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FP0O8- 0481- 00 DESCRI PTI ON METHOD FOR TRANSPORTI NG
FLU D CATALYTI C CRACKI NG CATALYST Technical Field 5
[ 0001] The present invention relates to a nethod for

transporting a fluid catalytic cracking catalyst i FR08-0481-00

fluid catalytic cracking process for a heavy oil such
as residue. Background Art [0002] Demand for a

hydr ocar bon oil product containing a fraction 10
having a boiling point equal to or less than that of

light oil has rel ati veDESCRIPEEE®ON due to

environnental concern and availability, and how to

MMBEHOD&OR PRANSPORTING FLAAD ATAINY THCCRACKING
issue. In the «circunstance, inportance of fluid

d@ATALYSTEr acki ng (FCC) using heavy oil has grown as
a heavy oil treatnent process. Herein, the fluid 15

CRééhicat Fiekk ki ng refers to a nmethod of deconposi ng
heavy oil (petrol eum hydrocarbon) by bringing it into

C[h@ﬁJOd ¢tTheé present invehticiatelhiesito aCm%ﬂk(bdl ﬁoﬁﬁhﬁkﬁy@tmg"a fluid

erelnafter referred to also as a "FCC cat

t@t@]@@d dﬁacm{')@ l&’tt@ ?'Stl dh asflgids ohfabetic |dradle1frigeﬁrocess for a
pet r ol eum gas, eed stock of alkalized and a

rha;i]l}eoﬂlsat;hlabqegdﬁexture 20 [0003]In this nethod,
sincé the heavy oil contains netals such as nickel,

vBAéRskound Aft and copper, these netals deposit on the
FCC catalyst during fluid catalytic cracking of heavy

qi0002ThempRané5E A0 Rydfocarbeni bil Cpftfdu(:t obsethififlg dhfaetion

netal § are present in heavy oil, which are derlved

g raB6ilid paind egualicled ey thﬁnmﬁaﬂ@fﬁgnt ailthagirelatively

25 transport appar atus, a storage apparatts or

g?@géagggﬁlt %u@ ng?zen‘iigﬂnp%s%aslu%ﬁé% gﬁ@%%ﬂabmﬂyew Bokv 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
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.

[0003]In this method, since the heavy oil contains metals such as nickel,
vanadium, iron and copper, these metals deposit on the FCC catalyst
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

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

usually present in heavy oil as organic metal compounds having a
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1 FPO8-0481-00 porphyrin ring structure and others.
Therefore, when the heavy oil cones into contact with
an FCC catal yst at a high tenperature, the organic

nmet al conpounds are deconposed and these netal s FP08-0481-00

deposit on the FCC catalyst. 5 [0004] When these
nmetal s deposit on the FCC catal yst, not only the
activity of the FCC catal yst but also the selectivity
t hereof decreases. To explain this nore specifically,

spoxphyritesmgstralcturer and apthels oThersfusd,nwhen the heavy oil

hydr ogenati on and dehydrogenati on reactions, the

dedids daen asomvact’ et iaanFCE dutalyst it borisighr temperature, the
accelerated in the 10 reaction conditions of fluid

catgainyd ingetal eolfiptiinddsare decvihposed ghdthede metals deposit on

unfavor abl e products such as hydrogen gas and cork
imqé@@e@atmt,eas, yi el ds of favorable liquefied
pet rol eum gas, gasoline and kerosene oil decrease.

[ [0%:]] Whenv thedesh@alsi é¢pbsitductlicoFCOf cdthlyst,i aoebingd the

petroleum gas, 15 gasoline and kerosene oil, it is

kaetivity @fetiiel BE A carilstdbus alke the pelgotvity thepeofitieoreases.
appar atus when heavy oil and residual oil  containing

aTbasgsladimhiy nedrenspedifically, sukdeethent ntethlsiate caggble of

catalytic cracking.” In the nethod, a part of an F

coidfingt MiRizegéndtior  andcul ddhydrogyRiteon | Fe@itheds, the
wor ds, “an FCC Catal yst reduced i'n activity 20 and

séélefdrogehition s réitiod & hydedcBoas afid Yadcleratst aind the

a fresh™ FCC catalyst is supplied to naintain the

afdacibhyceriditions FSICaad Qﬂafﬂmythiglrkéﬂa?ﬁing?i r Adl atrbault, yields of

systemto be constant as a see, for exanpl’e]

o SO 9 e st heros,
yields of favorable liquefied petroleum gas, gasoline and kerosene oil
decrease.
[0005] To avoid such yield reductions of the liquefied petroleum gas,
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
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Di scl osure of the Invention 2 FP08-0481-00 [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 th&P08-0481-00

FCC catalyst in a dry state. Usually, in the step of
transporting the FCC catal yst, the FCC catalyst is
transported by 5 blowing dry air. However, the FCC
catalyst hits the wall surface of a curved portion of

g 0008 Metet that,da ordento rernase an FOOewAlyistor ¢thé Yike reduced

portion of the transport pipe and wears out the

tihegabdty apidpsupply of GéshaF CIY @bla@_ﬂ@tt imaplaeehd & hecessary to

formed i'n the curved portion of the transport pipe.

[800HorAthebFET @fali/ie inr 8SeRE staventiiqually,his aher step of

is to provide a 10 nethod for “transporting a fluid

q@é@g&tiﬁ%m@@ KFOCT Gatdl¥st the dnao %aﬁilysﬁiig nirhh§potted by
I ng

redu brasi on of a Curved portion of a transport

BiB%ving d:%/r@ie.s PRIdwEderd the HECcaitalyst hitsahaokaNGurface of a
catal yst (FCC catalyst) in a dry State. [0008] The

Teired Bttiont 08 TP BiahisPertPpileUinthenabasts AR e curved

catal ys 15 accordin e present invention

i . oy fla :

SIS SNSRI ERS Gehel ALY focur o
Dblém!thafa Hodd $PRIrmdd ﬁ?tHéaé’dﬁ@dg)cﬁ‘HbﬁQﬁ' th@lrtf'drfsi’oorﬂ Pipe.

ich the transport pipe is fornmed of a neta

m&% Sbject WiveR P?E(;s‘elhf’ MnenGOAS thdréted, 35 1 ptévide a

nin the formo I near pipe and a Second

ron | P alinear pipe ond "
PREHN fof tiRpbALTR o fitid CatdIYfie! chicRin® RUHOLE YapBle of

e first” por I n e"transport” step;

Snéggﬁfﬁéaﬁﬁgloréngﬁgﬂg% h¥rfdion BE addfived éﬁ)gﬁohcbf% fPafispért pipe in

e and l ess; the angl I the flow

iRl e RRAbHCHRIAS bRy SeMeC e i g Iy
[ ne first portionis set to 45 or nore and 90 or
| ess, and the content of the fluid

[0008] The method for transporting a fluid catalytic cracking catalyst
according to the present invention includes a step of transporting the
fluid catalytic cracking catalyst with the help of gas by flowing the gas
into a transport pipe having a curved portion, in which the transport pipe
is formed of a metal material; the 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 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/L
or less, or 15 g/L or more and 20 g/L or less.
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25 catalytic cracking catalyst in the gas 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. 3 FP08-0481-00 [0009] In the method

for transporting a fluid catalytic cracking catal ystFP08-0481-00

according to the present invention, since the fluid
catal ytic cracking catalyst is transported under the
af orenenti oned specific conditions in the step of
transporting the fluid catal ytic cracking catal yst

Wioon 9 e thel dethad feeGaRypdrtiag & dluidaddsticnéracRing catalyst

transport pipe forned of netal” material “and having a

caticoedingots i the, gfdsenf thoéntdod| sineectheofluidecdthlyitit cracking
catalytic cracking catalyst applied to the transport

ReAglyse s kanspaedundér the aﬁﬁéfﬁe,nti@%dsé%ﬂ&iﬁé domlitions in
e

curvéd portion of the transport pipe can

sthenitép oftdnpbte aee 1l Ehfabptic efadkifg b@ﬂeﬁ?ﬁﬂ% vg[th the help

[ 0010]" According to the present invention,

PeBsadbe flewhipHiclgadinttes afsper gipeToraetiofimatdl iHatkrial

i
catal ytic cracking catal yst, capat?le of significantly

&t ‘Pﬂaﬂ@h%'ﬂér egihved pértior; Wheeftidtiirdl oforeé of fhieaflaRPichtalytic
pipe wheh a fluid catal'ytic cracking catal yst (FCC

%@kﬁg Latatydtr aﬁﬂﬁw 46%he ntra%%ldﬁc ‘ifgﬂe <ot Be 18E0L6Ed. As a

Description of the Draw ngs | gure 1 is a view

SRIWItN hibrgiont Bt Ghe Bufedd bA Sﬁttﬁbyiﬂaﬁgp(?ﬁagifﬂe”%an be
art a

system 1l; Figure 2 is a view of show ng a

tg ggm{tppféﬁceap Figure 3 is a viewillustrating an

1 : : ;
abrasi on resistance test of a test piece; Figure 4 is

EWERG e Ealgh (2t onship betyeen {ne anole o
URRA0] 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
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;
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

velocity and abrasion rate when a SiC particle is used;

Figure 6 is a graph showing the relationship between the
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Figure 5 is a graph showi ng the relationship between
superficial 25 velocity and abrasion rate when a SiC
particle is used; Figure 6 is a graph show ng the

rel ati onshi p between the 4 FP08-0481-00 FP08-0481-00

concentration of SiC particles and abrasion rate;

Figure 7 is a graph showi ng the rel ationshi p between
the angle of inclination and abrasion rate when an
FCC catalyst is used; and Figure 8 is graph show ng

t donoeatrationnshS iC pamdea ahabrasioneufd;ci al velocity
and abrasion rate when an FCC catal yst is used.

Descr i [Rigare §f isSy grapls sho®iiay the rfelatichsiap dettvieen the angle
cracki ng system 10: reactor, 12: regeneration tower,

1gf ma:hna%nm%aatomtamdwm&m§C(16:atalymsprsed pnge,

18: curved portion, 18a: first portion, 18b: second

porti orFigdts Beds ? gple, sBewimpz thee. relafiofsisip NMutagen the
for Carry| ng Qut the Inventlon [0013] A preferred

estpeefiokiltveddcitynend abeasion irateewhenanW CC detalyde tcusdhd

wth reference to the drawi ngs. [0014] (Structure of

fDeséeriptionl of Synibigiski ng system) First, referring to
Figure 1, the Structure of a fluid catalytlc 15

cf0gdRi|nia ARl eatalyti¢ |c|ra<tl@nges3£st¢1hed0 Toactor Uil @: regeneration

catal ytic cracking system 1l has a reactor 10 a

regesenat | ctitesepbaiod appabanst 16: tramsporabipe) 18: curved
apparatus 1 Note that, in Fi gure 1, the streans of

rBoYtiormtigat ﬁrstop(brtﬂﬁﬂ 188s abéared Ccpbﬁmm |} G:aesidpiee PR Dkedzzle.

Iines and the streamof an F catal yst i s i ndi cat ed

bRest MOdés for€arfPingddOUtlthenveatidipct or 10, gasoline

is produced by reacting feed oil with a fluid

LA pche D qnbalater Uz heaneeo s e
| dedchibedr withire®dtehte 88 @hd drawings.
[0014] (Structure of fluid catalytic cracking system)

First, referring to Figure 1, the structure of a fluid catalytic
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.

[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 to the regeneration tower 12. As a system for bringing the
feed oil, the FCC catalyst and additives into contact with each other, a

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
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transported to the regeneration tower 12. As a system
for bringing the feed oil, the FCC catal yst and
additives into contact with each other, a 25 system

using a fluidized bed of the FCC catal yst or a syst @p(8-0481-00

such as riser cracking, in which the FCC catalyst is
nmoved t hrough a pipe 5 FP08-0481-00 together with
the feed oil, are known. The present invention can be
applied to either one of the systens. [0016] The

rgpethanwittnthd fend oil) drickd@aal o'THO paésentdhivention can be

particularly limted and reaction condltlons usual |y

ugsslicdt & &itiérooeslof Hes syste@sanpl e, a reaction
tenperature can be set to about 480C to 650C. The

IO[T(R)SN?; 'Ehéfreh&tfor QSHdII0AY iAathedeesdbr t1D @pe Lﬁotopénl\di’ﬂarly

MPa. The ratio between an FCC catal yst and

feefted landGeacdbR! yonditRed @shallyCaBedeafetlerhployedut For

1 to 20. The contact tine can be Set to about

cosamifle, & KadRipifipeidiutd Bad1be Bet b %b%'ﬂf@%m&o Y50°C.

véntion, as a teed oil servi ng as heavy oil
ERY

é)r@éduré ATt thi %B@tdi’elf()/ Yai®eadet t6WHbIRYD. DiMIiPal toacmg MPa.
vanadium and distillation residue such as asphaltene

CHRe Qﬁtlégc%iweeﬁpcﬁﬁ FOC atalyst &5d de&d il &F @@ecaﬁh{?'st/ feed oil)

treated by normal pressure dlstlllatlon or red

PE45 bRt dbSABdutat 920, Or ThY ToReR iR PP BE et t@fabout 0.1
these, or 15 m xtures of these are nentioned. Any F

Celcdndsto 1Gs@cRRt able as long as it is usually used
for catal ytic cracking of feed oil. For exanple, a

R i?ﬂﬁgc #Hig! éiﬁb diifleht @f! thie; Iﬂre%tﬂaﬁntdsoaeféedmﬁ serving as

stze of ‘an FOS catal yst 1s not particularly

| &4 i1 h I
h%?‘éﬁq}fﬂér §“Fé’a?‘§’b§u‘¥ dz‘%“??‘t 1%“'&"?#9’%%”?0%&‘%? T ipel and

react | {c}%{ :NIQI?% &ﬁﬁq 8 wﬁqdl n t ?’Ig)éﬁ%l?ﬁ%glé gah"Be used.
s9Be&Fcatly! Pesidhé Qﬁ*&hﬂ&'cﬁp treated 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 um to 200 um, and preferably about 20 pum to 150 um.
[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 cork, 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

cork on the surface of the FCC catalyst. The FCC catalyst is
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treatnment. Specifically, since cork, which is
i nevitably and sinultaneously produced in the
catal ytic cracking of the feed oil, deposits on the

surface of the FCC catal yst reacted with the feed oiFP08-0481-00

in 25 the reactor 10, the FCC catalyst is heated at a

hi gh tenperature to burn cork on the surface of the

FCC catalyst. The FCC catalyst is 6 FP08-0481-00
regenerated in this way, transported to the reactor 10
amgeﬁetdted s ehlisf way carhasported ¢o dekreagptof 10ead agdin used for
[0019] In the magnetic separation apparatus 14, the

Rédta

baictmsking efifisboiln activity and selectivity
(hereinafter, referred to also as a 5 "deteriorated

ClO0AI9 gin" thé Sneginetici weparasiopar tapd14dj sther FEC catalyst
Specifically, netals such as nickel, vanadium iron

areducedper actioityaand kelectiviey f(ﬁeﬁbinhftedemfehfedom talso as a
FCC catal yst and deteriorate the catalyst when fluid

ctdaepibrated r agdtalygt'yf iseedelectively psepamaoedl iandt hdiscarded.

reactor 10. Therefore, focusing on the netal content

oSpédi€icalls, 1thetalisalgneh, dshenidkékr vanadimngcairahy sind scopper
separ at ed by means of rmagnetization. The FCC cat al yst

(EsAtahficiny te ferld 6i¢ deposition &t FCQ yatadysl and deteriorate the

selectivity) which is not renoved as a deteriorated

c@dtalysstwhen tigid om@anaidc ecrackinpasf deedribigtpeefored in the
transported to the regeneration tower 12, and

thaces' 1€, Therdors,t fsbudiids Noft thehendtehomterdtO ofinthe FCC
used for 15 catalytic cracking of feed oil. [0020]

Nedt@lyishat the n debéridtated Citallyst | ¢s Crseplirdted Sy edan® of

deteriorated catalyst is diScarded in the magnetic

spighatization PP BECLdatabyst TFUC eardyahdtaeduced in activity

Therefore, to maintain a constant anount of FCC

BN R e adepckistfDs Iy

CRa@néfit” separafibAPhpParath®s e i§ e@@giordd Mo the regeneration
tower 12, and thereafter, transported again to the reactor 10 and used for
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,
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.

[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
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tower 12 dependi ng upon the anmount of deteriorated
catal yst discarded. Furthernore, in the fluid
catal ytic cracking system1, the FCC catalyst is

di scarded fromthe regeneration tower 12 at random FP(8-0481-00

regardl ess of whether activity or selectivity of an
FCC catal yst is reduced or not. 25 [0021] Next,
referring to Figure 2, we will discuss a transport

pi pe for supplying a fresh catalyst to the

fﬁﬂeﬂﬁica?diﬁg haWBICQA 2¢atalyist aftop®r thePir@Senefation tower 12, a
FP08-0481-0 for discarding an FCC catal yst fromthe

reaIRRITe tpipe fmagéﬁmﬁx theSPOC catdlgsf of the regeneration
transporting the FCC catal yst of the regeneration

tiowir 12 tbothehmagnerietdepaiftic apparmtagdal, af ti‘éné;?@rt%nipe for

transport pipe for transporting an FCC catal yst not

regiigReiting ¢ FOC toatalhseabe tddudedyind 46tVity iorssel@aRdty from

separation apparatus 14 to the regeneration tower 1Z,

2 Maghtosepiatiphibeindl P8 fiekeendrithir RIRELID, and a

catal y fromthe magnetic separation apparatus 14

( A i66 . Fatet TRsn! the2magaeti
o B o B e R e ageic

gergiaﬁ*@tiéﬁ %ﬁg@fﬁtﬁs 18 @?réiﬁaﬂéﬂ_ th@Se dte EBHeét‘i@élW%férr%% toas

e 16 1s used for ansporting an FCC catal yst.

F; "ﬁﬁﬁﬁ%&@ ?iﬁé‘?ﬁr‘l%? or Nob@ thdteFigdre 22&1b W s ta path 8 thé fransport
gas contai ns ter beyond necessity, the FCC catal yst
riip water. As a result, the FCC catalyst hardly

f10ws I n the reactor 10 or the regeneration tower 12.

mtg)gzg hPhéF%rﬁgbﬂ' %’ﬁiet £8 51 ais@a%r%?gpdrﬁnggapmt&tayst

5 tenperat ur e FCC catal yst "caus

¥ : op f Wb, .
%& G hRed®or ‘?.?rfsbb?ﬁ?ﬁ 'R FC@ieér‘]aSé!I&gt.o WHheS thé ?réhs) Sﬁvt'htalns

r exarrpl e, ry-air contaln ter 1n an

oévatéi*?@e){&ﬁl‘ n@:%%tyi‘,’ ghg rfeCCSci{?F};s% ra%@b?’béj $efler. ThRs a ﬁesult,

t ranspor pi pe orned o netal material suc

BT CCTLAE LRI G35 oL L & psbraloner
12. When the FCC catalyst containing water is exposed to a high
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
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

the form of a linear pipe. The first portion 18a and the second portion

18b are joined, for example, by welding.
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20 other than a netal material, such as acryl and
vinyl chloride, it nelts by an FCC catal yst of a high
tenperature. Therefore, these naterials cannot be

enpl oyed. [0023] The transport pipe 16 has a curved FP08-0481-00

portion 18 constituted of a first portion 18a in the
formof a linear pipe and a second portion 18b in 25
the formof a linear pipe. The first portion 18a and
the second portion 18b are joined, for exanple, by

VRRI02UNA s 8hb6RBiP F8dur@2 ﬁpﬂ%iraﬁ@&h%e'l% Fdl?Uzh@ i¢ flown

in the transport pipe 16, dry air is flown fromt he

ffrbﬁf tHéOﬁi'stCifbrﬂi%ﬁ I%\ﬁaﬁlﬂlesmd P¥tidne 088.8b A thhis time,

this time, “the angle of the flow direction of gas

fthewangld lofoth fidie RESién @Prgasoﬂo’aﬁh u?ﬁsﬁ?@tsecond

to the“flow direction of gas fllowng th ough

;1?161%10er8$ hiith F&pech & &ié‘ﬂf){xﬁﬂlreéﬁf)ﬁ rdi?i\stﬂb\%iﬂg’fhfoﬁgh the

angl e s set to 45 or nore and 90 or less
h
EE gt fni"?tq@iﬁh%é%l?%e r. Yol 14 SftnbtP Rs ob angpé D issetto
p 90 GhoreBHRPIN®Yr 1188y, NORIARA tHef ard g@ g % §‘ab less
e transport pipe tends to incre en t e ang

O@aﬁ hsesabbaior? e e 83ARR Bbridie Iofothel faR8pdH Pipe 16

f THe transport pi S not 'so signi
A oy PGt ofihé TG RAER bo ThENaSpolt pine fends
h °
B, e S ) 1 ER R Y  RRpsiOGRIR Curved
}26“?*‘22?“?9“? t‘%@%ﬁf’” % 1935 A STSIGUREARE o Me0e:, the
(TRt O G GapbBor pifR 96, eI AN GRY ecohomic
Vggmeﬁéyatgﬁpgrﬁd qee{ ‘éS' O er 6 551800 EReceds 90°, the

asi o e curved portion e t ransport

PirRfispidit PR £6 i8¥ot BRIPIEFEEBY Rhsdhbf Tifoat al yst

[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 transport pipe tends to 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/ or more and 20 g/L or less. When the
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to the transport pipe tends to increase. Note that,
the "superficial 20 velocity"” is a val ue obtained by
dividing the flowrate [nB/s] of dry air per uni

t
time in the transport pipe 16 by the sectional areaFP08-0481-00

[mM] of the transport pipe 16. [0026] The content of
the FCC catalyst in the gas in transporting the FCC
catal yst through the transport pipe 16 (in other

words, the 25 concentration of the FCC catalyst) is
spasichtrationsob thy FGC catalystaisdless than Sog/llethe, amouns of the
g/L or nore and 20 g/L or less. Wen the 9

FROE oatdywois lomdentthatgasnand thhe traspoant effyeiency tends to
less than 5 g/L, the anmount of the FCC catal yst is |ow

f decrease. ga¥Vlaen thehoencentratpon of ¢hé FGErayalysheasceads 10 g/L
decrease. Wien the concentration of the FCC catal yst

eand dess thangl 3 g/bndbtassen ahtne tirgd portomdiSoof the traasport
curved portion 18 of the transport 5 pipe 16 caused by

i pipentfe causedoby tmgimginent af tha FCE catalystdoghe ttanspprt pipe
tends to increase. Wien the concentration of the FCC
ctends tetinereaseds Wheén gh¢ conbentranomofthedi catalysksexceeds
required for transporting the FCC catalyst nust be

i 2@ rgfhs de nTinémeno rmountedf gas eeqyired fos ttamspertimathe FCC
[0027] In the enbodi nent of the invention as nentioned
abatabyst sustébelidcréaseBCC T etgrsomicefficdenpytemds tonderease.
the aforenmenti oned specific conditions in the step of

t f00RS dint theg emrbodienatof] thet intvientioghas meentiomed pbove, since
pi pe 16 made of netal material wth the help of gas,

tthe HCCcchataipét fiortransportdde vr(derc thel sforementivaddt specific
the transport pipe 16 can be reduced. As a result,
aborditionsain tthe stepvedl tpamsporting8anf FOE catalyst athspogh the
pi pe 16 can be significantly reduced. [0028] (Exanple)
Itra?fspom ime! 632 mades bf wasta) enfaveriald with chdehelpoof gas, the
confirmthat the

frictional force of the FCC catalyst applied to the transport pipe 16 can
be reduced. As a result, abrasion at the curved portion 18 of the
transport pipe 16 can be significantly reduced.

[0028] (Example)

In the example, a test was performed in order to confirm that the
abrasion of a transport pipe is reduced by a method for transporting an
FCC catalyst according to the present invention. As the test, the
abrasion resistance of a test piece 20 was measured in accordance with
ASTM-C 704 "Standard Test Method Abrasion Resistance of
Refractory Materials at Room Temperature". Specifically, as shown in
Figure 3, SiC particles were sprayed together with compressed dry air
along the vertical direction from a nozzle 22 arranged above the test
piece 20, toward the test piece 20, whose angle of inclination ¢ [°]

relative to the vertical direction can be changed, and allowed to impinge

10
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abrasion of a transport pipe is reduced by a nethod
for transporting an FCC catal yst according to the
present invention. As the test, the 20 abrasion

resistance of a test piece 20 was neasured in FP08-0481-00

accordance with ASTM C 704 "Standard Test Met hod
Abr asi on Resi stance of Refractory Materials at Room
Tenperature". Specifically, as shown in Figure 3, SiC
particles were sprayed together with caonpressed dr¥
aupon ghetgst: piecee?q.i cin thisr way; the absasianraie [¥o2ol the test
arranged above the test 25 piece, 20, toward the test
ppiece anicelaulatied! e Hhe tast conditians werg et assladlawss
to the vertical direction can, be changed, and al | owed
to i npi nge Meteri@sgoDalaa test pigsen2®newoeipesi ek S139-304BA
In this way, the abrasion rate [% of the test piece
2and @5 16BAt ed. The test conditions were set as
follows: Materials of the test piece 20. two types of
SUS- 304BA  Siz¢ cfitbe3destfpiese 2024 00fmumha 13 mmidedenan:
100 mm x 100 nm x 2 mm Spray pressure of conpressed
dry air: 0.Sprayrpressute of momspssed dipuair: &0kiMPa to 0.5
particles: 500 g to 3 kg Size of SiC particles: 0.3
mMMP@ 0.85 mm 10 The di ameter of the spray nozzle 20:
4.74 nmm Direct distance between the spray nozzle 20
and t he t esSpray ameunoof 9@ partichast 00mmtq 3 tige
abrasion rate was cal cul ated in accordance with the
expr essi on: Size ¢iBiC particle® 310m th6:& mm wei ght of
the test piece 20 before the test was W [ (]

The diameter of the spray nozzle 20: 4.74 mm

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:

(Wy - W1)/Wy x 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 was W, [g].
[0029] First, the superficial velocity of compressed dry air was set to 55
m/s and the concentration of SiC particles was set to 11.5 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 ¢ was set to about 30°. It was confirmed that the

abrasion rate decreased as the angle of inclination ¢ decreased from

11
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and the weight of the test piece 20 after the test was
W [g]. [0029] First, the superficial velocity of
conpressed dry air was set to 55 m's and the

concentration of SiC particles was set to 11.5 g/L. FP08-0481-00

The 20 abrasion rate was neasured individually in the
cases where the angle of inclination cp of the test

pi ece 20 was changed to 15, 30, 45, 60, 75 and 90. As

a result, the abrasion rates were 0.18% 0.22% 0.21%
Cabici®3 0. dibasitit Angla%f inelipetion weincredsecbfrdimgbgut 36°.
shown in Figure 4, the peak abrasion rate was

o[03i0) ¥exty thé€onaentratien oft i€ particlgs ovas sétrtol 1 hat gdnand
cp was set to about 30. It was confirnmed that the
atheaangle ofitincliratieaspdfathd bestapigce 20 waslsehdoi 90°.cpThe
decreased from 11 FP08-0481-00 about 30 and as the
aatyiasionf rate| waat measuped nindiuskullyr dm dheutass. where the
[ 0030] Next, the concentration of SiC particles was
ssperticial . ¥elgeity evficomipeessed! éryohin walsi cheriged tp 16f m/s, 15
the test piece 20 was set to 90. The abrasion rate
vags, 2@ snifse 30 nls \anduss Ing/s. n Abea resid theeabrasion fates were
superficial velocity of conpressed dry air was changed

t 0%1 009, 0.3/, rf.04%20armd .13%0,mtespectiveby. m Accasdmgly, as
result, the abrasion rates were 0% 0% 0.01% O0.04%
ashibwn if%igues fedt iwal yonficmed dhat by thesupehfiesal ivelocity of
Figure 5 it was confirnmed that as the superficial
vevrmpréssedf dryoaipr axvedsedl,ytls rabrasiosasett ihteeased, and in
abrasion rate increased, and in 10 particul ar, when

t particuder fwhenl theesopetficial vetogitye ssfedodipressed drg air was
l'arger than 20 m's, an increase rate of abrasion rate
blacgerethaindd( fi/spa incre@Staté oRabrasioh eateupsoame significant.
vel ocity of conpressed dry air was set to 55 m's and

t i 3dridNexnfthe superfatialovelopityfoft dtumprsksedidey @i @asaet to 55
set to 90. The abrasion rate was neasured

s g St T S0
1Thé abrasion rate was measured individually in the cases where the
concentration of SiC particles was changed to 0 g/L., 7 g/L, 10 g/L, 11.5
g/L, 15 g/L, 20 g/L and 32.5 g/L. As a result, the abrasion rates were
0%, 0.05%, 0.07%, 0.08%, 0.07%, 0.02% and 0.01. Accordingly, as
shown in Figure 6, the peak abrasion rate was obtained in the case
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

12
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g/L, 15 g/L, 20 g/L and 32.5 g/L. As a result, the
abrasion rates were 0% 0.05% 0.07% 0.08% 0.07%
0.02% and 0.01. Accordingly, as shown in Figure 6,

the peak abrasion rate was obtained in the case whé&P98-0481-00

the concentration of SiC particles was set to about 12
g/L to 13 20 g/L. It was confirnmed that the abrasion
rate decreased as the concentration of SiC particles
decreased from about 12 g/L to 13 g/L and as the
aonfantedit it etvei ¢f pamt FEOEs catatystaswas f used,althat sirpilar
g/Lto 13 g/L. [0032] Note that, in the test

detatiorship abas shownt betwdeeCthmaagjes ofintlin2fiosiadd abrasion
particles were used. However, when the sane test was

atd andrbdtween sgperfididlrelatily \asid dhrasiomevaterum particl e
size: 0.15 mm, 1t was 12 FP08-0481-00 confirned

t1088 3% Specifically, FuSt ctieasiysarfiotal welodity tdfecarnpidssed dry air
rel ationship was shown between the angl e of

iwas betato $5 naschmbtirs¢encentat wneofitheeF Q€L vatalystrwas seti to 6

vel ocity and abrasion rate. [0033] Specifically,
fg/l st , Thbabsagienfratd avasvaleasited nidivriuyallysiaethelcuses where
5 was set to 55 nis and the concentration of the FCC

cheadnge ofamchighatioa ¢ ofothe tekb picdy 20i was ichhagedto 0°, 15°,
nmeasured individually in the cases where the angle of

130,145 had 900 Abea tresilt,pilrc abiisioe yatdsanges 0%, 0.015%,
15, 30, 45 and 90. As a result, the abrasion rates

v0e8985 000 Dk5%nd @91 8%spéctdidtyandAQordiagbgchk vehywn in
Accordingly, as shown in 10 Figure 7, the peak

dbigase ) that pealasabrhsionnetde i was hubtaied whehe ddse where the

angl e of inclination cp was set to about 30. It was
leroteihclinationsp whe sebicrabent 38Pe desvRasetlinfcd that as

angle of inclination cp decreased from about 30 and

Sidrasonmofesnstaast b lopt achiiany lasieDon
seot3 (P dild-a@the angle of inclination ¢ increased from about 30°.
[0034] Next, the concentration of the FCC catalyst was set to 6 g/L. and
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 m/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,
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
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 6 is set to 45° or more and 90° or less,

13



15 the angle of inclination cp of the test piece 20

was set to 90. The abrasion rate was neasured
individually in the cases where the superficia

velocity of conpressed dry air was changed to 0 nmf sFP08-0481-00
10 mMs, 15 nm'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 confirnmed that as the superficial velocity of
andpthessatt et atisinr of theck €65 eatalystas abt tos § @flrat more and 10
i ncreases, and in particular, when the superficia
wlooit lessf ocobpr g&se&f dngreaiandwd® pdr ger lessgnbagedmion, the
an increase rate of abrasion rate becane significant.
[afosshertioneditest nesults, itasspebsitlei tonradure theealsiaSion at the
particles are harder 25 than the FCC catalyst, if the
supeed iportibnvEd ofithy todnspast pspesd6, even ifithe FCCneatalyst is
and 20 nis or less, the angle 0 is set to 45 or nore
ars¢d90 or less, 13 FP08-0481-00 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 aforenmentioned test results, it

IS possible to reduce the abrasion at the curved
portion 18 of the transport pipe 16, even if the FCC
catalyst is 5 used. 14 FP08-0481-00 CLAIMS 1. A

method for transporting a fluid catalytic cracking

catal yst conprising a step of transporting the fluid
catal ytic cracking catalyst wth the help of gas by
flowng the gas into a transport pipe having a 5

curved portion, wherein the transport pipe is forned

of a netal material,

14
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the curved portion is constituted of a first portion
in the formof a |linear pipe and a second portion in
the formof a linear pipe comunicating with the

first portion, 10 in the transport step, the FP0R-0481-00

superficial velocity of the gas is set to 5 ms or
nore 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 15 first portion is t 5 or nore and 90 or
| ess, and the content of ?E‘é&pﬁﬁd catal ytic cracking

L5 G B yphig! 8 Byl Sy SRty gy
comprising a step of transporting the fluid catalytic cracking catalyst
with the help of gas by flowing the gas into a transport pipe having a
curved portion, wherein
the transport pipe is formed of a metal material,
the 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/L or more and 10 g/L or less, or 15 g/ or more and 20 g/L

or less.
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