. 22 VAR 2004 WD 01/23089 PCT/ EPO0O/ 09586 METHOD FOR PREPARI NG A LOW ACP [3l MAR 2004
REFRACTORY OXI DE- BOUND ZEOLI TE CATALYST The invention relates to a net hod

for prempoborgsosy catalyst conprising a zeolite and a | ow ggh@dod/09sss
“refractory oxide binder which is essentially free of alumna. 5 Such a

met hod i s described in patent publication US-A-5053374 which illustrates
the preparation of a silica-bound USY catalyst. In this preparation 65
wei ght paMESHY FPRSFREEARING A FO% KREIPHTMREFRECTOBWIENT DRABOUNDX BEDL IME t GATREY ST
wei ght parts of silica consisting of various .0 ratios of an anorphous
precipitated silica (PPG Industries H Sil 233 EP) and a basic col | oi dal

silica of theg:th%/pe Ludgx HS- 30. . A hono enous}}m'x was obtained by nulling.
"The noisture coht eMVBP-1RB AEx3NES & GFstWdhast fox Areraming percent with

dei oni zed @i £TysTheombxivaagla eenuded 4y Vi el sl afe gxi¢ydate. The
extrudates were subsequent|y dried_and ammoni um exchanged to renove

sodi um andF ShARGHREN PYLESI PLREGT WS ot arsentfidllyefremdoteol ite are
used in thg ko ext of the present invention the content on a dry 20
basis is neant. Wen a pH value is nmentioned the pH as neasured in water
of 518 C i s neafich Thepethedaniias desomited npr et drie mibkihgatiod t he

cat al yst Tc - al.n rqcess as _described in
Us- A- é0533 4.##(?§§|32§egggghaﬁﬁ%%%ért%%veﬁsen REARASAT* %t Phddt es are made

having a zebli¢z-koandnVSYf caellgwts0 Mt %hisd mnpearstibates wesgrength of
the catal st | S pe Liyel) .infl.%en ed when the zeolite content is _
reduced. F%? 53nR agg |%Sf’?‘(&ﬁ§ a7, &88 ¢ r"bcﬁﬁ&tp%d%l‘t’a%épwgo W%is
‘advant ageousth 35 ewesght part@podved 1SelLddnd it By setdyiiyugf the
capalysed | LERCli Op an aRsdiut s bre b AL ARP LN b5 e 2 2 MM 2004
Industries HiSil 233 EP) and a basic colloidal silica of
the type Ludox HS-30. A homogenous mix was obtained by
mulling. The moisture content of the mix was adjusted to
42-47 weight percent with deionized water. The mix was
15 extruded to yield an extrudate. The extrudates were
subsequently dried and ammonium exchanged to remove
sodium énd subsegquently calcined.
When contents of binder and zeclite are used in the
context of the present invention the content on a dry
20 basis is meant. When a pH value is mentioned the pH as
measured in water of 18 °C is meant.
There remains room to improve the strength of the
catalyst extrudates as obtained by the process as
described in US-A-5053374. This is especially true when
25 catalyst extrudates are made having a zeolite content of
below 50 wt%. It appears that the strength of the
catalyst i1s negatively influenced when the zeolite
content is reduced. For some applications a zeolite
content of well below 50 wt% is advantageous in terms of
30 improved selectivity and activity of the catalysed

reaction. An example ©f such an application is the



, WO 01123089 PCT/ EPOO/ 09586 2 catal ytic dewaxi ng process as descri bed 2 %MA“ ZHDL_
WO A- 200029511. The object of the present invention is a process to
prepar ew é1msogci dity refractory oxi de bound zeolite 5 capel/gpdosdosssi Nng a
hi gh crushing strength. A further object is to provide a process which
enables one to prepare silica bound €atal ysts of sufficient strength
havi ng a z%ol ia:tle c.ontgnta)(c){nbel ow 50 Wt % The object of the invention is
achi eved by 316 Y 'T0" SFYRN R BFEEESS. 2R HECREACRSr 1Preparing a catal yst
conpri si ngwpzedda@E @kl a | ow acidity refractory oxide binder which is
essentially fr of al umi na_whjch nmethod _conprises: (a) preparing an
ext rudabl e mas?%ceorﬁ;?:l SthogPh S0B B5eSeRkt LAVP)tA6RDGENBUS IPCLSES & Df

zeolite, wdpare §C&6§ea@idi9§_k@?&@%k@&kéo&?@%agbgﬁﬁ Q&g (i nder

present as an acid sol and an am ne conpou extruding the extrudable
mas$ resul Gat@ ¥ dmhatepa (a)hiagb ce)sdipongtreageht.r dduethesul ting from

step (b); . : Cl i h ' xtrudate resulting fromstep (c).
Cat al yst part |ecﬁ1£eg’)%g€%i %gggg?/&t %egggggggpfééggs eﬁ‘&\g &S hPeased
crushi ng storapgde Shisca sbadndntagedystaboliecadse civalt cahr@dngds are

typically l.ied in a packed ed _reactor. to.the normally high
oper ating 3‘?6’5’3"& & %%%fhg sc?PgﬁBti ﬁ’%t hglf’é’géﬁo?"%ét'rong catal yst particles
are advant ageoitthe bisjetesodf thbeihownesbdi i wehiagkar pyoxihde bi nder 30

rra%@ri al V\% Is essentially free of alumna are silica, zirconia,
titani um difSE R IR PERTERT di OxPEBENCBoLPE RAGPAFLRGBUReSaSRIMAE or nore of

these |ike dip e €a SkébEateZhhBORI AoaNd Sl kGavhirt@nivdr A JHsjier red
bi nder is silica. e description of the invention wll further
binder which is essentially free of alumina which method
comprises:
(a) preparing an extrudable mass comprising a sub-

15 stantially homogenous mixture of zeolite, water, a
source of the low acidity refractory oxide binder
present as an acid sol and an amine compound,

{b) extruding the extrudable mass resulting from
step (a),
20 (c) drying the extrudate resulting from step (b):; and,
(d) calcining the dried extrudate resulting from
step {c).
Catalyst particles obtained by the above process have
an increased crushing strength. This is advantageous

25 because such catalysts are typically applied in a packed

bed reactor. Due to the normally high operating pressure
and mass flows in the reactor strong catalyst particles
are advantageous.

Examples of the low acidity refractory oxide binder

30 material which is essentially free of alumina are silica,

zirconia, titanium dioxide, germanium dioxide, boria and
mixtures of two or more of these like for example silica-
zirconia and silica-titania. A preferred binder is
silica. The description of the invention will further

35 refer to a silica binder only. It will be understood that



.35 tefer to a silica binder only. It will be understood that 2 2 MAR j@%ﬂm
WO 01/ 23089 PCT/ EPOO/ 09586 3 the bel ow preferred conditions wll,

appl i catsceo1/23089so0 apply to ot her possible binders as her ectarovidses. The
~acid silica sol may be any coll oi dal iIica having a pH lower than 7. An
exanple of a suitable acid 5 sili ca i's Nyacol 2034DI which can be

obtai ned fr ey .For enns nia,or Utra-S 7H from
RES! |Inc, %ﬁ%ﬂepg%/ﬂ‘egcédo 1“&“& érl?ﬁéaw?(?ln RN %é'econpri ses

- OH groups. a1$0|ssp1bbj(| tvedthkat pbaisibdlt dinkegsa agahalres deprtiidde, having a
sufficient 10 ren thdlt s essential that duri ng the m xi ng of the
cornponents in stp ?q%‘} sOMLIGR SPH BRY: REsanyr 5Gpdodral Sddvedted to - 0-

groups. Thisavsngchi gNetoh¥radeiang 7than axape160BROUNd iR 31@P B)g |t has
further been found that when addi na t he am ne conpound just before 15

per for ni ng $t&pCR bfChnievBKaRele 209ABAgEhicht ghpsbe phtmicled ifeaghtB ned.
(1t is belieyed, fPHQhF$@gta|%g§nsgg%gnﬁg Be QQHQQ %htWﬁs GPr Y, that

t he stronger cat a%yst is o ause not all groups on
the sol parREZT elrur fHeeaake Tdomventddcentd tbe glcadp$112@:aﬂwﬂ step (a) is

f bl d I, d I I
Pito a 111 AEHGhele aBtRks 58%, CPE Baulis doan Rylaguets Ths dime
conpound tootbthmnimgsa bataggseopsrixier asiakh thatfifhe i tof the

t d ed .from bel ow 7 t 25 val bove 8.
[+ Do cREr Tyt bhnf RcasBynbag . SRR BUSRRY FBSMERg G At 1 or war d

experi nment atemponedbat ihhgtept (gl sepRedl Bl 1Sbep thakd iRpsadding the
am ne conpound. As a guideline it is preferred to add the am ne conpound

during the csrer(;'oﬂdtendl foof Of hgroupe .aftti30 isneehpresker dlyl wddincheHeaast
o ot SRS BRSO S0 L OISR ) e Mt
that when adding the amine compound just before
15 performing step (b) an even more stronger catalyst
particle is obtained. It is believed, although we do not
wish to be bound to this theory, that the stronger

catalyst is obtained because not all of the -OH groups on

the sol particle surface are converted into -0 groups.

20 Thus step (a} is preferably performed by first mixing the
zeolite and the acid silica sol into a first homogeneous
mixture and subsequently adding the amine compound to the
first homogeneocus mixture such that the pH of the
resulting second mixture is raised from below 7 to a

25 value of above 8. It can be easily determined by one
skilled in the art, by straightforward experimentation,
what the optimal moment in ste§ {a) is for adding the
amine compound. As a guideline it is preferred to add the
amine compound during the second half of the time and

30 more preferably in the last guarter of the time required
to mix the components in step (a). Most preferably the
amine compound is added within 20 minutes before

performing step {(b).



.performing step (b). 2 2 MAR 2004 WD 01/23089 PCT/ EP00/ 09586 4 The Z 7 MAR 700
extrudable mass in step (a) should have a sufficient viscosity in order to

be extrwidesizpdeo shapes. One skilled in the art w il knopehemd@s&chi eve
such a paste |ike mxture. For exanple by adding water in 5 step (a) the
viscosity can be |owered. The water c#ntent of the sol nmy be between 60
and 80 wt% Preferably the _water content of the extrudable nmass as
obtained in stid)F &tRabhetmaxeetd 809 dad phevddaMavs s at | east 35%

by wei ght. sMraharnedr epasdsg eat ahystaehayngea s o nt,
especially lower than 50 wto/g ?t be(_:orrgg %r ge 5%{1‘%?;%& tgldoécgc%rlggéega
suf fici ent gy kikkedity tihe aptevélabkpowolmewotot kehdave siudltaasol is

repl aced byoSid A QA B3 RS SLLLGR)SOULCE TR 0D AN Lhe 15 strongest

catal ysts i's preferred rexT i S€ Gnt o A& F%it ca sol used
rel &tive tletegnolalt Dfe wisccaippwdan beedpweltickde hd lwaandy evdmgest

sufficient iscosity of the extrudable nmass.. The optinal anmount of silica
powder to t?eéltfzbed ‘W?Im%p%‘ﬁdb%‘ﬁw?ﬂa §§0Pf’§e Bgowggnfgrﬁe,f%?é?ﬁ' ntB® a | ow

zeolite coniffdr foritent Cat at N6t exTBNEaB ki @@ spOWdeLEMAInd@ve, t o be used.
One skilled in the art can easily determne the optimal conposition in

vi ew of the VR 3RPTF PT TRECIPH| 883/ paRdePrREY 13® lobrirerat al ¢3S bt ai ned

silica powdsyy hj}prwgﬁf@ggnpl e Sipernat 22 or 50 (as obtained from Degussa
AG, Nasilco Utrasil VN3SP or Hi Sil 233 EP from PPG |ndustries. The
soli silica pdiRst preR3ties presbyabbyhaNang a demerdizawstidre of bet ween

Lo the general Tormi S RIHBRAR La ok SRR SORYthsy 4o PR A aRCERu o an

al kyl gr ouplinfahdi gl - 6o cachbeveat ansuffkxarplie highe varmoms i,y netdiyl et hyl

am ne, t“‘%é&@efggfﬁ’some of the acid silica sol is replaced by
silica powder as the silica source. Tc obtain the

15 strongest catalysts it is preferred to maximise the
amount of acid silica sol used relative the amount of
silica powder used, while still achieving a sufficient
viscosity of the extrudable mass. The optimal amount of
silica powder to be used will depend on the zeolite

20 content, wherein at a low zeclite content of the
catalyst, more silica powder will have to be used. One
skilled in the art can easily determine the optimal
composition in view of the above teaching. The silica
powder may be commercially obtained silica powder, for

25 example Sipernat 22 or 50 (as obtained from Degussa AG),
Nasilco Ultrasil VN3SP or HiSil 233 EP from PPG
Industries. The so0lid silica powder particles preferably
have a mean diameter of between 10 pm and 200 pm.

The amine compound is preferably a compound according

30 to the general formula RIRZR3N in which R1-R3 may be
hydrogen and/or an alkyl group having 1-6 carbon atoms.
Examples are ammonia, methyl ethyl amine, triethyl amine,
of which ammonia, is the most preferred. The amine

compound should preferably be added in such an amount in



. of which ammonia, is the nost preferred. The am ne conpound shoul d 7 7 MR 7004
preferably be added in such an anmount in 2 2 MAN 2004 WD 01/ 23089 i
PCT/ EPOY/XYE8BI5 order to raise the pH of the mass to al REATFRIVEHEE t i ons.
Preferred conditions are a pH of the i xture obtained in step (a) of above
B. The pHw Il be lower than 14. Step (a) may for exanple be perforned at
anbi ent 5 eQpdit ikQng A S i lpse Lonal ly .the silica
powder and acid sil |gaxg%tﬂﬁédﬁgequg%%$$m%§% %é 3%QQ& eceﬁﬁbB&ﬁa and
optlonalIyPaﬁfﬁW@e@n@QNﬁknxnnqesreiapﬁﬁs@fcthenglagané.oEbelﬁbasﬁhC|ser
agent is u tq sco t t he. m xtu In_order to obtain
35881 d2ms? Bt e BREST FLPhPagiirEraFBapord:

10 an extru 7 “exanpl e
dext r ose, geIaBmB@,(gluumgefqﬁtgxamgnwmbespéfﬁorméax§§ aﬁb@éﬁh and
cel l.ul ose ethg 5 Vi cellulose et her binders are
met Ryl cel | §P5Se, l&”ﬁy yo‘fr%o‘&{a/t WL et Re 58RI RS dr BRYBARELY the
. methyl cel | ghiesea @Wd@&ya&ﬁrmimlﬁeii@é 0881, hy@LQXYRERRYY addi

met hyl cel | ul gse, hydr oxy- th¥ met hyl cel | ul ose, hydr oxybut yl ceﬁpu ose

hydr oxy- effyR€eciofPesad cap%/lla:éwm@b@ eBddPlnstaPbdry a
met hyl cel | ghase; cakd nlyf Hgd:as, thes gﬂc | a%&fyéfeéggég% 89d40% o

met hyl cel | ul ose derivatives are es as organi ¢ binders in
t he practleécéﬁaﬁﬁetbﬁe@@ﬁﬁOSkﬂMﬂﬂﬁ(ﬁhemmhxhnrhyinebtdéDSE¢ bhdeadxypr opy

met Ryl - celluly 0 ti i# n referr Preferred
sou?ces of %el%éﬁggghgt g?%ﬂﬁre q%%%lgga #gkﬁgFﬁﬂﬁn &nd* R?gﬁffron1Dow
Cheni cal CsxamslﬁhdeaMMaaﬁxngekaumnﬁm(¢mu@®yebegpeééprgﬁﬂsbysn@tb known
processes as for exanp

e illustrated in
Engi neer s' BaAGBGOR, aﬁ%&%ﬁﬁ%ﬂﬁﬁ}%qﬁ%ﬁ?mﬁ?%$5¥ %ﬁ??lgkglcg}xth edition,
1984, p 8- &emm&s@eseamﬂ rblrF&Bé’ﬁS o fe ShethFNtal JeDest, élan?bag»&:a&ypowder

Technol ogy 38 El se 1980, f 112-121.  Exanp Ies of such nethods
are extrusf&nY 5@#&P&€@eby dﬂ%?hyécellUIosef hydroxy-
15 methylcellulose, hydroxypropyl methylcellulose, hydroxy-

ethyl methylcellulose, hydroxybutylcellulose, hydroxy-
ethylcellulose, hydroxypropylcellulose, sodium carboxy
methylcellulose, and mixtures thereof. Methylcellulose
and/or methylcellulose derivatives are especially suited

20 as organic binders in the practice of the present
invention with methylcellulose, hydroxypropyl methyl-
cellulose, or combinations of these being preferred.
Preferred sources of cellulose ethers are Methocel A4M,
F4M, F240, and K75M from Dow Chemical Co.

25 The extrusion in step (b) may be performed by well
known processes as for example illustrated in Perry's
Chemical Engineers'Handbook, McGRAW-HILL International
Editions, sixth edition, 1984, p B-60 to 8-66 and in
Particle Size Enlargement, Handbook of powder Technology

30 Vol. 1, Elsevier, 1980, p 112-121. Examples cf such
methods are extrusion performed by a screw extruder, a
plate or ram extruder. The extrudates can have a wide
variety of forms and sizes.

Drying step {(c) and calcining step (d) may be

35 performed under conditions well known to one skilled in



,plate or ramextruder. The extrudates can have a wide variety of fonnsMatl:
sizes. Drying step (c) and calcining step (d) may be 35 perforned under
condi ti 0We}a8% known to one skilled in 2 2 MAR 2004 WO OPCTEIBH09586

PCT/ EPOO/ 09586 6 the art. Step (c), fgr exanple, may take place at a
tenperature of at least 60 C to about 250 C, for a tinme sufficient to dry
t he extruda e le, for.at least 1 hour. Calcining step (d), for
exanpl e, na%gFa §E5 éﬁgpe(fﬁ’mﬁgr(ﬁx?m$ ¢r iPRY t @k, PARCEeAperat Ur es

ranging frosmpe@aCutre 850 a& flavaPeré®Asc of o tawBut apghNge, f @by SXEFBEG’
from about 1 %?.about 48 hours or nore. The nethod of preparing a [ow
acidity ref PHECHFY S ixit@e-Houdd e &t xedate nferi ayanpien Eornet linited to

10 any partiesbkar 1z@ehirt.e candiidy generdl (ae! ugss @J{émﬁgégl %/ngﬁiegi gates,

particularly_ the alum nosilicates ~ whet'her or not prev um ni zed
to i ficreasePtRAEe fPaddwor PTsidthet dingithagasat i ot Tympeaktzeski teagingl ude

ZSM 4 ( OTega) o ZSMg5 e oZ Z ZSMk 22, 15 ZSM 23, ZSM 35,
ZSM 48,( zsﬁf%tc)’, ggp a, Cx,%MYJB;&rﬁjd ﬁé&mﬁq%%f%f %JerP?t’éaﬁﬂ&lnﬁbra%i te.

Cat al ysts oe¢xampievedrosl edtout tly tamdalnddner48 bemef & chbal mpreperti es can be

obt ai ned by sub&.ﬁtg_h'}ngghtlgﬁfgat al yst. extrudates to. a deal um nation

treatnent. 20 Dea ar EF FE % hedP by TR hbUsIRABARLPAYt he  art,

such as fororxdspbeuvad delcddal RE athiy fnedeeiontigatgeNL s nBLEgM LI eat ment
[ the . catal yst extrudates with steam at el evated

S éf ected_b con;cacti n )
teng r at ur e87Y 1 BAGFAG U ASMZESdE 2 50T i S5 hntnpledesaply from 25
about 400 Gnbead38s€11Fae lsl, YN LRI DE 6L OIPlh S768; 1§ DapBsat moSpher e

of 100% steam or in an atnosphere consisting of steam or ammoni a and sone
ot her gas whRERhefsogs ot ipleqiqusdyt derlumnl restdtes. idcseabeather eat nent

can be accogphinghedkalkihQWar: AGHRGLIUES, and, & BYALed 15 tes include
25M-4 (Omega), 2SM-5; ZSM-11, ZSM-12, ZSM-20, 2ZSM-22,

15 ZSM-23, ZSM-35, ZSM-48, ZSM-50, Beta, X, Y and L as well
as ferrierite and mordenite.

Catalysts of improved selectivity and other
beneficial properties can be obtained by subjecting the
catalyst extrudates to a dealumination treatment.

20 Dealumination can be attained by methods known in the
art, such as ﬁor example acid leaching or by a steam
treatment. Steam treatment is effected by contacting the
catalyst extrudates with steam at elevated temperatures
ranging from about 250 °C to 650 °C and preferably from

25 about 400 °C to 550 °C. The treatment can be accomplished
in an atmosphere cf 100% steam or in an atmosphere
consisting of steam or ammonia and some other gas which
is essentially inert to the zeolites. A similar treatment
can be accomplished at lower temperatures and elevated

30 pressure, e.g., from about 180 °C to 370 °C at from about
10 to about 200 atmospheres.

Particularly useful dealumination methods are those,
wherein the dealumination selectively occurs, or anyvhow
is claimed to occur selectively, at the surface of the

35 crystallites of the molecular sieve. Preferably



.30 pressure, e.g., fromabout 180 Cto 370 C at fromabout 10 to about 200
at nospheres. Particularly useful dealum nation nethods are those, wet &itkh1004
the dealhP¥®%n sel ectively occurs, or anyhow is cl ai nRseT/EBOAIESG
selectively, at the surface of the 3% crystallites of the nol ecul ar sieve.
Preferably WO 01/ 23089 PCT/ EPOO/ 09586 7 22MAR 2U4 deal umi nation is

perf or med_ byeal pronassonn el Adihed 99 d st ANt APt W L, an agueous
uorosi |1 ca

solution of a _fluorosilicate salt wheréein the f e salt is
represent ed®B9Lthe #8r FEFPE2 S qca)/ 5 a6 agierus reolaitien sofretal lic or

non-metal | i £16a8¢bon1iekirer shhan Jik haul valence b npl es of
cations 'b' are al kyllam"mnisl?m N|—|4e+]%?l\l\{}ig4r2@r1,é Fﬁ%%},cljl&a&e ngaifﬁ ++, Cu+,

Ca++, Cs+, Fepresented py+theMfermiBm: 10 Ag+, Sr++, T+, and Zn++.
Prefgrably 'A is the amonium catiRr)L ng zeolite material may be
contacted with the fluorosilicate sal 2/PREA anount of at |east 0.0075

. ol es  per 100 grageiaf ‘hhe zeql i MEr i noibdiis Suidably between 3
and 7. An exanple of the above described 15 é‘lea um naltl on process is
descri bed i Ptsr AtBa57Hd1 havimg shieyivedlensa i bris dssoglasedfivth each of

the zeolites utilized herein.can be replaced by a wde variety of other
cations enptdytRB>te hnFﬁ&e?qﬁalaWRﬂMB“fi NH4e éﬁﬁJ’\.MrSGth"'ra Naspl dEbment of
cations is suitably,20 performgd after the above described optional
deal uni nat i%ﬁ st eé¥+Typg<‘:‘§I' Cépl acicréfcagﬁqgns Gancludag . MedroniRb ,

LT Y] ST ATl £ e S L S TR TR
the 25 PeriodtioabThe eeglitz meteanich1Gneip B Idorfaddeel WRad adic Tabl e,
feO? E:OIEl)lt gzlt:?%lg&rggkhggla rél %g tnii%kealn' am-D/uFI)'th%lf ia()t‘:n_le(axacsq:anog.eO(}TeSCh£éﬁggs call
per 100 grams of the zeolite material. The pH is suitably
between 3 and 7. An example of the above described
15 dealumination process is described in US~A-5157191.
The original cations associated with each of the
zeolites utilized herein can be replaced by a wide
variety of other cations employing techniques well known
in the art. Such a replacement of cations is suitably
20 performed after the above described optional
dealumination step. Typical replacing cations including
hydronium, ammonium, alkyl ammonium and metal cations.
Suitable metal cations include metals such as rare earth
metals, as well as metals of Groups IIA and B of the
25 Periodic Table, e.g., 2zinc, and Group VIII of the
Periodic Table, e.g., platinum, palladium and nickel.
Typical ion-exchange techniques call for contacting
the selected zeolite with a salt of the desired replacing
cation. Although a wide variety of salts can be employed,
30 particular preference is given to chloride, nitrates and
sulfates. Representative ion-exchange technigques are
disclosed in a wide variety of patents including

U5-A-3140249, US-2~3140251 and US-A-3140253.



.the selected zeolite with a salt of the desired replacing cation.ZA MARoygh
a wde variety of salts can be enployed, 30 particular preference is given
to chl owOdM/23¢80t rat es and sul fates. Representative ion- eREHEPPDISESChNi ques
are disclosed in a wide variety of pagents including US A 3140249,

US- A- 3140251 and US- A-3140253. 2 2 MAR 2004 WD 01123089 PCT/ EPOQ 09586 8

Fol |l owi ng contact, wit.h a solution of. the desired replacipg cation, the
catal yst is th?rglglplroe“fjé}%bq%/mf’/\%%ﬁe‘ﬂl Ri ?hs\ﬁgfléﬁoéi‘n&fdrtiheed Ifd cal ci ned as

for exanpl eepdesdrideshahnve toe sheplier ardtrukep pfi®femINe wadiby st
prepared by .the nethod ofrfshi s invention _can find utility in a wde
variety of "Hridc 3SRt it Eied BRENCEaralginedand ok GHaltBASc. Quite

obvi ously, dieriBdLrisd e APy berusedcqs aaesgrt'agnt(%) Additionally, the
materials can be used as catalysts for a wde variety of 10 hydrocarbon
conver si ons. AFhes datowiysth phepared hyl oiwve aetdiody ofeftrteict dirmyvexi den such

as silica I tic .ackivi ch that . ncorporation of, a zeolite
in the si IQzlaagla ﬁi\géac?jgjﬁoyls%l%n%sﬁ%&e gé%tetg.y ﬂ?e oW ae ot twy l?%f'?%%t ory
oxi de can e tis exh tasl yt suppod t néorcatedaliyt.i Quifemattariclsle, othea

Y o, t ungSPGR LY T oFF ni3edr 85 6P SPREBate. ARSI LY« (TR Low

aci dity reffzatinra) oxide-poundedeaki tataiysudatres & i dditédiiet§not

hydrocracki ng, isonerization, hydrogenation, 20 dehydrogenation

poliPhrer i zatYGHF OGARRA M FRAVEEEAPYEi cAScAEcKNRYR dat ANA i%E hy ot obP%cki ng,

tol uene di sprieyi ROrd PRI OPy 8REabhgubbkas THYS oot hg extdwdalesigfidhi s

i nvention can be 'used with or wthout added active netal conponents for

catal ytic addkiiigy suonethaat ioacrpsratipharifon, zestlortd nin arle

iy orini ng e TSHeRUTT uf P it PRAThAG Gnceragenal oo AABRAT o of
refractory oxide can be used as a support for a catalytic

15 material, e.g., a hydrogenation component such as
platinum, palladium, cobalt, molybdenum, iron, tungsten,
nickel or mixtures of the same. In addition, the low
acidity refractory oxide-bound zeolite extrudates find
utility in hydrocracking, iscmerization, hydrogenaticn,

20 dehydrogenation, polymerization, reforming, catalytic
cracking, catalytic hydrocracking, toluene dispro-
portionation, and the like. Thus, the extrudates of this
invention can be used with or without added active metal
components for catalytic cracking, isomerization,

25 alkylation, reforming and hydrogenative conversions such
as hydrocracking, hydregenation and hydrofining, e.g.,
desulfurization and denitrogenation. In some types of
hydrocarbon conversions, e.g., hydroprocessing,
reforming, catalytic cracking and catalytic hydrocracking

30 the use o0f a2 low-acidity refractory oxide-bound zecolites
having lower levels of inherent activity than their
alumina-bound counterparts can result in lower coke
production and significant increases in cycle length.

Catalysts prepared by the process according the

35 invention can be advantageously used as dewaxing catalyst



. hydr ocarbon conversions, e.g., hydroprocessing, reformng, catalytic )
cracking and catal ytic hydrocracking 30 the use of a lowacidity 2 7 MAR 20
ref r act ¥iQP183988e- bound zeolites having | ower |evels of RYTERIPOISEEL | vity
than their al um na-bound counterpartsgcan result in |ower coke production
and significant increases in cycle length. Catalysts prepared by the

process acgRA8 NGeiDer3awhNLERLEOR;CA qusl y_used as dewaxing
catal yst WO 01/ 23%89 9 2w2 l\/ﬁgg%?fel% Bﬁg%{ggégy%’ggégﬁuonryerl%ﬁl known
catal yti c peaRKk$agteondephoasai Avhriprodeys e eprepar ea agdaibsi cadt ng base
oil, a gas_Qi s_p f rocracker pracess, which I.n products
are mddl ea%i é‘??f’l ?i?e%. @5%% %ggégepaggsﬁﬁbemﬂﬁs %%&wﬁ%@m,
WO A- 20002854 2madd} &S As 58048585 . Espmpilakl wrauideaid g e® Gat al ysts wherein
the_zeolite i SM.12 2. .ZSM 23 or SZzZ-32. Nore preferably
t he® cat al y@?"%&%&ﬁ%?élﬁ%éﬁf‘ééﬁg@ #6812 ass P18 0% eat ment as
descri bed pbgye;antyeyeptaple pref enabhysthe whR 289 itk i sd o exchanged to
i ncorporate a El at i nur’r% diumor nickel nmetal. A preferred catal yst

c

|
has a zeof?¥e>cohP¥nt? of Eg@rg%ﬁé%ﬂr% Phe SIZEnSi2 z bt dreiagably
preferablyedo whta1Pstouxtbidatevel LBsaELEY o PRFAEmLON Iy for

practical application of the 15 catalys The catal yst prepare y
accordi ng tveamnentngendesnrihag abovebanduiewvan ydye yserferakal xyteme

U hoo0tto - HEE AE S 5RaB05 s RS RBE L FeO R RE Sy i A IR0, The
i nventi on phdlédbemi brusicaeddmbyalheAf pekdweirngd netdliydt inegs exanpl es.
Comparati ve. EXPEL! BBt oA Brpd1¥uP8Y a0 AWudd IS A e fPERe{ BVBOA
is preferably 10 wt%. Below this level the activity
becomes too low for practical application of the
15 catalyst.
The catalyst prepared by according to this invention
may also be suitably be used in a xylene isomerisation
process as for example described in US-A-5554274,
US-A-4889011, US-A-5685027, US-A-5516956 and
20 WO-A-9616005.
The invention shall be illustrated by the following
non-limiting examples.

Comparative Experiment A

On a dry basis, 60 weight parts of ZSM-5 (CBVB8(0l14 as
25 obtained from Zeolyst International} were intimately
admixed with 15 weight parts of amorphous precipitated
silica powder (Sipernat-50 as cbtained from Degussa) and
with 25 weight parts of acid colloidal silica
(Nyacol 2034DI as obtained from PQ Corporatiocn); a
30 homogenous mix was obtained by mulling. The total
moisture content of the mix was adjusted to 55 weight
percent with deionized water.
5 minutes before extruding the mixture a plasticiser
agent, Methocel source (containing 2.1 wt% methocel), was

35 added to the extrudable mass in a ratio of 7/100 of



.25 obtained from Zeolyst International) were intimately adm xed with 15 ‘
wei ght parts of anorphous precipitated silica powder (Sipernat-50 ag 7 MAR 2004
obt ai ned¥® PBM0BEgussa) and with 25 weight parts of aci d ecirErosiessei | ica
(Nyacol 2034DI as obtained from PQ Corporation); a 30 honbgenous m x was
obtained by nulling. The total nvoisture content of the m x was adjusted to
55 wei ght ppancend Wih I oni er..,o mnutes before extruding the
m xture a plasticiser gggn??léggﬁggeofﬁﬂﬁ(ﬁfliﬁﬁﬁe1?ﬁrﬁf%ﬁﬂ.@%@6
met hocel ), Wt uRs waldedxtouthd @ot niddll e yipissdén extaidocef {90, of WO
01/ 23089 1Qy:& 4 3P04 6PCT/ E&gO/ 09586 t hocel source relative to the
zeolite dry mass. The nixtlfe wd§ &t o WAEF S BATHRItEXt r udat es
with a diaheted of 126 fon £8hetgplicadate waher subiseauently i) ed at 120
C fq%': typi cal Ié/. 2 hou%s gB air and then 5 calcined at 800 C for hour s.
The ¥l at  PIRE AR 18 ePr efigfRTwEs N red by determining the force in
N'cm at which the cylifdelat8XELUARLS MRS 4, d, t,e(% arallel flat
plates. The cylinder extrudate was lpositlorfg;dsf}ﬁet%/\)s:en %eg%ﬁ)a %®s 10 in
such that tdfEFMimERY chReakPscaad npal/an et wittich hehe plydtiesdeThi s
procedur e vas fHepsad egs 404, a rage force at which crushing
was observed was the ar‘es(l:J tlgﬁédFP%tt Eéa ?{%r %gdrﬁan%eétr@'r?g%@]( . In
this exanpihe &FPCSief €8t Nidatrayameasisicd oree @ caie Inlatlds
Co rative g ati.ve peri.ment A was repeated except that
t h(ramﬁZSM SG'Lcont e#& n1]'\?l?/aé'st gbggwne/?if'ﬁgrﬁcl%]ﬁcfx&cﬁ/\d‘éars e ti35tR& 9% and
the acid sidlizdzesol Thbant pnbcedsrdbwatsYr obdatEa af B6dY GRd@s dreasured. As
a result of__the hggﬁr ZSM 5 20 content as conpared to Conparative
Experi nent X GiI ot o€ eXbetPiGD| GRS hrAES Wamehsasined mpsitdier FPCS is a

resulting Flat Plate Crushing Strength (FPCS). In this

example a FPCS of 60 N/cm was measured. See also Table 1.

15 Comparative Experiment B

Comparative Experiment A was repeated except that the

Z5M-5 content was 30 wt%, the silica powder content was
35 wt% and the acid silica sol content was 35 wt%. A FPCS
of 86 N/cm was measured. As a result of the lower ZSM-5

20 content as compared to Comparative Experiment A one would
expect a lower FPCS. The resulting higher FPCS is a
result of the higher content of acid silica sol as
compared to Comparative Experiment A. The FPCS is however
not high enough for commercial application. A value of

25 higher than 100 N/cm is desirable. See also Table 1.

Comparative Experiment C

Comparative Experiment B was repeated except instead
of acid silica sol the same amount of basic colloidal
silica of the type Ludox HS-30 was used. The Flat Plate

30 Crushing Strength was 80 N/cm.
EXAMPLE 1

Comparative Experiment B was repeated except that,
after mixing the ZSM-5, silica powder and acid colloidal
silica, ammonia was added. Ammonia as a 2.5 wt% agqueous

35 solution was added in a ratio of 1/12 ammonia solution



.result of the higher content of acid silica sol as conpared to Corrpar?tzimﬁwm
Experinment A. The FPCS is however not high enough for commerci al AR
appl i catwedl/2m8%al ue of 25 higher than 100 NNcmis desir BGI/EPOIE®E86al SO

Table 1. Conparative Experinent C Copparative Experinent B was repeated
except instead of acid silica sol the sanme anount of basic coll oi dal

silica of tyhe14 Lugo S e t .30 Crushi ng

Strength was 801&/|£31/\e%mtkg e 23_91%% H§§déna|-g\ge E}}(—%er;fés% }P é.ﬁeat ed

except that8 af?é%ﬁ?e?n &ﬁﬁgnghéhzswonslal |t<ba powdery avcs ammtlmjeld)l dal

silica, amp, i % aqueo 5 oIU|onvvas
added in a ratl gva,? ﬁﬁgggaﬁ’rér\g’%lgg g(}){?%ﬁ%&n %%% 91

PCTf EPOQ 09%586engtlatwae 1B2tNécmeoB|e1eeadrsy> magd.e The resul t| ng pH was 8. 8.
Aft addi r‘—%khﬁﬁ n| a the mxing was continued for 35 mnutes before

extrudl ng. Plate Crushing Strength was 122 NN.cm See al so Table

1. 5 EXAVPLE 2 Exammle 1 was repeated @k@@prt Etmtt AmFMia VRS added after
35 mnutes a terdﬂ]xm the ZSM 5, silica and acid coll oi dal

silica. Aft¥rted t%ﬁnﬁ F&Tt H‘émﬁ‘ﬂxﬂigﬁ \%&éﬁ ~Gontsiidied POWAETF mi nut es

bef ore ext rawh ngei a‘h@oﬂ_g Fhat Bh Cr g Table 1
Experi-ZSM 5Si | i cJéS| | ca?im di tya%’%gr?l ag‘%tgg@ngﬁgjco%g %\/?dm%?ué%o%gfa ei?

usedadded( NMERRY A3 WEOREWRUESi EPEa 1@m@0@§(§ﬁscéhﬁrforﬁ6@lﬁmahm@noﬂme®np.
B30gh35aci drpdh fpipe E303R3RD28LTRARAN was 178 N/cm.

Table 1
Experi- Z8M-5 | Silica | Silica jacidity |ammonia FPCS
ment con- powder | sol cf used | added {N/cm)
tent {(wt%) (Wt %) silica
(wt%) sol
Comp. A 60 15 25 acid no 60
Comp. B 30 35 35 acid no 86
Comp. C 30 35 35 basic no 80
Example 1|30 35 35 acid 35 minutes 122
before
extrusion
Example 2 | 30 35 35 acid 10 minutes | 178
before
extrusion
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m nut es178 before extrusion 2 2 MAR 2006 12 CL Al MS 1. A nethod for

. preparing a catalyst conprising a zeolite and silica which nethod

conprises: (a) preparing an extrudable mass conprising a substantially
honbgenous m xture of zeolite, water, a source of the low acidity
refractory oxide binder present as an acid sol and an am ne conpound, (b)
extrudi ng the extrudable nass resulting from step (a), (c) drying the
extrudate resulting fromstep (b); and, 10 (d) calcining the dried

extrudate resulting fromstep (c). 2. Method according to claim1, wherein
step (a) is perforned by first mxing the zeolite and the acid sol of the

|l ow acidity refractory oxide into a fErsE Eogfgeneous 15 m xture and
subsequent |y addi ng the am ne conpou first honbgeneous m xture
such that the pH of the resulting second mxture is raised frombelow 7 to

a value of above B. 3. Method according to claim2, wherein the amne 20
conpound i s adiled Armsthed (£9r vingnari2@ @i gatasyst C@@P?kﬁ*ﬁ?mﬁstep (b). 4.

thhod accordlng %éF% ngnw%ffcéﬂéhl :ﬁé%h gh ﬁ#% Qe zeolite content, on
calc

a dry basis,. arate i ni shed catal yst and
wherein the | owa) 2pregatiny drefatniiableximdessevmpeissng 4o prepare the
extrudable mass in step (a) also conprises a powder of the |ow oxide
refractory source. substantlally homogenous mixture of zeolite, water,

5 a source of the low acidity refractory oxide binder
present as an acid sol and an amine compound,
(b} extruding the extrudable mass resulting from-
step (a),
(c) drying the extrudate resulting from step (b}; and,
10 {(d) calcining the dried extrudate resulting from
step (c).'
2. Method according to claim 1, wherein step (a) is
performed by first mixing the zeolite and the acid sol of
the low acidity refractory oxide intoc a first homogeneous
15 mixture and subsequently adding the amine compound to the
| first homogeneous mixture such that the pH of the
resulting second mixture is raised from below 7 to a
value of above 8.
3. Method according to claim 2, wherein the amine
20 compound is added in step (a) within 20 minutes of
performing step (b). '
4., Method according to any one of claims 1-3, wherein
the zeolite content, on a dry basis, is below 50 wt% as
calculated on the finished catalyst and wherein the low
25 acidity refractory oxide source usgd to prepare the
extrudable mass in step (ai_also comprises a powder of
the low oxide refractory source.

5. Method according to any one of claims 1-4, wherein

the amine compound is ammonia.



5. Method according to any one of clains 1-4, wherein the am ne corpoMirill0L
is ammonia. 2 2 MAR 2006 13 6. Method according to any one of clainms 1-5,
wherein the zeolite is ZSM5, ZSM 12, ZSM 22, ZSM 23 or SZzZ-32. 7. Method
wherein the catal yst obtained by the nethod according to any one of clains
1-5 is subjected to a 5 dealum nation tjgeatnent. 8. Method according to
claim7, wherein the dealum nation treatnent is performed by a process in
which the zeolite is contacted with an. aqueous solution of a

fl uorosilicat egsalje el &idtddi iyl wor aail beat 6f saldimd 0145, ngpesented by
the formula: (A)2/bSi F6 wherein "A" is a metallic or non-nmetallic cation
ot her than H+ Hawizeplies v &b S,b2SMel2NeEAYd2Rhef BIN2 A @t 332 .obt ai ned

by the nethod 15 accor di ta_any one, of cl|ai 1-8.is subjected 1o a
cation exchangé'tr@éﬁhﬁghdﬁkﬁﬁ%ﬂ %%5 SgFﬁgﬁFEn?gg?b??ﬁU%¥ érﬁ?ﬁﬁﬂ metal is
| oaded on the gatetdshg €8 ardord of ¢ahahyst-gbiai Bed;byrédecdef hod

described in any one of clains 1-9 in a hydrocarbon conversion 20 process.
11. Use accor dieglemiribion oxeafma@idi-n t he hydrocarbon conversion process

I's a catal yticgdewgxi gy PIOGKSE Y cP c1%¥he?e LRQPBLAZARLON process.
dealumination treatment is performed by a process in
which the zeolite is éontécted with an aqueous solution
of a fluorosilicate salt wherein the fluorosilicate salt

10 is represented by the formula:
(A)2/pSiFg

wherein ‘A’ is a metallic or non-metallic cation other
than H+ having the wvalence ‘b’.
9. Method wherein a catalyst obtained by the method

15 according to any one of claims 1-8 is subjected to a
catiﬁn exchange treatment wherein a palladium, platinum
or nickel metal is loaded on the catalyst.
10. Use of a catalyst obtained by the method described in
any one of claims 1-9 in a hydrocarbon conversion

20 process.
11. Use according to claim 10, wherein the hydrocarbon
conversion process is a catalytic dewaxing process or a

xylene isomerization process.



