A catal yst and a nethod for cracking hydrocarbons TECHNI CAL FI ELD
The present invention relates to a catalyst and a nethod for 5
cracki ng hydrocarbons. Mre particularly, the present invention
relates to a catalyst and a nmethod for cracking hydrocarbons used to
i ncrease the concentration of propylene in FCC |iquefied petrol eum

gas (LPG. 10 TEGHM Al sBAGKGRGLRNEh G doy | eaekifg Hy dra@irbails or gani ¢
chem cal raw material. Wth the rapid increase of the demand for the
derivatives such as pol ypropyl ene, the requirenent for propylene in

the whol e WE@HM‘E%%%P apidly year by year. Fluid catalytic

cracking is one 0 i nportant technol ogies to produce

l'ight ol efi iEhanprpseapyliavention Featepso of cahelys€Caadpar ahushodsfoig
the catal yst .or the addition agent containing zeglite with MI .
struct urdacking dydeqsarbaneni¥iosgy partigilaaly dthenpreseat| iigyention

ol efins | P } 4 d
by add: Ae15, B8 FRENSPthd 2P b Ceh ol Y6L REITRE, hEIrd NN IED
oct ane rinebeas®fthegesnceneratidnt bf prcglydent @ TCA ¢quetfiedpetroleum
i nst ance, \Mfﬁ adding 1.5, 2,5, 5 and 10% ZSM5 zeoite to the
convent 2l LESDal yst with 10% REY nol ecul ar sieve, the octane
nunber of gasoline is increased and the yield of |ow carbon olefin
is increased. The sane result could be 25 obtained by using the

addi 10 on ageNECHNICZSV: B ACK GROWSPD, 318, 696 di scl osed a

hydr ocar bon _conversi op technol ogy, = based on a catal yst which is 3
consi st ed off EOEERBSOEY 3l iDL AL pYganic; ebemigalrany wpatexial,cWith
and a Si | r 0] j h o] je

pr oducedglélsollrl nléldovm cﬁje%lygh d(‘)ﬂgtaglnez %ﬁ%{)ﬂen?d bgggo@g%pﬁ%eﬁﬁﬁﬂﬁrgr%r%@% Aéc
process ;miypirgpydaeimxe, thwm]hh'(rjemémf ifnshpr@pptmiealih?fthlar mdyd)l&ﬂw?'ld is
USP5, 997, 725 di scl os a method in i ch a shape-sel ective crackin
addi t | oﬁn%%#&eff m?ééfy iY¢ars geY%%\Sﬂiu%ca YEECCHREKELE lsfon%egﬁae

f eedpd ogKost fifipAidhht B RABIY giel 1o hAERu L& SigH TV IR S B 1 dpylene. As
for most of the FCC apparatus, using the catalyst or the addition agent
containing zeolite with MFI structure is an effective technology in
order to increase light olefins and propylene.

USP3,758,403 disclosed earlier that the method by adding ZSM-5

20 zeolite in the FCC catalyst might increase the octane number of
gasoline and the yield of C3~C, olefins. For instance, when adding 1.5,
2.5, 5 and 10% ZSM-5 zeolite to the conventional catalyst with 10%
REY molecular sieve, the octane number of gasoline is increased and
the yield of low-carbon olefin is increased. The same result could be

25 obtained by using the addition agent with ZSM-5 zeolite.

USP5,318,696 disclosed a hydrocarbon conversion technology
based on a catalyst which is consisted of a marcoporous zeolite and a
zeolite with MFI structure and a Si/Al ratio of lower than 30. This
technology is used to produce gasoline with high octane number by

30 employing improved FCC process and increase low-carbon olefins,
especially propylene.

USP5,997,728 disclosed a method in which a shape-selective
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by addi ng 12-40% ZSM5 zeolite, and its inventory in the. systemis
at least 10% which makes the content of Zh'M5 zeolite in the

catal yst 5 higher than 3% This nethod increases | ow carbon ol efins
in alarge scale, at the sane tine it doesn't increase the yield of

activi 0§ BRI PRt B38ut I8 oieRl o FarBERROURY 1hhe R ffhsess of
and t he hessry fvelstotkz dlie aeldieivbageaduwat paided’ tidaméephous matrix
nodi fication of ZSM5 zeolite _by phosphorous, conpounds. 1049406C
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d=35-512highbi sthzap3i%e Thiphaythoakiatt&ses! b wydirdidieolefinstiabhl Jarge
and good s]el ectivity of |owcarbon olefins when —used in the,

conver siSéplerathihy saErpbinae it deegn’t Bpgreasehe yietdiohaponetiv extidrd
a cracki . Hge .oduce | ow carbon ol efins, which is
consi st & oré%%/é’lcﬁgy ggss@éﬁg'n wei ght of catalyst), 5-99%

i norgani c oflge cendkin®Q¥tiado} hnel hydeotkermiad sitabiltty bhZSVKEUied itk

O 25wt %n REY or high siljca V zeolite and 75-100m % five nmenmbered
ring hi éh creasedcand; gheonsei laviel of #eolitsr 6amaben redmeedc aftary she

has o JMVINT bl Ly ' and vyield
of ° ) PHRAAEL AbRIPIMCS otolite HY phieSBhorbl EORpBHAT, 210 )
active comp@Nn0492060SPaiskcl0sad 6 adi sedlosedwitle Mearairuetued whkh
zeolite cataly modified with P, in which the npdifjcation

St ! L
pr oceduFB“\Ri”cI{lnlg ifs angt gadedearty dihgpanhydrawe chesmicad expression is
solutio co S .p ue 256, I Xipg: W th_r 2 d
spray- drgy;lﬁnﬁ 3Thermg§7t ai né lzil%:‘°’at a l;z?si ngségj§és {Hne ‘gg%éyneqﬂggrﬁbﬁ
gasol i nda,=(hﬂﬂSﬁ0.02;ecs&ﬁe~1L0 rmn(é3@=1?5~]igﬁs Thisiml%dii?ﬁysi@dﬂl@ht

ry gas,and cpke. USP6, 566, 293 di scl osed, .a, cracki ng cat al yst

Shagire tRehmalaiabIhy 812k GppacscleRavHOLHRIGT Gh AN BlkGas hen
ZSM5 z Htis 1 ' [ t 5 | j sol ution
5F b cotaell i e ELAVERHAR SF WSARLT A AP eperbare, PO
| oadi ng con(&N103#223C disclosed a cracking catalyst used to produce

low-carbon olefins, which is consisted of 0~70% clay (based on weight
of catalyst), 5~99% inorganic oxide and 1~50% zeolite. The zeolite is

20 the mixture of 0~25wt% REY or high silica Y zeolite and 75~100wt%
five membered ring high silica zeolite containing P and rare earth. The
catalyst has higher hydrothermal activity and stability, conversion and
yield of C, ~C, than the catalyst using conventional ZSM-5 zeolite as
active component.

25 USPS5,110,776 disclosed the preparation of ZSM-5 zeolite catalyst
modified with P, in which the modification procedure with P is
proceeded by dispersing the zeolite into a solution of P compounds at a
pH value of 2~6, mixing with matrix and spray-drying. The obtained
catalyst increases the octane number of gasoline, and at the same time

30 it doesn’t increase the yield of dry gas and coke.

USP6,566,293 disclosed a cracking catalyst comprising P modified
ZSM-5 zeolite. The preparation of P modified ZSM-5 zeolite is
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(cal cul ated by P205) is at |lease |OM% then mxing with matri x and
ot her zeolite conponents and spray-drying. The obtai ned catal yst has
hi gh yield of | ow carbon olefins. USa5, 171, 921 di scl osed a ZSM 5
zeolite nodified by P. The Si/Al ratio of the zeolite is 20-60.

After thaddueded B dikpb ﬁngomp Rt AR pﬂﬁ&?
500- 700*1:& C. the zeol i tte) IC.iI sp aysﬂel ghee?ﬂfbagtl vity tﬁgrl:t ‘tsﬁﬁit zZeo ?fégt a

wi t hout P myaillaecafi bightienthaed4iS imewhiob ¢bevéoading otfomm‘:ZOf P

hyd fi USP6, 08 03 di sclased a d. use
(o nor LRSIy Bed Y Ta o ia, A 1grtsy Ve et ShutEmiel Gartean
lit j u
aih pe?éﬂ'ﬁguﬂ“é’émf f‘?’;'ﬁ“ymanﬁ“ﬁ‘e‘?lﬁ*o%m. R Fﬁ?%&%ﬁ‘%@“%‘?@“ﬁ‘*
'3

met hod Mghi yisldwd lesv-cagbaa olﬂfuys and hydr ot hermal st abl lity of

hydr ocar bon el L-aa 1 SIAGREL S Z30E3 Zheie Bofifed kR B The sval

conpri sgativ W' AP Zeolte ZieozoLeo am”tar Fihermﬂhﬁéﬁﬁoﬁeﬁﬂﬂ?fp%xﬁgahhfd%
with MTI structure. This technol o?é)ls 20 used to produce gasoline

with hi gibetema-agimertreptmaniont i) 0+ 740 Cvetheaeaitecdisplays higher

f LI d th
modi £ oG el € lstilee®SRBoRL, B abhieaiBh, §en Srgd in the
addi tg oreom@irtsldlpbfl(zw@?arhpﬂrabﬁwﬁs Qbf@zwgb@eﬁﬁs 25 inproved by
the introduction of onpounds to matrix. USP2002/0003103A1

di scl osed a%t%ﬁﬂﬁoéﬁ@m@y@mhoﬂnuseéSQ tihergass dhef catalytic

propyl e whi gh the asol i ne ucts.are d
Mot nactiviBna bf o dietdiPteRe, fllac R iial® S2oBiES TifCoplihs
zeol i t e isicatopaaroSYandhen el tAls 200Tieed arentidatbdedigP P doifpounds
mesopor Qus zeol i te such as ZSM 5 and inorganic binder possessing

cr acki ndlradhy and, thenccombrigedi with ddtOc @edoddris meshedi mayPimpaoviee
oAb LiplofetC ! A SESMRUIAN) "o bUFEPER, ByPLREROAS” ana
mesoporous zeolites.
USP5,472,594 disclosed a hydrocarbon conversion technology
based on a catalyst which comprises a marcoporous zeolite and a P
modified mesoporous zeolite with MFI structure. This technology is
20 used to produce gasoline with high octane number by employing
improved FCC process and increase low-carbon olefins, especially
C4/Cs.
Besides the P modification of ZSM-5 zeolite, the selectivity of the
catalyst and addition agent for low-carbon olefins also could be
25 improved by the introduction of P compounds to matrix.
USP2002/0003103A1 disclosed a FCC technology employed to
increase the yield of propylene, in which at least part of the gasoline
products are piped into the second riser reactor and cracked again.
Besides marcoporous zeolite such as USY, the catalyst composition
30 used comprises mesoporous zeolite such as ZSM-5 and inorganic
binder possessing cracking activity. The inorganic binder component
contains P and the P/Al ratio is 0.1~10. This technology may increase
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USP2002/ 0049133A. 1 di scl osed a catalyst with high zeolite content and
high attrition strength. The catal yst conprises 30'-'SSwm %n ZSML- 5
zeolite, 6-24wm %P (cal cul ated by P205), <10wt % Al7-03 and the 5
remai nder clay, in which P exists in matrix. Wen used in FCC

process Jowwhe ﬁbbﬂlo'l%hfsam hnargaseald, aip gy th
yield of0 prg | ene. : he net hog ? gé%p geOFIEﬁE%Qifﬁiﬂr%qﬁl@ﬁe

its applicati 20%/@04%de(1151¢1¢@£1 @\Atal“ql pstt writh hlgbrzeaisteamtent

e or e BighEaBIOR et B baBAOHE Muth 24N e Y

Of G oupeWliltt, 6424WevseP Qraliulatéd ebyt |11“20§)t rﬂﬂ@'ﬁ&%”;ﬂﬁd\" anld'&he

zeolite is treated at a controlled tenperature under thermal or

h]ydr ot haemaingdiclagnsin whidh Peamsts oin h%lﬂetm!fj .chiWben afsedhdnmBIGC
G | |
of nyar Rudiessse e Ra Ry oAl nchRE gl BReARE, epBebiaTLnaBY Ul e

gasol i nepmpjrlehg yield of C3-C4 oI efins. CN1057408. A di scl osed a

cracking catal yst containing high Si zeolite and high crackin
activity, i hhimethed of gnodifyiegl zeelite with neval aed|its appBcation

I 01-3. 11w % 01-1 %
0-01- 10 o8 AreBhtet i “BROBIRE, dnd, Fheq Tpytiunis, (t3Pa 245680
K- ZS\ 5 déseloistd, £ eaodl gtse _on@Rimag! i fiee wédmwesSI with MFI0 oY MEL
hi gher than 15 to_ 350-820' C and passing it into an aqueous solution

of Al hafreetunes, iawhichthe geohitens m@dpﬁe\d@mthem@tamf GrsupoWiIl,

P and 1 PrRTbvest byt Wbl yE MR ol FENI? B Dctlire 55 Sred el
zeol | te,coﬁétl‘@llbdt raase ahdexi dﬁerml(ﬁrohﬁﬁrbbﬂQ'mh@ &onéitions,
Al 208 (1.3-10) P.05 (Q.7-i5) M03 (70-97) SiCr' which Mis

sel ect edVitichnlenls ép ﬂweeprwlmemrpﬁ@hmtgl pé Gm“EnUIH angheéyd on
U520, 1 h PSR A\ PSR e BRI B
hi gher ynaydlmfrehﬁ’éi the octane number of gasoline and the yield of C;~C,
olefins.

CN1057408A disclosed a cracking catalyst containing high Si
zeolite and high cracking activity, in which the high Si zeolite is
20 ZSM-5 zeolite, 3 zeolite or MOR zeolite containing 0.01~3.0wt% P,
( 0.01~1.0wt% Fe or 0.01~10wt% Al. The high Si zeolite is obtained by
heating H- or K-ZSM-5 zeolite, 3 zeolite or MOR zeolite with a Si/Al
ratio of higher than 15 to 350~820°C and passing it into an aqueous
solution of Al halide, Fe halide or ammonium phosphate at a volume

25 hourly space velocity of 0.1~10h™".
CN1465527A disclosed a MFI zeolite with P and transition metal.
The anhydrous chemical expression of the zeolite, calculated by mass
of oxide, is (0~0.3) Na,O- (0.5~5) ALO;- (1.3~10) P,0s (0.7~15)
M,0;- (70~97) SiO,, in which M is selected from one of the transition
30 metals Fe, Co and Ni. When used in the FCC procedure of petroleum
hydrocarbon, the zeolite may increase the yield and selectivity for

C,~C4 olefins and result in higher yield of LPG.
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At present for nost of the FCC apparatus, increasing the
concentration of propylene in LPGis an inportant way to increase the
econom ¢ benefits for FCC apparatus at the sane yield of LPG

Al t hough the zeolite nmaterials and catal ysts disclosed in the pri or

art 5 coul d gf ng?ééé&?d YEdCi@As € olfNgh ¥l @ég&%gﬁaﬁggid?oqne&ém CeSS

the octane nunber of FCC gasoline product
duri ng tceaceOCratant 0bpropayene e loBG lsahntmnportamiswlagcto mtma‘serthe

<P i teanoel iy O8I RRERRTGR Afc 1B6; SEme ekt of PG,

i nventi Qithgu ghr PheVicddite maverRldlafd catalls dideloyed 1ﬂ|i §g¢h@}fr At

and a net hod cracki ng hydrocarbons by ‘using this cata
The mwmxld leéfes therlyd lnhmaameth@atyaegd;tof doepaachomy ulefmg timel the

ITDdIerd zeolite ¢ in ndtra |t| nrret cl osed
r aho AT Y0 En olial Bebafinzs yufEn i 1RBEC usiein
of tran&ldmﬁg %HbaF@@dh‘E%EﬁoﬁthB agwéw&t frelhfige. 1&&%@1&@&& Sl%r

not only the yield of L in FCC effectively and the octane nu

of 20 Fmogasleneneo th@tscallmofomm@emmgqnmgdenermnmtwmmmpyld?r@
in LPG ong dramatically when used in the nethod for cracking
hydr ocard er efore the catalyst supplied by this invention is
characterized by that the catalyst conprises, calculated by dry
pasis, 10-65wt% 25 ZSM5 zeolite, 0' QOwt% clay, 15-60w % inorganic
oxi de bi ndeDISCENASRIRF O THEDNY BNIHIONIdI t i ves sel ect ed from

and 2-25wt% P addi t.ive, 1n_ whi

th t al a V]
b e anths MEMRE A8 ¢H TN IS, Ep GiKONi04 s, b Hatalysh o the
cat al ysthasipifi €He bridy arknygat homdtholl Tber aPbA gﬁimaquons%
cal cul ated by dry basis, 20 50Wm %@ ZSM 5 zeolite, % cl ay,

50wt % | Weia@rthés 8atalysbi nder, 1. 0- 10wt % one or m)re metal  additives
sel epted Tromd By OEtSY ilaq;e %l?ﬁ'& At Qgtgfy]sﬁva%pared by using the

modified MFI zeolite containing P and transition metal as disclosed in
CN1465527A as active component, and introducing a proper content
of transition metal additive and P additive further, could increase not
only the yield of LPG in FCC effectively and the octane number of
20 FCC gasoline, but also increase the concentration of propylene in LPG
of FCC dramatically when used in the method for cracking
hydrocarbons.
Therefore the catalyst supplied by this invention is characterized
by that the catalyst comprises, calculated by dry basis, 10~65wt%
25 ZSM-5 zeolite, 0~60wt% clay, 15~60wt% inorganic oxide binder,
0.5~15wt% one or more metal additives selected from the metals of
Group VIIIB and 2~25wt% P additive, in which the metal additive
and the P additive are both calculated by oxide.
The catalyst supplied by this invention is preferably consisted of,
30 calculated by dry basis, 20~50wt% ZSM-5 zeolite, 10~45wt% clay,
25~50wt% inorganic oxide binder, 1.0~10wt% one or more metal

additives selected from the metals of Group VIIIB and 5~15wt% P
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5 additive. In which the ZSM5 zeolite is preferably a ZSM5 zeolite
nodi fied by P and one of the netals selected fromFe, Co and Ni. The
anhydrous chem cal expression, calculated by oxide, is (0-0.3) Na20
(0.5-5)A1238 (1.3-10)P2C (0.7-15)MXOy- (70-97)Si2, in 5 which x is

the ato d‘ﬂgt'm;g ' 1L | e LSty e .

oxi dat i E)Hn state glﬁ %h??l?\ %ée?eL?'llygmrg&Q??%n, r%s eelsaﬁgéﬁs%i %@tl\?gﬁﬂ%eohte

zeol i t e medifiddfbpd andPoardofFehe andtilsasedodted fromcRe Chnd Ni. The
al cul ated by oxide, is (0-0.2) Na20 (0.9-3.5) Al 2Q3

CAPESSY irfeus o hmight - expiessinns celoubatad | by carideys i o (BB

by thisxy tigqns _ t et | i &9 f ug\é4d B and
> addi £ EGE! BT5-S), 087 RIS RHPTBR (OPRAUMECRL E0U67I0 S
t he nbdivhixh gﬁﬂﬂm Fuﬁbm n.umbeg_hff_ Mifzaitd/ st issupjnhirfchbalbneéﬂi\a/? ItloBsatisfy
t , ] rre opdi ti aon, e netal o oup .Vl i s
sl ot el BREHOR Sttt ST M Pratersedronditorn, tha rsdifiad ZSM-5
Wh [ Hid: VG, X f e C k SBS
o enc ZUOMIE 8 MOAINYE: thIPPUERETHST Hnd thi® andhitictils CiBpicA
20=16. 3= piestivid cal2ildtednby oXide)iOM@-0.2)INajOe (63-3.5pAIs0RP(1.667)

by this_ ' t I | S . known 20 for the technicians in

t%e a'rtsﬁdﬂf?@ﬁgl%ﬂﬁﬁsgﬁﬁﬂﬁlgn ation to it in ( this

' ion. | I . Lot Ure 0 t

of k) n: o $Re GatatySCsRppHed TR T eftigh: e bofiBirs) B ingfA
ect or i tagldidiiveet ofiiGreoup VI amal Psadditive,ddanttomiclaede thdr od@tesits axf,

referably fromone, qr m, xt ure of et ne of kaolin, 25

ﬁet akaol F%Hflt&‘?%tlﬁﬁ#ﬁé}&?pF%ﬁh@@%ﬁgﬂ[ﬁgﬁgépﬁwzmnt morillonite
and rectori tyg. ' [ i3 | sl o]

nor e of thetﬁli n%a%%qg%qd%lsﬁglslgg ?sbp rrgﬂthrsi >9<1 nzﬁg?g%ﬁfdeéﬁ@%?mgggﬁrrg
cat al ysteondikiosh theemetal of €orenp v IR i eelecited fnoni onehar ardreaofiFe,

there is<no 3 ecial limtation.toy,t in this_jnventjon, It is

sel et o f At OVE BT enpEEAra LYY Ty WheHnushig B BS AdiBbivantbecXRD

al um na gfterns of the catalyst comprises at least the characteristic diffraction
peaks of FePO species at 20=16.35+0.5°, 20=26.12+0.5° and
20=30.94+0.5°.

In the catalyst supplied by this invention, the clay is well known

20 for the technicians in the art and there is no special limitation to it in

( this invention. It could be selected from one or mixture of more than

one of kaolin, metakaolin, sepiolite, attapulgite clay, montmorillonite,

rectorite, diatomite, halloysite, steatite, bentonite, hydrotalcites,

preferably from one or mixture of more than one of Kkaolin,

25 metakaolinm, diatomite, sepiolite, attapulgite clay, montmorillonite
and rectorite.

The inorganic oxide binder is selected from one or more of the
inorganic oxides used as matrix and binder component of catalyst,
which are well known for the technicians in the art and there is no

30 special limitation to it in this invention. It is selected from one or
mixture of more than one of pseudoboehmite, alumina sol,

silica-alumina sol, water glass and phosphorus-alumina sol, preferably
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silica-alum na sol, water glass and phosphorus-al um na sol,
preferably 6 fromone or m xture of nore than one of pseudoboehnite,
alum na sol and phosphorus-alun na sol. \Wen the addition agent has
phosphorus-al um na sol, the content of P in the phosphorus-al unm na

sol , calfpghpiond @b’lﬁ’ﬁ%re' &f ﬁﬁﬁ@thi‘ﬁ%ﬂé‘%ﬁ%&ﬂﬁbdﬁhlﬁl %Iﬁhi’iﬁa sbl

The catal yst supplied by this invention c be prepar rom
zeol i t e, and ayphosphovugsluming desobi nddthexnr oiigh  additinhodsgent  has

cat al yo @ hasghadte-hanasft, 53 Shnttht BRG0P e Phe nboethpEns Humina
limitatisel édlculbated b?wemgom ad&eafiﬁté &ﬁ@%dﬂ&ﬁtwplacﬁﬁ@w@ ves of

G oup VITIB exist in for m of hei r oxi de, phohg ate, phosphite,
basi ¢ phosphiElie, caatalxstphupphardeby tjmrs invemtionotou bqurgmred from

d f, t.he t t al | d
ot sogrolitey Clf dnd GRTRANE R g A Yo ol e hRdsdtiEFI0SERY
exanpl esnothé *&%ﬁﬁﬁgspi‘éﬁﬁrﬁfﬁbﬂ teeﬁﬁlﬁ%@i@yﬂﬁscf chfflyst Riidf as

hydroxi de, chloride, nitrate, sul phate, "phosphate and their organic
conpoundépragtdrying preeess,eamd aHwing ois et speciakpbinitatioe i this
sel ect eg frﬁﬁ@%?e or nore of their chloride, nitrate, sul phate and
phospha ave ransition netal additive of Goup VIIIBis preferably

20 i1y r oduc eth®Yrafskitivh &ﬁ@m dd PRIVER! 6 Crly VYIB! Qxfshefnst'h‘érf(ﬁ'm bf
( step before spray-drying in the preparation process

a
?at al ystthelr oxide wmsm%atmtplmmude,abwc phoaphat%mgdtmhoughate
i ner si on o, rption of transitiaon ne ounds an
cal cinati 0n01&§2}§mglsoeile f%ﬁa.lﬁgi‘ggnmﬁgﬂgovﬂﬁs ‘ilof tGmgpounds
aqueous ofothé teansitiolp heailsedullh beeaky %”Hi’ds%‘llﬁe qa watéf caf ﬁslrdnto
chem cal _adsorption nethod, then tog separ ate the solid and t

liquid dissol¥eden)insghable ingwatend The @Kﬂ@lpMeOﬁrl;hmgrammmme@l
o A ST W T
is 0.5- ;ﬂﬁis,plprtefmdaﬁelﬁ@r@aiié%mpounds, etc. The preferred transxtlon
metal compounds are selected from one or more of their chloride,
nitrate, sulphate and phosphate.
The tramsition metal additive of Group VIIIB is preferably
20 introduced by adding transition metal compounds to the slurry in any
( step before spray-drying in the preparation process of the catalyst. It
also cam be introduced after spray-drying through immersion or
chemical adsorption of transition metal compounds and calcination
process, including to immerse the catalyst with a aqueous solution of
25 transition metal compounds or to treat it by chemical adsorption
method, then to separate the solid and the liquid (if needed), and to
dry and calcine. The drying temperature is from room temperature to
400°C, preferred 100~300°C. The calcination temperature is 400~700°C,
preferred 450~650°C. The calcination time is 0.5~100h, preferred
30 0.5~10h.
So the tranmsition metal additive may exist in any possible
positions of the catalyst, such as the internal channel of the zeolite, the
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So the transition netal additive may exist in any possible positions
of the catalyst, such as the internal channel of the zeolite, the 7
surface of the zeolite, the matrix, or exist in the internal channel

of the zeolite, the surface of the zeolite and the matri X

Thi's i nosntioh of (e RIS S afr e frist Tl BRR:FINE SHaRRY o3 fn®
conpoundgolites hthes sihdaoxi d€ the phesiptorand thooapaie, sithadahidoasly,
basi ¢ phosphat e_and, aci d phosphat e). The P additive can be

i nt r oduddierxes tmdbeamAtyB% by one of the foll owi ng nethods or the

et hods: 1018 G SaEysSt IS ER BY Shic HhyR8tioh, TheCP pddiehiFBRists in

sprays drthienfd v mfepho slahoi-oas lem‘pdunﬂs\%gilhﬁ @Sﬂthb yatideyoft pRos horus,
i nor gani ¢ oxide binder. For _instance en the inporganic_ oxi

bi nder sphateg PRASRBHS: Lka%ucupmépmte andeacidcphasphgte). .Ihe P
cal ci ne%’dcﬁque eBh" BEUAEE 0 t&%h‘éagg{ﬁ'l%t ]ﬁ]%xnean %hen ggilowmg

phosphorus-al umna sol “coul e use

this parmettiodlb @h‘Sﬂlfbebﬁ'ﬂbﬁldt@Ohhﬁf thaddllowiag gigthlidsd ba 1ot $imited
invention. 3. Introdyced into the catalyst after spray-drying process
t hr ough Prﬁh&s§|lﬁﬁﬂm %’hem cal adsorption of phosphorous conpounds,

20 s id-11 qui %&Eﬂi’g aty aéh&r&'ﬁfdec@r%p%% g9 ¢ C's'lﬁ}i-ﬁoolgffore

rocess. The dr ure I's fronrroomtenperature

Ereferragra &rjﬂﬁ{g roihgs cal ci natlon tenperature is 400-700 C,

preferre 50 650C, The .cal cjnatio s 0.5-10Qh, preferred
F@ﬁ?\l lqgrt

0 5. S0n - so % ninfredures iBthahesatalyst, | eﬂwcﬁd‘éﬂﬁllﬂﬁﬁl%f Fowe
25 [ h
CaLTlSlgnle”, Fhale e oianRe! ol e | Bentinlpee

of the zeo i nte hanne
t he zeolph(mphdlals—aluimna sol, talfeexzehéldzﬁahyxt isheah‘,nned;(P 1s introduced

Chi S15 | HOGh s M B i SRR oA AU Rl FRUTA ialsp o Ghisthas”
MOreé  matrix and binder, so this part of P also belongs to the P additive
supplied by this invention.
3. Introduced into the catalyst after spray-drying process
through immersion or chemical adsorption of phosphorous compounds,
20 solid-liquid separation (if needed), drying and calcination process. The
( drying temperature is from room temperature to 400°C, preferred
100~300°C. The calcination temperature is 400~700°C, preferred
450~650°C. The calcination time is 0.5~100h, preferred 0.5~10h.
So the P additive may exist in any possible positions of the
25 catalyst, such as the internal channel of the zeolite, the surface of the
zeolite, in the matrix, or exist in the internal channel of the zeolite, the
surface of the zeolite and the matrix simultaneously.
In the preparation method of the catalyst supplied by this
invention, the phosphorous compounds are selected from one or more
30 of the inorganic compounds and organic compounds of phosphorus.
The phosphorous compounds could be easy to dissolve in water, or
hard to dissolve or insoluble in water. The examples of the

8



30 of the inorganic conmpounds and organi c conpounds of phosphorus.
The phosphorous conpounds coul d be easy to dissolve in water, or
hard to dissolve or insoluble in water. The exanples of the 8
phosphor ous conpounds include the oxide of phosphorus, phosphoric

aci d, phslsg¥jiicrowx) edRbp b BndRVimephae ke 6x Al qr%@fect ggﬂ?f%lk?nﬁric

phosphorus. "The preferred phosphor ous conpoun s

one or rmid, phasphate, Elrespdate, hyprmp}mpk te aurdgng@ﬁmb conBo¥unds arfd
h h - t hod f '

Pbove cTTUERE TRe praEEEAT AR RPEGRIN RTERASat SaslERte from
hydrocarobmaranﬁueomfaﬁgwwmﬂg)_q,mzf,agg ﬁﬁzmg I)QHPOP“A@P

above under cracking condition, and e crack oduct€ are
col | ett @nd phosphoraiscahuning sebt hod suppl i ed by thi s | nvent ion, the

cont act of h r .an e ture of cat aI st S¢

proceeded i @P{H‘g‘?ﬁ@g %?acﬁ‘é&gd'&’@ ‘?%%1&'[551‘? @tﬂﬂ i fat *Ss’éraels0
reactor g ?p‘liéﬂ?'ﬂn tehds ineeation, in Whitl BT RAFHRRCARE cBhtdcted Wlth 2
novi ng- bed reactor, preferably the reactor is the riser reactor.

The contabxtugenaf tqactabystaanmﬁlene@mla@ve tuangbesr aracking mmwnm,@nd

preferr 6 st t ratio (the weight ratio of
cat al ys&ﬁfﬁzﬁfd&g%%%g%r%ﬁl lge(&e’:led 3-20. As for a fixed-bed
reactor, a fhuilié cedcRifs MAREHOd s(ifplﬂledmyy '%Hlsbﬁﬂvél‘i’ﬁﬁhorthet&ﬁltact of
gontact condi tion also includes the 'we space vel ocity

our
f 10_14br-hydpeeadhons arsl dbe-mixpare m%rcwtadys@rcoeﬁtﬁm prheeeded ant

o5 - 1080 FBORTT L ORBTE THEEEEEGFould B Siris Roaftti, f niedl-Bo”

m xt ur e rehct@ft al flaidizzd@badniegcoic o®a AnpSihgHEd | lféhﬁ:(ioﬂb? féiably
consisted 25 mainly of _a main cracking catal yst and the catal yst

ment i ondbedisastokisi thadiserhreaetodt themis wel | known for t he

Loot o' ars il WRRAEE cobMigBERShlde s (5K b ladiF 2t 368556

contént of t e main Grac
80- 95wt @C,mfehfetbdaﬁerﬁl)ﬂdc taiel a catalyst-to -oil ratio (the Welght ratio of

catalyst to hydrocarbon) of 1~25, preferred 3~20,
As for a fixed-bed reactor, a fluidized-bed reactor or a
moving-bed reactor, the contact condition also includes the weight
20 hourly space velocity of 10~120h™, preferred 15~80h™. But for a riser
( reactor the contact condition further includes the reaction time of
0.5~15s, preferably 0.5~10s.
In the cracking method supplied by this invention, the mixture of
catalysts containing the catalysts mentioned above are consisted
25 mainly of a main cracking catalyst and the catalyst mentioned above
and the content of them is well known for the technicians in the art. In
general, in the mixture of catalysts the content of the main cracking
catalyst is 70~99wt%, preferred 80~95wt%, and the content of the
catalyst supplied by this invention is 1~30wt%, preferably 3~20wt%.
30 In the catalyst mixture, the type and the composition of the main
cracking catalyst is well known for the technicians in this area, which
may be all kinds of cracking catalysts, such as all kinds of cracking

$



catal yst supplied by this invention is 1-30wt % preferably 3-20wm %
30 In the catalyst mxture, the type and the conposition of the main
cracking catalyst is well known for the technicians in this area,
which my be all kinds of cracking catalysts, such as all kinds of

cracki ngatdlydt@ninhfablite9 zeolite. In the cracking nethod
supplied by this invention, the hydrocarbons are selected from one

or more of dm Ekhadscugckingr omefhodtusupplieth dwy cithiee dnvention, the
t her.i ' id 5 at her | i|

acuonodoiid GBS by SETEH SRR o mRliRe ST AL kfndF L Pesrpleum
coking gagsPishchngds! éipdd igil, REAbPIRreé KRdduuhle vabudnPedr Aidu iRy,

have heavy netal inpurities such as N and V, gnd’ impurities of S
and N iatmgspherinegavmibnvaonumedgacaih graight rume gasooilepropany

b t . %.t h t f tak. i Bt h 0
ond i derspaaifR i, BSIGBRLERN, O, TRHE iduRt PRRREE of EofE Yy
this i nigrdicuhrbidies mast Was eOhea ¢tk FinporidedSuehess NieAhd®Y, RHH
in a preferred situation the mxture of catalysts are regenerated

and usednﬁwrittﬁl oyf and N,;] by avleich tllme] content of & _aa;lslteaﬁb(Bg]wt‘ch the
oxygen Sonnenha SR e IO e RO, £hs cBalebas e fndilriteh Stk

technd Cigd¥ damd (Niec@hithe E9hikAsi#B080ppagneral Iy the regeneration
éerrper ature_is 600-770 'C, preferred 850- 730C. When the contact

rocedur e oflnt the gyacking methed supplied Iyathistinventior, the prixduedaf

Ceact or At ERAIES benubedt AERERESHEE 1003 esRhr & it the
oxygen- gaijtairei ngf atALHRes eare Stdgencthesdt indonised cPeIpeAlyr eTak

the hydrocarbons and the catal yst mxture is proceeded on a riser
react or regeaeratiomephtthencatalyst pmaixturesised pyocessnthathshe salest imghe

ek OAERRSh AL RYGHREed U dE i SO AL BRRIG BLA,

<<The pligctigssiasgid ecélbikmewal foretheldecknidihns Giltheaart. Foprigstance,

Publ Shig%%eg‘gﬁgfan&ie Zlgggzglieration temperature is 600~770 °C, preferred

650~730°C. When the contact procedure of the hydrocarbons and the

catalyst mixture is proceeded on a fixed-bed reactor, a fluidized-bed

20 reactor or a moving-bed reactor, the regeneration could be finished by

( piping oxygen-containing atmosphere in situ. When the contact

| procedure of the hydrocarbons and the catalyst mixture is proceeded

on a riser reactor, the regeneration could be finished by using the

existing reaction-regeneration system. The existing

25 reaction-regeneration system and the regenerator of FCC are

summavrized at pages 282~338 in «The processing technique of
residuum» (Li Chunnian, Sinopec. Publishing company, 2002).

The catalyst supplied by this invention by adding a proper

content of the transition metal additive of Group VIIIB and the P

30 additive, especially the samples using modified ZSM-5 zeolite as active

component simultaneously, may increase the selectivity for propylene

in FCC process, and consequently increase the concentration of

10



The catal yst supplied by this invention by adding a proper content
of the transition netal additive of Goup VIIIB and the P 30
additive, especially the sanples using nodified ZSM5 zeolite as
active component sinultaneously, may increase the selectivity for

propyl e:}giqfs}?leﬁgciﬂ) TOPES of RO %&%&HIPVCCFQF ﬁﬁ?ﬁnkpf ;}l.le Lontent of

concent I'on of 10 propyl ene ramatica
i nst anc @rapydeneniae bhe giroduetsyiseimerieased ey lodbed 95% (Tabbasdd4by),

0.76-4.05% (Tables 3. 4, 5) t conce tjon of propylepne jn LPG
s ner dléeoRgeRtriom; AL ipromy o 95 GBS i Tngcedsesl (onhigher than
drawi ngg34;7gwte4,l-Figure 5 are the XRD patterns for the catalysts and

the conparative catalysts prepared by the exanples and the
conpa¥ative exanples. 10 Exanples The foll ow ng exanpl es are used

to explain the i.nyvention ich is not alimtation to the

i nvention. | r@ﬁﬁ%ﬁﬁ’rﬁ‘@%@n‘i“%\%’ﬂ&? ative exanpl es, the eight

modi fied 15 S1SE{PLES 5A r ' h

nmet hod di sclosed 1In %465521%%&%%%}2}@(1%%@5 ?ﬁg%&l?a?&e&} ?i;ess@ligntshe
are obt aiompavativeheatsdysts prepaeedHeyithel exmmples tandh the ¢dmpazakivee

measur ed Xsray fluoroscopy. Sanple Al :
0.04Na2c§x§¥8?k‘iszoe.4. OP205. 2. 4Fe2CB. 90. 49Si 2. 20 Sanple A2 :

0. INppO. 5. OA1203. 2. OP205. 0. 9Fe2C8. 92Si Q2. Sanple A3 :
8. 1Na20 5. 3A12C3. 1. 5P205. 1. 1Fe2(8. 92Si 02. Sanple A4 :
. 03Na20. 2. Hu2mples OP205. 2. 1Fe2C8. 90. 8S! 02.  Sanple A5 :

O. 1 Na20. 0. 9441208, 5. 1P205. 10. 1Fe208. 84Sj C2. le A6 i .. o
0 05RO 5. TS ERURVEBRBXAEHES a5 ?é&@s%f?@%@&ﬁ%l‘%‘%ﬁ?na which is
0. 1Na20yfh (6ANRRE % AP0 THE. VRG2S 2. Sanpl e AB :

0.1Na2Q 5. 2Al 2CB. 4. 5P205. 2. ONi 208. 88. 2Si C2.

In the examples and comparative examples, the eight modified
15 ZSM-5 samples A;~Ag are prepared according to the method disclosed
in CN1465527A. The anhydrous chemical expressions are obtained on
the basis of the chemical composition of the zeolite measured by X-ray
fluoroscopy.
Sample A; © 0.04Na,0-3.57A1,03°4.0P,05°2.4Fe;,03-90.49Si0,,
20 Sample A; : 0.1Na,0-5.0A1,05-2.0P,050.9Fe,03°928i0,.
Sample A; © 0.1Na,0-5.3A1,0;°1.5P,05°1.1Fe,03-928i0,.
Sample A4  0.03Na,0-2.2A1,03°4.9P,05°2.1F¢;05-90.8Si0,.
Sample As ;| 0.1Na,0-0.94A)1,05:5.1P,05°10.1Fe;05-84Si0,.
Sample As : 0.03Na,05.1A1,05:4.8P,05°3.6C0,03-86.55i0,.
25 Sample A; : 0.1N2a,;0-4.6A1,05°6.9P,05-6.4Ni,0;3-825i0,.
Sample A : 0.1N2,0-5.2A1,05°4.5P,05:2.0Ni;,05°88.28i0,.
Pseudoboehmite is an industry product of Shandong Alumina

./-\

Company with a solid content of 60wt%. Alumina sol is an industry
product of Qilu Catalyst Factory with an ALLO; content of 21.5wt%.
30 Water glass is an industry product of Qilu Catalyst Factory with a
SiO; content of 28.9wt% and a Na,O content of 8.9wt%. Kkaolin is a
kind of special kaolin for cracking catalyst manufactured by Suzhou

11



Pseudoboehmte is an industry product of Shandong Al um na Conpany
with a solid content of 60wt % Al umna sol is an industry product of
Qlu Catalyst Factory with an A12C83 content of 21.5wm% 30 Water
glass is an industry product of Qlu Catalyst Factory W|th a s

cont ent 18fo138- @i aﬂg aqfﬁ?aossﬁ]@r eBhteht HIOMWt d)&g Sz@ollf%' i agf

speci al kaolin for® cracking catalyst manufacture
kaol i n dndpmyyvadactsmth conventmm‘ai?MF%stZRE’tlﬁ'ezemhnuéacmmd by

Qi IR e EREY 308 B RS R B SR F RN ha
crystal Idr@ﬂsta/ﬂﬁﬁtﬁw%@ewvalslwéﬂa%§I&h/§&1 ¢atic%P5020- 5 In the

exanpl es and conparative exanples, the characterization nethod of
the XRD pat tla fe fexampées ycsmpam)tlee é¢xamples Xtz phiaracoarisetion

h t Di f f t t f Ri gak t
s0ev- andnafid 0 e SR pateeuns FRY e catadat Tiple rﬁreo?anp?? Stans
vere col | ectPre KREY Jhatepils Gve osﬂzerécupuﬂa?ctefm b8 PYMANISIA X-Ray

to expl al

diffraction slit of Exanpl es 1- are use
the prediffracioneterat@rgnt R&g@ku)eatl |40ld’\é andhdt{)mwppusmg b@ut HK e

t t f h
1706 kg PAgUaRaBr BBR s B, FhERAbIE et SRR BRNERIGLAT whtn s rnof

m xeth 1002 NetepAith & bF 1 ated
H3POA (cﬂem caPagure fgga‘fh}?glfﬁggﬂd)h \?\Igg%gdzglelgvﬁ?ggphe tsnltlurry

under 20 stirring. The obtained slurry was heated to 70C and reacted
col orl ess,.and

f 45 1 t 1 f .t h
P inenar snt ERS LTI wived (60, pRfRinnshE "pEAPARRUER" b erfalyst

and an /éhaﬁﬁoyapmenb method Jpplasd fhﬁsian'éﬁhJ 1.75 kg Al (dry
basis), 1.4 kg kaolin (dry basis), O. kg 25 pseudoboehmte (dry

basis), 6.2 kg dei oni zed wat er and 2. 79 kg alumna sol were m xed
togeigﬁer angz rprg for 120 min, then 1 L aqueous FeCl3.61120
sol utl on (having f g Fe203) was added into the

The preparation of phosphorus-alumina sol: 1.05 kg
pseudoboehmite (dry basis) and 3.35 kg deionized water was mixed
together and stirred for 30 min, then 4.9 kg concentrated H;PO,
(chemical pure, 85wt% of H;PO,) was added into the slurry under

20 stirring. The obtained slurry was heated to 70°C and reacted for 45
( min at this temperatare to form the colorless and transparent
phosphorus-alumina sol with a P,Os content of 30.6wt% and an AL,O,

content of 10.5wt% as well as pH=1.7.

1.75 kg Ay (dry basis), 1.4 kg kaolin (dry basis), 0.65 kg

25 pseudoboehmite (dry basis), 6.2 kg deionized water and 2.79 kg
alumina sol were mixed together and stirred for 120 min, then 1 L
aqueous FeCl;*6H,0 solution (having 100 g Fe,O3) was added into the
slurry under stirring. The pH value of the slurry is 3.0, After stirring
for another 45 min, 1.22 kg phosphorus-alumina sol was added into

30 the slurry and stirred evenly. Microspheres with average particle size
of 65 um were obtained by the spray-drying of the slurry at input
temperatare of 500°C and exhaust (output) temperature of 180°C. The

12



slurry under stirring. The pH value of the slurry is 3.0. After
stirring for another 45 mn, 1.22 kg phosphorus-al um na sol was
added into 30 the slurry and stirred evenly. M crospheres with
average particle size of 65 gmwere obtained by the spray-drying of

the sl urgatadyst Tyt witle RS e¥de, 018 WO0E laislin)X izausm%%%%, 2.0wt%
tenperature of 180C. The 12 catalyst ZJ1 with 35w % Al , 28w %

kaol i n, By aslditiver ealculatsd day fee.fdi ande? (ot Yukiastdlibly créondeplated
carci natok 26 fas AN Hieer theibulaf urHE R rhEbhk By at 509,

of this °Catfeybth.is showmn in Figure 1 as line a, in which the

diffraction lQeaks at 20=16.35, 20=26.12 and 20=30.94 are _the .
char att eri st} he XRA) pattern pddhds entalysdis shover ingKigmrelasiline |4n

Kg A ) ) . . . . - & i ]
pecuioboRHistr snpifthattiad) P By SN 635, 2006, T ing 20-30,94° are
al um na thel clverscteristit dolfesbEonapeaks blfrmoog(%é@@sm n, then 1 L

aqueous FeCl3.61120 solution (having 250 g Fe2(3) was added into the

slurry under stirring. The pH value of the slurry is 3.0. The slurry
was 15 sti rrﬂaﬁﬁ{l other 45 mn. Then m crospheres with average
particle size 0 § gm wer e obtai ned by the spray-drying of the

slurry at inp84 Kgenfer ebabis)O0L 33 dkex kawdin ( UbasispMirg st
of 180C. The, m crge(;s ﬁegaegywi th %g 8wt % A% 26. 6wt % Iggol in, F’Bl. 6w (l)gge

A1203 amsemslobpehmite ddny Jagishi Jub akgd dgiopioed) windek 8Bdai2néd kg

after | i (W .t 1 .£rQsSp es .gbt.ai ne
above ((Zi’(ri?ﬁgiarg‘# sa,i \?81‘% 1'82]9%% %gftﬁﬁ/gt%lrl&aﬁgr%g tgﬁ'( IIEEQ) Oéf i L
mi >O<Ied tmpbét?ls Félﬁoél;;qiﬂf(l)rmﬂmion (avivg mgﬁei@?ﬁ%suﬁlddédsihitb rthg
and reacted for m.n at this enper at ur e. e slurry was

vacuum fS&N' 132) ea"n%“ﬁﬂ”&i.TlTﬁdﬂ’tha‘f%lIW#ﬂSe shrgy in3450k be Aluxry was

22, 21 SR UL s SR B e
cal i nat isize af 650 fwere obtained by the spray-drying of the slurry at input
temperature of 500°C and exhaust (output) temperature of 180°C. The
microspheres with 36.8wt% A;, 26.6wt% Kkaolin, 31.6wt% Al,0; and
5.0wt% Fe additive (calculated by Fe,0;) were obtained after
20 calcination at 500°C for 1 h.

¢ 1 kg microspheres obtained above (dry basis), 10 L deionized
water and 100 g (NH,),HPO4 were mixed together. The obtained slurry
was heated to 60°C under stirring and reacted for 20 min at this
temperature. The slurry was vacuum-filtrated and dried. The catalyst
25 ZJ, with 35wt% A, 25.3wt% kaolin, 30wt% Al,O;, 4.7wt% Fe
additive (calculated by Fe,0;) and Swt% P additive (calculated by

P,0;s) was obtained after calination at 500°C for 2 h.
The XRD pattern of this catalyst is shown in Figure 2 as line e, in
which the diffraction peaks at 20=16.37°, 20=26.22° and 206=30.90° are

30 the characteristic diffraction peaks of FePO species.

Example 3
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The XRD pattern of this catalyst is shown in Figure 2 as line e, in
which the diffraction peaks at 20=16.37, 20=26.22 and 20=30.90 are
30 the characteristic diffraction peaks of FePO species. Exanple 3 13
1.94 kg A, (dry basis), 1.91 kg pseudoboehmte (dry basis), 7.2 kg

dei oni zed ' I I ' ¥ o) d
stirred fo\rlvaltl'gg %2&&( %ﬁlh%%jggug%u%glye%ﬁgﬁ g@Z@éb&u@ﬁﬁ?ﬁg\)f Zgz §§0
g Fe2m)deianizeitayater ande S%u kg alndeinastsiol rvege izedHtogétheroand
the 5 slurry is 3 The urry.-was stirr o] other,45 mn, T

i or os pridibd fam1 20 a5 Bhh L Bhupous G LGHAER boBisiaR (Bavind 330
spray- drgyi ' t ;

Frpor st S20p) ACARRHT ined iR IRACY iGiRg; TN DA 3alie s,
and 13 wsdorey aitidi 3.0veTheal durayeavasy stéoes) foar ammthemett tdnaf Then

o kR oty AR BRSO 6t
t oget hersprﬁlyegeﬂxfg' @j&r'ﬁkgeséllwr wmﬁ&%eﬁ@gﬁ%%%ﬂsoow 5hﬂn&x%t

reacted for 20 ™ n. slurfy was" vacuu ltrated and dried.
cat al ystteapgexdture36ft B0 C. AT hesmilcnosphe €8 withodB BwtYmdili,t 58.2wt%

ot ai ned oA ke e adailve aléuistetsRy” b Wiére ohlaified
cat ajystaftsr ARV akivr h9909°C Fox!iige f, in which the diffraction
peaks at 20=16.25, 20=26.18 and 20=30.87 are 20 the characteristic

di ffracti on lpdegk snitr s reseobésinad mhoyt o(dryThasis)ephd ali deiomizedd
is as sapg,as Ex 1, t difference is that,the I ght ., of
kaol i n i"%atl"."2§‘1égnﬁj‘$ygb£§’ﬁ3)2ﬂ?ooé25”31!’801%1. Soggthero ke ?'téfﬂlél@é‘d
by 1 L GpaNgpwadhe@tea!tat 607C (HadierStiddng 40O reattedoRirely Shi)The
was obtained with 35w % A 25wt % kaol in, “27. 5wt % A1203, 5wt % Co
addi ti velurey dmmvg@mgmeﬁb)rated and dried. The catalyst ZJ; with 35wt%
15 Ay, 45.1wt% ALO;, 9.9wt% Fe additive (calculated by Fe,0;) and
10wt% P additive (calculated by P,0s) was obtained after calcination
at 500°C for 2 h.
The XRD pattern of this catalyst is shown in Figure 2 as line f, in
which the diffraction peaks at 20=16.25° 20=26.18° and 20=30.87° are

20 the characteristic diffraction peaks of FePO species.

P

Example 4
The preparation method is as same as Example 1, but the
difference is that the weight of kaolin is 1.25 kg (dry basis) and
25 FeCl;6H,0 solution is replaced by 1 L Co(NO3),6H,O solution
(having 250 g Co00). The catalyst ZJ; was obtained with 35wt% A;,
25wt% Kkaolin, 27.5wt% Al,0;, 5Swt% Co additive (calculated by CoQ)
and 7.5wt% P additive (calculated by P,05s).

30 Example 5
The preparation method is as same as Example 1, but the
difference is that the weight of kaolin is 1.25 kg (dry basis) and
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and 7.5Wm % P additive (cal culated by P205) 30 Exanple 5 The
preparation nethod is as sane as Exanple 1, but the difference is
that the weight of kaolinis 1.25 kg (dry basis) and 14 Fed 3. 6H20
solution is repI aced by 1 L Ni (N03)2.6H20 solution (having 250 g

27 Bt s SO EE) o SR, B0 TepBitell by od b RN FHLOD, ddiption
a](ctld![ L |e ve(h(aomlgulﬁ/fll: i—:-gz]HyOBQ@)e tdatalykte £ st wa:scbbltugehb vﬁthSSﬁwrtﬁ’@nAm,t
20 L dol b kaltiin,” 37w B 15 %@%ﬁ%ﬁ&&é%&(@%@%& SND)

stirringpdd. 56204 P fditRQ (dflcildted b @Hﬁf Aokt Hﬂ@nﬂexfﬁevp
was vacuumfiltrated and dried. The cat yst J6 wth 32. 38wm %

25. 9w %odoanponent Dizhemadided MF$meolitee additive (cal cul ated by
Fe2®3) and 14.47wt % P additive (calculated by P205) was obtai ned
after calcination at 500C for 2 h. The XRD pattern of this catal yst
i's shown inFxguisledsas line g, in 15 which the diffraction peaks at
20=16. 42, 20=26.08 and 20=30.97 are the characteristic diffraction
peaks of FeHOkgpeawitalystEladhp(dry hagis)kd0AL (@hignbeed syater Iaglckddl‘ﬁ (4

et IOCREIBO, Bat?! Bhaltd 6, 6000n indurs Sl Pintd 58 KEsedsfarrae
sol ujg Oriniﬁ'ad/ﬂ s/ Binperatehe. e Hﬁ‘i‘s’} Wd&t QaEﬁﬁﬁlﬁ'ﬁi‘Htéﬂ“i d dried.

tirrin The pH val ué of the slurr . After stirring
anot her ematalmstZZJkngﬁb§ﬁb&8W§ aIAlm 2\5 9§bt%/vkaolmjdkij.4m% Aﬂﬁ)g,

of 55 gri-mne aof & FOALEYe WaTlRROT BT, Kool HRE TR A7 P P e’

t enper at(daRe it t&@ Yy EQS?Wwabtﬁmamuféeﬁ @;im?ﬂ@ﬁbheapfsoo‘l@of%r Zhen

t he mcrospheres were cal cined at 400C for 1 . the above

cal ci ned m cklae phBRI: patéexn jod Shdg catmly_stdélsmwmdn wre Aras line gy in
NFAC 5 wei i diE #hE hileh S Ho PiilicsS it 20-1%.488506925 Y80 and 26=30.97° are

the characteristic diffraction peaks of FePO species.

Example 7

1.75 kg A; (dry basis), 1 kg kaolin (dry basis), 3.46 kg water glass
20 and 5 kg deionized water were mixed together and stirred for 120 min,
{ then 1 L aqueous FeCly-6H,0 solution (having 750 g Fe,03) was added
into the slurry under stirring. The pH value of the slurry is 3.0. After
stirring for another 45 min, 1.22 kg phosphorus-alumina sol was
added into the slurry and stirred evenly. Microspheres with average
25 particle size of 65 pm were obtained by the spray-drying of the slurry
at input temperature of 500°C and exhaust (output) temperature of

180°C. Then the microspheres were calcined at 400°C for 1 h.
1 kg the above calcined microspheres (dry basis), 10 L. deionized
water and 100 g NH,Cl were heated to 60°C under stirring, washed for
30 20 min at this temperature and vacuum-filtrated. The filter cake was
washed again according to the above method and dried at 120°C. The
catalyst ZJ; was obtained with 35wt% A,, 20wt% Kkaolin, 2.5wt%
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30 20 mn at this tenperature and vacuumfiltrated. The filter cake
was washed again according to the above nethod and dried at 120C. The
catal yst ZJ7 was obtained with 35wt % Al, 20wt % kaolin, 2.5wt% is
Al203, 20wm % Si 2, 15wt % Fe additive (cal cul ated by Fe2Q3) and

7. 5wt % PAREY, tzuwmalsciwzatpsiwb% PF@SLdﬁhﬁvéRRmhlﬂéa Yy (e 0;) and

catal yst i's Shown i n Flgure line h, in which the di'ffraction
peaks at7.39¢l6. Ead@@%(@iculﬁtezbbyd?&shr e 5 the char act eristic

o ennrod oo DRERBY) Pttt RE S sa il iR oW 5k fnrd 2 S Hos db ing

that theyhiil)thedifffadtior pallat F=15353) 2029610 and Z‘G’*SWSSGfare
kaolin is 0.9 kg (dry basis). The catalyst J8 was obtained wth

450t % AlthelmPAMistm diffraetiocnspeals of i eB Besperiesi ve (cal cul at ed
by Fe2®3) and 7.5wm % P additive (cal cul ated by P205) The XRD pattern

of this catalyst is shown in Figure 3 as line i, in which the
di ffracti on peaplets 20=16. 38, 20=26. 20 and 20=30. 91 are 15 the
characteristic diffracti on peaks of FePO species. Exanple 9 1 kg Al

(dry basi s) , The gatalystawns pregrareshaceyrding tkghepnethod cehEixampler I,

{oget herbWrHiEifieRRnfE is YBRE R Wefidff of R fin ol g Tp it Endl o
sol ui oryé il Mlﬂ lEe@@l(gWF(ar 7 (W@sqs) rrmet @@talywmys wu%ebbtamed

§t|rr|ng H val ue of the is 3.0 adjustéed dosage

of HC . thhe|4 Yo ihg fISM%ﬂMH&O% 5wt%5A¢zf()N4z2)vm%04Fe m:hhtwe

a0ded e T RIB BT ¥ SO I 5o 0% 7 Bifve R IBRBRE TRy 25
the slurry afhéXRD eriiof! thi9fcaTa0fs taRdsosh aLEL Eﬁ%ﬂp@rsahslnﬁl@i in
180C. The_ catal yst. ZJ9 with 20w % Al , 37w % kaol i n % A1203

e s o Wik i ilthon iy #b 2L GRS 5HO725. MTRarE0=30.91" are
(cal el gy et by FAGRCAESifRh B kS of e ERLSdAIaL! on of the 30

m cr oSpher S

Example 9

1 kg A; (dry basis), 1.85 kg kaolin (dry basis), 0.9 kg
pseudoboehmite (dry basis), 7.2 kg deionized water and 2.79 kg
20 alumina sol were mixed together and stirred for 120 min, then 1 L
{ aqueous FeCl;-6H,0 solution (having 400 g Fe,0;) was added into the
slurry under stirring. The pH value of the slurry is 3.0 adjusted by the
dosage of HCl. After stirring for another 30 min, 465 g (NH,),HPO,
was added into the slurry and stirred for 30 min. Microspheres with
25 average particle size of 65 pm were obtained by the spray-drying of
the slurry at input temperature of 500°C and exhaust temperature of
180°C. The catalyst ZJ, with 20wt% A;, 37wt% kaolin, 30wt% Al Os,
8wt% Fe additive (calculated by Fe;0;) and 5wt% P additive
(calculated by P,0s) was obtained after the calcination of the

30 microspheres at 500°C for 1 h.
The XRD pattern of this catalyst is shown in Figure 3 as line j, in
which the diffraction peaks at 20=16.35°, 20=26.07° and 20=30.82° are
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The XRD pattern of this catalyst is shown in Figure 3 as line j, in
which the diffraction peaks at 20=16. 35, 20=26.07 and 20=30.82 are
16 the characteristic diffraction peaks of FePO species. Exanple 10
The catal yst was prepared according to the nethod of Exanple 9, 5

but the @id égapNCRristid @ i %gq; 0A§g L. same wei ght. The
cat al ystmzefldl(:o was 5 tg} ngfjfr\%bﬂl?ﬁzggfg%@ , %wt %%P‘I n, 30w % A1203,
8W % Fe additive (cal culated by Fe2Q3) and 5w % P additive

(cal cul at ed ];t,)¥ P2QB),, The XRD pattern of this catalyst is shown in
Figure 3 as ¥XABME 10, 10 which the diffraction peaks at 20=16. 32,

20=25. 97 - | ' ki f '
FoPO speci os) REGAAPas Il ACLEFAR fo tht)mBth) ALPERAMELe 9,
basi s}, hm6sheifferepreusothatdt is ¢epladea by) A,7witlkgadet oveighd. The

d. 2,79 | um I 1 xed h [ d.f
120° i n. Atk 200 200 0D thBrad WFHD EEYE SR AT Ferslifoons %
was addedL iy, Bwho, Bt L!idd’itWE’%E?E‘lﬂé{éd‘%y “3:)* ﬂﬁ*&“?sg@‘% tﬁ]ﬁ@i&!groev

is 3.0 adjusted by the dosage of HC . Aft'er ring r ano
mn, 46%cglaNiadpdROR,)nwas added into the slurry and stirred for 30

by the sprayL B KR Batteiih of s FALAINS I HOSHR dpaRigh of 250BnE lark®
exhayst WRICIP¢hE difBFR]IGH lltf@al&f at9@=16T8 °C@9@b$59702£ﬁﬁ m%@%.;t;}wé’{oe

A3, 20wt % kaol in, 45wt % A1203, 5w % Fe additive (cal culate

Fe2(3) dhe cwracteebtinidiffractipoapeaksnéFROPERdienas obt ai ned after
the calcination of the mcrospheres at 500C for 1 h. The XRD pattern
of this catalyst is shown in Figure 3 as line |, in which the
di ffracti on Degigplat1 £0=16. 31, 20=26.06 and 20=30.92 are the
characteristic diffraction peaks of FePO species. 30 Exanple 12

kg A; (dry basis), 1 kg kaolin (dry basis), 1.65 kg

15 pseudoboehmite (dry basis), 7.2 kg deionized water and 2.79 kg
alumina sol were mixed together and stirred for 120 min, then 1 L
aqueous FeCl;'6H,0 solution (having 250 g Fe,0;) was added into the
slurry under stirring. The pH value of the slurry is 3.0 adjusted by the
dosage of HCI. After stirring for another 30 min, 465 g (NH,),HPO,

20 was added into the slurry and stirred for 30 min. Microspheres with

( average particle size of 65 um were obtained by the spray-drying of
the slurry at input temperature of 500°C and exhaust (output)
temperature of 180°C. The catalyst ZJ;; with 25wt% As, 20wt% kaolin,
45wt% AL QO;, Swt% Fe additive (calculated by Fe,0;3) and Swt% P

25 additive (calculated by P,0s5) was obtained after the calcination of the
microspheres at 500°C for 1 h.

The XRD pattern of this catalyst is shown in Figure 3 as line I, in |
which the diffraction peaks at 20=16.31°, 26=26.06° and 20=30.92° are
the characteristic diffraction peaks of FePO species.

30

Example 12

2 kg A4 (dry basis), 0.75 kg kaolin (dry basis), 1.15 kg

17



2 kg AA (dry basis), 0.75 kg kaolin (dry basis), 1.15 kg 17
pseudoboehm te (dry basis), 7.2 kg deionized water and 2.79 kg

al um na sol were m xed together and stirred for 120 mn, then 1 L
aqueous FeCl3. 6H20 sol ution (having 250 g Fe2@) was added into the

slurry Wdddiddiimie (Hig Mhsig),us.of KehUdbiizy | Watef gﬂu@ 99 R

the 5 dosage of HCl. stirri’ng for anot her
( NH4) 2HROumiNgs salioedre rmmxulletogemhey aamd sillrrerdad'oi‘oIZGChnmp then 1L
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This cacty aflded Ingf B SRS End' sGPREG, 8%, 30 nin MiTRsBRErES Wit

diffr aCtﬂv@iag@aﬁﬁrﬁM@@rﬂ@ 03565 %ﬁnZ%éi% aBta BB by %h@%%ra}ﬁdtrs}ﬁngg

characteristic fracti on peaks of FePO species anple
A5 (dry tbasslyrrylammgupstemmmnmtcef Sﬁﬂyébamds):xhﬁust Itgmpbmadmrzmcf

190 T n1R0CRHE AARRZ Lo i RO e S TTh RESnnd St tehsAb Qo
Fe20R) Wt%ddpé 'dﬂdlti\hae zil&ﬁl/at'éﬂdeb¥5t1762031)9 anT@esm%allue adaﬁuwe

slurry is 3.0. The slurry was stirred for another 45 mn.
mi cr ospr(éabsllwt%dl Werﬁgés})awascl @b@m@dofaﬁargrthmarcaloinmmd ofy thiee

B e Bl BinskaS g8 SUOE For PR er e it b 57 80wt o6 A, a0wt 56
A12G8 and 2 THheRFepadetivo Nﬁthi?saéﬂdl Sers moﬁe@ﬁ%hg\ﬂf@mg ﬁh@% in

after calcjnation at 500Cfor 1 %mcros her es” obt ai ned above

(dry badvhich the @lﬁ@ra@ﬁl%@ea\k@t@r Zle 235 °392Qﬂﬁ-ﬂ2ﬂﬁf]md\2&%3018&? adae
The o1 uthS Shad Bt RU AR BRI bEF IRl L0t 5 T o

55wt % A5, 38wt %

Example 13

2.89 kg As (dry basis), 1.4 kg pseudoboehmite (dry basis), 7.2 kg
deionized water and 2.79 kg alumina sol were mixed together and
20 stirred for 120 min, then 1 L aqueous FeCl;'6H,0 solution (containing
{ 105.5 g Fe;03) was added into the slurry under stirring. The pH value
of the slurry is 3.0. The slurry was stirred for another 45 min. Then
microspheres with average particle size of 65 pm were obtained by the
spray-drying of the slurry at input temperature of 500°C and exhaust
25 temperature of 180°C. The microspheres with 57.89wt% A, 40wt%
Al O; and 2.11wt% Fe additive (calculated by Fe,03;) were obtained

after calcination at 500°C for 1 h.
1 kg microspheres obtained above (dry basis), 10 L deionized
water and 210 g (NH,),HPO, were heated to 60°C under stirring and
30 reacted for 20 min at this temperature. The slurry was
vacuum-filtrated and dried. The catalyst ZJ,; with 55wt% As, 38wt%
Al O3, 2wt% Fe additive (calculated by Fe,03) and 5wt% P additive

18



A1203, 2wt % Fe additive (cal cul ated by Fe203) and 5wm % P additive 18
(cal cul ated by P205) was obtained after calcination at 500C for 2 h
The XRD pattern of this catalyst is shown in Figure 4 as line n, in
which the diffraction peaks at 20=16. 31, 20=26.09 and 20=30.80 are

the char &e&lcﬁilméd%)dPE(Tf?%aé)ﬂb%ﬁi@ afteEe{)’aSI ﬁbﬁsat go@@rmhezlﬂ

1.5 kg basi’s kaol 1 n
pseudoboehmT R pastt@)n 0 thlskgaudjyehusehom én Elgjlrz #asdine n, in

Aausous e ARG el FEAA% 155 20E200% e ZacthBn ol

the sl urhy cHyielcteiistid aﬁfriaﬂoﬁ;bef $8f HePOS Sﬁédiéiy is 3.0. After
stirring for another 45 mn kg phosphorus-al um na sol was

addedd into the slurry and stirred evenly. M crospheres with average
particle si of B85 rHrvvere obtai ned by the spray-drying of the slurry
15 at i nput §t'dte of 500C and exhaust tenperature of 180C. The

catal yst ZJ W Wt % I A@@ﬁs %
addi tive (cgﬁ%ulli%‘ledg%byea}:l?g%)%@g@ao !;asévw 0 Pﬁg%ﬂll%; i ve cgla(s:u\lytatg?bkg

P205) Wemtxﬂmaﬁﬂ ddryhdasiski 6ad i bg leiohizad cwa:tpheand &75011@

for 1 h. 20 .The X tt f t hi t t E

| e o alfmifyl sAL oRER, e o tRef fd ! nts Y65 120 Mming thend1 °L

20=3() 9& Qus Fe(:q eidlﬁfticﬁl @b&ﬁfﬁﬁ‘ﬁhgmﬁ@kFewszPﬁ ﬁﬂﬁ%ﬂeﬁrto
anpl e 25 dry basi's), kaol irn (dry” basi 2

EX pseﬁh@b&bmm @m((gﬂry sbaging, The }kH dfaﬂuanzﬁdhwashmands 39 Aﬁter
’ d

S queous SEIEHE L Forl KEP IS 4T Mgl 220 e b8y ateSalnmitan g  was

slurry welied $hte rthregslum aﬂdvahu?e@fextéiﬁyslmwo Jﬁhé’re% aﬁitm%ima@é

the 30 dosage of HC . After stirring for another 3
( NH4) 2HPoU ticla Size @863 m wete gihfaiyed hy ¢herspray-dryBeg mfrthe slurry

M CrPSSpQ?rlﬁild’i” fetfnperature of 500°C and exhaust temperature of 180°C. The
catalyst ZJ,4 with 30wt% Ag, 30wt% Kkaolin, 30wt% ALO;, 2.5wt% Fe
additive (calculated by Fe,0;) and 7.5wt% P additive (calculated by
P,0s5) was obtained after the calcination of the microspheres at 500°C
for 1 h.

20 The XRD pattern of this catalyst is shown in Figure 4 as line o, in

( which the diffraction peaks at 20=16.30°, 20=26.12° and 26=30.92° are
the characteristic diffraction peaks of FePO species.

Example 15
25 1.25 kg A; (dry basis), 1 kg kaelin (dry basis), 1.65 kg
pseudoboehmite (dry basis), 7.2 kg deionized water and 2.79 kg
alumina sol were mixed together and stirred for 120 min, then 1 L
aqueous FeCl;*6H,0 solution (having 250 g Fe,0;) was added into the
slurry under stirring. The pH value of the slurry is 3.0 adjusted by the
30 dosage of HC]. After stirring for another 30 min, 465 g (NH,),HPO,
was added into the slurry and stirred for 30 min. Microspheres with
average particle size of 65 pm were obtained by the spray-drying of

19



average particle size of 65 mwere obtained by the spray-drying of

19 the slurry at input tenperature of 500C and exhaust tenperature of
180C. The catal yst ZJ15 with 25w % A7, 20wt % kaol i n, 45wt % A1203,
5wt % Fe additive (cal cul ated by Fe2Q3) and 5wm % P additive

| cul d 2 | f ' '

i or osprbestitr Sogbin Y BRIFERMT OF SO0 S eRRALSE Pinclfaupe of
280\1\2 gglﬂﬂ"?;ﬁhf;ﬁaljfsztgzaés 'ggth\ﬂﬁwt?ﬁd IAQF] @W%ka?hmmf t%t AL, O3,
=16. =26, . 20=30. are e cteristjc diffracfj.o
coaks o Whto Escadditive Lsusplalens bys HeOo o sl k gdditve
basi s), ) del g0t t d
270 ky Cpieifted WYLY, 00 PYGHICOBENHIE ANF )R AR HNIA B
1 L afjuanicrdspllicres G800t foanl (havi ng 270 g Fe208) was added into

the slurry er. [rring. The pH value qf the 15 slurry is 3.0. The
slurry was s 1) atiein ngthg%c alystis shover dnphigwe diasnling &, dge

parti cl ' Equ'}léy o TV Ere, (V) = 0 oqe
slurry g‘?ﬁliﬁglfgét(g%l{egra u]? 0 588%9%06 'ggﬁaggfggtgnpéeﬁgtlﬁ eﬁ@,? 912?(}8.
The ni crtheptieaiescteristic Qiffya dondgedkd uf FePOBspewed. 4w % Fe additive
(cal cul ated by Fe2(3) were obtained 20 after calcination at 500C for
1 h. 1 kg mcrospheres obtai ned above (dry basis), 10 L deionized
wat ey and 2]]%}6%& HP04 were heated to 60C under stirring and
eacted for e slurry was vacuumfiltrated and dried. The

catal yst ZJD65vkg hA ¢ diryo sis ko1 58 kgAp2eBdoBoshmnitEe daydbasisy, 72 kg

(e o S nbled 5200 i D3 b s b e I AR S5

coL VSR 120 58 L5, Mol PCIMIED, LR (haghien

di f f r actg be,Pepreaohddeddmpetliesludy tndepl stivving. The pH value of the

15 slurry is 3.0. The slurry was stirred for another 45 min. Then
microspheres with average particle size of 65 pm were obtained by the
spray-drying of the slurry at input temperature of 500°C and exhaust
temperature of 180°C. The microspheres with 50wt% Az, 44.6wt%
Al;O3 and 5.4wt% Fe additive (calculated by Fe,;0;) were obtained

20 after calcination at 500°C for 1 h.

( 1 kg microspheres obtained above (dry basis), 10 L deionized
water and 210 g (NH,),;HPO, were heated to 60°C under stirring and
reacted for 20 min. The slurry was vacuum-filtrated and dried. The
catalyst ZJ;; with 45wt% Ag, 40.1wt% AlLO;, 4.9wt% Fe additive

25 {(calculated by Fe;03) and 10wt% P additive (calculated by P,0s) was
obtained after calcination at 500°C for 2 h.

The XRD pattern of this catalyst is shown in Figure 5 as line q, in
which the diffraction peaks at 26=16.38°, 20=26.17° and 20=30.93° are
the characteristic diffraction peaks of FePO species.

30

Example 17

The catalyst was prepared according to the method of Example 1,

20



The catal yst was prepared according to the nethod of Exanple 1, 20
but the difference is that Al is replaced by A3 with same weight. The
catal yst ZJ17 was obtained with 35w % A3, 28wt % kaolin, 27.5wm %
Al208, 2.0Om % Fe additive (cal cul ated by Fe2Q3) and 7.5wm % P

ddi ti d by P2 5 The XRD £t hi | i
Chow + PEFIhEABIGERG BT & L FeTRAT I IS R R i
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peaks of FePO species 10 The cata yst was prepare
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with 253&‘@&‘&@/ @%&Wl%%fﬁ? PHIE o0 A12C8, 2.OM % Fe additive

(cal csil at ed Phie FERPB)p Atderd oIS %ataﬁebttxs%dWﬁllﬁUFgg@ﬁh BYaLBER)r, ihd

The XRD pattern of this catalyst is shown in ure line s, I'n

whi ch t H&high thediffiragiiem pegks ot 20-516.230-28=26.E21dand-20-30.9% are
t he char eaks, of kel eci.es. Exanple 19 20
The cata s@%ﬁi&%@&g ggﬁtﬁgﬁf)g‘] p@al[(% elrg’r)gt ﬁ?)‘éf: 16$- Example 1, (
but the difference is that Al is replaced by A8 with same wei ght. The

cat al yst ZJ19 was obtained with 35wt % A8, 28wt % kaolin, 27.5wt %
A12CB 2. omBz#mpledi8 i ve (cal cul ated by Fe208) and 7. 5wt % P

280 e Loot G e Fongh RO TRREl R AP SEBNaSE 1

0 16. 4HhupOke Wiffervmte2i-AaPA aicrep Bﬁ:e‘ﬂ“%?aﬁtﬁeﬁfiﬁi sGnfk fv&élgﬁft' The

peaks of FePO species. Conparative exa 5 are used to eXplain

the prep@talysnZdus was ingdi V‘ﬁthafiin?% sAsC3pelat kaolida2plSavito
21 This £O@AT 3La¥Foe* ¥ faditivt Sl ufR i ) ti}gz LFPShg! PBwibs P

additive (calculated by P,05).

15 The XRD pattern of this catalyst is shown in Figure 5 as line s, in
which the diffraction peaks at 20=16.31°, 20=-26.13° and 20=30.91° are
the characteristic diffraction peaks of FePO species.

Example 19
20 The catalyst was prepared according to the method of Example 1,
{ but the difference is that A; is replaced by Ag with same weight. The
catalyst ZJ;y was obtained with 35wt% Ag, 28wt% kaolin, 27.5wt%
ALO;, 2.0wt% Fe additive (calculated by Fe,0;) and 7.5wt% P
additive (calculated by P,0s).
25 The XRD pattern of this catalyst is shown in Figure 5 as line t, in
which the diffraction peaks at 20=16.45°, 20=26.12° and 20=30.92° are
the characteristic diffraction peaks of FePO species.

Comparative examples 1~5 are used to explain the preparation of
30 comparative catalysts.

Comparative Example 1
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conparative catal yst containing nodified ZSM5 zeolite (sanple Al)
and P additive, but without nmetal additive of Goup VIIIB. 1.75 kg Al
(dry basis), 1.5 kg kaolin (dry basis), 0.65 kg 5 pseudoboehmte
(dry basis), 7.2 kg deionized water and 2.79 kg alum na sol were

m xed t oget : | f y! 3614 9

into the sl lﬁﬁ&/@ﬁﬁgﬁéz\ﬁtﬁ?&%&%&g og%%-((gq%f s a/ﬁlrggﬁlﬁt‘\géq%d%?%% of
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wi t h B5ypseoulobathmite (alriyn, basis pwR2 AkgOaleindize bwvitter addidt 229 kg

(cal cul ated by P20b) was.obtai ned after, the cal.cination of the_ 15
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27500 g SerretCeydnlf NHcfbsiitdes AT lavefageifalible Siels? o3 lupre
2.79 kgohthiméddy the wprayrikpihg ofidhessluany adttinpnetitempet2turs of 500

of o foand exiuTinetalure SRl L, Jis colpam@e aptap oG :

stirredwigh ) ' S AL S ofisl ks
of 65 m vel e3%“8@o’€?§1’;‘32%‘*%§‘* t'*r‘f‘éﬂi%r%?%@%‘%??ﬂﬁﬂeﬁfﬁﬁﬁf & AT
t

t enper afcalewdatado byC Bodskxmasst obtaipe erofthegs0@lcifition of the

conpar ative catal yst oW £ N wt % Al , 30wt % kaol in and 35wt % A12C3

was t QS :h[e ¥S af%gmcfé’lrcfi'at ion of the m crospheres at 500C

for 1 1t. The XRD pattern of this catalyst is shown in Figure 1 as line ¢, in
which the diffusion diffraction peak at 20=18.50°~23.65° is the

characteristic diffraction peak of AIPO, species.

20 Comparative Example 2

9 This comparative example is used to explain the preparation of
comparative catalyst containing modified ZSM-5 zeolite (sample A,),

but without metal additive of Group VIIIB and P additive.
1.75 kg A, (dry basis), 1.5 kg kaolin (dry basis), 1.15 kg
25 pseudoboehmite (dry basis), 7.2 kg deionized water and 2.79 kg
alumina sol were mixed together and stirred for 120 min. Then 36wt%
HCl was added into the slurry under stirring. The dosage of HC1
results in a pH value of the slurry of 3.0. The slurry was stirred for
another 45 min. Microspheres with average particle size of 65 pm were
30 obtained by the spray-drying of the slurry at input temperature of 500
°C and exhaust temperature of 180°C. The comparative catalyst CB,
with 35wt% A;, 30wt% kaolin and 35wt% AL, O; was obtained after
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The XRD pattern of this catalyst is shown in Figure 1 as |ine d.
Conparative Exanple 3 5 This conparative exanple is used to explain
the preparation of conparative catal yst containing conventional
ZRP-5 zeolite. The catal yst was prepared according to the nethod of

Conpar at flhieecAbediiRtidrlof Bé rhfidodphle®e8MS((PC N Ph.is repl aced by
ZRP-5 zeolite with sane weight. The conparative catalyst CB3 was 10

obt ai ned wi t hhesX%RiBD rretern efithis catiiystik ahbwn imdFighwedd A8 s d.
Conpar ative Exanple 4 This conparative exanple is used to explain the
preparation of conparative catal yst containing conventional ZRP-5

zeolite and @olﬂﬁaﬁ@lﬁ%i]ygam'ﬁ]e Fatal yst was prepared according to
the nmethod of Exanple 1, but the difference is that A is repl aced

by ZRP-5 zeol hit coimpatative exgple Shusedntaeaplain ¢heapyepaidonast
bt ai ned, wj o ) lite, 30w % kaol | 5wt % A1203 and

St 6 p_ceshblsatiVe tadlilee chithiniSe i chdoRal ZRER webliteonpar at i ve
Exanpl e 5 THI'ReCofp@igti vev@ame@mws?i@cbﬁdgm%n the %?ﬁ{iﬁte o

of conparative catal yst containing nodified ZSl zeoli1te (sanp
Al) 25 Gampaxativeddxampleo?, buduthe/diffkremee isi thattA Pisdeplicel by

1.75 k r LS 1.5 kg kagol,in ry basis),.0.9

pseudogoé#rﬁ‘ ge¥f§ﬁ§é b&gﬁhs)sg"%eg Al ﬁléh(feitﬂ?%ﬁml)é’rtl‘éﬁcfaggb@tkgm was
al umima gistaied ey hx88wito9 L RP-537b1 el RS FOkadRB 4ha aastc}kﬂﬁ% E!u%(g :
dgqueous Fed 3. 6H20 sol ution (having 250 g Fe2Q3) was added 1 nto )
30 slurry under stirring. The pH value of the slurry is 3.0. The

slurry was | A 5 mn. Then m crospheres with

aver age part(?é*[{eﬁﬁgqt&géﬂ%é%ﬁé\ére obt ai ned by the spray-drying of

the slurry @himﬁumpiﬁaﬁﬁﬁpﬁfﬁh?l@ i’ ubdd to 2 1@6%8%%@9{( I:I'Fcﬁf
Y, o kaol i n,

of 180 'C. The conparative catalyst CBS with 35w % Al, .
30wt % AXPIBPagAHVew oot alysidapntaidiipgaicomvendiongl BRPIP weolitot andel

aftefs t gditive.

The catalyst was prepared according to the method of Example 1,
but the difference is that A; is replaced by ZRP-5 zeolite with same
weight. The comparative catalyst CB;, was obtained with 35wit%
ZRP-5 zeolite, 30wt% kaolin, 35wt% ALO; and 5wt% P additive not

20 including the P of ZRP-5 zeolite.

Comparative Example 5

This comparative example is used to explain the preparation of
comparative catalyst containing modified ZSM-5 zeolite (sample A,)

25 and metal additive of Group VIIIB, but without P additive.

1.75 kg A, (dry basis), 1.5 kg kaolin (dry basis), 0.9 kg
pseudoboehmite (dry basis), 6.2 kg deionized water and 2,79 kg
alumina sol were mixed together and stirred for 120 min, then 1 L
aqueous FeCl;:6H,0 solution (having 250 g Fe,03) was added into the

30 slurry under stirring. The pH value of the slurry is 3.0. The slurry was
stirred for another 45 min. Then microspheres with average particle
size of 65 um were obtained by the spray-drying of the slurry at input
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calcination of the mcrospheres at 500C for 1 h. 5 The XRD pattern of
this catalyst is shown in Figure 1 as line b, in which the
diffraction peaks at 20=24.11, 20=33.08, 20=35.58 and 20=49.40 are
the characteristic diffraction peaks of Fe203 species. Exanples

20-38 10GROBRAR @0Ro00 CUsTagl P el PRAIRY PRS0 35 Die

oot [JRIRE S i el sl
or un r-a St € a S

231-2) 19“%‘?t%¥"ta’_e i Rg 438&%&%'5%5@& Fr24s) repepbtaing aler the

Wi th th%ﬂemﬁhadfﬁfﬁnﬁ%sﬁhegﬁhgsow; §gRrKkpi s M.C-500, and its

mai n properties are listed in Ta e catalyst mixture was put
into fhe reabherXBD patterdn of dhiiedaftakest if|shicdiadn Bighre dast line b, in

P o el P R RS L YIRS b 8o 5s SRR
2) . The 7ep@Ciffe fie ERhRAYRiSH X Bt cﬁgﬁ%hgﬁ d@gﬁ@ gﬁe@ﬁg.

reaction results are listed in Table 3, Ta
Conpar ati ve Exanples 6-11 25 Conparative Exanples 6-11 are used to

expl ain the ,conpar.at iy thod enpl oyed on the fixed fl uidized-bed
regctor. Theﬁﬁ%%iﬁ"ﬁﬂ;ﬁki ng of the same feedstock is proceeded
accoigi ng t EihmpRsLP8 FPeaiptd t%oexﬁl%]int e %Eiﬁég%g@lglggflﬁg 5Mbe

atalyst is 100% conmercial FCC ECAT or“the mxture o
gnd cominivensiorrcqploved epthet fivedyfluikhizedebed gienicoor.of cat al yst

XL s Vo | B R YT s 6 e
ECAT M GrezpectivRip!atc800%D! foP BThNuh e 3B H 0% steam atmosphere. Then
the catalysts ZJ-ZJy after aging treatment were mixed in different
15 content with the commercial FCC ECAT (industry trademark is
MLC-500, and its main properties are listed in Table 1). The catalyst
mixture was put into the reactor of a small-scaled fixed fluidized-bed
reaction apparatus to proceed the catalytic cracking of the feedstock
shown in Table 2 (the properties of the feedstock are shown in Table
20 2).
( The composition of catalyst mixtures, reaction condition and
reaction results are listed in Table 3, Table 4 and Table 5.

Comparative Examples 6~11
25 Comparative Examples 6~11 are used to explain the comparative
method employed on the fixed fluidized-bed reactor.

The catalytic cracking of the same feedstock is proceeded
according to the method of Example 20, but the difference is that the
catalyst is 100% commercial FCC ECAT or the mixture of CB;~CB;

30 and commercial FCC ECAT respectively.
The composition of catalyst mixtures used in the comparative

method, reaction condition and reaction results are listed in Table 3.
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Fe/ Sb 6503/ 2673 Ca 1714 NMNMAT 60 Table 2 Feedstock VGO bl ended with
residuum Density (20C), g/cnB 0.9070 Viscosity (100C), m2/s 10.41
Freeze point, C 40 Carbon residue, W% 3.1 Elenent analysis, w%
C/ H 86.39/12.53 S/N 0.8/0.29 Conposition, w% Paraffin 56.8

Aromati c 24.£Eb%2Ioid 18.2 Bitunmen 0.8 Metal content, ppm V/ N
0.8/7.0 -stillation—C4BRL5% 241/309

10% 20% 343/ 387 30% AQeaf13/ 432 50%)|6086rhREAGE]T FOXN B A9 (HBS
25 As seen from rable 3, Table 4 and fable 5, tonparing to the —
met hod usi ng coffgtak¢amtesds PPt the method supplied by this

I nvention could incre ot only the|LPG yield fectively
and the octane nunbe?ﬁgf‘ﬁFCC gasol i ne, but al so%ﬁgﬁb% centration of

Fe/Sb 6503/2673
Ca 1714
MAT 60
Table 2
_ Feedstock VGO blended with residuum
( Density (20°C), g/cm’ 0.9070
Viscosity (100°C), mm?*/s 10.41
Freeze point, °C 40
Carbon residue, wt% 3.1
Element analysis, wt%
C/H 86.39/12.53
S/N 0.8/0.29
Composition, wit%
Paraffin 56.8
Aromatic 24.2
€ Colloid 18.2
Bitumen 0.8
Metal content, ppm
V/Ni 0.8/7.0
Fe/Cu 7.8/0.1
Na 2.6
Distillation, °C
IBP/5% 241/309
10%/20% 343/387
30%/40% 413/432
50%/60% 450/466
70%/80% 493/535
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5 propylene in LPG of FCC dramatically. 26 RG Q@ u RH\ a ONON
b NCOHO UW4 OO InHIn ONNMeri .M1Ob >o0[r Rye ;a
uE~C\poNbNM U Lzl ~OlatoNItNen-bbtRCL"\OR\
\ONOOOOO t) Nb oWoO0OOb ?ti dt> o0 Ua>r-1 to H
In O - Mr g e

N H N %@éﬁn%ﬁ' g?ﬂlﬁﬂ&’?‘;bﬁ@ i %n% Tavre %QQOW nNﬂ*?JI
b N7 t|m iethod Nisih@OdomiparativeOctitalysk] - thé tmdthoﬂ SuppMéd byb tlns
r~'~o OI\LNto“%700

OR O N @Vﬁﬂﬂ%@@ @nﬂreé@n@t@lﬁymm id'l)(,} x;gfld of lI"C% eftlectively and

the octane number of FCC gasoline, but also the concentration of
5 propylene in LPG of FCC dramatically.
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ti WO o O ND, en'0.-r 000 \ OOMX ONin Nh NCT MN 0000 00
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zoao(Cp WUR a.~~~0A3ao0oo03vs004C7r OC4 31 Exanples

39- 47 Exanpl = sed to explain the nethod supplied by this
.invention errEI; %r;an grﬁﬁe#ri ser reactor. Catalysts ZJ1-2J5, ZJIO

ZJ11, 2)14 doxadmyilésvd9-e47 ujecused tooexplsigi tiye tmethodnvupsiied by \thiy
at SOOC.forp%ih undef }iﬁoow steam atnpsphere. Then the catal ysts
ZJ1- 7J)5 1Y ¢y o1y employ. Oﬁrﬁlezﬁlféréie?@?or-agi ng treatnent were m xed

1 L eCEBINN 2 L ZBOZ 0T ha AT, b8, kel 1
cont i huaging fredtmentrmespiextivieby at 800°C for 8 h under a 100% steam
atmosphere. Then the catalysts ZJ;-ZJs, ZJ1g, ZJ11, ZJ14 and ZJ; after

aging treatment were mixed in different contents with MLC-500
commercial ECAT. The catalyst mixture was passed into a
small-scaled FCC riser reactor continually, at the same time the

10 feedstock shown in Table 2 or the feedstock shown in Table 2 with

C steam was also passed into continually, which results in the contact of
the VGO and the catalyst mixture. Then the catalyst and the reaction
product were separated. The separated catalyst was passed into the
regenerator to be regenerated, and then the regenerated catalyst was

15 passed back to the riser reactor. The composition of catalyst mixtures
(wt%), reaction condition and reaction results are listed in Table 6
and Table 7.

Comparative Examples 12~16
Comparative Examples 12~16 are used to explain the comparative

20 method employed on the riser reactor by using comparative catalyst.

( The catalytic cracking of the same feedstock is proceeded
according to the method of Example 39, but the difference is that the
catalyst mixture is replaced by 100% commercial FCC ECAT, mixture
of CB; and industry FCC ECAT, mixture of CB; and industry FCC

25 ECAT, mixture of CB; and commercial FCC ECAT and mixture of
CB; and commercial FCC ECAT respectively. The composition of
catalyst mixtures used in comparative method, reaction condition and
reaction results are listed in Table 6.

The results of Table 6 and Table 7 reveal that, comparing to the

30 comparative method using comparative catalyst, the method supplied
by this invention could increase not only the LPG yield of FCC
effectively and the octane number of FCC gasoline, but also the
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lo feedstock shown in Table 2 or the feedstock shown in Table 2 with
steam was al so passed into continually, which results in the contact
of the VGO and the catalyst m xture. Then the catal yst and the
reaction product were separated. The separated catal yst was passed
I nto theeod QARRARRIPOT @@déﬁeq LPEf PO H?E&%ﬁ@aﬁ gener at ed
catal yst was 15 passed’b to t e riser reactor np03|t|on of
catal yst m xtures (w%, reaction condition and reaction results are
listed in Table 6 and Table 7. Conparative Exanples 12-16
Conpar ative Exanples 12-16 are used to explain the conparative 20
met hod enpl oyed on the riser reactor by using conparative catal yst.
The catal ytic cracking of the sane feedstock is proceeded according
to the method of Exanple 39, but the difference is that the catalyst
m xture is replaced by 100% commerci al FCC ECAT, m xture of CBl and
i ndustry FCC ECAT, m xture of CB2 and industry FCC 25 ECAT, m xture
of CB3 and commercial FCC ECAT and m xture of CB4 and commercial FCC
ECAT respectively. The conposition of catalyst m xtures used in
conparative nethod, reaction condition and reaction results are
listed in Table 6. The results of Table 6 and Table 7 reveal that,
conparing to the 30 conparative nethod using conparative catal yst,
the nethod supplied by this invention could increase not only the
PG yield of FCC effectively and the octane nunber of FCC gasoli ne,
ut also the 32 concentration of propylene in LPG of FCC
dramatically. 330 yeF N~+v QHNHN'-I ti UWUWr-7e muU
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Claims 1 .A catalyst, which conpri€qdaimgg! cul ated by dry basis,
10- 65w % ZSM'5 zeolite, 0-60w % cl &Y, I5-o0w % i norgani ¢ oxi de

binder, 5 0.5"-15wt% one or nore netal additives selected fromthe

add ¢ ve and HngtalyS PRI EoMhabeE ChisnIGee DpIRy Bt T oyt
accor di rgSM-%| aeadife,i 0~glivet?/d h@laggt BEY60wit9s Qﬁﬂ?%ﬁhﬁ?‘ Plide blnder,
calculated b 20-50wmt % ZSM 5 zeolite 10- 45w % cl ay,

b
25- 50% % 5rréég\é mogfé: 3@ magemetnladditivevselentedofeomethe metals of
addi ti veg, 3GLeoeB 40 2B W @PSa QiR 4R Whillf tR2%metal additive and

the P additive are calculated by oxide.

2 . A catalyst according to claim 1 in which the catalyst is

consisted of, calculated by dry basis, 20~50wt% ZSM-5 zeolite,

10 10~45wt% clay, 25~50wt% inorganic oxide binder, 1.0~10wt% one or

( more metal additives selected from the metals of Group VIIIB and
5~15wt% P additive.

3 . A catalyst according to claim 1 in which the ZSM-5 zeolite is
modified by P and one of the metals selected from Fe, Co or Ni, the

15 anhydrous chemical expression, calculated by oxide, is (0~0.3)
Na,0- (0.5~5)ALO;* (1.3~10)P,05* (0.7~15)M,Oy* (70~97)Si0,, in
which x is the atom number of M and Y is a number needed to satisfy
the oxidation state of M,

4 . A catalyst according to claim 3 in which the anhydrous

20 chemical expression of ZSM-5 zeolite, calculated by oxide, is (0~0.2)

( Na,0- (0.9~3.5)Al,03* (1.5~7)P,05: (0.9~10)M; 0, (82~92)Si0,.

S . A catalyst according to claim 3 in which M is Fe.

6 . A catalyst according to claim 1 or 2 in which the metal of
Group VIIIB is selected from one or more of Fe, Co and Ni.

25 7 . A catalyst according to claim 6 in which the metal of Group
VHIB is Fe.

8 . A catalyst according to claim 7 in which the XRD patterns
comprise at least the characteristic diffraction peaks of FePO species
at 20=16.35+0.5°, 20=26.12+0.5° and 206=30.94+0.5°.

30 9 . A catalyst according to claim 1 in which the clay is selected
from one or mixture of more than one of kaolin, metakaolin, diatomite,

sepiolite, attapulgite clay, montmorillonite and rectorite.
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5-15wt % P additive. 3 . A catalyst according to claim1 in which the
ZSM5 zeolite is nodified by P and one of the netals selected from
Fe, Co or Ni, the 15 anhydrous chem cal expression, calcul ated by
oxide, is (0-0.3) Na20 (0.5-5)A12(3 ('1.3-10)P2C6 (0.7-15) Oy

(70-97)Si 2,10 n ' | ; ef iaf Wi :
needed to sati s'f};kltht%gy ggx?g%?f%lrllfgst? ?tdgﬂgp %Alﬁ4ﬁl§\ﬂgt§t%af§%fg%§§gr |dr$g
to cl ai rhikder viisi ctele¢tedanfiyocdnousne 20rchmixunte eadbr apmieontlodn Z8ie5 of
zeolite, cal gyl ated. oxide, is (0--0. 2 Na20 (0.9-3.5)Al 2

(1.5-7) %‘f‘%’.%‘%‘)‘%qﬁt‘@?’@z)%llozﬁlg'éfa?'ak‘@éil& 99(@ MR %Sﬁoand
cl ai m 3 pRosheFudalgndina $l. A catalyst according to claiml1 or 2 in
which the nmetal of Goup VIIIBis selected fromone or nore of Fe,

Co anl Ni. Jd 7 A catadysfl gecording 66 ndaim tliai wbdchrthehiwor gamicnexiae
of Goup. MWIlIB is Fe. A catalyst according tp claimZ in which
t he XRD &S § Eﬁ%"%sefré’tml & Phe lﬁh’é&&"& e‘?ﬁosm‘tredi than - opg, of
peaks ofpdetfddlFidiin - . =30. 940. 5.
30 9 . Ecat al yst aggeérag}lrllﬁﬁ}%g%}?g{ii%%hig mﬁli.l(}:ﬁ%lﬁgﬁ?:ﬁaaiafs sel ected

from one or 1A xt uAe oie fhun aekinhgkabydnocarbensolinn, which the
di at om t,e sepiholite, attapulgije clay, n rillonite and, .
rectori tl{yd% @QFSAa&ft &° ?C&c&cd’?’{ﬁ]n& tcg?g]tyg}%mx?“r GHEUMaining the
| nor gpnicatalysds dibtrmed if ot 6£ chainh§ I 2\EnQEr _rfhété’n’f‘clﬂh ”Péﬁdftﬂﬁi‘
ne of pseudoboehmite, alumna sol, silica-alum na sol, w§t er glass
and phegphthen-thewnatkebproducts ara codlexitgdt according to claim1

in which th gnokg?&iegggﬁjde blﬁﬁggr i_|8|s e{dﬁct ifg;g%cl)&g %em.c();:tl ={cet

of nore than~one

phosphorgigrcdduenaf SRy drdearhbénseiN@dHOcath Rt RFixPUEE AR fAIAMY The
whi ch the hydrocarbons are contacted with a‘catal yst m xture
cont ai nicadabysds digclosesl ysteneiafcckdms ilnldnis proceéeded an w fivedebed
the ¢4 a%&i@%ﬁ%qiﬁi‘dﬂed—bed reactor or a moving-bed reactor, the reaction
temperature is 400~650°C, the catalyst-to-oil weight ratio is 1~25 and
the weight hourly space velocity is 10~120h™.
14 . A method according to claim 13 in which the reaction
temperature is 420~600°C, the catalyst-to-oil weight ratio is 3~20 and
20 the weight hourly space velocity is 15~80h™.
{ 15 . A method according to claim 12 in which the contact
L procedure of hydrocarbons and the catalyst mixture containing the
catalysts disclosed in one of claims 1-11 is proceeded on a riser reactor,
the cracking condition including a reaction temperature of 400~650°C,
25 a catalyst-to-oil weight ratio of 1~25 and a reaction time of 0.5~15s.

16 . A method according to claim 15 in which the reaction
temperature is 420~600°C, the catalyst-to-oil weight ratio is 3~20 and
the reaction time is 0.5~10s,

17 . A method according to claim 12 in which the content of the

30 catalysts disclosed in one of claims 1-11 in the catalyst mixture is
1~30wt%.

18 . A method according to claim 17 in which the content of the
39



and then the cracked products are collected. 13 . A nethod according
to claim12 in which the contact procedure of hydrocarbons and the
catal yst m xture containing the catalysts disclosed in one of clains
1-11 is proceeded on a fixed-bed 15 reactor, a fluidized-bed reactor
or a mM\iFtaipad disadldsed in bfe codhimy 1119Re3 P4 S 400- 650C, the
catalyst-to-oil weight ratio is 1-25 and the weight hourly space
velocity is 10-120h"1. 14 . A nethod according to claim 13 in which
the reaction tenperature is 420600C, the catal yst-to-oil weight
ratio is 3-20 and 20 the weight hourly space velocity is 15-800. 15
A met hod according to claim12 in which the contact procedure of
hydr ocarbons and the catal yst m xture containing the catalysts
di sclosed in one of clainms 1-11 is proceeded on a riser reactor, the
cracking condition including a reaction tenperature of 400-650C, 25 a
catal yst-to-oil weight ratio of 1-25 and a reaction tine of 0.5-15s.
16 . A nethod according to claim15 in which the reaction
tenperature is 420-600C, the catalyst-to-oil weight ratio is 3-20 and
the reaction tine is 0.5-10s. 17 . A nethod according to claim112 in
whi ch the content of the 30 catalysts disclosed in one of clains
1-11 in the catalyst mxture is 1-30w% 18 . A nethod according to
claim17 in which the content of the 39 catalysts disclosed in one
pf clainms 1-11 is 3-20m % 40
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