[ Desi gnati on of Docunent] Specification [Title of the Invention]
ADDI TI VE FOR FLUI D CATALYTI C CRACKI NG CATALYST [ Techni cal Fi el d]

[ 0001] The present invention relates to an ADDI TI VE FOR FLUI D
CATALYTI C CRACKI NG CATALYST, which is to be added to a fluid

catal ytic cracking catalyst (FCC catalyst) and used in a fluid

catal ytic cracking unit (FCC unit) especially for cracking the heavy
oil fraction (bottom product) of a feedstock to obtain a |ight
fraction (in particular, gasoline). [Background Art] [0002]

Convent i onal iDgs i8né €bss tadC Bobtmed#C ke ctisi @k irf | ui d catal ytic
cracking catalyst to produce light oil. However, with a rise in the
price of criudelei |lof atheavimerenfteedst aopifbervyrosi | FIvECt CAMALYHESE al so
been treated. For the purpose of efficiently cracking such a heavy

oi | fracti GIRACEIYG, CABRIMST with an FCC catal yst, the ampbunt of active
ingredient in the FCC catal yst, such as zeolite or alumna, is

i ncreased. Hewbpéral aft.elddrease in the proportion of active
ingredient in an FCC catal yst causes problens in that the strength of
t he cat al yst®08éér eases, for exanple, thereby degrading the physical
properties. Further, in the cracking of the heavy oil fraction of a
feedstock in a fFof dPESEANYt LBVER LM nEelatias t B° prad ARPIE IVE gHICR
fraction, there are problenms in that the anmount of coke increases as

the heavy SHUIPr SRTAGT G SERFRENBriddeddsT, amf urdshépr, Pe nddsshisGst i on
of the produced coke is acconpanied by a tenperature rise and the
generation aof%s“lléjanfa'ﬂ%](ﬁt&&i %at%n&uaﬁ%tféyﬁ t[ﬁchﬁté‘j'é’ﬁFi/staf‘gl n
order to solve these prabl.ens e follow ng. additi.yes e be

devel oped élsseguxjr?i aty fgéltlgl yg?éa i CFCE’:r%(glgjarf%/stu 1¥FC&9%diu(nilggs) .

[ 0003] apgple,. Pate u 1 di.sc S an |, TI VE
FoR LU D ERRRCOAT c?zg&cﬁég%:}x%l_%% T °&&np#l?a:°2°sl°§ g Bdocth

m xture of .Skhj al,gmn I a pliea. T il iea-alum has a
silica conthh!tjh%?r 116§tg gf(?e\%kso%/gcgnggt %lgltrbngﬁt ire aéﬂ aﬁgﬁcl%ilgg]nqggntent
of 10 to 6@ vt Yebcad Cdlabednas. Si 02). Pat ent Docunent 2

di scl oses an ADDI TI VE 'FOR FLU D CATALYTI C CRACKI NG CATALYST, which
conprises $Bhikgréiddmara) clay, and silica. The additive includes
particles having a total silicon content of 10 to 60 wt % (cal cul ated
as Si02), aondohps a specific surface area of 30 to 80 nR/g and a
total pore volunme of 0.14 to 0.45 m/g. Further, the volunme of pores
with a pore radigsvehtGOndlly, leeFeedst 05 snugaekelessingand fihedt ot al
amount of acid is wthin a range of 0.02 to 0.065 mmwol/g.

Pat ent Docofbaty@idi sctagdsngan EBLYEVE EOR FErddDc€ATALYREC GRACKI NG
CATALYST, which conprises a conposite netal oxide, clay, and silica.
The additi #ewseer a witdciaf iré sguif atke arrigeof30rnde 801 b2/ headiart ot al
pore volune of 0.14 to 0.45 nl/g. Further, the volume of pores with a
pore di amefeedeifodD (heaypoonl i Erasdernh hot e lrss d@edntraetedt aFopore
vol ure. Pat ent Docunent 4 di scloses an additive catal yst for
cracki ng hB3%y FOFPOsGhith e6fbFiwddYa EHAfodict eSHel ald oX¢de, eidy,
and silica, The additive has, a specific _surface area of 30 to 80 nR/g
and a t ot aFTaTHPanMSuft * of e Y2 &R0 BSE TG L YRy t R amopet of
proportion_of, the am)lént of ,strong_acid _based on the total ,anmount of
acid i s 103FbhBpokrgredient, ya phe tcia\Fé@Yanﬁ‘b‘"s%cFﬁ F oAt &fit °F

Docunent s %&n(])in% thg silllircasce%nten ofevsJi:I ica-al,umina is .10 g 30
W% the sFHi*f%ontdnt * B TWENM xt (PESTET 10 ¥o &OCHEDES t HE s% Cific

Co 005 miel T REl Sfed Rt hRUREIEE PharantCpoctneiry Ceosen]
[ Pat et Dog U1 Jananess, Pakslt - of: 9. 283, seciddigation
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The invention was acconplished agai nst the above background. An
object of the invention is to provide an ADDI Tl VE FOR FLU D CATALYTIC
CRACKI NG CATALYST, which is capable of increasing the efficiency of
heavy oil fraction cracking and suppressing an increase in the yield
of coke. [Means for Solving the Problens] [0006] An ADDI TI VE
FOR FLU D CATALYTI C CRACKI NG CATALYST according to the invention for
t he object nentioned above is the ADDI Tl VE FOR FLU D CATALYTI C
CRACKI NG CATALYST, which is obtainable by spray-drying a m xed slurry
i ncl udi ng aFWitheéer and thkumiraaksndi od, tbhahasterozedfbyctian g a
specific surface area of 100 to 400 n2/g , and a total solid acid
amount of OEek@isimok/ gnos Abrie aretalgssct baaciing0 umivl tg. produce & n

t he ADDI TI VE FOR FLUI D CATALYTI C CRACKI NG CATALYST according to the
i nventi on, lighits fyreteerbl ehedratancheoqypbdpost Lontbét t Pee asmuntt off
strong acid based on the total solid acid anount is 20% or |ess.

In the ADDISFXYE RORTERSFD CATALYTR C IBRAGKI NG1CATARYSTonccoralHga o
the invention, it is preferable that the m xed slurry includes a
porous sil iRFESERS, Y] ifugther, the gpmbystiem) af R eFpROfEERD coke
CATALYTI C CRACKI NG CATALYST according to the invention, it |s

pr ef er abl e F*hACCPRRA T Th At PohsBPeA WHen 1881 §od 1he ERBERAYERP Qfurry
is 20 mass%.or _nore and.l ess.than 8Q nmass% I n the ADDI TI VE
FOR FLU D CAPAIYTIGEY N%heAmaﬁ‘é?yacocfor Hhg TS 'tcﬁéaEﬁVc?Ehti an, it

is preferabhle _that t al um na-silica has Si L content .of. nore
than 0 nas%%‘agﬁd%loesgs]&t Tan %)senagg%fems’ thé Fﬁfﬁ%‘él“m%ﬁ‘\?évﬁ@

FLU D CATALYJLC | NG GALRLYSTacserdi g ko %@Sl%@é’se“t%o‘}“’ gk 1S
preferable that the binder I's a silica conp und6f An al um num
conpound. [Adyaptage ®ic hhg: Lnyantion] [0007] The additive of

the invention has a specific surface area of 100 to 400 nRig, and a
total solidpagsd anmount 'of 0.10 to 0.50 mml/g. Therefore, as
conpared with conventional additives, the additive of the invention
has an i ncr easedr&e tdxéimbY e ANsa AV indesnant edutediysel da®fafdic@vHeavy
Cycle O1), an increased yield of gasoline, and a conparative yield
of coke. ThbrR eanIibecariAryind emkackikbe chohl vsw ngwhieasoansprBeseause the
specific surface area and the total solid acid anmount of the additive
ar e hi gher gthawnl momiertirenak, st hisree-aleménaj ncragseddcenl acd. amea
between a feedstock and the additive, as well as an increased nunber
of active spbisa-sAsudnpedabt 2 shéiast contgntofod Hd FEEC Patwaldystnd

i ncreases, while the yield of HCO decreases. Further, because the
proportiontBe gJeipdngeacheas basedidnceme aoptahtsobri d 18ci goi séts weiral |

as 20% or |ess, an excessive cracking reaction is suppressed, whereby
the vyi el ds (6Rlga<RSh8saRE#OREC- cr acked (LCO Light Cycle GO1)

i ncrease, and, further, an increase in the yield of coke is
suppressed. [ Md@EI EAMPERE AutditdoFRYeAli SPPITEHBOEPR FLUID The
foll owi ng descrihes an ADDI Tl VE FOR FLUI D, CATALYTI C CRACKI NG, CATALYST
accordi ng t0T AN EbodiERE N8 tREP I RIent MBACR  COMPTRYRS ABHFFYE FOR
FLU D CATA'afTrLi%aCRAc | NG CATALYST .of _the i ]\]/entitg%‘e her ei.naflt ar
someti mes PerErtd to XBi'mplias ddbrt i ve"? fs & %% a5 uras
catal ytic gracki tal yst nade,of.an_ inorgani ¢ oxi Qr ays dy

i ncl udi ng gagtelo llr%%e?l%gﬁ gugeéolg'ﬁl as%?:'lﬁo cca(fcl%e?ti 8§crdLchf’n§Hur‘ﬁb'% (FCC
unit) espegj crack t\ne heavy, oil _f q ( uct) of
a feedst OCE&%# 0 alttt%idn a% :{Silté’ﬁf' f%‘%t?%n. = ES&élﬂ%hesQ%g%??i \%ggf 8{She

i nvention i t gign y ray- [N 1 Yol Ngl udi ng

bi nder andggl Sﬁl %g- g?(lgcgﬁgn er yn%w%%o%d?@%&%s%ﬁ'h%'%ﬁd??i \@éqﬁas a

specific Sﬂié%.ce rae8e Pl 490 6. 4R0 o&ﬂggr@§ FEASW &by LheBEL:
met hod (JI'S Z8830), preferably 150 to 380 n2/g, and nore preferably

200 to 3506024 Gbr aRdsaksoo hes A Aobal 1804 drRCirdeampunt dddugragpunt



10 to about 15 mass% and the solid content of the mxed slurry is
about 15 to about 30 nmass% The proportion of the amount of
strong acid (the anount of ammoni a adsorbed with a heat of adsorption
of 110 kJ/nol or nore in amoni a adsorption calorinmetry) based on the
total anmount of solid acid in the additive is 20% or |ess, preferably
10% or |less, and nore preferably 5% or |ess. Wen the anmount of
strong acid is nore than 20% this is |likely to cause an excessive
cracking reaction, increasing the yield of coke. [Exanples] [0009]
Her ei naf t eracitchési avemin en ranke be @dscrtiobedodh nfmait/Ber detail with
reference to Exanpl es and Conparative Exanples. However, the

i nvention i s not Peient elotimesrdt 03 . di Qe s<c<dreSADENAIVIE R EfUErt of
the Anpunt of Solid Acid>> [Exanple 1. Additive 1] To 7690 ¢
of a boehmYAFASKTGEE y CRACK LG NGAT/Z. B Thasddschl goinpal §¢8 283 Fofroskta ni ng
1000 g of alum_ na) was added 300 g of silica sol a (including 10
mass% si | i éetail. eoxidont &itAvng B g séfliseti cafhpr eptidd vBy B@§ usting
wat er glass including 17.5 mass%silica (Si02) to pH 1.6 with a 25
nmass% aqueSPECLGEFuPPET RS d2 %R Ut T ofP TheBP eBUi% iy m xEQlred Ve
adjusted to pH 10.5 with a 48 mass% aqueous sodi um hydr oxi de

sol ution, dFd9PErPhel Hyd® & 4950l fBr FURENFL1 FG VELHNEP hRYEES ca
slurry Aincluding 3 ss%silica.._The total, ¢on tration of al um na
and silica WilﬁHt ﬁegSFﬁggh%fg%tl% coafasqourtroy zﬁtov\éslﬂgﬁgs%@/omore Paszd
Further, a s including 17.5 mass% silica (Si02)

(herei naftg\fekgéfgért?%d ptoggagojlufg%' mass% wat er gl ass) was adjusted to
pH 1.6 with sul faurj.c.acy i ye,.si i S i,ng_a, sjli.c
concentration oflb%HZe%St %ggﬁkg?gné/e%(%r‘r%logggf g,g %C%Jr%\é{lrvgrrﬁ 5§ o‘fStaafsﬁrl ica
corrpou_nd_) - cracking A%EQleﬁQ_,g_ mléfhec%ﬂmg&_ SL! '&:ﬁ’np%gﬂzéy rﬁ%taﬁ
(containing 200 g of alumnna-silica) was adjusted to pH 4.0 wt

S_Ul Turi c a@ixgde;]-GQ:Qa?, Ofant:lhesi?]iildaqa Sohe b a6GOMA NHAY %Oos;gacg.ffic
silica; the sane applies hereinafter) was added thereto.

Subsequent kyrt 669 gref &@odd ned By WFRgSandhe saf®L appld eSwount of
hereinafter) was added thereto and uniformy m xed. The resulting

m xture was.epray doiet whdeygt he Fuddnewi Nngceongdidp®@nSion nbet the
tenperature of 460C, outlet tenperature of 260C, and residence tine
of 20 m nutessuit hef sarengpptidsodsed be thd | tovialg aaxainpl €S)gciandst hen
desal ted by washing (ammoni um sul fate in an anmount of 20 mass% based
on dry cat aPys® 3f#s added to renove alkali, - and then sulfuric acid
was renoved by 15% aqueous anmoni a; the sanme applies also to the

fol | owi ng exanpll@s)theo agitveinaekli 4isadobedi ih BateverRgmsatsi &l &o

di ameter of 60 gm Table 1 shows the conposition of the additive 1.
Further, the &pecPilicxiTdedtarda sahdcoaRudeasiipy 18f tohdCaddtti ve 1
were nmeasured by.the BET nethod and the UOP net hod 254-65,

respect i veF?e(Fxél%aan‘éo'é‘i:%ﬁ F t Bhe nBirBSvihgl ExERpfRsytETalbhe 1

shows the properties of the additive 1. [0011 Met hod for Measuring
t he Anount Q%?&géq dS‘Ecjifakf)e area lsTﬁ@ aﬁ?ou%ql %%}gsol?rbd atha itRtehe

obt ai ned additive 1 _was ne ed a |l ows,. First, 0.2 g of the
addi tive 1%Was'% % e8°é§ %%)g%ﬁzogolah%%rr‘fmﬁf{a'then heat -treat ed under

a reduced re 0-4 tqgrt) at 400C for 4 hours. After that,
anmoni a gagﬁe\?\f/aaza%gdg‘(%r%bé%é% eenrteS n. The heat of adsorption thus

gener at ed Jeat ected the total amount of solid acid was

cal cul at ed. For t%e neeé%g%]]gnent, "Cal orimeter” manufactured by TOKYO
Rl KOSHA wasg d. The anount of ammoni a adsorbed with a heat of
adsorption of 70 kJ/nmol or nore was taken as the total anount of
solid acid, and [bQ@eﬁHDBBEu@én@rﬁ‘P”bé?m g et Ry fy%agt??fm,-
adsorption of 110 kJ/nol or nore was taken as the amount of strong
aci d (neasspammnicawaspconducted in the sane manner in the follow ng



[Activity Eval uation] Using the additives 1 to 5, the effect
of the anmpbunt of solid acid in an additive on its activity was

eval uat ed. The eval uation of the activity of an additive was
performed using a pilot reaction apparatus manufactured by ARCO This
apparatus is a circulating fluidized bed, in which a catal yst
alternately and repeatedly undergoes reaction and regeneration while
circulating in the apparatus, and is nodel ed after an FCC unit for
use on a comrercial scale. The additives 1 to 5 were each mxed wth
an FCC equi |l i bri ypaeail ySdunidhta 2T8STRdadkise Cht88t 180( 1384y, dbd2 Ko) .
Using a desul furized atnospheric resid (DSAR) as a feedstock, the

t enper at ur espafcittheatrbact or was set at 520C and the tenperature of the
regenerator was set at 670C, and an adjustnent was made so that 5g or
7g of the catal y$Paveul dodsmmpnes&it Jpernésg Fhtehe Reed3i 6¢k 848t he
apparatus. A catalytic cracking reaction was then carried out, and

t he reacti cwegiddoetiemd the residue (product liquor) were anal yzed.
Then, the gas produced in the reactor was anal yzed by gas

chr omat ogr aphy [ MeentGOSo0eAr fdnuiepengsed PhyeSHN NADZB)L 9 2hd Gfie

yi el ds of hydrogen and O to C4 were neasured. At the sane tinme, CO
and CO2 pr G@GEEELIFREtHe regenerator were anal yzed by an infrared
absorption gas anal yzer [CGI-7000] manufactured by SH MADZU, and the
yield of cd %@mﬂégydﬁqéﬁ*%ﬁéﬁenﬁﬁ¥lher the product |iquot was

anal yzed by i1l n_gas._chr omat ogr aphy_ [ .GC. Syst em HP6890]
nanufacturég 8§£ ngglﬁgﬁkﬁﬁ%Fnﬁh%H gﬁeg%ﬁ3hﬁ?§ of the gasoline
fraction, g cycle oil (LCO, and heavy cycle oil (FKI» pr oduced
wer e neasure brlor to the reaction, the additives 1 to 5 were each

treated in 100% siapmeat BAOCLQLoA2 howr s olabl sl shovs o%yegmg%tlon

results. Concerni ng thne conversi on, nmeasur errent resul

sanpl e con%%@wgv@qra%%amg vxfera%w%% §§aéaeon%t a@ﬁé{@' JIsar}id.need

di fferences fromthe standard were “expressed as eval uation

resul ts. Aks0rucORELT DhES JRASWLIERAL cEERLY t Sf Oﬁe%s%lneﬁralc@onHCO
and coke, the anount containing no additive were used as the

standard, thecridd.er anessa oedie camouphcbeing cabsybatad, PE1Lhe
assunption that the conversion is constant, fromthe standard were
expressed astébhetievattadkiion nesubt suchhernevwaldaiati-en was peeiersed in
the same manner in the foll ow ng exanpl es. As shown by Tabl e
1, when theochavuhtcofaseal | sacitthewahe@v t 0i0. 4rpumtiay wralekang
increase in the anount of solid acid, the efficiency of heavy oi
fracti on cpaekeéeds . nSnehsed, izgnkasiee iamybat y0é1HCT fodet icepses a
decreased, producing excellent results. However, when the anount of
solid aci drke® On08hembRrpgsrathreefiin cd enelalofsthemgpneritdr aeti on
cracking was low, resulting in an increased amount of HCO fraction,
whi | e whenfEfe Uaibuntngs sHithd H dtoeRe B Imgnolisg, @ t Bougstene
efficiency of heavy oil fraction cracking increased, and the anpunt
of HCO fr aBETort dedr Sisdgy the sABhRtian &%é%d&é@d quaetbrsed.

[0014] [Tagég cJtalysts is ag%raéeg. au Ve 080 vVu-u

The invention was accomplished against the above
background. An object of the invention is to provide an
ADDITIVE FCOR FLUID CATALYTIC CRACKING CATALYST, which is
capable of increasing the efficiency of heavy oil fraction

cracking and suppressing an increase in the yield of coke.
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[Means for Solving the Problems]
[0006]

An ADDITIVE FOR FLUID CATALYTIC CRACKING CATALYST
according to the invention for the object mentioned above
is the ADDITIVE FOR FLUID CATALYTIC CRACKING CATALYST,
which 1is obtainable by spray-drying a mixed slurry
including a binder and alumina-silica, characterized by
having a specific surface area of 100 to 400 m’/g , and a
total solid acid amount of 0.10 mmol/g or more and less
than 0.50 mmol/qg.

In the ADDITIVE FOR FLUOID CATALYTIC CRACKING
CATALYST according to the invention, it is preferable that
the proportion of the amount of strong acid based on the
total solid acid amount is 20% or less.

In the ADDITIVE FOR FLUID CATALYTIC CRACKING
CATALYST according to the invention, it is preferable that
the mixed slurry includes a porous silica or a zeolite,

In the ADDITIVE FOR FLUID CATALYTIC CRACKING
CATALYST according to the invention, it is preferable that
the proportion of alumina-silica in the mixed slurry is 20
mass% or more and less than 80 mass%.

In the ADDITIVE FOR FLUID CATALYTIC CRACKING
CATALYST according to the invention, it is preferable that
the alumina-silica has a silica content of more than 0

mass% and less than 10 mass$%.

800
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In the BADDITIVE FOR FLUID CATALYTIC CRACKING
CATALYST according to the invention, it is preferable that
the binder is a silica compound or an aluminum compound.
[Advantage of the Invention]

[0007]

The additive of the invention has a specific surface
area of 100 to 400 m?/g, and a total solid acid amount iof
0.10 to 0.50 mmol/g. Therefore, as compared with
conventional additives, the additive of the invention has
an increased activity and provides a reduced yield of

(HCO:Heavy Cycle 0il), an increased vyield '
of gasoline, and a comparative yleld of coke. This can be
attributed to the feollowing reasons. Because the specific
surface area and the total solid acid amount of the
additive are higher than conventional, <+there is an
increaséd contact area between a feedstock and the
additive, as well as an increased number of active spots.
As a result, the activity of the FCC catalyst increases,
while the yield of HCO decreases. Further, because the
proportion of strong acid based on the total solid acid is
as small as 20% or less, an excessive cracking reaction is
suppressed, whereby the ylelds of gasoline ana FCC-cracked

(LCO:Light Cycle 0il) increase, and, further, an
increase in the yield of coke is suppressed.

iMode for Carrying Out the Invention]



09 0? S8' 0 OOr CVvO [ To+ 11'0+ Z20+ Ic o - 1'"0- 4t mass% nmass%
Ti SSEM tviw b/sul bitonmut ar rwer Amasst amass% | S relli

[0008]
The following describes an ADDITIVE FOR FLUID
CATALYTIC CRACKING CATALYST according to an embodiment of

the invention.

The ADDITIVE FOR FLUID CATALYTIC CRACKING CATALYST

of the invention (hereinafter sometimes referred to simply

as Madditive”} 1is added to a fluid catalytic cracking
catalyst made of an inorganic oxide porcus body including
a zeolite, and used in a fluid catalytic cracking unit
(FCC unit) especially to c¢rack the heavy o0il fraction
{bottom product) of a feedstock to obtain a light
fraction.

The additive of the invention is cbtained by spray-
drying a mixed slurry including a binder and alumina-
silica wunder known conditions. The additive has a
specific surface area of 100 to 400 m?/g as measured by
the BET method (JIS 28830), preferably 150 to 380 m%/g,
and more preferably 200 to 350 m?/g, and also has a total
selid acid amount (the amount of ammonia adsorbed with a
heat of adsorption of 70 kJ/mol or more) of 0.10 mmol/g ox
more and less than 0.50 mmol/g as measured by ammonia
adsorption calorimetry (see Japanese Patent No. 3,784,852;
the actual measurement was performed according to the
method described in Example 1), preferably 0.20 to 0.45

mmol/y, and more preferably 0.25 to 0.40 mmol/g.



(gOrTTel zanura |I UTTOPV gOTTTQ PUTONTH I | ! opct;sssc wariace

Area | '4 Amount or strong Acid/ Total Anmount of Solid Acid | i 4
not smaAvon | OQUTTORPcl | CI'VTI Inn'. [ 0015] <<Test Exanple 2:
Ef fect of Specific Surface Area>> [Exanple 4: Additive 6] 2860

g of the alum na-silica slurry A (containing 400 g of alum na-silica)
was adjusted to pH 4.0 with sulfuric acid, and 1600 g of the silica
sol b (containing 200 g of silica) was added thereto. Subsequently,
100 g of kaolin and 300 g of ultrastabilized 1-type zeolite (dry

wei ght; the sanewnppl the Reeeinaft en}raver exaddesk t hies et @iadidre is
uniformy mxed. The resulting m xture was spray- dried, and then
desal t ed bylesashilgh t DOQi Mm&/RddihivelBadé t Boan aserage pambiee! eof

di aneter of 60 gm Table 2 shows the conposition and properties of

t he additi veagtip@orpaeat o etlexanplieile Atidth ta vieelstock, reddSihegg of
the alumna-silica slurry A (containing 200 g of alum na-silica) was
adj ust ed t ccheHeff@chpndy sef fhravy &dild frantidbOd-agkdhgt hehsle iweersol b
(containing 200 g of silica) was added thereto. Subsequently, 100 g
of kaolin &rfd i5000geothan 148 mahe | | e bilkygensidol iand werengiddedf
thereto and uniformy m xed. The resulting m xture was spray-dried,
and then dédgl 69ibyVaad3nt ngeeray ve ¥agHi £hoeamovit hofins afed
particle dianmeter of 60 pm Table 2 shows the conposition _and

properties i He asz’éIFiLV%elff Leat FRan yO Bfaedly/ gn) the efficiency

of heavy oil fraction cracking decreases, while when it is
0.50 mmol/g or more, the heavy oil fractiocn is excessively
cracked, increasing the yield of coke.

The binder used may be a silica compound or an
aluminum compound. As the silica compound, water glass, a
silicic acid solution, or the like is usable, for example.
As the aluminum compound, basic aluminum chloride, a
boehmite alumina peptized sol, or the like is wusable, Zfor
example.

As the alumina-silica, a product obtained by mixing
a silica compound with a pseudo-boehmite gel or a beehmite
gel, optionally followed by aging, is usable.

The alumina-siljica preferably has a silica content
of more +than 0 mass% and less than 10 mass%, and
preferably 1 to 9 mass%. When the silica content of the
alumina-silica is 10 mass% or more, this leads to a
decrease in specific surface area and the amount of acid.

The mixed slurry may contain a clay mineral, a



Using the additive 1, the additive 3, the additive 4, the additive 6,
and the additive 7, the effect of specific surface area on activity
was eval uated. Table 2 shows evaluation results. The additive 7 has a
| ow bul k density and is difficult to use in the actual unit, so the
activity thereof was not eval uated. As shown by Table 2, when
the specific surface area was 100 to 350 n2/g, the nunber of reaction
sites with the heavy oil fraction increased, whereby the yield of HCO
decreased, producing excellent results. However, when the specific
surface argaeRs 8319BLY, ahfieheu81 &8 SMBldmpIUEbEE ef =y eashdon s
sites, so the HCO yield increased, while when it was 410 n®/g,

al t hough t heiguaee a6t ethdrembei a1b21Q8 neehel: tef, raact tercsid.es,

whereby the heavy oil . fraction can be cracked efficiently, such an
addi tive hakaaphew A kpsens t yibishd huscwake neét peatitLaland] AAA6]
[ Table 2] s erciunxa aATTexednoo ' . Of aCNIf or (1111

Conpar at i vesildiarapl e Exaflp1ds1+6fPPkéolites include ultrastabilized Y-
type zeolite (USY), H-Y, NH;-Y, RE-Y, RE-USY, Z8M-5, and
mordenite, By the addition of a porcous silica or a
zeolite, the specific surface area of the additive can be
adjusted (increased), and it also contributes to the
improvement of activity.

The propeortion of alumina-silica in the mixed slurry
is preferably 20 mass% or more and less than 80 mass%, and
more preferably 40 to 70 mass%. Depending on the alumina-
silica proportion, the specific surface area of the
additive and the amount of sclid acid therein can be
controlled. When the proportion of alumina-~silica in. the
mixed slurry is less than 20 mass%, the amount of active
ingredient is insufficient to crack a heavy oil fraction,
making it difficult to effectively crack the heavy oil
fraction, while when it is 80 mass% or more, this leads to
a decrease in the strength and bulk density of the
additive, and when such an additive is used as an ADDITIVE
FOR FLUID CATALYTIC CRACKING CATALYST, the fluidity
decreases or dusting occurs, possibility making it
difficult to operate the fluid catalytic cracking unit.

The concentration of binder in the mixed slurry is about



Si

S9

0 TO+

10 to about 15 mass%, and the solid content of the mixed
slurry is about 15 to about 30 mass%.

The proportion of the amount of strong acid ({the
amount of ammonia adsorbed with a heat of adsorption of
110 kJ/mol or more in ammonia adsorption calorimetry)
based on the total amount of solid acid in the additive is
20% or less, preferably 10% or less, and more preferably
5% or less. ' When the amount of strong acid is more than
20%, <this is 1likely to cause an excessive cracking
reaction, increasing the yield of coke.

[Examples]
[0009]

Hereinafter, the invention will be described in
further detail with reference to Examples and Comparative
Examples. However, the invention is not limited thereto..
[0010]
<<Test Example 1l: Effect of the Amount of Sclid Acid>>
[Example 1: Additiwve 1]

To 7690 g of a boehmite slurry including 13.0 mass$%
alumina (Al203) (containing 1000 g of alumina) was added
300 g of silica sol a (including 10 mass% silica, i.e.,
centaining 30 g of silica) prepared by adjusting water
glass including 17.5 mass% silica (Si02) to pH 1.6 with a
25 mass% agueous sulfuric acid sclution. The resulting

mixture was adjusted to pE 10.5 with a 48 mass% agueous

i0
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sodium hydroxide solution, and further aged at 95°C for 1
hour to give alumina-silica slurry A including 3 mass$
silica. The total concentration of alumina and silica in
the alumina-silica slurry A was 14 mass%.

Further, a water glass including 17.5 mass% silica
{8102) (hereinafter, referred to as 17.5 mass$% water glass)
was adjusted to pH 1.6 with sulfuric acid to give silica
sol b having a silica concentration of 12.5 mass% ({an
example of a binder made of a silica compound).

After 1430 g of the alumina-silica slurry A
{containing 200 g of alumina-silica) was adjusted to pH
4.0 with sulfuric acid, 1600 g of the silica sol b
(containing 200 g of silica; the same applies hereinafter)
was added thereto. Subsequently, 600 g of kaolin ({dry
mass; the same applies hereinafter) was added thereto and
uniformly mixed. The resulting mixture was spray-dried
under the fecllowing conditions: inlet temperature of
460°C, outlet temperature of 260°C, and residence time of
20 minutes (the same applies to the following examples),
and then desalted by washing (ammonium sulfate in an
amount of 20 mass% based on dry catalyst was added to
remove alkali, and then sulfuric acid was removed by 15%
agueous ammonia; the same applies also to the following
examples} to give additive 1 with an average particle

diameter of 60 pum. Table 1 shows the composition of the
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additive 1. Further, the specific surface area and bulk
density of the additive 1 were measured by the BET method
and the UOP method 254-65, respectively (the same applies
to the following examples). Table 1 shows the properties
of the additive 1.
[0011]
(Method for Measuring the Amount of Solid Acid)

The amount of solid acid in the obtained additive 1
was measured as follows. First, 0.2 g of the additive 1
was fired at 500°C for 1 hour, and then heat-treated under
a reduced pressure (1 x 10™* torr) at 400°C for 4 hours.
After that, ammonia gas was adsorbed thereon. The heat of
adsorption thus generated was detected, and the total
amount of solid acid was calculated. For the measurement,
“Calorimeter” manufactured by TOKYO RIKOSHA was used. The
amount of ammecnia adsorbed with a heat of adsorption of 70
kJ/mol or more was taken as the total amount of solid
acid, and the amount of ammonia adsorbed with a heat of
adsorption of 110 kd/mol or more was'taken as the amount
of strong acid (measurement was conducted in the same
manner in the following examples). Table 1 shows results
of the measurement of the amount of solid acid in the
additive 1.
' [0012]

[Example 2: Additive 2]

12
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2860 g of the alumina-silica slurry A (containing
400 g of alumina-silica) was adjusted to pH 4.0 with
sulfuric acid, and 1600 g of the silica sol b (containing
200 g of silica) was added thereto. Subsequently, 400 g
of kaolin was added thereto and uniformly mixed. The
resulting mixture was spray-dried, and then desalted by
washing to give additive 2 with an average particle
diameter of 60 pm. Table 1 shows the composition and
properties of the additive 2.
[Example 3: Additive 3]

5000 g of the alumina-silica slurry A (containing
700 g of alumina-silica) was adjusted to pH 4.0 with
sulfuric acid, and 1600 g of the silica sol b (containing
200 g of silica) was added thereto. Subsequently, 100 g
of kaolin was added thereto and uniformly mixed. The
resulting mixture was spray-dried, and then desalted by
washing to give additive 3 with an average particle
diameter of 60 pum, Table 1 shows the composition and
properties of the additive 3.
[Comparative Example 1: Additive 4]

1070 g of the alumina-silica slurry A (containing
150 g of alumina-silica) was adjusted to pH 4.0 with
sulfuric acid, and 1600 g of the silica scl b (containing
200 g of silica) was added thereto. Subsequently, 650 g

of kaolin was added thereto and uniformly mixed. The
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resulting mixture was spray-dried, and then desalted by
washing to give additive 4 with an average particle
diameter of 60 pum. Table 1 shows the composition and
properties of the additive 4.

[Comparative Example 2: Additive 5]

5710 g of the alumina-silica slurry A (containing
800 g of alumina-silica) was adjusted to pH 4.0 with
sulfuric acid, and 1600 g of the silica sol b (containing
200 g of silica) was thereto. After uniform mixing, the
resulting mixture was spray-dried, and then desalted by
washing to give additive 5 with an average particle
diameter of 60 um. Tabklie 1 shows the composition and
properties of the additive 5.

[0013]
[Activity Evaluation]

Using the additives 1 to 5, the effect of the amount
of solid acid in an additive on its activity was
evaluated.

The evaluation of the activity of an additive was
performed using a pilot reaction apparatus manufactured by
ARCC. This apparatus is a circulating fluidized bed, in
which a catalyst alternately and repeatedly undergoes
reaction and regeneration while <circulating in the
apparatus, and is modeled after an FCC unit for use on a

commercial scale. The additives 1 to 5 were each mixed
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with an FCC equillibrium catalyst in a mass ratio of 90:10
(1.8 Kg:0.2 Kg). Using a desulfurized atmospheric resid
(DSAR) as a feedstock, the temperature of the reactor was
set at 520°C and the temperature of the regenerator was
set at 670°C, and an adjustment was made so that 5g or 7g
of the catalyst would be present per 1 g of the feedstock
in the apparatus. A catalytic cracking reaction was then
carried out, and the reaction product and the residue
(product liquor) were analyzed. Then, the gas produced in
the reactor was analyzed by gas chromatography [Micro GC
3000A)] manufactured by SHIMADZU, and the vyields of
hydrogen and Cl to C4 were measured. At the same time, CO
and CO; produced in the regenerator were analyzed by an
infrared absorption gas analyzer [CGT-7000] manufactured
by SHIMADZU, and the yield of coke was calculated.
Further, the product liguor was analyzed by distillation
gas chromatography [GC System HP6820] manufactured by
lHewlett Packard, and the amounts of the gasoline fraction,
light cycle oil (LCO), and heavy cycle oil (HCO) produced
were measured. Prior to the reaction, the additives 1 to
5 were each treated in 100% steam at 810°C for 12 hours.
Table 1 shows evaluation results. Concerning the
conversion, the measurement results from a sample
containing no additive were used as the standard, ang

differences <from the standard were expressed as the
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evaluation results. Also, concerning measurement results
of gasoline, LCO, HCC and coke, the amount containing no
adqitive were used as the standard, the differences of the
amount being calculated, on the assumpticn that the
conversion is constant, from the standard were expressed
as the evaluation results.

The evaluation was performed in the same manner in the
following examples.

As shown by Table 1, when the amount of solid acid
was 0.1 to 0.4 mmol/g, with an increase in the amount of
sclid acid, the efficiency of heavy oil fraction cracking
increased, and the amount of HCO fraction decreased,
producing excellent results. However, when the amount of
solid acid was 0.08 mmol/g, the efficiency of heavy oil
fraction cracking was low, resulting in an increased
amount of HCO fraction, while when the amount of solid
acid was 0.5 mmol/g, although the efficiency of heavy oil
fraction cracking increased, and the amount of HCO
fraction decreased, the amount of coke produced increased.
[0014]

[Table 1]
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[0015]
<<Test Example 2: Effect of Specific Surface Area>>
[Example 4: Additive 6]

2860 g of the alumina-silica slurry A (containing
400 g of alumina-silica) was adjusted to pH 4.0 with
sulfuric acid, and 1600 g of the silica sol b ({containing
200 g of silica) was added thereto. Subsequently, 100 g
of kaolin and 300 g of ultrastabilized Y-type zeolite (dry
weight; the same applies hereinafter) were added thereto
and uniformly mixed. The resulting mixture was spray-
dried, and then desalted by washing to give additive 6
with an average particle diameter of 60 um. Table 2 shows
the composition and properties of the additive 6.
[Comparative Example 3: Additive 7]

1430 g of the alumina-silica slurry A (containing
200 g of alumina-silica) was adjusted to pH 4.0 with
sulfuric acid, and 1600 g of the silica sol b (containing
200 g of silica) was added thereto. Subsequently, 100 g
of kaolin and 500 g of ultrastabilized Y-type zeolite were
added thereto and unifermly mixed. The resulting mixture
was spray-dried, and then desalted by washing to give
additive 7 with an average particle diameter of 60 um.
Table 2 shows the composition and properties of the
additive 7.

[Activity Ewvaluation]
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--- slssewaurrosen | gcssewnn7 gssemv0014 ? [0017] <<Test Exanple
3: Effect, of Silica Content of Alumna-Silica>> [Exanple 5: Additive
8] To 7690 g of a boehmte slurry including 13.0 mass% al um na
was added 500 g of the silica sol a (i.e., containing 50 g of

silica). The resulting m xture was adjusted to pH 10.5 with a 48
mass% aqueous sodi um hydr oxi de sol ution, and further aged at 95C for
1 hour to give alumna-silica slurry Bincluding 5 nass%silica. The
total concentration of alumina and silica in the alum na-silica
slurry B was 15 B85890 the additi4@7Q,0 0fe t@idkugl Ba- shei gaasiwdy B
(containing 700 g of alumna-silica) was adjusted to pH 4.0 with

sul furic acd,d, tieead 238001 g 0k, t hrdsi thi€aag®l tivd cont @ahdi F£200 @ rof
silica) was added thereto. Subsequently, 100 g of kaolin was added

t heret 0o anctsperiiffornbyr fidoethreBhenr estiiiti ty waXtdirag va@sd spreapidy ized,
and then desalted by washing to give additive 8 wth an average
particl e dishwetervelusdiddn rekalilte.3 Fhewsdditelveoripdss ion@nculk
properties of the additive 8. [Conparative Exanple 4: Additive 9]
5385 g of @epséhni trd sluddffineludingse3i0 Pmss¥taladnianat ( conttaieni ng
700 g of alum na) was adjusted to pH 4.0 with sulfuric acid, and 1600
g of the sidcatédispyl thpreofypsaguentdvpluabedg of kaolin was added
thereto and uniformy mxed. The resulting mxture was spray-dried,
and then desal te%ﬁb@h%mYn&aPéEg?vewaﬁaii’?ne\/esp@cwf@ﬁ BIAT agea
particle dianeﬁﬁé of 60 pm Table 3 shows _the conposition and
properties "6f Editd e/ 9 FROMVAPATI 08 TSaaTre SitRydrtEh Eneo)

To 7690 g %f a boe nﬁ%e %Lurry i ncl udi ng %3.%}n&ss@balu ina,_ 17.5%
water gl as$oRE¥ LafusFEF L8 pHPErBARFTh ERFTTY Tk 81 Hhd° 12660 of
the silica I | . €, ntai ni ng .12 of .silica) was added. .The
resul ting ﬁ%%fﬁ%%&%bgnggﬁgé%§d9¥%é%ﬁﬁn%og§5ﬁ%? 'aﬁﬂgeﬁ%g%oggﬁhégﬁs
sodi um hydiggh e sobubiofe a0daf Wabhels aged, atugdaG Tl.d 0OULhQ Of ve
alumna-silica slurry Cincluding 11 mass%silica. e tota
concentrat hop,of dUnidRand Siddesa 14b t bRe algll NArSid | £2,8)0kly C
was 15 mass% 4670 g of the alumna-silica slurry C

(contai ni ngn709 ehef @l WaknNa16ihi/Ga) aMascd Usled Lbe Pikgbl oW B

sul furic acid, and 1600 g of the silica sol b (containing 200 g of
silica) waseagddeskddhenaber Sobseqterhl ¥itdHO wheebbkaohé mass added
thereto and uniformy m xed. The resulting m xture was spray-dri ed,
and t hen désattssh bannaghicrgcked gé 7Ll @iddittiiyy esdéh Wit hadditdvwer age
particle dianmeter of 60 pm Table 3 shows the conposition and
propertiesaolow HeuldddetEvey ldhd thAet was tnotEpakubicah) Usi ng
the additive 3, the additive 8, the additive 9, and the additive 10,
the effect [06¢1éhe silica content of alunmina-silica on the activity
was eval uated. Table 3 shows eval uation results. As shown by
Table 3, thE&agd=e|Zd of HCO decreased with an increase in the silica
content of alum na-silica, producing excellent results. However, when
the silica content was 0 mass% the anmount of solid acid was small,
and there thus was a small decrease in the yield of HCO while when
the silica content is 11 mass% the yield of coke increased. [0018]

[ Tabl e 3] i LIG L
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[0017]
<<Test Example 3: Effect of Silica Content of Alumina-
Silica>>
[Example 5: Additive 8]

To 7690 g of a boehmite slurry including 13.0 mass%
alumina was added 500 g of the silica sol a (i.e.,

| containing 50 ¢g of silica). The resulting mixture was

adjusted to pH 10.5 with a 48 mass% aqueous sodium
hydroxide solution, and further aged at 95°C for 1 hour to
give alumina-silica slurry B including 5 mass% silica.
The total concentration of alumina and silica in the
alumina-silica slurry B was 15 mass$%.

4670 g of the alumina-silica slurry B (containing
700 g of alumina-silica) was adjusted to pH 4.0 with
sulfuric acid, and 1600 g of the silica s¢l b (containing
200 g of silica) was added thereto. Subseguently, 100 g
of kaolin was added thereto and uniformly mixed. The
resulting mixture was spray-dried, and then desalted by
washing to give additive 8 with an average particle
diameter of 60 pum. Table 3 shows the composition and
properties of the additive §.
[Comparative Example 4: Additive 9]

5385 g of a boehmite slurry including 13.0 mass%
alumina (containing 700 g of alumina) was adjusted to pH

4.0 with sulfuric acid, and 1600 g of the silica sol b
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{containing 200 g of silica) was added thereto.
Subsequently, 100 g of kaolin was added thereto and
uniformly mixed. The resulting mixture was spray-dried,
and then desalted by washing to give additive 9 with an
average particle diameter of 60 wum. Table 3 shows the
composition and properties of the additive 9.

i [Comparative Example 5: Additive 10]

To 7690 g of a boehmite slurry including 13.0 mass$%
alumina, 17.5% water glass was adjusted to pH 1.6 with
sulfuric acid, and 1200 g of the silica sol a (i.e.,
containing 120 g of silica) was added. The resulting
mixture was adjusted to pH 10.5 with a 48 mass% acgueous
sodium hydroxide solution, and further aged at 95°C for 1
hour to give alumina-silica slurry C including 11 mass$%
silica. The total concentration of alumina and silica in
the alumina-silica slurry C was 15 mass$%.

4670 g of the alumina-silica slurry C {(containing
700 g of alumina-silica) was adjusted to pH 4.0 with
sulfuric acid, and 1600 g of the silica sol b (containing
200 g of silica) was added thereto. Subsequently, 100 g
of kaclin was added thereto and unifeormly mixed. The
resulting mixture was spray-dried, and then desalted by
washing to give additive 10 with an average particle
diameter of 60 pum. Teble 3 shows the composition and

properties of the additive 10.
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axon [0019] <<Test Exanple 4: Effect of the Anmount of Solid Acid>>

[ Exanpl e 6: Additive 11] To 858 g of basic al um num chl ori de
solution b having an Al 203 concentration of 22.3 mass% (an exanpl e of
a binder made of an al um na conpound; containing 200 g of al um na)
was added 500 g of kaolin. Subsequently, 2140 g of the alumna-silica
slurry A (containing 300 g of alumina-silica) adjusted to pH 5.0 with
sul furic aciydwes:adsled fheegjo and uniformy mxed. The resulting

m xture was spray-dried, and then desalted by washing to give

additive 11 w t hygth@vesaoeidiariteCl3e dhamabaltOfe 68, Pihe Tk i4eShows
t he conposition and properties of the additive 11. [Exanple 7:

Addi tive 12), and theT@d858ige ofct hehdbasirecal vl nHE shl DFd derrE@htt | on
b (containing 200 g of alum na) was added 300 g of kaolin.

Subsequent lof, a3bhng-©flitdze cal thnacsivitca wlsuransaildateont aaniiag3500 ¢
of alumna-silica) adjusted to pH 4.5 with sulfuric acid was added

t her et o anéghersf evadyatnionedesdhes.resul ting mi xture was spray-dried,
and then desalted by washing to give additive 12 with an average
particle di anet eks ofthas@ pth TFabd 6,4 thhowseidheo T diFPodetrersahdiith
properties of the additive 12. [Exanple 8: Additive 13] To
858 g of tka bar¢reasicuminunthenl 6ildea sslontroh P cenvmim TRi1266: g of
al um na) was added 100 g of kaolin. Subsequently, 5000 g of the

al um na- si PEEEUSHRE r §*2 ¥ kit aF B HgS700 Bewgved unthen ngPcé)llaGF ust ed
to pH 4.0 with sulfuric acid was added thereto and unjformy m xed.
The resul t CREEAIXt1R% WaBeSHiray-nGr PBRURAnaL t Atk URY e SbyP™Rashi ng
to give additi 13 with an avera article dianeter, of, 6 m, Tabl e
2 shows © Nt REGRT tTHiE AIRF () GBI BECbrTheithault e 1gaor A,

[ Conparative.Exanple 6. Additive 1 . To 858 g.of the. basic
aIuninun1cﬁﬁéf%dgy%%lg??oﬁl lE%dﬁF%%ﬁFndSZ& ﬁmgféalﬁﬁFn feﬁgsogdded
600 g of k ] uently, 1430 g of the alumnna-silica slurry A
(containinggg%gn5§%%§§PUnina-siIica) adjusted to pH 4.0 with sulfuric
acid was adggggt hereto and uniformy mxed. The resulting m xture was
spray-dried, and then desalted by washing to give additive 14 with an
average pafthsle gi anmeter of 60 gm Table 4 shows the conposition and
properties of the additive 14. [Conparative Exanple 7: Additive 15]
To 858 g of the basic alum num chloride solution b (containing 200 g
of alum na) was added 5710 g of the alumna-silica slurry A
(containing 800 g of alumna-silica) adjusted to pH 4.0 with sulfuric
acid. After uniformmxing, the resulting m xture was spray-dried,
and t hen desalted by washing to give additive 15 with an average
particle dianmeter of 60 gm Table 4 shows the conposition and
properties of the additive 15. [Activity Eval uation] Usi ng t he
additives 11 to 15, the effect of the amount of solid acid in an
additive on its activity was eval uated. Table 4 shows eval uation
results. As shown by Table 4, also in the case of an al um na
sol binder, as in the case of a silica sol binder, when the anmount of
solid acid was 0.1 to 0.4 mol/g, with an increase in the anount of
solid acid, the efficiency of heavy oil fraction cracking increased,
and the amount of HCO fraction decreased, producing excellent

results. However, when the anount of solid acid was 0.07 mmol /g, the
efficiency of heavy oil fraction cracking increased, and the anount
of HCO fraction increased, while when the ambunt of solid acid was
0.5 mml /g, the amount of coke produced increased. [0020]
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[0019]
<<Test Example 4; Effect of the Amount of Solid Acid>>
[Example 6: Additive 11]

To 858 g of basic aluminum chloride solution b
having an Alz03 concentration of 22.3 mass$% (an example of
a binder made of an alumina compound; containing 200 g of
alumina) was added 500 g of kaolin. Subsequently, 2140 g
of the alumina-silica slurry A (containing 300 g of
alumina-silica) adjusted to pH 5.0 with sulfuric acid was
added thereto and uniformly mixed. The resulting mixture
was spray-dried, and then desalted by washing to give
additive 11 with an average particle diameter of 60 pm.
Table 4 shows the composition and properties of the
additive 11.

[Example 7: Additive 12]

To 858 g of the basic aluminum chloride solution b
(containing 200 g of alumina) was added 300 g of kaolin.
Subsequently, 3570 g of the alumina-silica slurry A
(containing 500 g of alumina-silica) adjusted to pH 4.5
with sulfuric acid was added thereto and uniformly mixed.
The resulting mixture was spray-dried, and then desalted
by washing to give additive 12 with an average particle
diameter of 60 um. Table 4 shows the composition and
properties of the additive 12.

[Example 8: Additive 13]
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To 8538 g of the basic aluminum chleoride sclution b
(containing 200 g of alumina) was added 100 g of Xkaolin.
Subsequently, 5000 g of the alumina-silica slurry A
{containing 700 g of alumina-silica) adjusted to pH 4.0
with sulfuric acid was added thereto and uniformly mixed.
The resulting mixture was spray-dried, and then desalted
by washing tTo give additive 13 with an average particle
diameter of 60 um. Table 4 shows the composition and
properties of the additive 13.

[Comparative Example 6: Additive 14]

To 858 g of the basic aluminum chloride solution b
(containing 200 g of alumina) was added 600 g of kaolin.
Subsequently, 1430 g of the alumina-silica slurry A
(containing 200 g of alumina-silica) adjusted to pE 4.0
with sulfuric acid was added thereto and uniformly mixed.
The resulting mixture was spray-dried, and then desalted
by washing to give additive 14 with an average particle
diameter of 60 pm. Table 4 shows the composition and
properties of the additive 14.

[Comparative Example 7: Additive 15]

To 858 g of the basic aluminum chloride solution b
{containing 200 g of alumina) was added 5710 g of the
alumina-silica slurry A (containing 800 g of alumina-
silica) adjusted to pH 4.0 with sulfuric acid. After

uniform mixing, the resulting mixture was spray-dried, and
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then desalted by washing to give additive 15 with an
average particle diameter of 60 um. Table 4 shows the
composition and properties of the additive 15.

[Activity Evaluation]

Using the additives 11 to 15, the effect of the
amount of solid acid in an additive on its activity was
evaluated. Table 4 shows evaluation results.

As shown by Table 4, also in the case of an alumina
sol binder, as in the case of a silica sol binder, when
the amount of solid acid was 0.1 to 0.4 mmol/g, with an
increase in the amount of solid acid, the efficiency of
heavy ©il fraction cracking increased, and the amount of
HCO fraction decreased, producing excellent results.
However, when the amount of solid acid was 0.07 mmol/g,
the efficiency of heavy oil fractlon cracking increased,
and the amount of HCO fraction increased, while when the
amount of solid acid was 0.5 mmol/g, the amount of coke
produced increased.

[0020]

[Table 4]
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YSSVW mune, [0021] <<Test Exanple 5: Effect of Specific Surface
Area>> [Exanple 9: Additive 16] To 858 g of the basic

al um num chl oride solution b (containing 200 g of alum na) was added
100 g of kaolin. Subsequently, 2860 g of the alum na-silica slurry A
(containing 400 g 'of alumna-silica) adjusted to pH 4.0 with
sulfuric acid and 300 g of ultrastabilized 1-type zeolite were added
thereto and uniformy mxed. The resulting m xture was spray-dri ed,
and then deldH2léd by washing to give additive 16 with an average
particle dianeter of 60 gm Table 5 shows the conposition and
properties ofTeseEnamidld Ve E6fe§Torfparari Vic Bunfpke Bresxiditive 17]
To 1358 g of the basic alum numchloride solution b (containing 200 g
of al um na)lExagradided ApEtdvef 1kkol i n. Subsequently, 1430 g of the
alumna-silica slurry A (containing 200 g of alum na-silica) adjusted
to pH 4.0 with sﬁ?fﬁ¥§c9aEth%ﬁdb%®U3gﬂquGPPrﬁéigﬁ&¢qZ%HIWJPVpg
zeolite were added thereto and uniformy m xed. The resulting m xture

was spray- dP8E2 aHRE t4th %e%faﬁléﬂausﬁ\)mgﬁ. Agded HiVer sfifadtdni7

th ticl t Tabl h th
ggnpog?t?g%rgga g%%ﬁ%ﬁtségsng?ﬁ; g?lvglﬁﬁf%ﬁéé Fg??$§EV§§Uaﬁlon]
Usi th ddi d 13, ddi t, 4 ddi t
1o "ond T ndiahbR YR 48 f%?'%ﬂ%ﬁﬁl%% 38af GahFFadoeg, g 30011 VC

aCt|V!ty ﬁv%hﬁ E?Q%UEEQQ a%dSQRMF ngugékggs 6238eﬁh%yFﬁe

additive 1 has a ensity an i s di |cu

actual uni h ti t n
Shovn by ToEPEPet heRR! Jadd | BRLROL, TR %cﬁﬁn;?‘é?“mg 35 0 388 g

the nunber @fuieaed i RikSideswM tipthedheayy @bk fihapti Id%@aw&ei epged,
wher eby the yield of HCO decreased, produci ng excellent results’

However, wagsnifie specyive suaface anea wias 9n N v@rabberfMeree a
smal | nunber of reaction sites, so the HCO yield increased, while

when it wagidddcd®/ g ot howgh there ar enexpeched d&plaelal&@r g88a
nunber of reaction sites, whereby the heavy oil fraction can be
cracked ef propentiles, ofuthe amididdivei ve. had a | ow bul k density and thus
was not practical. [0022] [Table 5) |
[Comparative Exzample 8: Additive 17]
To. B58 g of the basic aluminum chleoride solution b
(containing 200 g of alumina) was added 100 g of kaolin.
Subsequently, 1430 g of the alumina-silica slurry &
{containing 200 g of alumina-silica) adjusted to pH 4.0
with sulfuric acid and 500 g of ultrastabilized Y-type
zeolite were added thereto and uniformly mixed. The
resulting mixture was spray-dried, and then desalted by
washing to give additive 17 with an average particle
diameter of 60 um. Table 5 shows the composition and

properties of the additive 17.

[Activity Evaluation]
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Using the additive 11, the additive 13, the additive
14, the additive 16, and the additive 17, the effect of
specific surface area on activity was evaluated. Table 5
shows evaluation results. The additive 17 has a low hulk.
density and is difficult to use in the actual unit, so the
activity thereof was not evaluated.

As shown by Table 5, when the specific surface area
was 100 to 350 m?/g, the number of reaction sites with the
heavy oil fraction increased, whereby the vyield of HCO
decreased, producing excellent results. However, when the
specific surface area was 90 mZ/g, there were a small
number of reaction sites, so the ECO yield increased,
while when it was 410 m?/g, although there are expected to
be a large number of reaction sites, whereby the heavy oil
fraction can be cracked efficiently, such an additive had
a low bulk density and thus was not practical.

[0022]

[Table 5}
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[0023]

As described above, the ADDITIVE FOR FLUID CATALYTIC
CRACKING CATALYST of the invention allowed the heavy oil
fraction in a feedstock to be effectively cracked, and
also suppressed the yield of coke, making it possible to
obtain high yilelds of gasoline and LCO,. This can be
attributed to the following reasons. The additive is
characterized by its high specific surface area, and also
in that the proportion of strong acid based on the total
solid acid is low. Generally, when the proportion of
strong acid is high, the reacticon activity is high;
however, there is a problem in that the cracking reaction
proceeds excessively, resulting in a high yield of coke.
Therefore, when the propeortion of stirong acid based on the
total solid acid in the additive is suppressed, and
further the specific surface area is increased to reduce
the amount of solid acid per unit surface area, an
increase in the yield of coke due to the excessive

cracking of the feedstock can be suppressed.
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A0l10/ Total Amount of Solid * Acid , At 1 k.unverS7.0n Amass%
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As descri bed above, the ADDI TI VE FOR FLU D CATALYTI C CRACKI NG
CATALYST of the invention allowed the heavy oil fraction in a
feedstock to be effectively cracked, and al so suppressed the yield of
coke, making it possible to obtain high yields of gasoline and

LCO This can be attributed to the foll owi ng reasons. The additive is

charact eri zgskaynkt sohi g eRaseitc GWikace area, and also in that the
proportion of strong acid based on the total solid acid is | ow.

General |y, mienmt bg proportion of strong acid is high, the reaction
activity is high; however, there is a problemin that the cracking
reacti on proceedsned0®ISIivVel yoRr esulbi mpTenyardi ghagieial oATxodes
Therefore, when the proportion of strong acid based on the total
sol id aci d dutatihebaeldittyl veptay-suppnessednizedl santher inhkéudpegi fa
surface area is increased to reduce the amount of solid acid per unit
surface arddndgn apdralaweninsthicasi elhgreincoke due to the excessive
cracking of the feedstock can be suppressed. [Designation of
Docunent] O ai mstihe) APRAYVE FOR FLUID CATALYTIC CRACKING CATALYST
being characterized by having a specific surface area of
100 to 400 m®’/g and a total solid acid amount of 0.10
mmol/g or more and less than 0.50 mmol/g.
[Claim 2]

The ADDITIVE FOR FLUID CATALYTIC CRACKING CATALYST
according to claim 1, characterized in that the proportion
of strong acid based on the total solid acid amount is 20%
or less.

{Claim 3]

The ADDITIVE FOR FLUID CATALYTIC CRACKING CATALYST
according to claim 1, characterized in that the mixed
slurry includes a porous silica or a zeolite.

[Claim 4]

The ADDITIVE FOR FLUID CATALYTIC CRACKING CATALYST
according to claim 1, characterized in that
the proportion of alumina-silica in the mixed slurry is 20
mass® or more and less than 80 masss.

[Claim 5]

The ADDITIVE FOR FLUID CATALYTIC CRACKING CATALYST
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An ADDI TI VE FOR FLU D CATALYTI C CRACKI NG CATALYST obt ai nabl e by
spray-drying a mxed slurry including a binder and alum na-silica,
wher ei n t he ADDI TI VE FOR FLUI D CATALYTI C CRACKI NG CATALYST
bei ng characterized by having a specific surface area of 100 to 400
n2/g and a total solid acid anount of 0.10 mmol/g or nore and | ess
than 0.50 Mol /g. [d aim 2] The ADDI TI VE FOR FLUI D CATALYTI C
CRACKI NG CATALYST according to claiml, characterized in that the
proportion of strong acid based on the total solid acid amount is 20%
or less. [Gadod3hg to clalhel ADENaHadterOR&L Uh DERAT ALY | £ GRAGKI NG
CATALYST according to claim 1, characterized in that the mxed slurry
i ncl udes a gidieashss| & cailicaa coabkht eof [fidmd Mhdh 0 mass¥dhendADRISEl VE
FOR FLUI D CATALYTI C CRACKI NG CATALYST according to claim1,
characteri zZédni A0thats%.t he proportion of alumna-silica in the m xed
slurry is 20 mass% or nore and | ess than 80 mass% [C aim 5] The
ADDI TI VE FORIELWI 6 CATALYTI C CRACKI NG CATALYST according to claim1,
characterized in that the alumna-silica has a silica content of nore
than 0 nmass% andThesBORHEHYEL FQRa SS9 D] GASARMIBIC CRACKINGh CHMHDYSIVE
FOR FLU D CATALYTI C CRACKI NG CATALYST according to claim1, )

char act er i Z66°FAL2RakC t W 1Bi AdeFP B2 X i4eea 1o PdbnER DA e&l dfi num

conpound. o )
a silica compound or an aluminum cempound.
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