[ 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 (imeRaGhhEYLAT o 9RSAkidIR)] s&:@@&%%%{'&‘n”t] [0002]
Conventionally, "a feedstock 1s cracke using a fluid catalytic

cracking catialiust o0 g odycehi 9t OidppTHaYRY eFor Wil 1 I E&fal fride
price of crude oil, a heavier feedstock (heavy oil fraction) has al so
been treatebdchar thespyuspose of efficiently cracking such a heavy
oil fraction (e.g., resid) with an FCC catal yst, the anount of active
|ngred|entTé@ﬁ%QQaECEﬁga&alyst such as zeolite or alumna, is
increased. However, an increase in the proportion of active

i ngredi entggp;gn FCC catal yst causes problens in that the strength of
t he catalyst decreases for exanple, thereby degrading the physical
properties. F%thgsregéttt hengLacking i1 be *t%ava(nouaJDDfﬂra%' ool a

feedstock in a fluid catalytic cracking unit to produce a

fraction, gifenecareLpret! 8REck ivd halr i@ ramuaty el scpkepd n&éc‘f‘@é% as
t he heavy ol | fraction cracking proceeds, ‘and further, the conbustlon

of the produged; §0ke tig REEOMMARIEH DY A J8RET %Ire'd’:e J=it$8 y@R
generation of steam degrading the quality 'of the FCC p cata yst I n

order to splye thesg p%@Qk&”BcaE$E§€f¥|‘8Ma%ﬂlﬁed'EhY€5 have heen )
devel oped as auxiliary catalysts for FCC catalysts (FCC Addltlves)

[ 0003] e Egﬁlgxafm_i ecr ek Pacurent, 1 di 5cl:05es:an ARRIHVE
FOR FLUID TALYTI CRACKI NG CATALYST, which conprises a granul ar

m xture Ofr%th%? H U NGccfb@Yck ARG Sﬂhﬁﬁ%x thlahE'Q%a%EHEhnq ihas a
silica content of 10 to 30 W% and the m xture has a silicon content

of 10 to e mi%.(gal cybated,as Si 02). Pat ent Document 2

di scl oses “an ADDI TI VE'FOR FLUI D CATALYTI C CRACKI NG CATALYST, whi ch
conpri ses (@alkgdsahdmpgy clay, and silica. The additive includes
particles having a total silicon content of 10 to 60 wt % (cal cul ated
as Si 02), @ap@d-has a specific surface area of 30 to 80 n2/g and a
total pore volunme of 0.14 to 0.45 m/g. Further, the volune of pores

with a pore radidsvOhc 8O A 0f, |L£52u3+8cR51 01 éQaQEeéeé&nga@ ﬁﬂlﬁd
total amount of acidis within a range of 0.02 to 0.065 mmol/g.

Pat ent DocurBRtt3cdi 3610588 a0 ARITYE FLQR Fia%&b&é\TAlmg'h@ CRAGKI NG
CATALYST, which conprises a conpOS|te net al oxide, clay, "and silica.

The addi tipugchas, awseﬁcgftgsé%ta‘eee %Eﬁc@fo§ocft9:i@oolrﬁ?/gamv%etr0t al
pore vol une of 0.14 to 0. 45 /g. Further, the volune of pores with a

pore d'a”ﬁ%%&s@%cﬁO(BQaQQQofi'E&é@%@dﬂ} M€ Based.0n theatogal mere
vol une. Pat ent Docunent 4 discloses an additive catal yst for

cracki ng ReavypRiphosdhiggh eeﬁp&taeél_\,a ceapRshhe il 10xhdeyy Clay,
and silica. The additive has a specific surface area of 30 to 80 n2/g

and a totalaackdnampugt, ofe O B2 1010 08 rE0LLga 1 FHEf NBla ddlfint of
proportion of the anount of strong acid based on the total amount of

acid is 1thtt9v§0{91?red1ent | P t Pige aﬁ(%t&é(@é:'lfgt?d&ﬁﬁg 4 Rahent or
Docunent s to 4 he silica content of silica-alumna is 10 to 30

W% the %hhhgﬁaCO”I@”tlﬂgrééy%dU‘XtLHé%éﬁ%rlo 20 69n$&é§sé“@u§DQ§ﬂf'C
surface area is 30 to 0 n2/g, and the total amount of acid is 0.02

to 0.08 mmpbigyf&el etegcétte Dogyrenis]e [Ratant pdoocimentale [&Qt%ls
[ Pat ent Docunent 1] Japanese Patent No. 3,479, 783; specification

rroblems in that the strength of the catalyst decreases,

for example, thereby degrading the physical properties.



[ Patent Docunent 2] Japanese Patent No. 3,467,608; specification

[ Patent Docunent 3] Japanese Patent No. 3,643, 843; specification

[ Pat ent Docunent 4] Japanese Patent No. 3,920,966; specification

[ Summary of the Invention] [Problens that the Invention is to Sol ve]
[ 0005] Al t hough the conventional additives are sonmewhat
effective in cracking heavy oil fractions, there is a need to further
increase the efficiency of heavy oil fraction cracking. Wen a heavy

oi | fraCt'@I}:dh%xSUQJr{eCEﬁéj Lpadkiig Gat ghyt 'h%a%a%li'lngtrlé%t%ns%(‘fh £n
additive, the yield of coke increases as the héavy oil fraction

cracking proceedsyk SWCh a1 Jifciedse vk Act BRaykehd @hiCOkS CAURRS &
rise in the tenperature in a catal yst regenerator of an FCC unit,

and, Wi th {he d eMNErAlY € dHse Urd he heam genanatd o duridigd hee
conbustlon of coke, the quality of FCC catalysts is degraded.

The inventdon was, aceQnR! i shed ggai ngt,§he abpverpackground,
object of the invention is to provide an ADDI TI VE FOR FLU D CATAE?TIC

CRACKI NG CATAlXSE, whkchylensapable Qnduitieasbrgthbepeblihcdencykof
heavy oi | fraction cracking and suppressing an increase in the yield

of coke. jMans banhisal ¥i,ng {hg&ron]ee]: L0QA8] the gene Al ARPIH VE
FOR FLU D CATALYTI C CRACKI NG CATALYST according to the invention for

the obj ectsmnt i ofed. Abgwe hﬁet*h%afi@%ﬂé@ EER Fdaééi DA C 1
CRACKI NG CATALYST whi ch 1 s obtainablé by spray-drying a m xed slurry

i ncl udi ng @4 ndes apdal umdas 5bkb§f‘em§ha%ﬁﬁt efd 28Ry hayh NG A s
specific surface area of 100 to 400 , and a total "solid acid

amount of 310 Rk 9 Qe EBE@daan|e§§x£b§Qr 50, i for FAD
the ADDI Tl VE FOR FLU D CATALYTI C CRACKI NG CA ALYST according to the

i nvention, 4. 1S+ Rr ¢FeraRh@; thads)the proportion of the ampunt of
strong acid baSed on the total soI|d acid anmount is 20% or | ess.

I'n the ADDIghlg¥F FOR FLUI D CATALYTI C CRACKI NG CATALYST according to
the invention, it is preferable that the m xed slurry includes a

porous silica Oksa éﬁQﬁ%i@ Patent dd&u%%%tA@DBIEMEbEEEQ5%1#5%ITIVE
CATALYTI C CRACKI NG CATALYST according to the invention,

pref er abl edrhatrdite d@REMtIcONTrofc@he didagivisirca wmchhecdaﬂp&q@e%l wry
is 20 nass% or nore and |l ess than 80 mass% In the ADDI Tl VE

FOR FLU D GATAL XTI i CRALKI NE CATALYSH B66Rr, dicngyt 0ahhesi DYt | Gk it

is preferable that the alum na-silica has a silica content of more

than 0 mass%;and hessnihals 10 BBI$% content ofl Aot e ARDIHLVE FER
FLU D CATALYTI C CRACKI NG CATALYST according to the invention, it is

preferabl ephahikhe-bi nder is aigibbga compaund @ ap a£8n1@y”h¢ﬁ
conpound. [Advantage of the Invention] [0007] The additive of
t he |nvenqbg@ch@§t§dsggcg{¢§ surface area of 100 to 400 n2/g, and a
total solid acid anount 'of 0.10 to 0.50 mol / g. Therefore, as

conpared wi th cegventi epalmaddi ti V&ﬁcﬁcrs%sad&athbgz-@ivﬁ heoRNviaRiripon
has an increased activity and provides a reduced yield of heavy

fraction Chgaylieary @Kﬁbﬁn@;' ) cadir Y REr easedyi ebgyof; gasolding.c.and a
conparative yield of coke. This can be attributed to the fol |l owi ng

reasons. Begauwse,theigpeci fing swifiaee area apd theyiotal sgldidas d
amount of the additive are hi gher than conventional, there is an

i ncreased %Q@E@QEsafﬁ@lgﬁt weena1f eedstogk andehheoaddbt e soas el |
as an increased nunber of active spots. As a result, the activity of

the FCC Cﬂb@hﬁﬁlatggrgésgionhlLﬁdtHﬁsybe@%égﬁfHQOs@%Q%%é5%§ea of
Furt her, because the proportion of strong acid based on the total

solid acidy stcaSez@n&PJ/ga%naO@ 0£o££§spoee exaesel W cpacki pg react i on
i s suppressed, whereby the yields of gasoline and FCC cracked |ight

Q1 (LCO Lhght CyelenQ))ehdcyensts bhoddy theh AhdRCnersed R he
yield of coké is suppressed [ Mode for Carrying Qut the Invention]

60 A or less is 0.05 ml/g or less, and the total amount of



The follow ng describes an ADDI Tl VE FOR FLU D CATALYTI C CRACKI NG
CATALYST according to an enbodi nent of the invention. The
ADDI TI VE FOR FLUI D CATALYTI C CRACKI NG CATALYST of the invention
(hereinafter sometinmes referred to sinply as "additive") is added to
a fluid catalytic cracking, catalyst nmade of an inorganic oxide
porous body including a zeolite, and used in a fluid catalytic
cracking unit (FCC unit) especially to crack the heavy oil fraction

(bottom product)s Qfi 1 ifeedst gk éP(PQEa%% a.bkghtnb1 AL i on.
The additive of the invention is obtained by spray-drying a nixed

slurry includi ng.aeRtNdeS.aRd ral 1M Pa:= fidd CazHNASHIEROWN eendithans.
The additive has a specific surface area of 100 to 400 nR/g as

measur ed By riheBET dRdRad ol Hﬁ&%&%@ 7whqrc%f &r 4 5120 4 0c 3»@;]9
and nore preferably 200 to 350 nR/g, and also has a total solid aC|d

amount (t hr?etaa'IDUBklefe a”@Péﬂya afdsprhed whth adheat J0h; adser FMQ” an
70 kJ/ nol or nore) .10 "l /g or nore and less than 0.50 nmol/g

as neasur eﬁf@@%ﬁa@@s%r@a' Q¥ Ch OLL MBbr Yi2( §e@ndaRaNgss 1Pal &l
No. 3,784,852; the actual neasurenent was performed according to the

met hod desgyiied Jien oExampheq 1) s IRIF@} er%‘r%h@rzotﬁé’ Qo fondMDt /19, r &Nd
nore preferably 0.25 to 0.40 mmol When the specific

surface argayofy rﬂlﬁ‘rea@aﬁde\é%r' S %905 tdham olQ0 P/ gre tdi spd.gads 4y a
smal | er nunber o eaction sites of the additive with a feedstock,

reduci ng the tgkf kekgncyopf feawye oil fraction cracking, while when it
is nore than 400 n?/g, the bulk density and strength of the additive

are reduced. \Wepithe 98@ﬁmgnéﬁ4fﬂ{édio%%'dah“aHB@t@@Q'&éH@i%ﬁ%|§§F
than 0. 10 nnDI/g, the efficiency of heavy oil fraction cracking

decr eases . hikh GoWhigdhd§  16310- 5@hﬂﬂp|QQm@E1QEEe1at|$%mB%§Y¥eC"Aetal
fraction is exceSS|ver cracked, i ncreasing the yield of coke.

The bi nderg,ysed nByspe andl Ialq@craonpowﬂg U AR 19U Jm,cogmound. . As
the silica conpound,” water glass, a silicic acid solution, or the

like is usablrcefl Qre@Xamlze. A3 éd"ern@' Ungnfaurg C%qu%lcpaa%\&u%' WH num
chloride, a boehmte alum na peptized soI or the like is usable, for

exanple. g.02 &S d.h@ akHBl p@- Si | kgsnhe, pr@ﬁlgct prfYAitned ba:fmeﬂeng a
silica compound with a pseudo-boehnite ge or a boehnlte gel

optional I yrfahkowedsbyYoRgi Adiq 115 48R the totalTQﬁo@illtyrBflaacsld 13GA
preferably has a silica content of nore than O mass% and | ess than 10
mass% and gpref epably 1 to 9 mass% Wen the silica content of the
alumna-silica is 10 mass% or nore, this |leads to a decrease in

specific surfacenarga and:the-ampunts fepcid. plthe drpRAinmtinisr i nRy
contain a clay mneral, a porous silica, and a zeolite. Exanples of

clay mineral §HeneiUde.kaelitin Mest Mrislda0ni L ngdok emirbe ¢ ;angd Galsci te.
Exanpl es of porous silicas include wet silica and dry silica.

Exanmpl es ghezegliil@s ddipddide i teast abikized i ¥-tiypecZzeghi L2 s( USVe
HY, NH4-Y, RE-Y, RE-USY, ZSM5, and nordenite. By the addition of a

porous silsheaihca A8%lcke, atdie $pecid i eo sl agl Ar eandf thhe additive
can be adjusted (increased), and it al so contributes to the

i mprovenenohragki ¥biy.is 0.02 B®.PRORALI YN of alum na-silica in
the mxed slurry is preferably 20 mass% or nore and | ess than 80

mass% angrapbecAr gfergdd mst 410 70 mass% Depending on the

al um na-silica proportion, the specific surface area of the additive
and the anmgupRtnefpsehhsh@gi d therein can be controlled. VWen the
proportion of alumna-silica in the mxed slurry is |ess than 20
mass% thepageynt of active ingredient is insufficient to crack a
heavy oil fraction, making it difficult to effectively crack the

heavy oi | fraCtLPQteM@'b@cM@@@t'ﬁﬂ'%a%gngggs%hQ%n%Dﬁﬁ} thisdemds to
a decrease in the strength and bul k density of the addi ti've, ‘and ‘when

specification



After 1430 g of the alumna-silica slurry A (containing 200 g of
alum na-silica) was adjusted to pH 4.0 with sulfuric acid, 1600 g of
the silica sol b (containing 200 g of silica; the sane applies

herei nafter) was added thereto. Subsequently, 600 g of kaolin (dry
mass; the sanme applies hereinafter) was added thereto and uniformy
m xed. The resulting m xture was spray-dried under the follow ng
conditions: inlet tenperature of 460C, outlet tenperature of 260C,
and residence tigg-ohe 23oELAuLeS 2! NEsAR ARRldAS s e, 10} | e ng
exanpl es), and then desalted by washi ng (amoniumsulfate’ in ‘an
amount of 20 mess%baged on dry catalyst was added to renove alkali,
and then sulfuric acid was renoved by 15% aqueous ammoni a; the sane
applies al so tothe.f ol hgw,ng,exaqpl 1.Q0ipf addigd ves 1o M tdy -an
aver age partlcle algneter 0 %0 Rgrkﬁg%ﬁe f shows the conpo%%t?%n of
the additiye k. Euttper, the specific surface area and bulk density
of the additive 1 were neasured by the BET nethod and the UOP net hod
254-65, respectiipglyn{t B SAUR: aBR! i£3 4@ sthe filliowNg exsupl ).
Tabl e 1 shows tﬁe pr%pertFes o% tﬁe a gitﬁve i n0011] (Met'hod for
Measuring L fae ;Arpupt ,of Solid Acid) The amount of solid acid
in the obtained additive 1 was neasured as follows. First, 0.2 g of

the addi tipghaascki tgd Alva00GHor 1 hour, and then heat treated
under a reduced pressure (1 x 10-4 torr) at 400C for 4 hours. After

that, amopi apgass"efsadses bed, dfeeons fhesheat; of adsorption thus
generated was detected, and the total anount of SO|Id aci d was

cal cul ated.ggp@y the nmeasurenent, "Calorineter” manufactured by TOKYO
Rl KOSHA was uséd. The anmpunt of anmoni a adsorbed with a heat of

adsorption of 7@1kJdinph QALJIOLELYRALEBKED ajudihe Qt agré’-n%evm(at
solid acid, and the anmpbunt of ammoni a adsorbed with a heat of

adsorpti Oréf%fec%lgek%”!?l»a&hr@rkf‘eaw diakenaasibhe, appund of St{ang

acid (measurement was conducted in'the same manner in the follow ng

exanpl es) . oTah] & nk ShoWs hegulihs @féx@e%?swﬁ%tvffoﬂlhef%@n of

solid acid in the additive 1. [0 [ Exanpl e 2: Additive 2]
2860 g of c&'&%k@h!ﬂm %esd 14 (}?ea%lwrorﬂ %r%%@%ﬁ' RENGuAP0- G Pfo flUld
alumna-silica) was adjusted to pH 4.0 with sulfuric acid, and 1600 g

of the si |c'a°&§l§9£cb c(r%%QEﬁPnlugg.n%OQ‘:Lg:hOfm?' Lhgayiyas éﬁ’ge‘}l@sﬁ@r &Js0.
Subsequently, 400 g of kaolin was added thereto and uni formy m xed.

The resul tihg MpHutgswas sRrawrdr i efhaAnd dhen desalisd hy-washigng
to give additive 2 with an average particle diameter of 60 Rm Table

1 shows tg@o%QEEQS'téQ@haéﬁ fﬂé%&gééE%hcﬁhéfviéﬁghdf\ﬁ%ﬁé ddesanple 3:
Additive 000 g of the alumna-silica slurry A (contalnlng

700 g of %'1'5!@‘ Nar Sild cadmy@szafjdisteda t‘%al%"'lg s We%;@nék'lawf' eraGid
and 1600 g of the silica sol b (containing 2 lica) was added

thereto. @@@Sﬂﬂﬂﬁﬁt|XndloQthQft%@okbﬂp$@§t§QQeQ1%QeQﬁiOtﬁQdsteam
uni formy m xed. The resultlng m xture was spray-dried, and then

desal t ed By,waghisg Egrgh%etﬁgdbbhﬁﬁsgldhtBfaQo§¥er%ﬁé Rafstiighe of
di aneter of 60 Rm Table shows the conposition and propertiés of

the additipre 341hECpoparal ive xample 1: Additive 4] 1070 g of
the alumna-silica slurry A (containing 150 g of alum na-silica) was

adj usted to pH 4,0 Vﬂﬁd%n%EbBUVW£éfﬂHd@o ?@Q shBR0 Ofstthecgd | igRwsol b
(containing 200 g of silica) was added thereto. Subsequently, 650 g

of kaolinpwag,added. t herebgsapd upi kaem;yahxed, Jheor 5489 an
m xture was spray-dried, and then desalted by washing to give

addi tive ﬁnﬂh&ﬁvﬁnF@Ke%ﬁﬁ%ep%hhmﬁk@lé'%ﬁ%&%&N@fc@QA£¥BTTth§cB ghows
the conposition and properties of the additive 4. [Conparative

Exanpl e 2caﬁggiE'¥§ ?&crea51ng‘i%%ole9E1EH@yaanﬁQ§v§'difx¥fgdﬁﬁah A
(containing 800 g of alumna-silica) was adjusted to pH 4

cracking and suppressing an increase in the yield of coke.



with an FCC equilibriumcatalyst in a mass ratio of 90:10 (1.8 Kg:0.2
Kg). Using a desulfurized atnospheric resid (DSAR) as a feedstock,
the tenperature of the reactor 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 catalyst would be present per 1 g of the feedstock in
t he apparatus. A catal ytic cracking reaction was then carried out,
and the reaction product and the residue (product |iquor) were

anal yzed. , i react or was anal yzed by gas
chronatogr%p%gs[kpgrgng?égggi qﬁ%ﬁﬁ%ﬁ%@ured by SH MADZU, and the

yi el ds of %%ggen and O to C4 were neasured. At the sane tinme, CO
and CO2 producéd in the regenerator were anal yzed by an infrared

absor ption gas ﬂHa'pﬁTI&EGEJPgOQLHgﬁnﬁpﬁ%L%%g Q}ﬁﬁ%ﬁuIM%DzéiTz?L%f he

yield of coke was c ulate urt e product |1 quor was

I d istillati t
anal yzed st bL) B! 995 i OURLR0F PO LYok o FEARE oo
fraction, i 9@1%%%%%9%: (2O prod *&téﬁéh %E' %ﬂdKf&tch%AﬂL%&ced

wer e neasured rior to the reaction, additives wer'e €éach
treated in,100% st.ea ; fop 12 S e eval j on
results. &%%ggrn?%g E%ggégégg%si% , ?ﬁgg%é%gggg%eﬁ% ?EEU t55$%0n1a
sanpl e CO%%:;GH@Q na, aﬂi’h%éﬁ’ea%r eal%rﬁ_qla@%ig'i‘%af't%‘l%@m?@ged by

di fferences from the standard were expressed as the evaluation
results. A:59,,CQNcRLALpY.NEASHLLMRNL ) St {5 Of  dRSE )G, L HOO
and coke, the gnnun contai ning no additive were used as t He
standard, (g difhgtencas ofndpie aPugtipehng, fal cbl ghed. Lo ties
assunption that the conversion is constant, fromthe Standard were
expressed as .t gesgvalypid on results. The evaluation was perforned in
t he sane ﬁa%ﬁep Pﬁ ?ﬁg %%1Iomﬁng exanpl es. As shown by Tabl e

1 when the amoujt af Sobighiagid Waned. derih . Aot WdibhAing

i ncrease in the anount of solid acig, t he e%?iC|ency of heavy oi

fraction ehaskiag hocgeased candd e Amyah of (HD HIaEiNe chat

decreased, produci ng excelTent results. wever, when the anount of

solid aci Qhwa?g\%pggt' I [g. chhe ghihel %@%&Qfg#gg%twdoho'aégaa% Qe

cracki ng was resulting 1n an increase of HCO fracti on,

whi l'e when i he QgPH@tacF{c% Splduhiagisd 9as 0. pogrol /g, al though the

efficiency of heavy ol raction cracki ng increased, and the anount

of HCO fractionydecraasedpsheyamunl ofpeake REGAUGATd NCBRSE%s
[0014] [Table 1} Conparative Exanple 2 Additive 5 1 'Conposition Z

g_gg IPr%ﬁ%hLE§§ a8&£Ed§EgEté1¥H% Qn&éﬁ%&ghEyigvééuﬁféfgkaﬁ¥%+thaq+

the mixed slurry includes a porous silica or a zeolite.

In the ADDITIVE FOR FLUID CATALYTIC CRACKING
CATALYST according to the invention, i1t 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 FLUOID 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$%.



8" 0- E-0+ Conparative Exanple 1 Additive 4 QZ 99 ST
800 O T 'O+ OT TO+ TO- Exanple 3 Additive 3

060 98

In the ADDITIVE 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 of
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
heavy fraction (HCO:Heavy Cycle 0il), an increased yield
of gasoline, and a comparative yield of coke. This can be
attributed to the following reasons. Because the specific
surface area and the total solid acid amount of the
additive are higher than c¢onventional, there 1is 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 vyield 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 yields of gasoline and FCC-cracked
light 0il (LCO:Light Cycle ©il} increase, and, further, an
increase in the yield of coke is suppressed.

[Mode for Carrying Gut the Invention]



oz Or 080 OOE 06 0 O LO+ 60+ L O+ L O- O Exanple 2 Additive
2 O 06 06 68' 0 007

(C008]

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 “additive”) 1s added to a fluid catalytic cracking

catalyst made of an inorganic oxide porous body including
a zeolite, and used in a fluid catalytic cracking unit
{FCC unit) especially to crack the heavy o0il fraction
{(bottom product) of a feedstock to obtain a light
fraction.

The additive of the invention i1s obtained by spray-
drying a mixed slurry including a binder and alumina-
silica under 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
solid acid amount (the amount of ammonia adsorbed with a
heat of adsorption of 70 kJ/mol or more} of 0.10 mmol/g or
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/g, and more preferably 0.25 to 0.40 mmol/g.



Qz 00 60+ O+ 660+ 0 - Z 0 - Exanple 1 Additive 1 z 09 &
g8*0 001 01 0 O TO+ T-0+ ZO+

When the specific surface area of the additive is
less than 100 m%/g, this leads to a smaller numbkber of
reacticn sites of the additive with a feedstock, reducing
the efficiency of heavy o0il fraction cracking, while when
it is more than 400 m?/g, the bulk density and strength of
the additive are reduced. When the amount of scolid acid
in the additive is less than 0.10 mmol/g, the efficiency
of heavy o0il fraction cracking decreases, while when it is
0.50 mmol/g or more, the heavy oil fraction 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 usable, for
example.

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

The alumina-silica preferably has a silica centent
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 <c<¢lay mineral, a
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porous silica, and a zeclite. Examples of clay minerals
include kaclin, montmorillonite, dolomite, and calcite.
Examples o©f porous silicas include wet silica and dry
silica. Examples of zeolites include ultrastabilized Y-
type zeollite (USY), H-Y, NH4-Y, RE-Y, RE-USY, ZSM-5, and
mordenite. By the addition of a porous 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 proportion 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 preoportion, the specific surface area of the
additive and the amount of solid 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 toc 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 1in 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 1is about



Bul k Density Specific Surface Area Total Amount of Solid Acid
Amount of Strong Acid/ Total Anpunt of Solid Acid Conver si on
Gasoline OOH GS[03 [0015] <<Test Exanple 2: Effect of Specific
Surface Area>> [Exanple 4: Additive 6] 2860 g of the
alumna-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 30 of, Wl stabiljzed Y-typ ite r iaht;
t he sane algogfjcloesa (%lrteilné;fr{'gesra%°’meérrled é’ﬁbeeds Cflﬁlecree %Qééer?& uoglfft%}em%d

m xed. The r.esul ti.ng u s.spray dried, and then desalted by
washi ng tc?ﬁﬁaﬁg addr |§% %§w§§n?9§%taégrgaggﬁérticIe di aneter of 60

tm Table 2 shows_the conpositi d properties of the additive 6.
[ Conpar at i ve Exgﬁglémfpo%% PPi¢§p7 18 aman£4 gs%¥o?%ea01d (é%e

al um na-silica.sl rvy_A (.cont ai ni.ng, 200 f.,alumna-sjli . _Was
adj ust ed taénoﬁﬁt4.%wrglﬁorélual f%‘?sl%rba% d‘?l%k%dglgsa‘%g °of e " i%l)llotr:la Osfol b

ed topE o _ v, 10
(cont ai ni ng 200 8n0f sl | f8Lo e, adfgdnt her el.o, Subsequentl vy 199 o

rastabilize ol ite were a

thereto a”%s‘éﬁit ‘égr oLy E‘éﬁ?ﬂéa%cgu%gé eosfms%)g?_%. E"c’ﬁ;“\rimﬁt S Spiav-fried,

and then 5§sa by "was ive a tive ~an average
et 2 ST P e LS RS L COIPORIL e Ly
5% or less.  When the amount of strong acid is more than
20%, this 1is likely to cause an excessive cracking
reaction, increasing the yield of coke.
[Examples]
[0009]
Hereinafter, the 1invention will be described in
further detail with reference to Examples and Comparative
Examples. BHBowever, the invention is not limited thereto..
[0010]
<<Test Example 1l: Effect of the Amount of Scolid Acid>>
[Example 1: Additive 1]
To 7620 g of a boehmite slurry including 13.0 mass%
alumina (Al;03) (containing 1000 g of alumina) was added
300 g of silica sol a (including 10 mass% silica, i.e.,
containing 30 g of silica) prepared by adjusting water
glass including 17.5 mass% silica (Si0z) to pH 1.6 with a
25 mass% agqueous sulfuric acid soluticn. The resulting

mixture was adjusted to pH 10.5 with a 48 mass% aqueous

10



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

dect eased . ProduGAd exse! Lenl [esul 13, HouBNer  caen. L hgsapeci i

surface area was ere wefe a sna reaction

sites, soidie HOD yiield Jingrieaseds subi 19 alen 4t 9as, 410 M8/ ghacos

al t hough there are “expecte a [arge nunber reaction sites,

uhereby tha heavy ehl tbagh! aB,can.be. LIAcked Bfd] entd ys[i_lzlz%gagggj .

addi tive had a I ow b ensity an hus was pot practica
LTa01 2, 2) s UL VB BRI 3 A X8, fbomost t1on

Further, a water glass including 17.5 mass% silica
{S$10;) (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 following conditicns: 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%
aqueous ammonia; the same applies also to the following

examples} to give additive 1 with an average particle

diameter of 60 pm. Table 1 shows the composition of the

11
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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.
{00117
(Method for Measuring the Amcunt 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 107° torr) at 400°C for 4 hours.
After that, ammcnia 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 ammonia adsorbed with a heat of adsorption of 70
kJ/mol or more was taken as the total amount of so0lid
acid, and the amount of ammonia adsorbed with & heat of
adsorption of 110 kJ/mol or more was.taken as the amount
of strong acid (measurement was conducted in the same
manner in the focllowing 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 pum. 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. 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 3 with an average particle
diameter of 60 pm. 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 » (containing
200 g of silica) was added thereto. Subsequently, 650 g

of kzolin was added therete and uniformly mixed. The

13
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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 um. 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. Table 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
ARCO. This apparatus 1is 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

14



TO+ TO+ Z O+ EO- Binder (Silica) (Silica) mass% Kaolin nmass%
Alum na-Silica mass% Zeolite Bul k Density nmug Specific Surface
Area n2/g Total Anmpunt of Solid nmol/g Acid Anmount of Strong Acid/

Tot al

Amount of Solid Acid Conver si on Amass%

with an FCC equilibrium 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 7Tg
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 ligquor) 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 vyield of <coke was calculated.
Further, the preoduct ligquor was anralyzed by distillation

gas chromatography [GC System HP6890] manufactured by

Hewlett Packard, and the amounts of the gasoline fraction,

1ight cycle o0il (LCO}, and heavy cycle o0il (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. Ceocncerning the
conversion, the measurement results from a sample
containing no additive were used as the standard, and

differences from the standard were expressed as the

15



Gasol i ne Amass% %sseui vpa HCO Amass% %%ssewanoo [0017] <<Test
Exanple 3: Effect of Silica Content of Alum na-Silica>> [Exanple 5:
Addi tive 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 B including 5 mass% silica.

The total SRNRN: trati %@uqftsa' ugggg a@gpégk i p-Lhe, Icanﬁaaﬁlesca

slurry B was mass% um na- Si urry B

(cont ai ni NG Ogoao Qlfle al la!ncc?)ccy]@eg gﬂl% %I’ﬁ&&@(p&lélgblgqgl r’hc%

sul furic aci 60 g of t e silica’s cont ai ni ng

silica) Waa%ld%‘i%@ %B%%Qe Sygsa%legﬂdﬁaaraoo £900; kaol L. yas, Added

thereto and unifor m xe he resulting m Xture was spray dried,

and then % Gl ttedb‘B]X Q'aSBéPQuri%[eQJ ve gddifg, Veaés%%}elé‘ﬁ‘ a&’r?a@geche
a

particle dianeter o e '3 shows the ‘Conposition and

t d A Co t.i d
5585°g of 5 “e&%%oﬁeqélh%cﬁlfaﬂ.aﬁ%l oot ) SERRLY Mo ng
700 g of %_“qhQaLv%@Ea@ngsigﬂlt% pH 4.0 with sulfuric acid, and 1600

g of the silica so contai ning 200 g of silica)was added t hereto.
Subsequenty. forkaQld N uas d. th;%;o gmd nLiQ ed.
The resulﬁing %ﬁ%&%ﬁé}?ﬁas'%%r y d??@%f and t saﬁte% %y masl%%g
to give a%@lﬁb%?ng f@gaverage particle dlaneter of 60 In. Table
3 shows the conpo |t|on and properties of the additive 9.

[ Conpar ati ve Exﬁgp§ﬁ8é gd"T% Y& Z&O] w n_ the %mo@%ﬁ: %fOfso%t?P%fHMe

t
slurry |nclud|ng 1 % a unlna . 5% wat er glass was adj usted

to pH 1.6ty suldyur 21%0‘1 /BNG dlgj;%o%rg Qfc 18 St G S Uninkl &

contalnlng f20 of SI|I The resulting mxture was

adj usted ty g'&f %915 W e%f‘%@cg%zé ﬁ”ﬁ%&'\?ySQPi upy Dy dr @xide, ccin

sol ution, furthér "ag our to give alum na- si1ica
sturty C liReludlog, 11, IRSSHs! ghsantThaftq]tc% %Q%E%‘%Bata&& sed,

al um na an Fca’in e alumna-silica slurr was 15 nass

4670 g of u C (panta i 0 fuou

al um na- sPFP?aéhmgL@g ?E£%§§ §%y%{?é O wth §ﬂ|pﬁ}%¢Q§% Fw o oéEOO g

of the sild %ds%'cﬁ (ﬁt@"@é "gngPPy 9 OheSLlFga) M@s added thery A0

Subsequently 100 g o aolin was ‘added thereto and uni formy m xe

The resul g, byt Ut S e piax-dibed, @glgﬂlim esal 1d fyMashing

to give additive 10 wth an average part aneter of 60 1.1m

Tabl e 3 shg) %ntch%§oﬂ@(95ﬁ:5991@ﬁ]d RRLORE Lhe$ Afnd henaddi thye Q-4
[Activity Eval uati on] the additive 3, the additive 8,

the additiyeq9,,ang, %hﬁme%t' g@tﬁ&n i hen fé@ﬂcﬁncéheofwéa% @At ent

of alumna-Silica onthe acfivity mas eva uated T shows

eval uat O&r%@%"ﬂ!}ks cracking 11%%@ Taé:}lae ?bhet heanwu%ltd anf H@@O

decreased wth an |ncrease in the sili'ca content of al um na- silica,

produci ng sexcel Lgng éféégécﬁ m\/\%\{l%ﬁntwgfncét'@ siddga L£anteptswas 0

mass% the anount of solid ‘acid was small, and there thus was a smal
decr ease I@OEQF yield of HCO, while when the silica content is 11
mass% the yield of coke increased. [0018]

[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 & (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 pm. 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 thereteo. Subsequently, 100 g
of kaolin and 500 g of ultrastabilized Y-type zeolite were
added thereto and uniformly mixed. The resulting mixture
was spray-dried, and then desalited by washing tc give
additive 7 with an average particle diameter of 6C um.
Table 2 shows the composition and properties of the
additive 7.

[Activity Evaluation]
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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 evaluated. Table 2
shows evaluation results. The additive 7 has a low bulk
density and is difficult to use in the actual unit, so the
activity thereof was not evaluated.

As shown by Table 2, when the specific surface area
was 100 to 350 mz/g, the number of reaction sites with the
heavy o0il fraction increased, whereby the yield of HCO
decreased, producing excellent results. However, when the
specific surface area was 85 m’/g, there were a small
number of reaction sites, so the HCO 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.

[0016]

[Table 2]
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Specific Surface Area n2/g Total Amount of Solid nmol/g Acid Anount
of Strong Acid/ Total Anpunt of Solid Acid Conver si on Amass%
Gasol i ne Amass% %ssewoar' %sewODH % s vVONOD [0019] <<Test
Exanpl e 4: Effect of the Anpbunt of Solid Acid>> [Exanple 6: Additive
11] To 858 g of basic alum num chloride solution b having an
Al 203 concentration of 22.3 mass% (an exanple of a binder nmade of an
al um na conpound; containing 200 g of alum na) was added 500 g of

kaol i n. Suﬁﬁggﬂently, 2140 g of the alumina-silica slurry A

(cont ai ni ng g of alumna-silica) adjusted to pH 5.0 with sulfuric

aci d was qgg% t and. unifaormy Th ti ] Xt.ure was
spray-dried, %ﬁdnﬁﬁgﬁggésg[tgéfgquégﬂ?%gg%%agﬁeégg ifﬁ€e£%§$%§i|w an
aver age p%ﬁhy%g ,di anmeter of 60 mnm Table 4 shows the conposition and
properties of the additive 11. [ Exanple 7: Additive 12] To 858
g of the i Lugin chlorigde solution b (containing 200 g of

al um na) saagggdggogg%lg'aiéglin. Subsequently, 3570 g of the

alum na-silica u A_(centaining.500 a j na- Si |4 justed
fo pH 4.5 with S0 7oePcInet abecatian Phaf oY o BEHRELR ol 5 RS
The resul tjn iggxtggg_ S SPraypdri ed,- and tq%th§sag%§d %% nggplng

to give aéﬁi fve 12"with an average particle dianmeter of Tabl e

3 shovs the,samosltien gndpreperdes ofulhe addiihye dg, LExaml e

8: Additive of the basic a um chl or

sol uti on d@%‘%gggi ”jéé‘gf&?o 19 Qf gy ”e?‘) yas added %gQ%n of é‘oaccﬁ%b g

Subsequent 0 0 he alumna-silTica slurry A (c ai ni ng

of alumna-sjlic adj usted to 4.0 with sulfuriLg.acid s added
Chereto ARACHATTar nPyHExEt. L Tt ARG SEUPE Gak gt a2 i

resu Lturd was spray>dried,

and then dggal ted, yn%%ﬁg:iﬁ%;%{%}%fsﬁddﬂﬁé%%ﬁg "‘étﬁxaég%a"&é@i%%.

particle diameter o oWws the conposition an

properti e?{;%f I be, pddid ic\é%.tﬁti[aﬁ?@ﬁr %tlh}ﬁﬁngxaé%be(s@iiégdi §h ve%g] g

To 858 ¢ t he basi ¢ al um num chl ori de sol uti on contai ni ng

of a'“"i”%ﬁuﬂ@ﬁaaggfgcéggﬁékév.é@%ﬁ%iEBO§§Q§§q“e”tly’ 1430 g of the

alum na-silica slurry contai ni ng of “alumi na-silica) adjusted

to pH 4.0 with gghfuri cofacicgewaﬁgmq§dsw%aetglagg¥ulr§ f o ytyami;mﬁgd-

The resulting m xture was spray-drie and then desalted shi'ng

to give addiotiye 14 with; a0 average pactigle diameter of £0,9m; fable
] &
4 shows the conposition and properties of the additive 14.
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 8 with an average particle
diameter of 60 pum. Table 3 shows the composition and
properties of the additive 8.
[Comparative Example 4: Additive 9]
5385 g of a boehmite slurry including 13.0 mass$%

alumina (containing 700 g of alumina) was adjusted toc pH

4.0 with sulfuric acid, and 1600 g of the silica sol b
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[ Conparative Exanple 7: Additive 15] To 858 g of the basic

al um num chl oride solution b (containing 200 g of alum na) was added
5710 g of the alumna-silica slurry A (containing 800 g of

alum na-silica) adjusted to pH 4.0 with sulfuric acid. After uniform
m xing, the resulting m xture was spray-dried, and then desalted by
washing to give additive 15 with an average particle dianeter of 60
gm Table 4 shows the conposition and properties of the additive 15.

[Activity V%' ?L%'lﬁpldzoad ?US'o’}g thJf?z%'“%% 1]acfd%d15’tﬁ&eetecffe“

of the ano acl n an additive on Its activity

eval uat ed.q E%%H%eﬁtigomsl@Nabﬁ?%konk%ggfﬁtSwas dedAstﬁQP¥@ob¥nE§ble

ad,
4. also in e case of an al na so inder, as 1n the case o

I I t h f
ol 13, W TR Ba e TGRS i THe AT Ot Sl ara TR DrT T8 Hncy

of he?“’y g f{r?e%“&é‘sacl CI n@pexgﬁjﬁ?ﬁe% g?get%ﬁg@#@t 903 'E'Qoahn

fraction ecreased pro ults wever,

am)um of asvoeI .d acid tlcS.Le 0;917am géftlasnt%f ];:c C:% rog h%avg Qch

fraction craé@ﬁﬁg‘xﬁérease %he”andu acticon

i ncreased, n f .5 mol /g, the
amount of O engo ﬁcegg creaseé% f%b%b% ?@hgfe 4]" " Conparative
Exanple 7[ 9F% é@lgg % %ﬁﬁ&?%&th%%th%e 19? Properties 590 OIC

OS 0 0 ActiV val ua
To 7690 g of a boehmite slurry incliluding 13.0 mass$

alumina, 17.5% water glass was adjusted to pH 1.6 with
sulfuric acid, and 1200 g of the silica s¢l a (i.e.,
containing 120 g of silica) was added. The resulting
mixture was adjusted to pH 10.5 with a 48 mass$% aqueous
sodium hydroxide solution, and further aged at 95°C for 1
hour to give alumina-silica slurry C including 11 mass$
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 sc¢l 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 10 with an average particle
diameter of 60 pm. Table 3 shows the composition and

properties of the additive 10.
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[Activity Evaluation]

Using the additive 3, the additive 8, the additive
9, and the additive 10, the effect of the silica content
of alumina-silica on the activity was evaluated. Table 3
shows evaluation results.

As shown by Table 3, the yield of HCO decreased with
an increase in the silica content of alumina-silica,
producing excellent results. However, when the silica
content was 0 mass%, the amount 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]

[Table 3]
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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 Al;0; 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 um.
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 pum. Table 4 shows the composition and
properties of the additive 12.

[Example 8: Additive 13]
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10+ 1'0+ 20+ E ' 0O- O:1: Bi nder (Al um na) mass% Kaolin nmass%
Alumna-Silica mass% Bulk Density m/g Specific Surface Area nR/g
Total Amount of Solid mmol/g Acid Anmount of Strong Acid/ Total
Amount of Solid Acid Conversi on Amass% Gasoline Anass% 9, ssewox
%ssewO0O0OH

To 858 g of the basic aluminum chloride solution b
{containing 200 g of alumina) was added 100 g of kaolin.
Subsequently, 5000 g of the alumira-silica slurry A
{(containing 700 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 13 with an average particle
diameter of 60 pm. 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 ¢f alumina) was added 600 g of kaolin.
Subsequently, 1430 g of the alumina-silica slurry A
{(containing 200 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 to give additive 14 with an average particle
diameter of 60 pm. Takle 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 tco pH 4.0 with sulfuric acid. After

uniform mixing, the resulting mixture was spray-dried, and
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%sspweNoD [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 alumna-silica slurry A
(containing 400 g 'of alum na-silica) adjusted to pH 4.0 with
sulfuric acid and 300 g of ultrastabilized Y-type zeolite were added
thereto and uniformy m xed. The resulting m xture was spray-dried,

dth | t ' ' ddij 1] . W -
particlo disie: roaral” Pra gl S BoutY e Balets; A nHEEA0Sn
ti f th ddi.ti 6. [.Co I Ex le 8  Additi 17
bropert | es, el lie SUdl e JoJcomaratpie Samle 8 Mg el
of 21 um nalonhs added. 100 G0l kaal 1y Sbseauentlyys 1430 g of the

al um na-sili slurry (‘cont ai ni ng alum na-silica) adjusted

to pH 4.0 &&&Hggggfgﬁgfuggi&kﬁnd 500 g of ultrastabilized Y-type

zeolite were a ereto and uniformy m xed. The resulting m xture

was spray-driedy and then dess fx?e%oﬂ%g%]%hi ¢ tgclhg s 'tﬁg the

wi th an average particle di aneter Im~ Ta shows

iti t.i f .t di_t.i . . Acti vilty . | i
composi {1 84, IOREIES, fy LIe sULLe T Lackvity Sualugion)
16, and t%%a%ﬁg‘tfea\’ee%%LF;glees%‘éhgﬁEinuéPf&A fig syrface area on

activity was eval uat shows eval uation results. The

addi t1ve 17 has,g Lowpubh fepsity, and.d o {4 culde Lo use dnde

actual unit, so the activ er eof was not eval uat ed.

shown by Tabl g, 5, uhen £ he, speci %&%ehzgﬁf ace;aneg vas 1049 35«%&5/ 9,

t he nunber of reaction sites wt eavy oi |l  fraction 1néreased,

wher eby the yi gl Qf HOQ decr eased. , progug Ego%’rfrgfgn!m%&‘kgr e$4chS an

However, en the speC|f| C surtace area was t fe were a

smal [ nuner % Le3Gtign Sif&se SO¢ 1 061 HYO ¥ gl d hacregsed &
when it mascig énﬂ?lz éﬁ%houg there are e%pepfe& toebe a Fgr e”
nunber of Leactign si1es. whel ghkgeiﬁ%g\é)és?h', %Eﬁc%g-.%” SRUnRE of
cracked e Flc.ently, such an additive had a l'ow bul'k density and thus
wWas not pragt| %%Javftggwélﬁe[%%%%%?] prSRIPALAL T Yo Farm! e B Addidive
171 Conposition
However, when the amount of solid acid was 0.07 mmol/g,
the efficiency of heavy o0il fraction 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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[0021]
<<Test Example 5: Effect of Specific Surface Area>>
[Examplie 9: Additive 16]

To 858 g of the basic aluminum chloride sclution b
(containing 200 g of alumina) was added 100 g of kaolin.
Subsequently, 2860 g of the alumina-silica slurry A
(containing 400 g wof alumina-silica) adjusted to pH 4.0
with sulfuric acid and 300 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 16 with an average particle
diameter of 60 pum. Table 5 shows the composition and
properties of the additive 16.

[Comparative Example 8: Additive 17]

To. B58 g of the basic aluminum chloride solution b
(containing 200 g of alumina) was added 100 g of kaolin.
Subsequently, 1430 g of the alumina-silica slurry A
(containing 200 g of alumina-silica) adjusted to pH 4.0
with sulfuric acid and 500 g of ultrastabkilized 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 &0 um. Table 5 shows the compesition and
properties of the additive 17.

[Activity Evaluation]

29



Z' O+ 0-
0 SO+

10+ Exanple 8 Additive 13 Oz Or 01. 1 OO0 083 OroO

0O+ W+ 1.0- T*0+_. Exanple 6

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 bulk

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 teo 350 n@/g, the number of reaction sites with the
heavy oil fraction increased, whereby the yield of HCO
decreased, producing excellent results. However, when the
specific surface area was 90 m?/g, there were a small
number of reaction sites, so the HCO vyield 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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Bul k Density m/g Specific Surface Area n2/g Total Amount of Solid
mmol /g Acid Amount of Strong Acid/ Total Anmount of Solid Acid
Conversi on Amass% Gasoline Amass% LCO Amass% HCO Amass%
%ssemvanoo [ 0023] As descri bed above, the ADDI Tl VE FOR FLU D
CATALYTI C CRACKI NG CATALYST of the invention allowed the heavy oi
fraction in a feedstock to be effectively cracked, and al so
suppressed the yield of coke, making it possible to obtain high

yi el ds of ggsaliine and LCO This can be attributed to the follow ng
reasons. The ad&itive is characterized by its high specific surface

area, and also iha phatr-ihey pék%-\ﬁ% 1O MppiireRI rdRl fr.has eeh Pl 1k
ow. Ge all'y, wh

total solid acid is | ner en the proportion of strong

acid is hicﬂﬁ.ﬁ:ﬁﬂﬁ% QAGLNAR G 1ot Y1 A AUy c#l‘l‘é{%\é%r ,th%hq{e%‘jl‘)zs(ﬁj]lti g

problemin that the cracking reaction proceeds excessively,

in a highyieldaf gokg. rtheretoke. gD (e PRI QN oSt r Ay
d J

acid based on the total solid acid in the additive is suppressed, and

further t%@,sgp%ﬂpjr‘é_s%‘éﬁf 35 3iA4l S NGHEASEeLl 40 f aduas, I, amunt

of solid acid per unit surface area, an increase i'n the yield of coke
due to theRXGasShye, C%}%E%@Qéﬁ F%Qgggqﬁéi']sta%k £88. be spppressede

[ Desi gnati on of Docunent ai ns
attributed to the following reasons. The additive 1is
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 reaction activity is high;
however, there is a problem in that the cracking reaction
proceeds excessively, resulting in a high yield of cocke.
Therefore, when the proportion of strong acid based on the
total solid acid in the additive 1is suppressed, and
further the specific surface area is increased to reduce
the amount of so0lid acid per unit surface area, an

increase in the vyield of coke due to the excessive

cracking of the feedstock can be suppressed.

32



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 mml/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 .strang _acid n otal solid acid amount is 20%
or less. [ asi%hﬁ]%gn 5 D?ﬁ&e&ﬁ%b% ﬁl%g"%m FLU D CATALYTI C CRACKI NG
CATALYST %QH%EQJEQ to claim1, characterized in that the m xed slurry
includes a porous silica or a zeolite. [Caimd4] The ADDI Tl VE

FOR FLU D CATALXTI G (RAGIHNG. GATALYST aceanding té%iA(tlI&iN.r(E 1(%%TALYST

craracterized in that the progortlon of alumna-silicain e m xed
. 0 o : ‘
ADD T VE. FER PO O CATAL TH G CRAGKTRG EATACTRT ~AG20r drRg oLt ai'm 1.

char act eri,z i.n a U W .na- si i .has a silica content of nore
than 0 rrasbé&%éeﬁda[r‘gsél%‘ﬁgﬁgl%ﬂr%a%sf%‘%[%gé?m 6] The ADDI TI VE

FOR FLU D CATAL¥ILCA%B%@%V%?ES@I@%gﬁg)2§§fﬁﬁ§ﬂﬁbtéki%ﬁ¥ﬁB]GAT LYST

characterized in that the n ca conpoun an al'um num

Conpound'being characterized by having a specific surface area of
100 to 400 mz/g and a total solid acid amount of (.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 proporticn
of strong acid kased on the total solid acid amcunt is 20%
or less.

[Claim 3]

The ADDITIVE FOR FLUID CATALYTIC CRACKING CATALYST
according to <¢laim 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 mass%.

[Claim 5]

The ADDITIVE FOR FLUID CATALYTIC CRACKING CATALYST
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according to claim 1, characterized in that the alumina-
silica has a silica content of more than 0 mass% and less
than 10 mass%.
[Claim 6]

The ADDITIVE FOR FLUID CATALYTIC CRACKING CATALYST
according to claim 1, characterized in that the binder is

a silica compound or an aluminum cempound.
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