curved

i ece,, 22:
gg;tzi g.n 18a: fi rSIEIgB.IQé t7I R grap li’l s}?oe\%ﬁ%d e le z'at?c;]ﬁslnp be%uereen e angle

of inclination and abrasion rate when an FCC catalyst is used; and
Figure 8 is graph showing the relationship between the
5 superficial velocity and abrasion rate when an FCC catalyst is used.
Description of Symbols
[0012] 1: fluid catalytic cracking system, 10: reactor, 12: regeneration
tower, 14: magnetic separation apparatus, 16: transport pipe, 18: curved
portion, 18a: first portion, 18b: second portion, 20: test piece, 22: nozzle.

10 Best Modes for Carrying Out the Invention
[0013] A preferred embodiment of the present invention will be
described with reference to the drawings.

[0014] (Structure of fluid catalytic cracking system)
First, referring to Figure 1, the structure of a fluid catalytic

15 cracking system 1 will be described. The fluid catalytic cracking
system 1 has a reactor 10, a regeneration tower 12 and a magnetic
separation apparatus 14. Note that, in Figure 1, the streams of raw-
material oil and gasoline are indicated by broken lines and the stream of
an FCC catalyst is indicated by a solid line.

20 [0015] In the reactor 10, gasoline is produced by reacting feed oil with a
fluid catalytic cracking catalyst (FCC catalyst) transported from the
regeneration tower 12, The FCC catalyst used in this reaction is again
transported fo the regeneration tower 12. As a system for bringing the
feed oil, the FCC catalyst and additives into contact with each other, a

25 system using a fluidized bed of the FCC catalyst or a system, such as
riser cracking, in which the FCC catalyst is moved through a pipe



10Best Mbdes for Carrying Qut the Invention [0013] A preferred

enbodi ment of the present invention will be described with reference
to the drawi ngs. [0014] (Structure of fluid catalytic cracking
systenm) First, referring to Figure 1, the structure of a fluid
catalytic 15 cracking system1l will be described. The fluid

catal ytic cracking system1 has a reactor 10, a regeneration tower 12
and a magnetic separation apparatus 14. Note that, in Figure 1, the

streans of togstheralithited feallloilinet Yesal.i TR @eeni iSeaainecknbye Bise o
lines and the stream of an FCC catalyst is indicated by a solid Iine.
20[ 0015] | reithheonceddheosystems. gasol i ne is produced by reacting feed oil
with a fluid catal ytic cracking catalyst (FCC catal yst) transported
fromthe rd§8HdrHE Bactiog gondifions imepeacteralagry eot g@%@ularﬁy fipited and

AR R E RN ORI S RN
corLect Y apREELIt: of G TANAPT B0 UALEGY ot o
catal yst i scaiéad: fohdRUON.1 MPA RE0,3 MPa. The ratio between an FCC catalyst and
feed oil (FCC catalyst/feed oil) can be set to about 1 to 20. The contact time can be
set to about 0.1 second to 10 seconds.
[0017] In this embodiment of the invention, as a feed oil serving as heavy oil, a
heavy oil containing heavy metals such as nickel and vanadium, and distillation
residue such as asphaltene can be used, Specifically, residue of crude oil freated by
normal pressure distillation or reduced pressure distillation, or hydrogenated
products of these, or mixtures of these are mentioned. Any FCC catalyst is
acceptable as long as it is usually used for catalytic cracking of feed oil. For
example, a zeolite catalyst and the like are mentioned. The particle size of an FCC
catalyst is not particularly limited; however, it is usually about 5 pm fo 200 um,
and preferably about 20 pm to 150 pm.
[0018] In the regeneration tower 12, the FCC catalyst used in the reaction with the
feed oil in the reactor 10 is subjected to a regeneration treatment. Specifically,
since coke, which is inevitably and simultaneously produced in the catalytic
cracking of the feed oil, deposits on the surface of the FCC catalyst reacted with
the feed oil in the reactor 10, the FCC catalyst is heated at a high temperature to

burn coke on the surface of the FCC catalystt The FCC catalyst is



together with the feed oil, are known. The present invention can be
applied to either one of the systens. [0016] The reaction conditions
in the reactor 10 are not particularly limted and reaction
conditions usually used are enpl oyed. For exanple, a reaction
tenperature can be set to about 480C to 650C. The pressure of the
reactor 10 can be set to about 0.1 MPa to 0.3 MPa. The rati o between
an FCC catal yst and feed oil (FCC catalyst/feed oil) can be set to
about 1 to 20. The contact tinme can be set  to about O.é sepond(ﬁg 10
seconds. [ Ooiegengratedin thigyway, tansperted fe theeactonhd and agamusediar
serving as heavy oil, he i |, contai ning heavy netals such as

ni ckel and vﬁﬂﬁéﬁﬁﬁ?aﬁ gd%é%ﬁaﬁ%kion resi due such as asphal tene can

e e, STl e b e s Bl "B carty
R s
oM e AT T SAAG oA e, Bl
) AT RE vt o, RN B P
P en o RSB R IR Bl e
Spect 1 el vl ciRol auigNale Saere Bt yar el Tiinnerchpe,
surf ace of t hkGC 108! alHSLASEAGNERiH !t 8 TRA Sohior®, s 00"

10, the FCC catalys eated at a tenperature to burn coke on

the sy face ghtalyre FiHfe Cﬂbt%ﬁb’iﬁted'rh@atﬂg@t Cag a'slé?%rahegied'b?geﬂﬁ%ﬁé egyfi n

this way, transported to the reactor 10 and aga r catal ytic

crackina of Maihcdbiaod 001 KO Chalynqecy!soaema L amgtvay 14
referred to ahdaehsti®ity) which is not removed as a deteriorated catalyst in the
magnetic separation apparatus 14 is transported to the regeneration
tower 12, and thereafter, transported again to the reactor 10 and used for
15 catalytic cracking of feed oil.
[0020] Note that, in the fluid catalytic cracking system 1, a deteriorated
catalyst is discarded in the magnetic separation apparatus 14 as
mentioned above. Therefore, to maintain a constant amount of FCC
catalyst in the regeneration tower 12, a fresh FCC catalyst (hereinafter,
20 referred to also as a "fresh catalyst") is supplied to the regeneration
tower 12 depending upon the amount of deteriorated catalyst discarded.
Furthermore, in the fluid catalytic cracking system 1, the FCC catalyst
is discarded from the regeneration tower 12 at random regardless of
whether activity or selectivity of an FCC catalyst is reduced or not.

25 [0021] Next, referring to Figure 2, we will discuss a transport pipe for
supplying a fresh catalyst to the regeneration tower 12, a transport pipe



5 "deteriorated catalyst”) is selectively separated and di scarded.
Specifically, netals such as nickel, vanadium iron and copper
contained in the feed oil deposit on the FCC catal yst and deteriorate
the catal yst when fluid catalytic cracking of feed oil is perforned
in the reactor 10. Therefore, focusing on the netal content of the
FCC 10 catal yst, the deteriorated catal yst is separated by nmeans of
magneti zation. The FCC catal yst (FCC catal yst not reduced in activity
and selectivity) which is not renoved as a deteriorated catalyst in

t he magneti ciarediscardiog appBC&t watalysti from aihepoegengration Hewer 12, a
regeneration tower 12, and thereafter, transported again to the
reactor 10 afenspest mpe 1o5cemsperiieg dthackhy cetalysteat dhe regenemtionot e
that, in the fluid_catalytic cracking,system1l, a deteriorated

catal yst is HM%eatdda tha magnshicsnaraticn sppakaten 14p gdranspertipipgstor
menti oned above. Therefo I ntai n.a constant, anount th;%ﬁwn

/ t .
catal yst in TRBSPLBa S Lo ca npp rediiqedeiiagtiine af Aplpstivity fron
(Dt e ey tebRet G ofaRBai 4 b e weshebioh twet 15,8584
Cracki no.sySFERTIOT PIRS Fortsaaipg i ARHRSRIGH sally o from dhe Fhghelic'

electi vit S”aff‘p"%ﬁth%%pﬁ‘%@é%“lﬂf herBRieectRes ars poosiusBpgrérag 8 es
2 fresh cat afy BBt ppt 36 NORIHE Efire DSREN o Balof e siusRBot
di scardi ng agi g cat alyst fromthe regeneration tower 12, a _
transport pi for transporting the FCC catal yst of the regeneration

UL L0 (Ol RGN 18T B ukbornd O bai
sel ectivity QM used for transporting the FCC catalyst. When the gas contains
water beyond necessity, the FCC catalyst absorbs water. As a result,
the FCC catalyst hardly flows in the reactor 10 or the regeneration tower
12.  When the FCC catalyst containing water is exposed to a high
15 temperature, the FCC catalyst causes hydrothermal deterioration.
Because of this, dry gas (for example, dry air) containing water in an
amount of less than 1% by volume is preferably used. The transport
pipe 16 is formed of a metal material such as stainless steel and carbon
steel. Note that, when the transport pipe 16 is formed of a material
20 other than a metal material, such as acryl and vinyl chloride, it melts by
an FCC catalyst of a high temperature, Therefore, these materials
cannot be employed.
[0023] The transport pipe 16 has a curved portion 18 constituted of a
first portion 18a in the form of a linear pipe and a second portion 18b in
25 the form of a linear pipe. The first portion 18a and the second portion

18b are joined, for example, by welding,



5 the magnetic separation apparatus 14 to the regeneration tower 12,
and a transport pipe for discarding a deteriorated catalyst fromthe
magneti c separation apparatus 14 (hereinafter, these are collectively
referred to as a "transport pipe") 16. Note that, Figure 2 shows a
part of the transport pipe 16. 10[0022] The transport pipe 16 is used
for transporting an FCC catalyst. Gas is used for transporting the
FCC catal yst. When the gas contains water beyond necessity, the FCC

catal yst aborhpAvedieivn A% Rgihesy! i, thtehﬁal riCBipal Y§tdrpadidly fdvews in
the reactor 10 or the regener ation tower . en the FCC cat al yst

cont ai ni ng femerthe é’lre&@om tl8a dowiarsh th@Smen@moatlum el 8bt hAt fdctime,
catal yst c ses d terJ orati on Caus of .this gas
(for exanpl &P? f)tﬁ%%éﬁn EeFURB “Q%u oggh|gsgssqcp,%ch 1%
by vol une i fy f

net al mterﬁorﬁﬁgu? ath}i rl:'iﬁz@ ess SF%@P&P& car 3 s?‘bﬁlg %ﬁg} ?ﬁat

when the triams qmmoﬂl mea Ueerematior, vefdnel ta simplerdsodn 2éhgdé & istdenro a
nmetal material, such as acryl and vinyl chloride, it nelts by an FCC

catal yst of4% fr morferq;f@r%ﬁ uprelessheWatn the angle feisridit®eon mpes mm be
orml oved, [008%e TG LR Be" 0B dP 1308 GULYEE ROLLLPAR 6
Socone PoIASAA By Nephuen ST PR bag: oot Kol o o
to increase When the angle 8 is less than 25°, abrasion at the curved
portion 18 of the transport pipe 16 is not so significant; however, the
layout of the transport pipe 16 is complicated and thereby economic
efficiency tends to decrease. When the angle 6 exceeds 90°, the
transport pipe 16 is not employed by reason of layout.
[0025] The superficial velocity of gas in the transport pipe 16 is set to 5
m/s or more and 20 m/s or less. When the superficial velocity is less
than 5 m/s, it tends to be difficult to transport the FCC catalyst. When
the superficial velocity exceeds 20 m/s, abrasion at the curved portion
18 of the transport pipe 16 caused by impingement of the FCC catalyst
to the fransport pipe tendsto increase. Note that, the "superficial
velocity” is a value obtained by dividing the flow rate [m*/s] of dry air per
unit time in the transport pipe 16 by the sectional area [m?] of the transport
pipe 16.
[0026] The content of the FCC catalyst in the gas in transporting the
FCC  catalyst through the transport pipe 16 (in other words, the
concentration of the FCC catalyst) is specified as 5 g/l or more and 10

g/l or less, or 15 g/l or more and 20 g/l or less. When the



[ 0024] As shown in Figure 2, in the transport pipe 16, dry air is
flown fromthe first portion 18a toward the second portion 18b. At
this time, the angle of the flow direction of gas flow ng through the
second portion 18b with respect to the flow direction of gas flow ng
through the first portion 18a (hereinafter, referred to sinply as an
"angle") O is set to 45 or nore and 900 or |ess. Wien the angle O is
25 or nmore and | ess than 45, abrasion at the curved portion 18 of the
transport %@@eﬁtﬁa@auw@;éoyx:cmobmg\h&e% 1ods the 5, CAbahbtht bP thie
transport plge tends to increase. en the angle™8 is | ess than 25,
abr asi on atFthe ealalysd ipodewofor ifBe @astdnd thuartspepart Efficedd teadnde so
significant; howeve the | ayout of.the trans i pe 16 i

conpl i cat e&e&ﬁ%s?‘hem glﬁson ‘Pﬂcén%?tfqnci%%cﬁet Q‘ﬁﬁécg%@a%@icsﬁ%m ghen
the angl e OufiX@80HaR015 LHE LAPTROE R AftvdPpdiBiol 08 SRhOYiethshY
reason of layout. [0025] .égh(_e superftici al ve%tg%itg of gas in tﬁ it
transport pipe lbecausedsby impirgeineas obtha§CE cataly@Otoi rthe trandpestspipdhen
the superfigcial, velocity.Jds less than 5.in/s,. it s to be
difficult t‘SD‘?SrthfEHSﬁe- t P@‘-‘rﬂcgleca?%lr:?%‘@mwﬁ tﬂPFeﬁEFgeqafq?ﬁf &rceeds
velocity exgeefls # fifnmal" ARbOMt Af LAS Hiiyed Ispo}tihS If(l,‘lﬁ
transport pipé 16 caused by i npi ngenen gof@lglﬁe @%E%ﬂg?%ﬁ%ttﬂ%o t he
transport piapdystenust the iinceasede. NOlice etdmmimic teificiesaytends toidatrease.

locity" i | bt ai.ned by djviding the fl te [m8/s]. of d
v Cper uniBOFTRE e BRUSERER e (] ahelon e eStucRed baveariese [ ol
of the trangpor tFQL R@talPst [19028dnsiHged ONhER @k ddRenidrtiohéd %Fé’c‘iﬁc' n

the gas in transporti nglthe FCC cat al yst through the transpott pipe
16 (in ot hesondisions , in hthec stape nef titrisporting tane FOT catnbybty sthyough the

specified gs 5 g/l _or e and 10 g/l or less, or 15 g/1 or norge and
20 g/ 1 or ﬁéaélgl?%hgwet mé@%c t’%ﬁfl‘l’} oﬂlakﬁ"af h}é’“ﬁcﬁﬁ%%{?&ﬂ 9‘;sga§=§ﬁ? ess
than 5 g/ 1 frithenAmd 6f th&eFEEC amlwt Yaiplied hoMefQh g8 36 aag
thus transport efficiency tends tg_de}%r eiéspel.B V\henet heS%d(gﬁ%gntrati on
of the FCChbsatednsask Agceedesultp ghrasiemdatl ede t burved5portibn dBr afitbn at
the curved portion 18-of the. transport, pi pe 16 caused by inpi ngement
of the FCCtagf%ﬁrggltpeﬁgcﬁﬂgeﬂﬂg}@%ﬁwﬁu&ftends to increase. \Wen the
concent r at ifomAf(EkAeplELC catal yst exceeds 20 g/1, the m ni mum anmount

of gas required_for transggrti ng the FCC catal yst nmust be increased.
The econoni c ef i1 dhegg9mplends tash whscperdormed| mooer Itn edndirantiatithent

f the i ' i oned_above, _si he F | '
Cr anspor { 6G0E SEnd CRPORERe Rt oNCEre TR, PV BB b AP  op
of transporRGMg @italfdeC addordgt t6 NERUGedele InfaMEROr MsPithe &6t TRele of

metal material with the help of gas, the frictional force of the FCC
catal yst apprassd tissigiaace r af Fpiast psicpe201 &vas aneasuredethu sengrdanse avith

result, abras} t he, peLtion 1 f the transpor.t, pipe 16
can be si gﬁ%ﬁoﬁ _redsﬁ%@é?&i[og‘rﬁ% ?\é’%@ﬂ% e)fﬂnvrasxon I _eflﬁtgﬂcé afipl e,
a test was Reffabiyetatrias ¢8R Ctjerdfutehat S]Sé&ﬁi@ﬂﬂ(,ashson?:lgcwrﬁin

transport pipe is reduced by a nethod for transporting an )
catal yst adtor8idgSie tmeeigessesre spraserd i togothes witle compressedndry air
abrasion resgistance of a test .piece 20 was ured i ccordanc
it st g, BES el | GEki8 oot aiozelo d2ratrui Rbva the et
Refractorygmbezd,altémid RAeMeLe MRBEAL 31, SvhosoP85d1E | 68! tn¥lindR in
Figure 3, SiC particles were sp?%]yed tdgetoﬁergﬁ%th colrrprnessg?}l(B air
al ong the veativetl theivertial direttiomcan rvezaiaage® and atlgedd altoviengimge t est
pi ece 20, toward the test piece 20, whose angle of inclination 9 M
relative to the vertical direction can be changed, and allowed to
i mpi nge
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upon the test piece 20. In this way, the abrasion rate [%4 of the
test piece 20 was calculated. The test conditions were set as

foll ows:

Materials of the test piece 20: two types of SUS-304BA

and SUS-316BA Size of the test piece 20: 100 nun x 100 M x 2 mMm
Spray pressure of conpressed dry air: 0.01 MPa to 0.5 MPa Spray

anount of SiC particles: 500 g to 3 kg Size of SiC particles: 0.3 mm
to 0.85 nm The di aneter of the spray nozzle 20. 4 74mm

di stance bejyfehelds FiREA¥0N0ZH rid0vaRd thbeabrasibnPLAE FoA%s Rl Ted™m

piece 20 was calculated. The test conditions were set as follows:
Materials of the test piece 20: two types of SUS-304BA

and SUS-316BA

Size of the test piece 20: 100 mm x 100 mm x 2 mm

Spray pressure of compressed dry air: 0.01 MPa to 0.5
MPa

Spray amount of SiC particles: 500 g to 3 kg

Size of SiC particles: 0.3 mm to .85 mm

The diameter of the spray nozzle 20: 4.74mm

Direct distance between the spray nozzle 20 and the test
piece 20: 203 mm.,
Note that, the abrasion rate was calculated in accordance with the
expression: '

(Wo—W,)YWex 100

where the weight of the test piece 20 before the test was Wy [g]
and the weight of the test piece 20 after the test as W, [g].
[0029] First, the superficial velocity of compressed dry air was set to 55
m/s and the conceniration of SiC particles was set to 1L5 g/l. The
abrasion rate was measured individually in the cases where the angle of
inclination ® of the test piece 20 was changed to 15°, 30°, 45°, 60°, 75°
and 90°. As a result, the abrasion rates were 0.18%, 0.22%, 0.21%,
0.18%, 0.14% and 0.13%, respectively. Accordingly, as shown in
Figure 4, the peak abrasion rate was obtained in the case where the
angle of inclination (@ as set to about 30° It was confirmed that the

abrasion rate decreased as the angle of inclination ¢ decreased from

11
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Note that, the abrasion rate was cal culated in accordance with the
expression: (W - WO W x 100 where the wei ght of the test

pi ece 20 before the test was W [g] and the weight of the test piece
20 after the test as WL [g]. [0029] First, the superficial velocity
of conpressed dry air was set to 55 nis and the concentration of SIC
particles was set to 11.5 g/l. The abrasion rate was neasured
individually in the cases where the angle of inclination Wof t he
test piece Zonuwadeahdngak athrIeléf indBnatfbr @%easeag‘ro%ﬁ.‘g% a
result, the abrasion rates were 0.18% 0. 22% 1% 18% 0. 14% and
0. 13% respE)ﬁB[}]/Neyct ﬁm:amdcelgtayl,onacsf Sitbowartiches-ivgasr et 40  1hé glleakd
abrasion rate wa %a d i.n the case where the angl e of |ncI|nation
9 as set tohen@iEe 30f  IRchia MaHoE ghPf thiedest ipiecer 1O sgp 8t éh 3t e The

ggct ﬁgsggglibrgggl ngﬁ% hat agn %‘8 ﬁrﬁﬁ@ eé%‘ﬁ f’naa?t guﬁte?)@)ase? Vglb%rﬁ]t?lo i

the concentﬁ@krfMapfveﬁtc@typaﬁ‘t bsingﬁesw@f &9t abr0 wak: chafitdd andothe, 359! e

of inclination gqi of the'test piece 20 was set to 90. The abra5ion
rate was rremémr%@im/aﬁﬁ@lmi&alahgl bH mhe Aasemsulihertise sbresionpeatés omaé

vel ocity of y S, C ed to 10 nis, 15 ms,
in/s, 30 mgﬁ’an /‘55?}1(?]32 Ag%ﬁg/fr e%rtﬂt8 %@ éﬁﬁpéﬁl'fif'rwrat%%ﬂglm% 0%

0.01% 0. 04 e i C \ o] gure
5.t vas. corTt I e SORPFRY R SmeCRR! 4 3 SopBTichItilon b
dry air incéeasesked! h@xyabiragiceehsedt ethbnﬁ’ch@éi&ﬁd,rat%n(inbﬂéaﬁwt ia68| A,
when the superficial velocity of conpressed dry air was Iarger t han

20 m's, an pateease waes die supeabtioh veloeithofanempragsed | dantair peS31]
Next , the uperfic vel 0(:|t of onpr.essed air was. et, to 55
ms and thz1 gﬁﬁf}lﬂéa"cr?d g2 flﬁﬁ‘f abygsion ?S"? %%a&ee‘;l@@ I8 set to
90. The abr e
the concem@2??2?6%%@‘h%ﬁ%‘§??%21"§§’°5@w cEh e Wb SR T
11.5 W, 15’0)(61 andtheginlandd 38cHnation e dhe esstl pieceh20abmasedto 6 es
wer e 0% 5% 0.07% 0.08% 0.07%._ 0.02% and 0. 01 Accor di ngl g a
shown in. FHifurdbrasion ats, gwas &lﬁaé‘éreénmdé’ﬂéuﬂé}é igpthg eases | where thase

15gr1 e GaceRkii B SIC JRe i ShelBRLRC it clo i s
concentratign of gf, QPa/Nt hed e32. Qgtlr eA§e@| eSSl AR UAbradod/ fatd wete 9/ 1

and as the concentration of SIC particles increased from about 12 g/l
to 13 g/ 1. §%0305%00d7hal . 080n (5) Aé%, 592%esand b@@labMQrdmglyalas FCC
catal yst but Si C pﬁl‘tl cles were However , eog)l t.he, sa test was
per f or ned WG WnFIEEC Oat 1ét'leysPteafgtf"l AR it s iobtained S the 88e hy

It was where the concentration of SiC particles was set to about 12 g/l to 13

g/l. It was confirmed that the abrasion rate decreased as the
concentration of SiC particles decreased from about 12 g/l to 13 g/l
and as the concentration of SiC particles increased from about 12 g/l to
13 g/l

[0032] Note that, in the test described above, not an FCC catalyst but
SiC particles were used. However, when the same test was performed

using an FCC catalyst (the maximum particle size: 0.15 mm), it was
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confirmed that even if an FCC catal yst was used, the simlar

rel ati onship was shown between the angle of inclination and abrasion
rate and between superficial velocity and abrasion rate. [0033]
Specifically, first, the superficial velocity of conpressed dry air
5 was set to 55 ni/s and the concentration of the FCC catal yst was
set to 6 g/L. The abrasion rate was neasured individually in the
cases where the angle of inclination p of the test piece 20 was
changed to 00, 15, 30, 45 and 90. As a result, the abrasion rates
were 0% 0. osemgrmoed 1t ovenoilaga d%Cr copdyst weas . useds othfl igmplaras
shown in 10Fi?ute . the peak abrasion, rate was ,obtaiped i he .case
where the anglaionshipcyasnshown beswagn the@ngle gbdnelingion andepbrasion

confirned that as.the abrasiop rate decreased as the angle of
i ncl i nation ¥ieandbsbueen ?‘%ﬂﬁrgﬁﬁzt"e@?"‘%ﬁi’ TABMENdAE e of inclination

Cat ol yot waslLES) fio"e%ﬁ@%ilya&ﬁ%z%e Eﬁééfgn;zqﬂiv%%’& e&%{q%iaéé’rﬁaszf e

| ndi vPdual 1y "R SEHD a50s dhe SRttt LN FOT CRADSE Bhs set o 6
dd [ : ' 10 5 :

SRl ot RO e et A s

[ espect vel Vi SR SR Hnaih B BLhd A28 o gl fO0f 3, o

abrasi on rat g9 Nesea3g0eandh{ ) RRLH MM Abrasilie Tl S EP0H, | GO TS,

vel ocity of Torpriesse ry air ‘was larger an m's, an I’ncreasé

rate of abragigaResa0ROPRCaNR 6% tdspedively. Accordingly, as shown in

10 Figure 7, the peak abrasion rate was obtained in the case where the

angle of inclination ¢ was set to about 30°. It was confirmed that as
the abrasion rate decreased as the angle of inclination ¢ decreased from
about 30° and as the angle of inclination ¢ increased from about 30°.
[0034] Next, the concentration of the FCC catalyst was set to 6 g/ and
15 the angle of inclination @ of the test piece 20 was set to 90°. The
abrasion rate was measured individually in the cases where the
superficial velocity of compressed dry air was changed to 0 m/s, 10 /s,
15 m/s and 25 m/s. As a result, the abrasion rates were 0%, 0.002%,
0.005% and 0.018%, respectively. Accordingly, as shown in Figure 8,
20 it was confirmed that as the superficial velocity of compressed dry air
increased, the abrasion rate increases, and in particular, when the
superficial velocity of compressed dry air was larger than 20 m/s, an
increase rate of abrasion rate became significant.
[0035] Accordingly, in consideration that the SiC particles are harder
25 than the FCC catalyst, if the superficial velocity of gas is set to 5 m/s or

more and 20 m/s or less, the angle 0 is set to 45° or more and 90° or less,
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[ 0035] Accordingly, in consideration that the SiC particles are

har der 25than the FCC catalyst, if the superficial velocity of gas is
set to 5 ms or nore and 20 nis or less, the angle O is set to 45 or
nore and 90 or less, and the concentration of the FCC catalyst is
set to 5 g,/L or nore and 10 g/L or less, or 15 g/L or nore and 20
g/L or less, based on the aforenentioned test results, it is possible
to reduce the abrasion at the curved portion 18 of the transport pipe

16, even if the FCC catal i s. bused. AR S 1., A nethod fo
transporting® thqmms%éztr 199. tbe%@%?ﬁ@wfﬁ%tawgtt%%@ﬂmoamgrea éQ of
transporting the ui d ca ic crackin talyst- wt he

gas by fl ow toﬁe Fés o n géit PRNSEEY ta-"% é@ |(P¥gl%§sc3?a§%‘g Moy ?on
wherein the tgans e is f d of ta ial, the curved -
por 1 on 1 5 cefvccinpationtd e ey This Bpesible the GBrasioR s dhe

pi pe and a secon the formof a |near t. ng
b Eh the 11 raivpgmattinn s, of g Erandhe in€ 16y evmf’ %E@?ﬁ%ﬁyﬁ is
vel OC|5ty of \E%&; gas is set to 5 nfs or nore and 20 ms or |less, the
angl e“of a f direction of the gas flowng in the second portion

W th respect to a flowdirection of the gas flowing in the first
portion is set to 45 or nore and 90 or |l ess, and the content of the

fluid catalytic cracking catalyst in the gas is set to 5. g/1 or nore
and 10 g/1 or less, or 15 g/1 or nore and 20 g/1 or |ess.
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2. A magnetic separation apparatus to selectively separate a fluid
catal ytic cracking catal yst reduced in activity and sel ectivity,
including a fluid catalytic cracking catalyst transport pipe for
transporting a fluid catalytic cracking catalyst under a flow of a
gas into and out of the magnetic separation apparatus, the pipe being
connected to the apparatus and forned of a netal material and having
a curved porti Is constituted of a first |linear pipe portion and a
second |i néLA—ﬁ%e portion comrunicating with the first portion; and
a gas supply connected to the transport pipe; wherein the angle of a
f1 ow direcl.i on Afmathed fadransportihg awiluig datalytivecrsdddog dathiyseeormpiigieg a
portion with respect to a flow direction of the gas when flowing in

the first dtepedtrapsfoetinotie Dnid catdfic bRcking Vatalit-Svitthe 3P OF gh€ 3§
and wherein in use, the content of the flurd catalytic cracking

cota YS! | b 085 sl £t A Pl i
set to 5rr1pslpg "is rfgrrn?edagfj azlgt%lsm%en]aist%é curved portion is constituted of a first
portion in the form of a linear pipe and a second portion in the form of a linear
pipe communicating with the first portion, in the transport step, the superficial
velocity of the gas is set to 5 m/s or more and 20 m/s or less, the angle of a flow
direction of the gas flowing in the second portion with respect to a flow direction
of the gas flowing in the first portion is set to 45° or more and 90° or less, and the

content of the fluid catalytic cracking catalyst in the gas is set to 5.g/1 or more and

10 g/l or less, or 15 g/l or more and 20 g/1 or less.

2. A magnetic separation apparatus to selectively separate a fluid catalytic
cracking catalyst reduced in activity and selectivity, including a fluid catalytic
cracking catalyst transport pipe for transporting a fluid catalytic cracking catalyst
under a flow of a gas into and out of the magnetic separation apparatus, the pipe
being connected to the apparatus and formed of a metal material and having a
curved portion is constituted of a first linear pipe portion and a second linear pipe
portion communicating with the first portion; and a gas supply connected to the
transport pipe; wherein the angle of a flow direction of the gas when flowing in

the second linear pipe portion with respect to a flow direction of the gas when
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flowing in the first linear pipe portion is set to 45° or more and 90° or less, and
wherein in use, the content of the fluid catalytic cracking catalyst in the gas is set
to 5g/l or more and 10g/l or less, or 15g/1 or more and 20g/ or less and the

superficial velocity of the gas is set to Sm/s or more and 20m/s or less.
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