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PCT/ US97/ 09S9%é 98/03453 MODI FI ED MCM 56, | 3SrRRERAGAT! ON
AND USE This invention relates to selectively nodified
MCM 56, to a nethod of its preparation and to its use as a
sorbent and a catal yst conponent for conversion of organic

conpounds, in particular as a conponent of a catalytic cracking catal yst.
MCM 56 is a porous inorganic solid and is described in U S. Patent No. 5
5,362,697. MCM 56 is 3 IEDaMOMISE RATION AND USEs f eatures of
both | ayered and zeolitic materials. Thus MCM 56 has | ayers which
are M Cropor ous apfls GRiehiidrrefités!th Relectively modifie MUMINGS 80k Racfiodbees o5, Thi s
| eads to the presence of acid sites at two different ocat i ons;
aci d sites opreparation ol toritshise a$ a sorberband arcatalysticoraponent foObavefsiamof f ur t her

aci d sites are, located,within the internal .pore ,structure of the
Tayers. ThesBHTs CHEPOVHs P RaTtCels! as 2 cOmponent pf & GHaES GREking NS, b| o

t hrough the pore 1 ' ' abal - to be
el liptical with [PRALLSEI8 0 pBrolindrBatfe %"%ﬁ%ﬁéﬁ%@r‘%g{g@m’“ No.

Accor @ ng t c5,362;697. cMEOM-56riy amunusoal matetialdn thanitleehibits featacestdfdbth lagered and

catalytic and _ . ] sorptiye properties of MCM 56 can be significantl
al ter éd by seerhits mwsnac%y? M#M-ﬁoﬁr@g%ym which aggigropgrous gnd ﬁaetgmwevm i oy
of the nubehchilngaedit 6id3ide! Riid b thi Srefirlol b fid Hiks'aP o bifreh? 1°

ern ITTerent, an

nunber of int active acid sites is preferably greater,
t han that oflocations; acid sites aredoéatedionbivtisrge ekternabsafipt of MON: SBGanddakitker adids o

as to selectively .increaseg the, ratio_qQf its exterpal to internal
aci d acti vi tSteH&§ Iogated Y"BE’HdE‘t teraal pefe strpcuge eﬁ@wﬁ@@f%dT ese furthe

rintemal; ease
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unnodi fi ed NoMe2fliptichlavitiudiamngionsof aBBut 5.9 by 4.(mAdgdione t0 a conventi onal
zeolite Y cracking catal g('?st. ) .. In one aspect, therefore, :
the present invend¢eoRdingo thepressntinyenfiondyhashay Beanfoyund that the catalytic apdyt ¢ or |

o0 T SIphRR Rdndinb et MCM 58 Eh B0 ity lcred By suibAfelysigifrglin 2°' ©
rati o of themsteridlao thdt thetativof the number of amtive agidisites attitsiekternet swrfatalo ther f ace

to the nunber of internal active acid sites is greater than 25 t hat of
t he uMnodi f inuenberekinternal active acid sites is different, sndprefgrallye arepterathan that el i a1 of

the inventi : ' i t ' '
i st nout shal R TRMEMES, For el PO REBied o an g sellefinbebasente o
patterns of rafibefitketemabw-isteniahsdd aailitghas besnfolrd/tolresdt iadn waéxpettels as

shown bel ow_ in . . . .. . . - 2-
increase in the yield of high value liquid products, such as gasoline and distillate, and less

bottoms fraction and coke, as compared to unmodified MCM-56, when used as an
20 additive to a conventional zeolite Y cracking catalyst.
In one aspect, therefore, the present invention resides in a layered composition of
matter, MCM-56, which has an X-ray diffraction including the lines listed in Table II
below and which has been selectively modified so that the ratio of the number of active
acid sites at its external surface to the number of internal active acid sites is greater than
25 that of the unmodified material.
The layered MCM-56 material of the invention has an X-ray diffraction pattern
which is distinguished by the combination of line positions and intensities from the

patterns of other known as-synthesized or thermally treated materials as shown below in



Tabl e |
intensities are defi ned

(as synthesized) and Table I1

(cal ci ned).

In these tables,

relative to the d-spacing lLine at 12.4

Angst r onrs WO 98/03453 TABL BCI/USIH09927
MCM 56 (as-synt hesi zed)
I nt er pl anar Rel ative d- Spaci ng
Intensity" 2 (A 10
12.4 J[err] 0.2 VS el 9.9 [err]0.3
m ) : rr}o. .
6.4 + (Tablel (as synthesized) apd Ta!ge i (cLE:meJi)q 1h these tables, mtensg_eiare[dgﬁﬁdo_ 1
‘év 415 + o, [glativeto the d-spacing li\yg at 124 XnpsfioMs. ms-
TABLE 11 20 TABLE] o . MCM 56 .
(as- cal ci ned) | nt er pl anar '
Rel ati ve d- Spaci ng © Y dntensity
25 (A . 12.4 + 0.2
vs 9.9 M-F .53? m s
6.9 [err]0.1 w (as-synthesized) 6.2 [err]0.1
S 30 3.55 + 0.07 . m s
3.42 [err] 0.07 Intgeplanar Relative
d-Spacing Intensity
(A)
10 124 + 02 vs
99 03 m
69 + 0.1 w
64 + 03 W
62 01 w
15 3.57+ 0.07 m-s
344+ 0.07 Vs
TABLETI
20
MCM-56
(as-calcined)
Interplanar Relative
d-Spacing Intensity
25 —(A)
124 + 0.2 Vs
99 + 03 m-S
69 01 w
62 + 01 s
30 355 + 007 m-s
342 + 0.07 Vs



- 3- These X-ray diffraction data were collected with a

Sci ntag diff mames/asassystem equipped with a germaniumsolid pcrrssSoihe -
detector, using copper K-alpha radiation. The diffraction data were
recorded by step-scanning at 0.02 5 degrees of two-theta, where theta
Is the Bragg angle, and a counting tinme of 10 seconds for each step.
The i nterplanar spacings, d's., wede calculated in Angstrom units
(A, and the relative intensities of the lines, I/l is one-

hundredth of the ThesesXcyayi diffractiegesiatia werensoldented widdkd ound,
were deri Vedf%hlﬁabhﬁlﬁ%aﬁftiﬁnp%9%'1:% lidguipphed with 2P YdrifarQin SRASH

derivative algorith he intensities are uncorrected for Lorentz
and pol ari zaf Gﬁeeflﬁgef%c’rTth"“g °°PP9raﬁ'\?éthﬁt FRGIAHON e W®en in
terms of theggefpabtivn data wevrer yYevorded by0sted-scarmivig atg o.42 60), m
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di fferences | n §$§a§al !aqgr ag@cg ca.'ll.cul%tl%'agq ‘G@é %e%rn r@ﬁol \éq‘% or

partially re® rn Iogra dnges can
i ncl ude thm neaa&ﬁxngegtiansamﬁsmﬂ tpy@r An@e@ns IdY drs é?l'tﬁ'range in

crystal mqi{;é&rewthhe%t theC ha&aasu%yt T thelSitHohgeFted8ne, abdVel0r
effects,

hanges in _relative . intensities also gccur as
a resift of HﬁFF&F@HH@s VﬁrEapﬁﬁﬁvﬁg “ithﬁpénP efﬁﬁmémﬁﬂ?éi%ﬁb
nature and degaeénel (per eecond defiivaittiye aldoriichml. aﬂmhohﬂtﬂﬂsﬂﬂﬁasmm

h .3l f h
oY on FROPIFRLCBREACEER FBEBPEY, ol polad it WA Nt
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I ron and/ or g8 g},_.o E_;ye gbagb}é?nal %nk‘n%%"xﬁjef‘é‘gﬁ ¢ gl I of & % ﬁt zq; enent

such as silicon“an pre | con,; is |less

t han hbout 3%0)eapd Wrﬁnﬁeak (0-30dut Tt shrudd beawndesst QE§ thakal |y from

about 10 t0 gjffraction data listed for this sample as single lines may
consist of multiple overlapping lines which under certain
conditions, such as differences in crystallographic
changes, may appear as resolved or partially resolved
20 lines. Typically, crystallographic changes can include
minor changes in unit cell parameters and/or a change in
crystal symmetry, without a change in the structure. These
minor effects, including changes in relative intensities,
can also occur as a result of differences in cation
25 content, framewocrk composition, nature and degree of pore
filling, and thermal and/or hydrothermal history.
The layered material MCM-56 of this invention has a
composition involving the molar relationship:

30 x203=(n)Y02,

wherein X is a trivalent element, such as aluminum, boron,
iron and/or gallium, preferably aluminum; Y is a
tetravalent element such as silicon and/or germanium,

35 preferably silicon; and n is less than about 35, e.g. from
about 5 to less than about 25, usually from about 10 to



-4- | ess than about 20, nore usually from about 13 to about 18.

In the asyeyggloifsi zed form the material has a fornula, on an
anhydrous basis and in ternms of noles of oxides per n PCT/HBR708925f Y02,
as follows: 5 (0-2) Merr]0O: (1-2)R X[err]O[err]:
(n)YO[err] wherein Mis an alkali or alkaline earth nmetal, and R
s an organic noiety. The Mapd R conponents are associated with 10
the material as a result of their presence during synt hesis, and are

easily reD@Hthﬂﬂnpﬂﬁéu§YEbheﬁbﬁe”ﬁéﬁaﬂiﬁ from aﬁeﬁﬁ'mgfﬁsraﬂBﬁE 18,
partlcular descri bed

X esrre ori gi nal
al kal i %Ji%?lﬂ%‘syntheséﬁ??hfogmg g?ﬁd“ﬂﬁf gai gﬁ§ Bf HE“ 8: sYRt hesi zed
MCM 56 15an anhydbeusepasisdand inctesmacefwmbbesecofinogidesvwper Known in

the art exchange wi th ot her cations.
Preferredsék ?aé# %8 f%%ngg¥%é€§de nmetal ions, hydr ogen i ons,

hydr ogen precursor, anmoni um i ons and m xt ures thereof.
Particularly preferred caployid @t eilh ﬁex yhich tailor the catalytic
activity for certain hyd?%ca?%%n ¢ y 3e’sron2react|ons These incl ude
hydrogen, rare earth netal s and netals of Goups IlA IIIA VA IB,
1B, Il Byherein M|&@3ﬂﬂdahkélioértHQkEEihédéér{thétﬂi t 88aEReBNAK -

In the cal ci ned for h|b|t h sur ace (grea
t han 300 989 °dﬂﬂg%555uafh§eﬁa?ﬁg gPBﬁe“ s arecﬁﬁﬁ@?i9€?6rg%EPtaln
| arige nol Esell matahial caspar pestdbt of theprepreaehaedearinbed materi al s such

Séwfggcznsyn£§t§§sh§$§§t%F?s%%s§§ya sorp %%%4§§thlQ¥§ ﬁgkﬁ?aﬁeth | -

30 bikereinafter| poxe neeﬁicgsarérrqlesgr&heand an initial uptake

of 2, 2-di met hyp§utRBcCeREeR® ABSIFER) I ﬁnéeéiiéhﬂalaéwalioor alkal$reonds.
N(m456 can be prepared %ronra re£§t|o F‘1f6?‘ia|n|n§11§sources of

al kal i ored¥kl} i fedeaFPRINR aF2EIpNS38E theeag-sggapa pHEHs
cali on, asamxbeélereplacedairnaccordancel wiitht t&chhigques! weldukhown ©xi de of

tetravalegﬁeegggpnét least in part, by ion exchange with other
cations. Preferred replacing cations include metal ions,
hydrogen ions, hydregen precursor, e.g. ammonium, ions and
mixtures therecf. Particularly preferred cations are those

20 which tailor the catalytic activity for certain hydrocarbon
conversion reactions. These include hydrogen, rare earth
metals and metals of Groups IIA, IIIa, IVA, IB, IIB, IIIB,
IVB and VIII of the Periodic Table of the Elements.

In the calcined form, MCM-56 exhibits high surface

25 area (greater than 300 mz/gm) and unusually large sorption
capacity for certain large molecules when compared to
previously described materials such as calcined PSH-3, SSZ-
25, MCM-22, and MCM-49. Thus calcined MCM-56 is

characterised by a sorption capacity for 1,3,5-trimethyl-

30 butane of at least about 35 pl/gram and an initial uptake
of 2,2-dimethylbutane of 15 mg/gram in less than about 20
seconds.

MCM-56 can be prepared from a reaction mixture
containing sources of alkali or alkaline earth metal (M),
35 e.g. sodium or potassium, cation, an oxide of trivalent
element X, e.g. aluminum, an oxide of tetravalent element

1



Y, e.g. silicon, dlrectlng agent (R), and water, said reaction

m xture havi nfyOP8@3#8osition, in terns of mole rati os ofPCDUsIes9927
within the foll ow ng ranges: 5 React ant s - Usefu
Preferred YO[err]/ X[err]O[err] 5to 35 10
to 25 H err]0/YO[err] 10 to 70 16 to 40
CH /YO[err] 0.05 to 0.5 6;06 to O. 3 M YO[ err]
0.05 to 3. 0 0 o010
0.3 to O. 5 ¥, e. 8 élif?%n &Qf%%tl Y errckﬁz ng water (;éké

pr edoni nant | yreattion mxtuwpaﬁnngf6rcemaﬁﬁ#‘élap:| é&sF%quB@QAte %
sol,id YO[e”{ﬁ]wl&é d8f oxides, IWiehiAl Eneheotivalial Pangest: of the

i nvention ere YO[err] 15 is silica, the use of a silica source
cont ai ni ng at | east about 30 wt.%solid silica, e.g. Utrasil (a
preci pig at ed, Reactdmys dried silica ygafalni ng ab_EﬁMm lica) or

H Sl (a precipita&&‘4$ géated Siqerr] cgptabglng abou lf 25 Wt %
] 0 €

silica, about 6 H err] 0 and abodl % bo ~Herr]o0
of hydration and ? particle sizd¥0otoabd@t 0.02 16 to m4ér on) favors
crystalline MM 56, ion fromthg g ¥ m ¥ P@e tdhger the

synt hesi s condltlons reqélred erab? t her ef or e, the YO[err],
e.g. silica, sour/Yo, cont ai ns %t°$e§§t3a90ut 3000060&80Ri-® YO[err] |
dlca and Zpsyo_ more preferabpyjatel gapt about 048 o .0l 1 d
YO[errﬁ stlica. Directing agent Ris selected from
t he group consi sting of cycloal kyl am ne, azacycl oal kane,
diazacycloalkane el @&ufdeesfthe%esmcumakybmpn&peiptego&ﬂnantl&rwmridto 8
carbon atons Nongz ) imgl X f ngl Velhopant vl ne
cyclohexylan1¥&2 f°rr%&%§ﬁ?%h%g?i %%?n%ﬁk % %ﬁe?ﬁ %e%gi%? gb 1N 6y
hept anet hyl ered ndbeain the c pyraéuqb °§n§heoﬁnwﬁatﬂ9ns t Wiexef YOui t h

hexa yl enej n r rdy r S5cont t
Cryata] zat o o e 9?‘2‘;;‘%%& |SFH IAELILE firod cpntaining at lengt

under either peRt 3GrW t*r$%%ﬂ@oﬁ%¥%?%nserﬂ aUltrasil (a precipitated,
spray dried silica containing about 90 wt.% silica) or

Hisil (a precipitated hydrated SiO
wt.% silica, about 6 wt.% free H
20 H, | .
micron) favors crystalline MCM-56 formation from the above

2 containing about 87
20 and about 4.5 wt.% bound
0 of hydration and having a particle size of about 0.02

mixture under the synthesis conditions required.

Preferably, therefore, the Yoz' e.g. silica, source

contains at least about 30 wt.% solid Yoz, e.g. silica, and
25 more preferably at least about 40 wt.% solid Yoz, e.qg.

silica.

Directing agent R is selected from the group
consisting of cycloalkylamine, azacycloalkane,
diazacycloalkane, and mixtures thereof, alkyl comprising

30 from 5 to 8 carbon atoms. Non-limiting examples of R
include cyclopentylamine, cyclohexylamine,
cycloheptylamine, hexamethyleneimine, heptamethyleneimine,
homopiperazine, and combinations thereof, with
hexamethyleneimine being particularly preferred.

35 Crystallization of the present layered material can be
carried out under either static or stirred conditions in a



- 6- sui tabl e reactor vessel, such as for exanple pol ypropyl ene

jars or t%gip I%ped or stainless steel autoclaves, at a t enperat ure
of about (ﬂ" to about 225[err]C It is critical, POTHIR9909927i n-t he
synthesis of MCM56 fromthe above reaction 5 m xture to stop and
guench the reaction prior to the onset of MCM 49 formation at the
expense of MCM 56. One net hod f.er controlling the synthesis to
produce the required MCM 56 is disclosed in U S Patent No.

5,362, 6973@1’1¢a'151‘é0|r‘&%tor vessdl ! Gudly ddefot repantid msiyropAaldme n i n

e S eg%ﬁﬁ%%%a%%‘é‘é'a“e” Vw4

exhibits t\emplea:sad:lumd aﬁanhmtatsﬁmomlamm 2X5°g. It isOcZitdgalrons and
10.8-11.2 A vvlf:tlg t deor ' I)T@g ile
t he band |n Sng'nl %@mﬁ!é st rfor$1l %cﬁ%ﬁﬂg}%g err.E]e Syh ?\Qnesi_s
m xBr e naylimd@'e to stam azmi/mnqh: theymeaction pixdiom|to ithe anset

inflectiogge Mcn—dsp@d%atti% U IR Sepiinse c@prmﬁiw BHe lifetit cat i ve of
t he onset of MCM 49 fornmation and_t he Ioss of MCM 5 e It shoul d

be real i z&®@%t W‘tt%]fié'ﬁcttlb@n synthasis o Pr%‘%ﬂﬁﬁ)rré?ﬁ FeBHTRA MOt i ed by
nore thansendss@ilstlosE® in U.S. MmNt INGG X8 \BE2 0607 amd)rﬁna:rmsm t her

e o 5 B, G U desraction, pav Sl R g AF £
coifeni endngstiomn d-pacing qwnged t MOM-E6 tis rehanacterized)dy @ directing

agent DIy ely ré ti
terrperaturbgolar? tbk?en ran%%%:‘édzjo%cﬁoglrrrg?@.{%éaboﬂ? 370[err%clﬂﬁéa Wi dhd’

at mospher ¥CMrd9 £xhdihd ﬂ"‘?%d?ﬁﬁméf mARARA ak ARpFRrinately 8.8-
subat erSDberzl Arstrdiy AnPING-1a m&&%ﬁ@rwm Ve eiis¥inct m nut es

and 48 ho Dehydration can.al so erf om t enper at ure
nerely by &'(ﬁ %3’ rﬁ S&ﬁrﬁ t(}’erm“"a“"‘:{)u’tn tl?%rémq Yoo i s
reddired Mgﬁﬁmm drspading e:rangmmou the syntiliesiichymibairemayghave L

Renmoval Ofant Ql%y%l&acryicc cgrro%it]jélg fuergxdm%ﬁ r{?{éﬂ l% inflection -
point, the emergence of a depression may be indicative of
the onset of MCM-49 formation and the loss of MCM-56.

It should be realized that the reaction mixture -

20 components can be supplied by more than one source. The
reaction mixture can be prepared either batchwise or
continuously.

After synthesis is complete, the MCM-56 is separated

from the reaction mixture and is then conveniently
25 dehydrated and treated to remove the organic directing
agent.

Dehydration is generally performed by heating to a
temperature in the range of 200°C to about 370°C in an
atmesphere such as air, nitrogen, etc. and at atmospheric,

30 subatmospheric or superatmospheric pressures for between 30
minutes and 48 hours. Dehydration can also be performed at
room temperature merely by placing the MCM-56 in a vacuunm,
but a longer time is required to obtain a sufficient amount
of dehydration.

35 Removal of the organic directing agent is generally
performed by heating gt a temperature of at least about



perfornmed by heating at a tenperature of at |east about

-7- WA C for at least 1 minute and general |y notpdpigelgedzhan .
20 hours. Wil e subat nospheric pressure can be enpl oyed for the
thermal treatnent, atnospheric pressure is desired for reasons of
conveni ence. The thermal treatnment can_be 5 perfornmed at a
tenperature up to about 925[err]C ‘7‘ The resultant MCM56 is

subj ect ed tg bb& gelec{ Y ﬁ t on r& edure of the invention
so as to al t&P FhEST at least;l winpfe a f88€e§3' Ya@Ptvilepasr dhan

mat eri al to20thours. Whmteraabaamnépaerumlpresﬁmre can be Qupluiddbl e

nmet hod f or e \Y; I nul ti-sta I Qn
exchange prgggdg%’% &%i ﬁ?%h@ﬂent atgg%ﬁ?xne %'\éﬁe?@qrse %e:ﬁﬁﬁpd

cont act ed wEeh ueasensypfcapnyenience.i nFbei thermalotreatment carieb| e of
occupying abérfafmed at aeﬁéﬂ§893tﬁkbeﬁp EBtBbbﬁEe@Q%'ca”d external, of the

MCM 56. 15 abl e cations have dinensiogns |ess than the pore mﬁndoms
of MCM 56, mhlchTHQVEQEPﬁ§ﬁ§F0H§5655519x§“hﬂ§§$ﬁ§w$°aﬁ@e selectiiyvg ude t he

sodlOI um cat lﬂ&if%@aﬁ@bﬁs ruahgateoafaaﬂet ﬂﬁvegtl.ll?n &es 'a'émt%awhtal%@r E?Fel
product is thepn ba anged with u catign whi.ch repl aces
the cati onsTan*Pht §$8rﬁﬁf 25 aCiguPFﬁéglsy Pﬁé‘k&w@@%eﬁaﬁkmﬁﬁtﬂ tayy
virtue of iistermal aeid activitgsically hindered fromentering the pore

openjmgs of the gne sulgﬁﬂfé'ﬁéthgﬁ'gaglEﬁegkhgvgahgaa§i%§¥30%t | east one

di nensi on greater than Angstrom an
tetrapropylhh“%hvﬁﬁ1?TFMQE%T??aGQtiﬁﬁ exghanger progglumesnimwkich the

(TEA[err]) Degt gk [ (o
Anot her su.fﬁ%‘Fﬁ“ﬁ%{’ﬁﬁf& 7o fseﬁ LT SEyOELHENCERAL G1Eh) aCBatllytically |

the externalPRgFivee 6Fi?ﬂe Bgifi PAPgPle of oggupyingcally thetive or
i nactive meéxchahgessibeas bbthi paternal and &xtEQﬁal$Oo§SthQ MOP~&3SEe Or

d I t t th t I

acti Bty orSPREabt8! dafflpdhave aHhLASTORS! LUREYCRART ThE! Roke, MipERlR. (g
t he surfaceoficHeMty6, Wthhdha“EI@SBeneiQnaspﬁeSQBX#tAngstepualaadldlty, i's
to dfﬁ@i@aaethéssaeiﬁﬂléatiaﬁ tEﬁed§a£5¥g§hhoeFeEo$ ana khe 3°

tertbutyl benzepe (TTBB), a bul ky nol ecul e can_on
cesium cation. The product is then back-exchanged with a

bulky cation which replaces the cations on the external
20 surface of the MCM-56 but which, by virtue of its size, is
sterically hindered from entering the pore openings of the
material. Suitable bulky cations have at least one
dimension greater than 6 Angstrom and include the
tetrapropylammonium (TPA’} cation, the tétraethylammonium
25 (TEA') cation and the tetrabutylammonium (TBA') cation.

Another suitable method for selective modification
involves coating the external surface of the MCM-56 with a
catalytically active or inactive material, such as alumina
or silica, so as to increase or decrease respectively the

30 surface activity compared to the internal activity of the
MCM~-56.

A convenient method of measuring the surface acidity
of MCM-56, exclusive of its internal acidity, is to
determine its activity for the dealkylation of 1,3,5~tri-

35 tertbutylbenzene (TTBB), a bulky molecule that can only
react with the acid sites on the surface of the material.



react with the acid sites on the surface of the material.

-8 W 3E;?alkylation of TTBB is a facile, reproducible nethod

for neasuring surface acidity of catalysts. External - PCI(LSPHes27
activity can be neasured exclusive of internal activity for zeolites
Wi th pore dianeters up to and 5 including faujasite. As a test
reacti on deal kyl ati on of TTBB ggcurs at a constant tenperature in
the range of from about 25 to about 300[err]C, and preferably in the

range of. Deélﬁ?lﬁb@dﬁ 880TrBRakauUA iﬁaile, reproducibi@ﬁuﬁ%ﬁ@ﬁ!”E”ta|
conditions _for t use rature of

200[ err] C £78 Efﬂ%@ﬁﬁaﬁl§“Bg§§§uP81d1gY of ?ﬁgaEX§FEy AERERIBALI TBE | s
carri ed ousurfacegaesivitpctan be meas@t8dcexcliisineObf dateanalng an 8 gm

ek LeF kBy zep1 1£BESRER Pol biNBALRYCup U SRR YE! . POYTeS

mi xed wit h® € re eated rr]Cin 30
cc/ dm 15 1nChudLDgeﬁaﬂDa$3Den1aneQ testerpactiopufenlkylatdon lof

catal yst ﬂc-crﬁi‘sgm:hé BBnHB'Btdtéﬁﬁlai‘Séuk& 44l ¥88° range of o TBB) E

injected into the reactor [ eed vapori zes passes through
t he prehea?b@“ﬁnasl§°vﬂBBPtmﬂQﬂ ¢, “and Bﬁ%gﬁﬁﬁbBVeintFEecﬁﬁag?stsanple

After equifi+bhi &bt 200 to apagBegebhe.nitrogen is switched to 20 cc/mn
hydr ogen. nfor out . 30 tes gnd th reactlon
products are aﬁgpﬁzﬁﬁpﬁ§183§tﬁﬂrSﬁﬁgbﬁFaﬁﬁy a¥' e8d Teld g %ﬁ

dealkyl at i tncpudduat tempdratubat pEb200t0cand atmoéphEBlic ﬁneshare.

deal kyl at | pot gol1 Rt Xk DERZEPOrtBEPLs30lr2Tea_ouBeiReLe g BLOGRUCEUL Lo 2

| esser exte ersi on ated on a ar carbon
basis. Dealk§|emi¥nl cm 09)p¢90§§#“&999ﬁ3 Gbaﬂelédéﬁ meshi yyicex ighiphe

appropriaigreheater096bﬂawaan9?rorﬁt EQtSQ &erbobae&hﬁiﬁgu!wakﬁnt amount
of E Bﬁ?&ﬁ 0 nd B,x 18/ 6. These 30
C

1
val ues ar eVYF@E GgiHsrn The F8RFLRrn Gﬁ éaaaplbﬁ 30 cc/ghnere
ast gy i sks pigregen ﬁdrusbnnmhutasthe eqmcvaleaparitles from the

DTB8*  + TEBPalystBs;mple. Ten gm/ TTB? EQB%E ol%ed in toluene
(7% TTBB) is injected into the reactor. The feed vaporizes
as it passes through the preheater and is vapor when
passing over the catalyst sample. After equilibrium is

20 reached the nitrogen is switched to 20 cc/min hydrogen.
The test is then run for about 30 minutes and the reaction
products are analyzed by gas chromatography.

The major dealkylation product is di-t-butylbenzene
(DTBB). Further dealkylation to t-butylbenzene (TBB) and

25 benzene (B) occurs but to a lesser extent. Conversion of
TTBB is calculated on a molar carbon basis. Dealkylation
product weight % are each multiplied by the appropriate
carbon number ratio to convert to the equivalent amount of
T™BB, i.e. DTBB x 18/14, TBB x 18/10 and B x 18/6. These

30 values are then used in the following conversion eguation
where asterisks indicate adjustment to the equivalence.

DTBB" + TBB® + B
% TTBB Conversion =

35
TTBB + DTBB” + TBB® + B*

The coefficient of reaction, ki is then caclulated



35**

TTBB + DTBB* wip d¢ii3isst B *
is then caclul ated

on the assunption that that the conversion of TTBB is a

The coefficient of reacl;(ig_%]sg_”ﬁp%‘r?r]

first order

reaction according to the equation: k[err] = Gas flow
rate, cc/mn x In(l-[err]) 5 -9- 60 x Catal yst vol une,
cc where [err] is the fractional conversion of TTBB at 30

m nutes on sbhe&he assumption thatt thatasheofcdviddrstorn foef TS danwer Si on

is 10 acc

di sproporti o%g??glnglgﬁgﬁﬂ ?gﬁ%ﬁéﬁgﬁéﬁ%ﬁéﬁ@ﬁ?@% g%ﬁ%ﬂy co.h_ver si on

is cal cul ated based on the wei ght % of toluene in the feed converted

s fl

and, again assum nqﬂ;spa;fﬁg%as flow TRREES g%gﬁ],e ]jg;(rls_tsrpr er reaction,

Klerr] is derived 15

In(l-[&rr])

stream

t he Jour nal

(1966); and Vol . ) . .
referce asaccompanied by gdgpifpcaos. comy

test used

15

20

25

30

35

BW rate, cc/mn x

———————68——Catalyst—velurer—ecc 20 | where
E[err] is the fractional coseeksicatadiystohiddumedt ot m nutes on

A conveni ent t hod of neasuring erall acidity
of MOM 56, i WRPES S@%flsoc?‘?}? iﬁ%““%ﬁ%ﬁal"%‘ﬁ%%&%’? n%# "Frsl A€ ai.‘? dity, is
t he al pha t esinutéscbni steaeam.i bed in U S. 25 Pat ent No. 3, 354, 078:

of Ca%%l \‘.gxiesgsggl bf4MC{(i-§§0) Ell.he;r’%'}agl%%%er\éqloa) g P G

each 1 ncorporate erein by

disproportionation into benzene and xylenes. The toluene
conversion is calculated based on the weight % of toluene
in the feed converted and, again assuming that the
conversion is a first order reaction, Ky .. iS derived
from:

Kiojwene = Gas flow rate, cc/min x In(1-€goiyene)

60 x Catalyst volume, cc

where €;,.. 18 the fractional conversion of toluene at 30
minutes on strean. |

A convenient method of measuring the overall acidity
of MCM-56, inclusive of both its internal and external
acidity, is the alpha test, which is described in U.S.
Patent No. 3,354,078: in the Journal of Catalvsis, Vol. 4,
p. 527 (1965); Vol. 6, p. 278 (1966); and Vol. 61, p. 395
(1980), each incorporated herein by reference as to that
description. The experimental conditions of the test used
herein include a constant temperature of 538°C and a

in

exgion efht@luensdiby ons of the

variable flow rate as described in detail in the Journal of

Catalysis, Vol. 61, p. 395.

Thus the selective modification of the invention can
be demonstrated by comparing the TTBB conversion and the
alpha value of the MCM-56 before and after modification.

The modified MCM-56 material of this invention may be
used as an adsorbent, such as for separating at least cne



herein include a constant tenperature of 538[err]C and a 30 vari abl e

flom/rategﬂ§9£@ﬁ£{ibed in detail in the Journal of Catal ysis, Vol.
61, p. 395. Thus the selective nodificati on of RdTaUISOMUBAtY i ON
can be denonstrated by conparing the TTBB conversion and the
al pha val ue of the MCM 56 before and after nodification. 35 The
nodi fied MCM56 material of this invq tion nmay be used as an

adsorbent, such as for separating at | east one _

- 10- n f O ARy ent.s pQr or.
i qui d phgé"é"%%.“ %g%gib P aoWiRe g}‘ésgrfﬁf?é“ﬁ’%@%?%q?%‘r b VEpotRY O
respect t&diffRiAsphasgehavdpg diffexestigde seypdoancharacteniat iws

parti al | yy@thsybspaeti bl Mchebsl.! Y Thepareired GkONeastd dBm?dH f
conponents_ha ing ditfg&gntial Eg&gtion charactgﬂ%nlc w%ﬁ#ﬁespect

to MOM 56°BY REnPALERAGLYLQY substaptiplly fotgliy. separsded fysmeeivel y
sor® the mirture of components having diffe?hﬁt&&diﬁb&%;:§f456 material : of

this invepii 0 al.yze a wide variety of

chem cal - ChafictdRiitics G138 BEHAEE, k8, HRMEY Byl cimtaatlng the
commer ci anixbuget wish EhgoMCMn56. tvherlastdvelyasorbalthe one - the

modi fi ed afiepterial of the invention may be intimately conbi ned

wi th a hydrogenatin gogponent such as 15 tungsten, vanadi um
nol ybdenum rh@HPuwgd fdRe MCYsBS material ofhthisudnvemtdemesan or a nobl e

mel@l suchiss PeausBaMEOr catalyzePal hadeUa¥iety 8f chemical
hydr ogenat i on- de ' ' be per?brned. Such

Qﬁdro%enation .ungthon IS to ( .
conponent SRR¥eRE1PR PROCESRESsiPFINAing many, of presestcr ystal | i zat i on,
exchangedcomnerthalgdngusiriad 2fiportahcethewhehenbed @s0WpP caltbAyakement,
e.g. alun S pls —eel syct yre,. i npregnated therein or
intinateF%ﬁEE%g?ggkgg Mc? >6 ggﬁ?%égitﬁgrgﬁfpﬁpvgﬂg o fiEn can be

i npr egnat tAtimapely combipgdiwith agubndnogenhstingacpmponent ismchhascase of

D|ES!nU”1tungstenErGéthﬂuﬁD?méi&b&éhﬁm“‘EﬂeﬁiﬁﬁtuﬁﬁﬁﬂfionEQLQth a ,
pl ati num 25 .netal-contalnlng fon. Jhus, suitable p at'i num corrpounds
for this PUFPBLBR, \BROERNERPor BF| &t PAPLeaRelal pEUEhNBSs Platinumc BKori de and

vari ous cpapdbadilamcehesenanhyibegehatisti®iehydrogenation function is
to be performed. Such component can be in the composition
by way of cocrystallization, exchanged into the composition
20 to the extent a Group IIIA element, e.g. aluminum, is in
the structure, impregnated therein or intimately physically
admixed therewith. Such component can be impregnated in or
on to it such as, for example, by, in the case of platinum,
treating the silicate with a solution containing a platinum
25 metal-containing ion. Thus, suitable platinum compounds
for this purpose include chloroplatinic acid, platinous
chloride and various compounds containing the platinum
amine complex.
When used as a catalyst, it may be desirable to
30 incorporate the modified MCM-56 of the invention with
another material resistant to the temperatures and other
conditions employed in organic conversion prbcesses. Such
materials include active and inactive materials and
synthetic or naturally occurring zeolites as well as
35 inorganic materials such as clays, silica and/or metal
oxides such as alumina. The latter may be either naturally




am ne conpl ex. When used as a catalyst, it may be desirable to

30 I ncor peoasessshe nodified MCM 56 of the invention with H{}
material resistant to the tenperatures and ot her con_dltlons g’?’% yed
I n organi c conversion processes. Such material s include active and

I nactive materials and synthetic or naturally occurring zeolites as
well as 35 inorganic materials suckhllas cl ays, silica and/or netal

oxi des such as alum na. The |latter may_ be either naturall

-11- OSBRI PO rin Fhe £ rﬁ%f'?ﬂe?faw?ms?ﬁ%w%ﬁﬁ%sogr ggiss

i ncludi ng MpHdIEPiry Sidtirea e rﬂﬁc@mmmeﬁﬂe &tides. Usendfeaial in
conjunction with the MCM 56, i..e. herewith or, present

during synt maker iy I\?@A%‘jqﬂﬁwq r%h etq‘%c!f%e'sé{ chd- 1Semhihed ¢ he
conver si on Wmﬁsﬁ et iptdsent duriinf gyrethoss i yof mw-emtaumiengﬁﬁl c

conversi on pracesses, S ents
to Xor?t IroI 4 €4 n eréﬁmurﬂ é@%%%ﬁ%?%%@%%‘%ﬂ%’@ g%ceéggggf'{ﬁ -
product s camﬂ)d:hﬂ)t@taﬂwﬁ:dm)memam mmmrctqnmx HRoocessesl oyi ng
other means ylyee rﬂééfﬁi&‘gﬂﬁ&ﬁ 68 |4l diluents T%Séoﬁfg%m giials

may be |ncorporat i nto natur occurring clays, onite
and kaol i n, the iansunte qﬁ]@oxwer51q,n udh StFIRR PRACeSR %%t'éh@/%t under

Conger ci alt ﬁdﬁw can bte duﬁxiﬁéd)(rj@conof‘ﬁéﬁw Q[ﬂdilérdérﬁg wleNdut o
(0).4| ec Cll on as naer s or e C a ESII‘a e
o PRy ing. ALeR Shal ok aantraad iy i dRte of cetdef LS

comer ci al mad mastM]rabday the piroearpordied airdty staturel ly br eakl ng

ﬁg://\n; Lgte(r)l g%ﬁ{rg&ﬁ érr% 1y onﬁ%/ ;gbq%ﬂﬁ@él %rhe puorg(}g/e% i‘hg;ow ng

crush st rengzrmsét strength of &henlgatalyst under compaxgial yomrtxmmg
clays which oy éﬁﬁgf’o%éﬁj ﬁ'&ééha s, :Ehae '&V&ﬁ%’%ﬂdéé‘dé@@ %he

nDntnDrlllonlte an ol i ies includ

subbdAt oni t E¥NCEIPn RS ﬁnde%@9%§%rﬁﬂﬁ'ﬂ%¥%mﬁ%§ﬁ%§rﬁ&kﬁn§%
Georgi a andprovide wamy@tayfawrng)tdW$ grushhistiréitPt b cdn S Hh

consti t uent dot h%ul%S' s 1‘§:aci|§ raéseilracglcé iééa ppeq,péﬂé %né rc:am’c:alyst from
breaking down into powder-like materials. These clay
and/or oxide binders have been employed normally only for

20 the purpose of improving the crush strength of the
catalyst.

Naturally occurring clays which can be composited with
the new crystal include the montmorillonite and kaolin
family, which families include the subbentonites, and the

25 kaolins commonly known as Dixie, McNamee, Georgia and
Florida clays or others in which the main mineral
constituent is halloysite, kaclinite, dickite, nacrite, or
anauxite. Such clays can be used in the raw state as
originally mined or initially subjected to calcination,

30 acid treatment or chemical modification. Binders useful
for compositing'with the present MCM-56 layered material
also include inorganic oxides, notably alumina.

In addition to the foregoing materials, the MCM-56 can
be composited with a porous matrix material such as silica-

35 alumina, silica-magnesia, silica-zirconia, silica-thoria,
silica~beryllia, silica-titania as well as ternary



anauxi te. Such clays can be used in the raw state as originally

m ned or w;ﬁsi(ﬁusy subj ected to cal cination, 30 acid treatnent or

chem cal %% i on.” Binders useful for conposit ipﬁa"W?'?P%?le

present MCM 56 | ayered materi al al so include inorgani c oxides,

not abl y al um na. In addition to the foregoing materials, the

MCM 56 can be conposited with gaporous matrix material such as

silica- 35 al um na, silica-nmagnesia, silica-zirconia, silica-thoria,

Si1|2i ca- begyhbbaitibhisCautht aﬁi %iai_clh_ﬂlahuhl‘inh_e-ltmm.a,_ sili_cla_-alumlina_-

-12- CONpOSi ns sych.as silica-al unna-, | | a- al um na-

zi rconi a §FFF9§ES|6%#38?EEEHE§PQ'Eﬁ8"§§PFCgpﬁa§ﬁég%éf%aé%eé “rconi a.

The rel at pyecpheporti ons of finely divided MCM 56 5 mat eri al. -and

I nor gani ¢ oxi dg,.matri ] 3 e\t Mclsqt - rangi ng

from about 1 t%hgb%ﬁpé§é%%ﬁpgéﬁﬁkﬁgdwslaélg%ﬁﬁ%y gﬁ%gg%gg usual ly,

par§i cul amhgentiad and doorganic oxide matniyagy Widedy . sibhoithseads, in

El'ﬂe rangeueg-%?ﬁﬁég%eh% rangin@b%nﬁgﬂw&ﬁt oL labiit @o g ey te. 10
e nodi f1ed produced according .to th% [ ventlonli} .

parti cul awejght ande ROEE "t‘ié’éléé('aﬁ’a&%d'icﬂ]\?é' y when, yERRAF LS Al ytic

cract! ng pekphyred. iﬁowtﬂﬁt}!ﬂﬁbf beads;r dakiti@e mqﬁxs a‘mrqlir i25/eha|a primary

cracking ¢co nent, . | ma anpr such as silical/alum na,

but nore ?Bge‘% ﬁgr ﬁﬁlﬁytcé’rﬁﬁpl(\ég' S °§ It%g‘rege Oﬁ&mgiécrey‘st alline zeolite, such

asipeolite X, mhel modi¥icdEMM-56SREducERMiaand ingitia che L. In

addition, ,to the |arqge W2 4 it |4 LoR¥eNt i ona

cracki ng &&vﬂgtogx (;%np%%rﬁqﬁgrflv * _coﬁﬁnﬁ?s‘%é‘%oﬁsatﬁril agmmat rix for the

zeolite. ‘atalysto aymatalytdq sacking cahadmstol (GRAVERYPIY e zeolite

| S cTARKE RS HEta 13t dorlpt D pvRiY dfadkingrRidnpaitent,
catal yst. ) The mﬁdl fied 6 a c.ocré:l) t0 thekg'x nvention can be
added to ¥&difhg MaYHRe, ANHFRRYEc I§URP AR FY5shS eqﬂ?%]rnads S separ at e
pansi cl e, nogiaday eduprikes tah laxpppate cmtstalline zeolkiteporsigted with
the large pore 26qld ¢ 354 Vd'Y © REY or US-REY, ZSM-20 or zeolite
L. In addition, to the large pore zeolite, such as zeolite
¥, conventional cracking catalysts contain other
components, notably a matrix for the zeolite. When a-
20 matrix is used, the content of the large pore zeolite is
conveniently about 5 to 50% by weight of the matrixed
catalyst.
The modified MCM-56 according to the invention can be
added to such a conventional cracking catalyst, either as a
25 separate particle, typically bound with a separate matrix,
or combined with the large pore zeolite as a single
particle. The amount of modified MCM-56 present in the
cracking catalyst can vary between 0.5% and 90% by weight,
and preferably is between 2% and 45% by weight, of the
30 overall cracking catalyst.
Cracking catalysts containing the modified MCM-56 of
the invention are useful in both fluid catalytic cracking
(Fcc) and Thermofor catalytic cracking (TCC). Such
processes typically operate at temperatures between 200°C
35 and 700°C and under reduced or superatmospheric pressure.
Catalysts containing the modified MCM~56 of the

i
{



particle. The amount of nodified MCM 56 present in the cracki ng

cat al yst carwoasm3dsat ween 0. 5% and 90% by wei ght, and M’P‘%M IS
bet ween 2% and 45% by wei ght, of the 30 overal |l cracking catalyst.
Cracking catal ysts containing the nodified MCM 56 of the invention
are useful in both fluid catalytic cra Bing (FCC) and Ther nof or
catalytic cracking (TCC). Such ‘é ocesses typically operate at

t enper at ur eg_het [err 5 7Q0[ @r.r and . und reduced or
superatnnspigyggwgggsgggese béed’to C%Qg§tg|$§9$]§SEQ§F i 7 1hﬁ?vﬁbdified
MCM 56 of thgdrocarbon feedstocks, such as petroleum fractions having

I nvention c . sack aswhde vahihety Qf ayy. s recgr bon
féedstocks,ggugﬁlgggge%géﬁgﬁﬁlf?ég?i§§S§Rngﬁ d 5%% $$§HE &ﬁm%ﬁﬂxﬁﬂﬁ ng
poi nt of 208fefE] andaapoengoppintf int exegss of 315°gg0[ 8mehC and an end

poi ntgin exgpoasoehrBehl eeblictoSiEhinBlude ExareangoaekaaG§50%ﬁ§é ncl ude
gas oils, residua s, .whol e .and t opped crUdes and .

I 0|%s, c&cge stgc
the heavy ©SYcle FLQFKSar KBALR, 8RH; LARPEE, FYLUGeF, 8RA: KBeuBeAMYC t i ve
hydrogenatiﬁydﬁbcaﬁbbn Eaactmbhshaéravpﬂaftom?ndetBEStghetire d-
According t e _inventio ' as r pLL SI n nd ,t,hat
crackinggofgxaﬁg??8¥§&%bfggdggggk ﬁ?#hpékéhﬂgsyagﬁsgﬁégtaﬁEN%%@ i has
been nodified t oAcaordipg thethe invention,ofitehaer sakpaisingly beemt er na
actiyaty gi n ' v | e t ,onshi p, an
inprgged ¥Sﬁ“ac8E3t58F2c??§§tSgaﬁgégkﬁPgﬁé?_%gﬁggﬁggggggg ihe and 15
potential afRyplYetyMEMaSehWRigh hag been medified; to increags: £hei ng

unnmodi fied Mpdibbof external acti®iBye€oOintbPAh1CREEE¢AkyCEIVRESARN
processes

i ch ff ' t al b h di,fi ed 56 of
the “ThEaveangaspl ine .y EELE/PrtatRoPRIAFORRRRLR OB 4MBFOVEDO
ot her cat al gbkeabé}eativitysahdt anhighenctombinedt gasoline andrystalline

t ts, | ; . | ' . ' b ,
cfo 19SS bYfeliar arkyipte vigla BhiX 8h PHeRLiBRR TBhRENNE DoolPONS
reacti on corentabningnunpadihfied:Me¥ebbture of from about 25 340[err]C

to about 500[errgfamplescsgubenet EneMLaRPUECAVERSRBA! bfocesses WRAiRROUL
200 atmospheres, ¢ 3o 0t 1 90ty "t LYy 388 Sy VEhS hod12iea MeM-56 of the
invention, by itself or in combination with one or more
20 other catalytically active substances including other
crystalline catalysts, include:

(1) alkylation of aromatic hydrocarbons, e.g.
benzene, with long chain clefins, e.qg. 014 olefin, with
reaction conditions including a temperature of from about

25 340°C to about 500°C, a pressure of from about atmospheric
to about 200 atmospheres, a weight hourly space velocity of
from about 2 hr 1 to about 2000 hr 1 and an aromatic
hydrocarbon/olefin mole ratio of from about 1/1 to about
20/1, to provide long chain alkyl aromatics which can be

30 subsequently sulfonated to provide synthetic detergents;

(2) alkylation of aromatic hydrocarbons with gaseous
olefins to provide short chain alkyl aromatic compounds,
e.g. the alkylation of benzene with propylene to provide
cumene, with reaction conditions including a temperature of

35 from about 10°C to about 125°C, a pressure of from about 1



fromabout 2 hr 1 to about 2000 hr[err] and an aromatic

hydr ocarbgn/ol efin nole ratio of fromabout 1/1 to about 20/1, to
provi de IBW%’%%%?% al kyl aromatics which can be 30 S ub RS I09927

sul fonated to provide synthetic detergents; “(2) al kylation of
aromati ¢ hydrocarbons wth gaseous olefins to provide short chain
al kyl aromatic conpounds, e.g.dthe al kyl ati on of benzene with
propyl ene to provide cumnene, ﬂhfl1 reaction conditions including a

temperatugg ghode 30 athBBpRELHE, 12h8" bhCakBndbIW! nidRGoaEBRCRRILRLC! 1 oM

abou . -1 about 30
at mospherbeurhyidspacer ¥aaerétiy dWHEY) bef KEpghd hr ~ tohgbpoug SPabe

vel ocity %yHSV) of from5 hr 1 to about 50[err]hr » (3)

al kyl ati on of refornike cgntainin substgntial 5 quantities of. benzene
and tol uene wi fR) f UBIXYLETLBR 9f nFREormate ceptgipingssubstapiiad inter

al if, nonguanvdfitiles! k¥ beAzene and vollenheaetthn faeldyhsoedntashidgng a -

t enper at uge og %%gg1t° r a§OUté§£§§ﬁéik§ to _about éSgC lgygr%§5ﬁre of

f r om abouts 480 pPre¥stt. s -gL48. \\B8HO5| PR SAALKYEA R out 0.4 hr
1 to 10 witbhoneabtiohr conditi\eiss- intinddng af thmperatare dFfhfrbm o

about 2 h n o r e ofr 5.t O. lLyol fue
gas feed;ébéue $18 éa&@?ﬁé?t fg§i%h%ﬁ€€%én%%? cotly%?%“ga?%%ﬁt}éag@{
benzene, abpubnBOOxPEide anﬂHéHpﬁiﬁilbnef fron pbaytcRadnhrs™ too| efins,

e. g O erzbogtedls, ng0lpr avirsvakkrb#hadeabe™ibh about 1 HRE1base Stocks
Wi th reactjon condi tpons i ncl udi t enper ature of from_ about

160[err]C?PB“Eb%uPrZGO?BPr?Cgaﬁdgg°$°1e_°fpf€9§uPE°HF flrEmt20&uf 350 to 450

pfig% I vol/vol_gﬁél gaékyégakor or phenol s m@tﬂ ol efins or equivalent 20
al cohols to pr e aain (o] tiqn
condi tions incf% inaiggggngg#aFgr§¥8PQP§§N¥§S§h%aEB§F fr%Cgfd about

250[ er r] Cpenzenessbeduene; r syiabeuandobapbtBadepei gwatlh dong chainotal WHSV
of 14 " om aGeurifs]l elgl 0cAR0BLeEInl to pRBYide alkylateg( Akofiafcal ! on of

i soal kanes, e.g. isobutah8, 'with 25 ol ef I ns, .g. -butene, wth
reaction tBR@i PRBAsSEAEKSIWAEh reaction conditions including a

temperature of from about 160°C to about 260°C and a
pressure of from about 350 to 450 psig;
(5) alkylation of phenols with olefins or equivalent
20 alcohols to provide long chain alkyl phenols with reaction
conditions including a temperature of from about 200°C to
about 250°C, a pressure of from about 200 to 300 psig and a
total WHSV of from about 2 hr * to about 10 hr 1; and
(6) alkylation of isocalkanes, e.g. isobutane, with
25 olefins, e.g. 2-butene, with reaction conditions including
a temperature of from about -25°C to about 400°C, e.g.,
from 75°C to 200°C, a pressure of from below atmospheric to
about 35000 kPa (5000 psig), e.g. from 100 to 7000 kPa (1
to 1000 psig), a weight hourly space velocity based on
30 olefin of from about 0.01 hr-l to about 100 hr 1, e.g. from
0.1 hr ! to 20 hr"1, and a mole ratio of total isoalkane to
total olefin of from about 1:2 to about 100:1, e.g. from
3:1 to 30:1.
In order to more fully illustrate the nature of the
35 invention and the manner of practicing same, the following
examples are presented,
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]?Olt)l[errng(Mlh%rﬂ afxﬁfwl%shrarri&d atlesomosa ztdm:) overrlighir] i rmhe':lge]pt

ol  owed by cgl cjni i,n flo a _ 1 I, 40[ eL.r or
hours. The 9% 355* mﬂ% W?ﬁﬁ‘al g Mty J5%\/\/;3?5‘ ﬁg't%gc [‘h "?egf ‘gn‘{}

desi gnat ed MWEM 9NOSF (480 m)orﬁmt |3e§1mfr$ézmldeobnmosé itdteed in
Table 111

I Thi s
exanpl e di s 8: csFl’tnﬁea entar aftollg'r?wo s ecatlcmi@a'm) f:ilt 1'on gexcjhar?med
MCM 36. 1ooo F (549 g:)offoyarﬁplh@uxsr rorﬁ@éﬁﬂﬁt@@%é@ﬂﬁ& |%m:rlr¢ 2650

m of alN S Und 119 S Al s mlwéa\wsample fd) tifed and
washed with |on|zed vvater The filter. cak re-slurried in 2650

o of 1 N NRGOREHGIESoPH GARP1g) A a%&asst%&mé?bﬂq il PEARY washed.
The filtercake was dri ed at 25(Exanmpg¥e a@/erni ght. The dried MCM 56

sal e 1S L1 e WSl e S Bl O SPBRRDS |
sanpllé B wasatienr iecosthanged M®R4-56f. 35% :
529 g of sample A from Example 1 was slurried in 2650
ml of a 1 N NaCl sclution for 2 hours. The sample was
filtered and washed with deionized water. The filter cake
was re-slurried in 2650 ml of 1 N NaCl solution for 2

20 hours, and was filtered and washed. The filtercake was
dried at 250°F overnight. The dried MCM-56 sample waé in
the [Na]-form and was designated as sample B. The
properties of sample B are listed in Table III below.

600 g of sample B was slurried in 6 liter of 35%

25 tetrapropylammonium bromide ([TPA]Br) solution for 2 hours.
The sample was filtered and washed with deionized water
until no residual bromide was detected in the filtrate.
The filtercake was re-slurried in another 6 liter of 35%
tetrapropylammonium bromide solution for another 2 hours.

30 After filtering and washing with deionized water, the
filtered cake was dried at 250°F (120°C) overnight. The
dried MCM-56 sample was in the [TPA}/[Na}-form and was
designated as sample C. The properties of sample C are
listed in Table III below.

35 The selective ion exchange process described above
involved the use of a small cation, sodium (Na]’, to occupy



25 t et rapr opyl anmoni um brom de ([ TPA]Br) solution for 2 hours. The
sanple was filtered and washed wi th dei oni zed wat er until no residual
brom de WX W% ed in the filtrate. The filtercake peBaugodpduhs i ed
in another 6 liter of 35% t et r apr opyl anmoni um br o de sol ution for
anot her 2 hours. 30 After filtering and washing with dei oni zed water,

t he filtered cake was dried at_ 250[err]F (120[err]C) overnight. The
dried MCM 56 sanple was in the [TPA]'} Na] - f orm and was desi gnat ed as

anpl e C _.The ' i sted.in Table 111 bel ow
35 ¢ CarlieRORBide, Fef8) BB taUlincae, Ng oatdngdotfons on

i nvol ved the sarmple wexesther bach, exchanged Neith a dulkypgation,

- 16- H’W [ f ot ' % [ tio on

t he sarrplteet\:/\zlgffl’e*? n aqki‘selg'ghg}n%@d '\?\A’Stdt#éa ul % gg{%f&iﬂﬂﬂéﬁn or
tetrapr op@ﬁ%ﬁaﬁm{ﬂlﬂﬂ [Was Felagdivelyn exahapged mitdi dhefsodium

[ TRA] [ er rdateidn® M odd te@sors eties {éwe LK Chartinse Vb ¢ udkes 6 0di g5 5 s
cations lqcated on the exterpal surface of 56, For ~those
exchange Yqﬁ%%l)eﬁrh%’%g? oé%cf’e \/\?f‘?ﬁ% PRAte yithip the layer g thard
occupi ed wenai readli amcupbed sel tihes¢d i) “becdusesthe [TPAYEcatiidhd arge to
access LUAIAIAGd 109 MUELNNISEN tne 10 A0 WbAGDC Second

exchange. ) Thi s
exanpl e % MAEERS (dRrinekhetsesend exchangs. coat ed MCM 56.

A 1852 g of sanmple A from Exanple 1 was slurried in 9 15 liters of 1 N
ammonium nitrate solution for 1 hour. The slurry was filtered and

washed with deionized water. The EXampl®iRter cake was dried at 250[err]F

(120[err] C) ovEHis Ghtample discloses\tie ?ﬁ'éﬁ&ﬁgﬁﬁhw A BRR{ 54~ Dy adding
g

112.5 g of g)éﬂ zed water to 140 of alum numsulfate (8 w.%

i
Al [err] O[Ce?arﬁﬁdlzdd&?. solution. The density of the diluted al um solution
is 1.38 A 882 g oSxEEnplalAinfron Examnple dn was shwpreied by sddi ng

886 g of 15AdiANN ¢ Ui N ahEnd 1SR GR A3 Gothfidh gf%ﬁail%é&r. The S°Ua.

The density of the sodium alum nate solut]on |
slurry was filtered and washed with deionized water. The

filter cake was dried at 250°F (120°C) overnight.

An alum solution was prepared by adding 112.5 g of

deionized water to 1406 g of aluminum sulfate (8 wt.% Al,0,)
20 solution. The density of the diluted alum solution is 1.38

g/ml. A sodium aluminate solution was prepared by adding

886 g of sodium aluminate (USALCO 45) to 39.8 g of caustic

soda. The density of the sodium aluminate solution is 1.54

g/ml. A second sodium aluminate solution was also prepared
25 using the same procedure.

The dried filtercake (845 g) was first slurried in
deionized water, and the slurry was heated up to 120°F
(50°C). After the temperature of the slurry equilibrated
at 120°F (50°C), the alum solution and the first sodium

30 aluminate solution were intrcduced to the slurry
simultaneously by using two separate pumps. The pH of the
slurry was maintained at pH 7.4 - 7.6 by adjusting the flow
rate of the sodium aluminate solution. After completing
the addition of the two solutions, the slurry was allowed

35 to stir at 120°F (50°C) for an additional 10 minutes. The
second sodium aluminate solution was then introduced to the

H



g/m . A second sodium al um nate solution was al so prepared 25 usi ng the
sane proceduwe 98/03453 The dried filtercake (845 g) was ',i_dggi.;l ed
in dei oni zed water, and the slurry was heated up to 120Fgrr?
(50[err]C). After the tenperature of the slurry equilibrated

120[err]F (50[err]C), the alumsolution and the first sodi um 30

al um nate solution were int roduced to tWe slurry si mul t aneousl y by
usi ng two se[iarate punps. ,The pH of slurry was mai ntained at pH
7.4 - 7.6 bpluarysti fpe tfcs}"‘lalloﬁH of ther QY (s ﬁ?eﬁ?}?ﬁda & nat e

S|O| ution. AE?:labﬂQmél @t ’y8 ~ 10. dhﬂ:l%thm Eodg:())téhemaosae | QA% lthtio
slurry was al |,owe b err itiona
mnutes. TRELE a sé’&?nh égh é?n gf’ é‘&é‘ﬁf‘?@ B&a Si'n uced

to the was filtered and washed wlth hot deionized mter._ Theslurry.

Th f I QARS, 10.0 at
128[e p?F (?eég-e%’%kﬁ wﬁ%ysl urrh?ljwa éd)with dej%dﬁ?téﬁéﬁ%éﬁ ]Q"E&(QO[err] ?:)
for an addi thenpH 8¢ fheufddtrate was belgw ﬂ‘-l | e £idtengatewas th hot
dei onized wgb3ka ERC2B0°r (RbbPe) Cabermagntyr ! ik maadfmtafd@aﬁt@ zed

wat er until e pH he filtraté was bel ow 9 ercoake was

dried at 25WR8r P}"P"P}Q‘G‘[ @lePE)“gﬁ\%ﬁﬂdgﬁ‘ias Balcined) at | X990 F 45 was
amoni um exgganNgehoans WaThedlcaledthedl sHXplecwadd W(iﬂunl:@a-coatedi or 3

hourzRat Thegcéﬁsg nggl%%g% %ev\qanat%e flatgﬁga%}? oa d 10 MCM 56 and was

desi r'ties of sanple D are
IistedlnTabIeIII bel ow.
TabI e 1l 215 Sl grlopgrtles of sgmpﬁ.e Ig( are-I 11%teq: in Tdble III D
[H] [I\hFlOV[ TPA] /[ Na] Al umi na- coat ed Sigerr], vvt % 84.8
49.2 20 Al[ er mia¥iey rgxT WM % 8 9
6 39
1S sample I.D. A B c D
1l 2 2 3
Bxample
Form [H) {Naj [TPA)/[Na] Alumina-coated
Bio,, wt% 84.8 82 70 49.2
20 Al,0,, wtk 8 9 6 39
Na, wt% 0.038 4,63 0.926 0.041
ﬂ, wtk = - 1.2 -
Ash, % 94.5 88.5 79.5 96
Alpha # 121 0.7 39 94
25 TTBB Test Kems,8 0.24 0.0 3.07 5.02
Kicivene?S =  0.95 N/a 0.08 0.06
n-C¢, Wtk (@90°C) 5.03 3.49 4.89 2.57
Na/Al(atonic 0.01 1.14 0.27 < 0.01
ratio)
30 (Na+N)/Al - - 1.0 -

(atomic ratio)

* The alpha measurments were conducted on the samples after calcination at
1000°F (540°C). For sample C, it was first calcined in nitrogen at
900°F (480°C) to decompose the [TPA]' cations followed by air calcining

35 at 1000°F (540°C).

Table III shows that after sodium exchange, all
exchange sites in MCM-56 (Sample B) were occupied by scdium
cations, as indicated by a Na/Al ratioc of 1.14. After the

i



Na, w % 0. 038 4.63 0. 926 0. 041 N, wt %

- 7 1.2 - Ash, % 94. 5

88. 5 WOg084s3 96 Al pha * 121 PCTIUSITHg927

39 94 25 TTBB Test Klerr], s-[err] 0.24 0.0 3. 07
5.02 Klerr],s[err] 0.95 N a 0. 08 0. 06
Dderr], wt%([err]90[err]C) 5. 0318- 3.49 4. 89 2. 57
Na/AI(atomc .01 1.14 0. 27 < 0.01 rati o)

30 (Na+NTP®Br exchange (sample €), approximatlely 73% of theonic ratio)

* The al pha ‘g%g‘f% %%g %EE& 99%%@91&51 6@%&&{%6&?@{6% CgkcCination at

1000[err] sanpl e irst calcined in nitrogen at

900F (480imdidated bylca HMAL rakio PR|0e27] CBRe oFRSULES QEJtRe A r

caIC|n|n ] r Te shows
o afterf@é dlxl;ﬁn@ée?(ﬂ%%ﬁﬁé &efé@i&é &&ﬁsistent w:{.tél; 'I:tr1]e Nébl?ﬂé%%i;géérrpl s

ex
werk®e occ@h@by%?sso&%ﬂgl the %change ﬁ%cfaglﬁi{:%ﬁ ¥9re REFWPLIRGti 0 of
1.14. Aft itﬁhgodium cations, sample B exhibited insignifiedfit alpha

TPA] B S C I f At h It
LTPAI D RS SRy,  ERPERIRREL Yok g ' dpmanppra R R 1 73
0. 27. Thﬂpnauira:Euef cfha29, consaspaatn\e&tnrenimtnamrefathg consi st ent

h th I .
with the g gﬂen%gl 6‘3? g{l@& Sgﬁlllpﬁef*:é %quxﬁﬁﬁ egbdshifl) sites were

occupi ed ex um ca I ONns I nsignifi cant al pha
critki ng eationsy. Fnrcsmﬂb%@tbrsé?ﬁél‘@u@dﬁhﬁnéh”aﬁeuabﬁe vds ©Bt¥ha val ue

of 39, COQ&' %&g& %BH €RkYaPphh ¢hlhbeos samp@échyngeoﬁ?ardhoﬁl bes still

bei ng occu t.hou

10 F t.h | ph
val ue wast ﬁl‘j}"cs ‘fgtg?#?m(af*e&o tché’r# ?ﬁr%%eﬁﬁé* %é’ d‘f"dsj:frﬁﬁ %}' grrSaﬁ 2on

of the nc@kssr botipbnkeost safipeer PGwak enlpl abortahli$Dbiyndi cat es t hat
the MCM 56 Com‘_ent of sanple D was only about 51% by wei ght .
weight.
15 Table III also shows that the catalytic properties of

sample A were dominated by the conversion of toluene which
mostly occurred at the internal acid sites. The conversion
of TTBBE with sample A was an order of magnitude smaller
than those of sample C and D. The conversion of TTBB in

20 the presence of toluene demonstrated the unique catalytic
properties of the modified MCM-56 of samples C and D. Both
samples C and D showed a high TTBB conversion but with a
minimum conversion of toluene, which is consistent with the
internal acigd sites beihg blocked by sodium or with the

25 accessability to the internal acid sites being limited by
the alumina coating. Sample B exhibited no conversion of
TTBB or toluene since all acid sites were occupied by

sodium.

30 Example 4
This example demonstrates the preparation of rare
earth exchanged USY.
A commercial USY, Z14US (CGrace Davison), was ammonium
exchanged. 4300 g of dried ammonium exchanged USY was
35 slurried in 10.8 liter of deicnized water. A rare earth
chloride solution containing 844 g of REC1,*7H,0 was added

f



15 Table I'll also shows that the catalytic properties of
sanpl e A weWO d&@as4tnt ed by the conversion of tol uene which PWy
occurred at the internal acid sites. The conversion . of W
sanple A was an order of nagnitude snaller than those of sample C
and D. The conversion of TTBB in 20 the presence of toluene denonstrated
t he uni que catal ytic propertiest®f the nodified MCM 56 of sanples C
and D. Both sanples C and D showed a high TTBB conversion but with a
mi ni mum corkRriEhe MeY sbrrkfie, Aften compbetingetbevadditbhen of thei nternal
acid sites ; DHAE i ' i t o Llity to the
I nt ernal aclfaatés]% es b%@.}ﬁnﬁﬁ’%ﬁﬂ%@{oﬂ‘ﬁ Ehé?ﬁ]éggfﬁny ?1% %ggf(?%aug ﬁﬁl e B
exhi bited RPRIRRECIRAHIons °VQIQ%§H¥0r The \Bherry idas afflterddsands were
_(I)_EPUpl ed b?thed filtéﬁ&ht tk&nv.tvahs 3tashed vtvith dsfaionized water unﬁfn}u:ﬁ 4 q

I S exanp de strate epargtiop, of rare L ear exchange
usy. > chioride %ﬁrei%ﬁ%‘fe“%w‘?“ z‘%&s&%&%&%ﬁ DaVTRenfilter eakenvam
exchanged. a8 @tof250 Red 12070)i oveendighityahdS41Hheb at 10dgPFied in

10.8 liter Iy Q) : T Al I chl orjde, sol utjon
cont ai ni ng @iﬂ g ) ?);szRégii err i'?H[Tg‘rlrf(f% v\l/aetg1 aeghesaample was’ designated as

-19- sample thhe Rlopental analivses cafisanple E eradiisted Hélode
rare earth chloride solution, the slurry was stirred under anbi ent
conq&;ions overnight. The slurry was filtered and the filtercake
was Washed with deioni zeBEsRuwe til no 5 5-73chloride was detected in
the filtrate. The filteRagaweswas dripedgat 250[err]F (120[err] C
over ni ght and cal ci ned ap %?00[§é§]F n% 4Q0[err]CQfor 3 hours. This
cal cined sanpl e was desig%ﬁ’eﬂ . sanfPeiE. El enental anal yses of
sanple E are |isted bel 08i0,, Mt% 65.5 RE[err]O[err], w%
5.73 : 0 0489
Al[err]O[err], w% Unﬁgzg%i%/size A 242588

15 Ash, % 96.5

Example 5 .
Three catalysts, designated catalysts G, H and I, were

formulated with 20% rare earth exchanged USY (sample E)} and
20 20% unmodified or modified MCM-56 using samples A, C, and D
respectively in a 25% silica/35% clay matrix according to
the following procedure.
932 g of ball milled rare earth exchanged USY slurry
(32.2% solid) was introduced to 1103 g of colloidal silica
25 (Nalco 1034A). The zeolite-silica slurry was mixed for at
least 3 minutes. A 1282 g of ball milled modified or
unmodified MCM-56 slurry (23.4% solid) was added to the
zeolite-silica mixture and mixed for at least 3 minutes.
875 g of kaolin clay (Thiele RC-32) was then added to the
30 mixture. Additional deionized water was added for
satisfactory operation of the spray dryer. The pH of the
slurry was maintained at pH 3.5 - 3.75.
The slurry was spray dried in a Bowen Engineering 2°
diameter spray dryer with an ocutlet temperature of 350°F
35 (180°C). The collected fluid catalyst was washed with
deionized water and filtered. The wet cake was dried at



Sio[ferr], W% 65.5 Unit cell size A

24.595 15 Ash, % 96. 5 Thr ee
cat al ystswodg%,?sé‘ﬁ%t ed cat al ysts G Hand I, were ) f PRV @88P23i t h
20% rare earth exchanged USY (sanpl e E) and 20 20% unnodi fi ed or

nodi fied MCM 56 using sanples A, C, and D respectively in a 25%
silica/35%clay matrix according to _sp. the foll ow ng procedure.

932 g of ball mlled rare earth exchanged USY slurry (32.2% sol i d)

was Introdysedptfn:ldﬂ@) %@érx@i&ﬁ@' dai-nélaf£a<:2§roauct(blalsC91£Qé4A) The
zeolite Slllﬁ% 3 mnutes. A 1282 g of

bal |l milledd ?H Xo%Qr at” igoﬁnﬁn&???eﬁ)hﬁﬂFS% RoyrsyLodkowedshyi d) was
added to titeam deaciteationm-atl 1esoAFx{wee°endini §s¢ éﬁéaﬂ7559851r3

e o apis C0%FSPRk. TachBteb BREt R i MRS 10 e

saISsfactngbhgeIﬁtimatsfthaeprppaytdepeof Cataplpistts GheH and- I.“slurry anas
mai ntai ned at pH 3.5 - 3.75. The slurry was spray dried in a
Bowen Engi neering 2' di aneter spray dryer with an outlet =~
tenperature of 350[err]F 35 (1&H#nmRlecs The coll ected fluid catalyst
was washed withp furtherdeaesiyst, \ak8ighktel b&%qststT'Fe Wak cake was
dried at 20- 250[err] F
(1200) ovefprgulatedowikh g0}, Fate: efxth pxchanged UsY.{sampde E) inr at
100®[ err] Fa(289[ siliEx-66% 2lapumati-dkl avedriing to theStféilrbﬁQﬁ?I tvation
at 1450[err% é%@géerr]CD I n 45% st ean 55% ai r, 0 psig (100 kPa)
for 10 houP%® catalytic testing. 5 Table IV lists the
properties of c98al gsef GalH mihllled rare earth exchanged USY slurry

Exanpl e 6 (32.2% soliaq) Awsgrmeeoaaaaaygs §%? g“%?e@g‘i%%lﬁt sg114as

formulated wth 20% rare earth exchangeg
(Nalco 1034A). The zeolite-silica slurry was nixed for at
15 least 3 minutes. 1323 g of kaolin clay (Thiele RC-32) was

then added to the mixture. Additional deionized water was
added for satisfactory operation of the spray dryer. The pH
of the slurry was maintained at pH 3.5 - 3.75.
The slurry was spray dried in a Bowen Engineering 2°'
20 diameter spray dryer with an outlet temperature of 35CG°F
(180°C). The collected fluid catalyst was washed with
deionized water and filtered. The wet cake was dried at
250°F (120°C) overnight. The dried product was first
calcined in air at 1000°F (540°C) for 2 hours followed by
25 steam deacitvation at 1450°F (790°C) in 45% steam/55% air,
0 psig (100 kPa) for 10 hours before catalytic testing.
Table IV lists the properties of catalyst F.



10 a 25%silica-55%clay matrix according to the foll ow ng

procedure; WO 98/03453 932 g of ball nilled rare earth exchrocgasotidyz7
slurry (32.2% solid) was introduced to 1103 g of colloidal silica
(Nal co 1034A). The zeolite-silica slurry was m xed for at 15 | east 3
mnutes. 1323 g of kaolin clay (Thiel, A RC—32) was t hen added to
the m xture. Additional deionized wat & wa added for satisfactory

operation of the spray dryer. The pH of the slurry was naintai ned
at pH 3.5 - 3.75. The slurry was spray dried in a Bowen
Engi neering 2' 20 di aneter spray talyke I¥th an outlet tenperature of
350[err]F (180[err]C). The collected fluid catal yst was washed with
dei oni zed water and filtered. The wet cake was dried at 250[err] F
(120C) overcatpkys®he dried produ® was fir@t Hcalcined &n air at
10008 (540[3511‘»1\{))3{115112 hours followed by 25 st eam deaci tvation at
1450[err]F€?§ in 45% ste 55% ai ? psi g (1 kPa) for
10 hours” b N et M sl ibid s the Py ties of
Table |V €Clay lﬂ%ﬂ %ii 55 35 H35 |
5 For mBikiem matrix, 4% USy, 2/ % 25 20 25 20 25 20
20 10 319,56 wtdpl e type N6Be2 Sampl78.A Sanp¥ve.C Sanples.ld
Clay matri»>aiofowts 55 38.3 2353 2135 27id i ca
matrix, W %a, wi 25 06.185 0.12 25 10g,.32 Sio[erg ]y WM %
65. 2 7 504, wt¥2. 1 66.14 5 OAgBerr]O[gri]) W% 4.0 28.3
21. 3 : wts 27.5 . W% 35 3 .10 %éflﬂ
0 33 ’ RE[err]O[eﬁr] wt% 3. 2 . 98
13 Sllkea, wtk (o e % 55 23 35 25 35
35 15 Hyrgace \aoea,n/g 3255 1y 1
Surface ar sl ¢ 134 9_856 9932 98163 99.&h, %
98. 6 99. 4 98.0 99. 2
The results of the rare earth analyses on the four
20 catalysts suggest that they have similar RE-USY content in

each of the catalyst prepared. The results of the surface
area measurements of the four steamed catalysts are
consistent with the relative amount of MCM-56 in each of the
catalyst.
25
Example 7
Each of the catalysts F, G, H, and I was evaluated in a
fixed fluidized bed reactor using a Joliet sour heavy gas
oil (JSHGO) as a petroleum feedstock. The properties of the
30 feedstock are listed in Table V below:



The results of the rare earth anal yses on the four 20 cat al ysts suggest

that they Wewsesissi | ar RE-USY content in each of the_catal
prepared. The results of the surface area neasureneanTQ#”ihﬂ¥W(nn
steaned catal ysts are consistent with the relative anount of MCM 56
in each of the catal yst. 25 Each of the catal ysts F,
G H and I was evaluated in a 234 xed fluidized bed reactor using a
Joliet sour heavy gas oil (JSHGD as a petrol eum feedstock. The
properties of the 30 f eedst ock areableted in Table V bel ow
-22- Table V Feed
JHSGO Feoldn gravity JESGQ,
Pour Point, [err]API[ graydty 95 (35) 29.7 Ki nemati c
Viscosity at | O0Cpohas P°1ﬁt950F c NbleCU|a@§M1§§F
369 CCR, wt,% °c) o
Arofatics, w% Kinematic Viscosity;mt; 100C, cs 7.9%%turates**w % ¢
4T14- 7I 10 Modekular welight 1500 36982 6 '
otal nitrogen, ppIx asi c nitrogen, ppm
490 SRR, B 0-58 g v,
ppm Aromatics, wt% 0.29 15 BS.3ppm
1.2 3 bobk ng point, [err]F ([err,C) 497 (258)
50% poi nt , [err]FS%Eh%]%) ¥ 826 (441)‘]4 [ 90%
poilk, F (O sulfur, wt¥% 1001 (583) 20 2.Fhe reactor
t enperature was QQQ&gqrhﬁt&égaheriﬁa, and the oil 1590 delivery tine was
1 mnute. At a cat tg oil, .ratio of "4, the
c nitrogen, ppn 490
Ni, ppm 0.48
vl ppm 0029
15 Fe, ppm 1.2

Initial boiling point, °F (°C) 497 (258)

50% point, °F (°C) 826 (441)

90% point, °F (°C) 1001 (583)

20 The reactor temperature was 960°F (515°C), and the oil

delivery time was 1 minute. At a cat-to-oil ratio of 4, the
activity ranking based on the volume percent conversion of
fresh feed was as follows:
H<G=JICKF
25 75 < 73.2 = 73.5 < 71.1
Comparing the activity of catalyst F with those of
catalysts G, H, and I, the presence of unmodified or
modified MCM~56 helped to increase the conversion of a RE-
USY containing catalyst. It is also surprising to note that
30 catalyst H was the most active among the four catalysts as
part of the acid sites on MCM-56 were occupied by sodium
(ref. Sample C, Example 2). The similar conversions
observed for catalyst G and I suggest that the alumina
cecating on MCM-56 enhanced its activity, as there was only
35 approximately “50% MCM-56 in the alumina-coated MCM-56
sample {(ref. Sample D, Example 3).



activity ranking based on the vol une percent conversion of fresh

feed was as WEP 9843453 H< G | <gderAfornsoz
75 < 73.2 73.5 < 71.1 Conparing the activity.of catalyst

wi th those of catalysts G H, and I, the presence of unnodified or
nodi fied MCM 56 hel ped to increase the conversi on of a RE- usy
containing catalyst. It is also surpri sﬂﬁ'g to note that 30 catal yst H

th t acti th t al t of th d
Sites on N o6 WiPE SRER BAChLE AP, RrtaLPeES ror o, PR Blodhic ).

The sim | ar vohv%rebxmersmn 1sogi'eeneninf Pabtet HLybelGwand | suggest that

the al um na coating on MCM 56 enhanced its activity, as there was
only 35 approximately 50% MCM 56 in the al um na-coated MCM 56
sanple (ref. Sanple D, Exanple 3). Table VI
- 23- e yield pattern of catalysts F G H and I 70
vol . @6conver§?sﬂl¥géglzen |inabIe \ below}y ?i. _ p
Table VI 5 Cat al yst F G H I
Li ght gas, webght gas, wtk 3.0 2.9 3.88 2.9 9 2.8 H29], w%
0.14 0.10 H;, 0% 0.12 Total Q¢34 v@.-1B 0.06 o7i1g 11.1
9.6 9.4 1Potal Clewdl=AC err], nol/nol 7.9 11.1 9.8.3 .9 3.2
3.3 10 Tej=te,¢] ablymotol . % 2337 18.6 13.3 163.13
qerr] =l J erpdeaih{ Wo1. % 017370 asooaslw
derr] Gasol m?c L &/m 55.6 50.6 g o4 2 grr
Gasol i ne, wt 4’ 1 3% i% 41.0 45.2 aﬁ 1430 740F)
26.4 26.7 ©SneS3s° 28% vo HFO, wt % (%uﬁr[e 432 g 2
6.3 6.2 Cs Gaspiime, Ntk 5. 54572 444.0 5 ¢
RON, Yerr] ¥@@ol¥hE (430-740°FBg 5 91 0 268h. 025-90 123  2ps6but ane/
(C3+C4) A efB¥R, wt30{BEO+UFH4 0.54 0. 693 6.2 6.3 6.2
Coke, wt% _ 6.2 5.7 4.5 5.0
RON, C.' Gasoline 88.5 91.0 89.0 90.1
20 Iscbutane/ (C,+C,) Olefins 0.60 0.54 0.54 0.49
I80-C=/C,= 0.19 0.29 0.27 0.26
{Gasoline+1CO)/ (HFO+Coke) 5.7 5.7 6.6 6.3
Potential alkylate,% vol. 18.3 26.7 22.8 24.4
25 Gasoline + Potential 73.9 77.3 77.9 78.6
alkylats, % vol.
ARON/aGasoline loss(volg) Base 0.5 1.3 1.1

The incorporation of unmodified or modified MCM-56 into
30 a RE-USY containing catalyst improved the coke selectivity,
the octane of the gasoline, and the LPG yield. However, the
latter came at an expense of the gascline yield loss.
The modification of MCM-56 by the selective cation
exchange method and its incorporation in a RE-USY containing
35 catalyst (Catalyst H) resulted in a reduction in the
gasoline yield loss. Although the absolute gasoline octane
gain was less than that observed for Catalyst G, the (aRON
/aGascline loss) ratio suggests that Catalyst H was more
effective in increasing RON without a significant debit in
40 gascline yield. Table 5 shows that Catalyst' G and H had
(aRON/ Gasoline loss) ratios of 0.5 and 1.3, respectively.
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- 25- CLAI MS: 1. A layered conposition of matter,

MCM 56, whi BHD 98405453 an X-ray diffraction including the |iptasudsh@ésag in
Table 11 bel ow: - TABLE |

I nt er pl anar Rel ative 5 d- Spaci ng

Intensity (A) 12. 4 0
0.2 VS -259.9 J[err] 0.3 m s _
6.9 + 0.1 w 10 6.2 [err] 0.1 s
3.55 [err] CDAZMS: m s 3.42 [err] 0.07

VS and whi ch has been selectively nodified so that the ratio of 15

t he nunber of active,acid sites at ext er.nal urfa nunber
of internal acti@e ali agFFSé FgmBPga?éP“tﬁgnmat er'tﬁ%FLgpftﬁ? &f i ed
material. an X-ray diffraﬁteohayac&ddangpuhetndnesflistbdrmm:T@haenux

whi ch g been selectively nodified so as to render the internal 20
acid sites Su éYantlaIIy catalytically inactive. 3. The
| ayered conposition of matter of Claim1 which has been sel ectively
nodi fied by the application of a C@ﬁh?ﬁﬂjﬂf a catalytically active or
i nactive material to I ts external surtace.
Interplanar Relative
5 d-Spacing Intensity
(A)
12.4 + 0.2 vs
9.9 + 0.3 n-s
6.9 + 0.1 w
10 6.2 % 0.1 s
3.8 + 0.07 n-s
3.42 + 0.07 vs
and which has been selectively modified so that the ratio of
15 the number of active acid sites at its external surface to

the number of internal active acid sites is greater than
that of the unmodified material.

2. The layered composition of matter 6f Claim 1 which
has been selectively modified so as to render the internal
20 acid sites substantially catalytically inactive.

3. The layered composition of matter of Claim 1 which
has been selectively modified by the application of a
coating of a catalytically active or inactive material to
its external surface.

25 4. The layered composition of matter of Claim 3
wherein the coating comprises an inorganic oxide material.

5. The layered composition of matter of Claim 4
wherein the coating comprises silica or alumina.

T,



The | ayered conposition of matter of Caim3 wherein

25 " 4

the coating conprises an i norgani c oxide material. 5. The
Immmﬁc%%%@ on of matter of Claim4 vmamnxhgﬂﬂﬁW&”
conprises silica or alum na. - 26-

6. A catalyst conposition conprising a |arge pore zeolite cracking
catal yst and the | ayered conpositioazgj matter clainmed in claiml.

7. The catal yst conposition of Claim6 wherein the 5 | arge pore zeolite
is a zeolite Y. 8. The catal yst conposition of Claim®6
conpri sing about 0.

51to 9096b%. ight of iakd Iayﬁred conposi tion of
matter by wei ght ob ERBalysgh ¢epPe ﬁ%ﬁg t PeRpPrising a° largeqPoxe,y r ocar bon
ConverSiOQgBiQﬁésérﬁeﬁmhbsbaﬁaIQSt andt thei bgyeredacbmpositdeamo€onpri si ng

a hydrocarbon to be .conxg&teg, under conversion conditions,.wth the
| ayered mattey FiaipedniBi ChdiPet of claim 1. 10. The
process of Claim9 selected fromcatal ytic cracki ng of a heavy

hydr ocar bon feedst oc a Lan 0 i3 e ' an
olefin. and al kyfati el paXadist Sg%gﬁg#?ﬁnwat? pCZhig EooNaianh Wi
5 large pore zeolite is a zeolite Y.

8. The catalyst composition of Claim 6 comprising
about 0.5 to 50% by weight of said layered composition of
matter by weight of the catalyst composition.

S. A hydrocarbon conversion process comprising
10 contacting a reaction stream comprising a hydrocarbon to be
converted, under conversion conditions, with the layered
composition of matter of claim 1.

10. The process of Claim 9 selected from catalytic
cracking of a heavy hydrocarbon feedstock, alkylation of an
15 aromatic feedstock with an olefin, and alkylation of
isoparaffin with an olefin.
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