ZECQLI TE Y CROSS- REFERENCE TO RELATED APPLI CATI ON Thi s application clains
priority to United States Provisional Patent Application No. 61/173, 698
filed Aprwb 280/1224389. That docunent is incorporated by rpefrarsenoms3iser ei n.
The present invention relates to nodified zeolite Y and to a process for
preparing such zeolite Y. Zeolite Yis a well-known zeolite formand has a
w de range of docunented uses as catal yst supports, adsorbents, selective
separation materials, etc. in the petrochem cal and chemi cal industries and
al so as pollution control materials for industrial, donestic and autonotive
use. Zeolite Y, for exanple, is one of the main zeolitic materials proposed
for hydrocracking use. Early findings showed that nodification of the basic
materi al s described in US-A-3, 13@HOLITB Yor oduce a | owering of the unit
cell size, gave inproved selectivity to the desired mddle distillate, or

m d-barrel, products. It has now surprisingly been found that a specific
ki pd @R GESRIBRERENGES ITYREBATED APRBiCEATINObt ain zeolite Y having nodified
properties. It was found possible to reduce the acidity of zeolite Y
t her eby. AddéyabpHeatipn ddimspriesbnio WnitedittatenPiovisidngeBatentgknrdiesisorf .
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! her nor h r nt invention .relates to zeolite Y qbtainable
ésogugﬁtagrg{é@ggrr{se ags’orlt)en%s, Fs)el(cif‘ést?vetsepau‘at(laor} materials, etcﬁn the petrochemical ana

chemical industries and also as pollution control materials for industrial, domestic and

automotive use. Zeolite Y, for example, is one of the main zeolitic materials proposed for

15  hydrocracking use. Early findings showed that modification of the basic materials described in
US-A-3,130,007 to produce a lowering of the unit cell size, gave improved selectivity to the
desired middle distillate, or mid-barrel, products.

It has now surprisingly been found that a specific kind of zeolite Y easily can be treated
to obtain zeolite Y having modified properties. It was found possible to reduce the acidity of

20  zeolite Y thereby.

Accordingly, the present invention provides a process for preparing a zeolite Y having a
silica to alumina molar ratio of at least 10 to calcination at a temperature of from 700 to 1000 °C
wherein (i) the steam partial pressure is at most 0.06 bar at a temperature of from 700 to 800 °C,
(ii) the steam partial pressure is at most 0.08 bar at a temperature of from 800 to 850 °C, (iii) the

25  steam partial pressure is at least 0.03 bar at a temperature of from 850 to 900 °C, and (iv) the
steam partial pressure is at least 0.05 bar at a temperature of from 900 to 950 °C and (v) the
steam partial pressure is at least 0.07 bar at a temperature of from 950 to 1000 °C. Furthermore,
the present invention relates to zeolite Y obtainable by such process.

Prior art documents such as WO-A-2004/047988 and WO-A-2005/084799 describe a

30  broad temperature range as being suitable for calcining zeolite Y in combination with binder.

However, someone skilled in the art would be aware that the majority of such range is not



Prior art docunents such as WO A-2004/ 047988 and WO A- 2005/ 084799 descri be
a broad tenperature range as being suitable for calcining zeolite Y in
conbi nat iwo 20doiedssnder . However, soneone skilled in thecants2ewobmobe awar e
that the majority of such range is notsuitable as a high tenperature is
suspected of breaking down the zeolitic structure. Therefore, someone
skilled in the art would not seriously contenplate to apply the ful
tenmperature ra of 300 to 800 C tioned in A-2004/ 047988 or. 300 to
850" 0CHERES AdHEH BMABIRIS SoRspesiAIgT tn&mrut\(l\g RPSIHEHLF LT %ie%crrst ively
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Generally, the temperature is at most 850 °C. At a calcination temperature of more than 900 °C,

loss of crystallinity was observed. The time during which the zeolite Y is calcined preferably is
of from 20 minutes to 5 hours, more preferably of from 30 minutes to 4 hours. The time period to
be applied depends on whether the oven is preheated or whether the temperature is increased
20  while the catalyst carrier is being calcined. The time period preferably is at least 40 minutes,
more preferably at least 50 minutes. Further, the time period is preferably less than 4 hours, more
preferably less than 3 %2 hours. The temperature preferably is at most 850 °C, more preferably at
most 820 °C, most preferably at most 800 °C.
The calcination can be carried out in the presence or in the absence of steam dependent
25  on the temperature applied. The steam partial pressure preferably is at most 0.04 bar at a
temperature of from 700 to 800 °C. The steam partial pressure preferably is at most 0.07 bar at a
temperature of from 800 to 850 °C. The steam partial pressure preferably is at least 0.05 bar,
more specifically at least 0.07 bar at a temperature of from 850 to 900 °C. The steam partial
pressure preferably is at least 0.07 bar at a temperature of from 900 to 950 °C. The steam partial

30  pressure preferably is at least 0.08 bar, more specifically at least 0.1 at a temperature of from 950



nost 820 C, nost preferably at nost 800 OC. The cal cination can be carried
out in the presence or in the absence of steam dependent on the tenperature
appl i ed. Wwbeosteesssparti al pressure preferably is at noeCTAISOMOETIRL a
tenperature of from700 to 800 OC. The steam partial pressure preferably is
at nost 0.07 bar at a tenperature of from800 to 850 OC. The steam parti al
pressure preferably is at |east 0.05 bar, nore specifically at |east 0.07
bar at a tenperature of from850 to 900 C. The steam partial_ pressure
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descri bed
15  atleast 0.25 ml/g wherein between 10% and 60% of the total pore volume is made up of pores

having a diameter of at least 8 nm.

Most preferred are the low unit cell size, high surface area zeolite Y materials described
in WO-A-2004/050548. Such materials can be described as a zeolite Y having a SAR of greater
than 13, a unit cell size in the range of from 24.10 to 24.40 A, and a surface area of at least 875

20  m2/gas measured by the BET method and ATSM D 4365-95 with nitrogen adsorption at a p/po

values of 0.02, 0.03 and 0.04. Said materials can be prepared by a process which comprises

a) providing a starting zeolite of the faujasite structure having a silica to alumina ratio of
from 4.5 to 6.5 and an alkali level of less than 1.5%wt;
b) hydrothermally treating said starting zeolite at a temperature in the range of from 600 to
25 850 °C, preferably 600 to 700 °C more preferably 620 to 680 °C and especially 630 to
670 °C, and at a partial pressure of, preferably externally supplied, steam in the range of
from 0.2 to 1 atmosphere for a time effective to produce an intermediate zeolite having
a unit cell size of from 24.30 to 24.45 A, being suitably in the range of from 0.5 to 5

hours, more suitably 1 to 3 hours;



in WO A- 2004/ 050548. Such materials can be described as a zeolite Y having
a SAR of greater than 13, a unit cell size in the range of from24.10 to
24. 40 A vwodow/regsFace area of at |east 875 m/g as neagamrAam2dy/08ise1 BET

met hod and ATSM D 4365-95 with nitrogen adsorption at a p/po val ues of

0.02, 0.03 and 0.04. Said materials can be prepared by a process which
conprises a) providing a starting zeolite of the faujasite structure having
a silicato alum.na ratio of nd, an al kal.i, | evel, | ess
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pressure of zeplitefheviablaymngel sizalih thegamgsl dfdthm 24 dAte 240 Ae amatgdudf siticom 0. 2
to 1 atnosphere for a tine effective to produce an internedi ate zeolite
havi ng a unit® ab@ipa gtipeof greafer dhanold ad a syrfpge asa af atdedsh§7 s tgaBiopetiyn t he
range of fr (gm?n Be ﬁiétﬂ%'dfﬁee ) Sl takly 1 to 3 hours;c) contacting the
i nter medi at & zeol 1te Wth an acrditied sol ution conprising an acid and
optional)l y ascarrmgiherhigadirfaceden zediteli ti ons effective to produce a high
surface area zeolite having a unit cell size in the range of from24.10 to

24.40 A, a mypadialbupiefesictitbeh upfadd tiidh Aatdrald 0 of greater than 13 and a
surface area of at |east 875 m/g thereby producing the high surface area

zeol i thave gagioigmorec sheefollayingeamigsh surface area zeolite. Especially
preferred high surface area materials have one or nore of the foll ow ng
f eat urudt:cellize ig el rangerel fram Lha4 tadga8.afreferably framP4.240 e g ferghlp fionabl y

fr.am 24, r.ef bl.y £rom 24, 3 4.3 referably to 24.36,
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A, a S4R4ite Mmies kange of from 20 to 100, preferably from 20 to 80,
especially to 50; surface area of at |east 890, specifically at least 910 m

l9; a SAR in the range of from 20 to 100, preferably from 20 to 80, especially to 50;

surface area of at least 890, specifically at least 910 m2/g;

a micropore volume,as determined by nitrogen porosimetry using the t-plot method, also known
15  asthe t-method, using nitrogen as the adsorbate as described by Lippens, Linsen and de Boer,
Journal of Catalysis, 3-32,(1964), of greater than 0.28 ml/g, suitably greater than 0.30 ml/g.
Generally micropore volume will be less than 0.40 ml/g, suitably less than 0.35 ml/g. Herein
micropores are pores having a diameter of less than 2 nm.
The present invention also relates to zeolite Y according to the present invention having
20  an acidity as measured by exchange with perdeuterated benzene of at most 20 micromole/gram.
This acidity more preferably is at most 15, more preferably at most 12, more preferably at most
10 and most preferably at most 8 micromole/gram.
The zeolites of the present invention find particular use as adsorbents, showing versatility
in the type of material that can be absorbed. Adsorption capability even at low partial pressure of
25  adsorbate has been found for both polar and non-polar materials. This makes the zeolites of the
present invention very attractive for general adsorbency use and for use in pollution control. As
polar materials, water and polar hydrocarbons may be mentioned. As mon-polar materials, non-
polar hydrocarbons, such as aromatic hydrocarbons, for example benzene and toluene, may be

mentioned. Accordingly, the present invention also provides for use as adsorbents of the



a mcropore volune,as determ ned by nitrogen porosinmetry using the t-plot
nmet hod, al so known as the t-nethod, using nitrogen as the adsorbate as
descri bedwbyolo/ppesas, Linsen and de Boer, Journal of Catralryseei0/032691
3-32,(1964), of greater than 0.28 nl/g, suitably greater than 0.30 ni/g.
Generally mcropore volume will be less than 0.40 m /g, suitably |l ess than
0.35 n/qg. Herein m cropores are pores having a dianeter of |less than 2 nm
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find r@rtlﬁeul ar use as adsorbents, showing versatility in the type of

mat er i t can be absorbed. Adsoi ption capability even at |ow parti al
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materi als. This makes the zeolltes of the present invention very attractive
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i nventiqQn rovi for us sor di fi ed zeolites Y
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Exanpl es. Exanpl es In the Exanples t | owm ng test nethods have been
used: nindégengeitial piczpire DEO.OB rﬁwlhne’dn@y hig-lvtalylpduaﬁfrc amtneatmeus i(seg aldoenotet hod of
ASTM %"EB‘?}Z 80. Surface Area: Determined in accordance with the

conve BET (Brunauer-Emmett-Teller) nmethod nitrogen adsorption

t echnigili@ 81 EEIHE dadalid (SAW): bete@m{eurtg/ chbméval B Qﬁluef%iﬁéﬁrﬁ%t‘b@ﬁd E.

Teller, J . Am Chm Soc, 60, 309 (1938), and AST net hod 365-95. In the
SAR (that is to say the overall SAR) and not spemﬁcally the SAR of the crystalline framework.

15 Zeolite Y preparation

The zeolite Y utilised in the catalysts of the present invention was prepared in accordance with
the teaching of WO 2004/047988. The starting material used was low alkali content (<1.5 %wt
alkali oxide) ammonium form Y zeolites. These zeolites were prepared by one of two methods
known in the art. While not meaning to be exclusive of other methods of achieving similar

20 results, the examples were prepared by either the Cooper method (as described in U.S. patent

specification No. 5,435,987) which involves K+ ion exchange of Na form zeolite Y, followed by
ammonium ion exchange, or by the Alafandi method (as described in U.S. patent specification
No. 4,085,069) which involves ammonium exchange under autogenous superatmospheric
pressure. The low alkali content ammonium form Y zeolite was steam calcined in one or two

25  steps to create an ultrastable type Y zeolite. The steamed zeolites were then subjected to an acid-
dealumination treatment consisting of a one step treatment with a combination of ammonium
chloride and hydrochloric acid. The water content in the ion-exchange-dealumination treatment
was generally sufficient to provide a zeolite slurry with from 5 to 25% anhydrous zeolite. Such
variation is not believed to materially affect the results obtained,

30 The zeolite Y obtained had a silica to alumina molar ratio of 25, a unit cell size of 24.33

A and a surface area of 922 m*/g,



determ nations quoted below, the results are given as a single point
assessnent taken at a nitrogen partial pressure of 0.03 follow ng a high

t enper at Wwe 2proeesesat nrent . (see al so note bel ow). Sili capco/tskaiosmonol ar
ratio (SAR): Determ ned by chem cal analysis; values quoted are 'bul k' SAR
(that is to say the overall SAR) and not specifically the SAR of the
crystalline framework. Zeolite Y preparation The zeolite Y utilised in the
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a unit cell size of 24.33 A and a surface area of 922 n2/g.Infrared
spect rAdmCAarn. tihen p¢lgroundeangl gaspled Rrspsctisfhavh degrbooasutedt al yst carriers were

neasurﬁ/?)e\l/gi ip the help of a Biorad FTS 175 FT-IR spectronmeter using a
mer cu mtelluride detector. The cell is

Atfter recording the above-mentioned spectra, the sample holder is slided back to the
15  heating zone, and equilibrated at 50 °C for an additional 15 min, while the vacuum is maintained.
H/D exchange has been performed in situ by letting 8-9 Torr of hexadeuterobenzene (CgD)
interact with the activated zeolite samples for 15 min at 50°C followed by evacuation for 45
minutes to a target pressure of 5x10™ mbar (with a maximum of 1 hour). Then background and
sample IR spectra have been measured.
20 To quantify the total amount of acidity, the IR spectra of the sample before (OH
spectrum) and after (OD spectrum) contact with hexadeuterobenzene were compared as follows.
The obtained OH spectrum was subtracted from the OD spectrum and baseline corrected. Then
curve-fitting was performed with a predefined peak set for VUSY type materials and previously
determined extinction coefficients.
25  Crystallinity
The crystallinity is measured by comparing with a highly crystalline VUSY reference by
following the changes in peak broadening measured by XRD.
Example 1
Table 1 shows the properties of a sample of zeolite Y prepared as described above which
30  has been calcined for 2 hours at 600 °C.
Table 1



equi pped with a sanple hol der conprising 10 positions and sanpl es have been
nmeasured as sel fsupporting wafers with a dianeter of 18 mm pressed from
25. 3 +/ - Wolomg2z®sel ite powder at 3.5 - 4 Ton pressure. PEDrusthie/obmekgr ound
measur enent an open position of the sanple hol der has been used. Background
and sanpl e spectra have been neasured by collecting 250 scans at 2 cm 1
resolution. The spectroneter is flushed with nitrogen to mnimze the
interference of water vapor. ﬁﬁter evacuatlng to less than 5x1 0 4 nbar,
sanpl es have been acti va ati ng zone by applylng a
t enperature program of ramx > 10 mn, wth a hold
time of 30 mnutes at 4 ‘ i ) gstrave been cooled to 50 C
with 20 ¢ min. Then bacM@W@qumamﬁﬂsanple | R spé%%ra.have been neasur ed.

H D acidity After recordiAaR the above-nentioned ZjfEctra, the sanple hol der
is slided back to the heabianglitz@ieromotd/@au)l i brated at 50 0C for an
additional 15 mn, while the vacuumis mai ntained. H D exchange has been
performed in situ by letting 8-9 Torr of hexadeuterobenzene (C6D6) interact
with the activated zeolite sanples for 15 mn at 50C fol |l owed by evacuati on
for 45 mi mHuethelt&ana;letsajfglmﬁq:shbsmupaae«bte(ﬁtdm’ adwawer¢ whlchned domemg Abonisfoutl

The back and . | R spectra have.bee ured. To
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(OH S@@qiertﬁﬁ?cawﬂe@iefoﬁfe Y ek AReaofuth t6ionkBlet W th hexadeut erobenzene vere
conpared as follows. The obtained OH spectrum was subtracted fromthe CD
spectrum and baseline corrected. Then curve-fitting was perforned with a
predefi ned peak set for VUSY type nq;%k¥%ls and previously determ ned
extinction coefficients. Crvstallinitv e crystallinity is neasured by
conparing with a highly crystalline R&dS¥néet er eedldy fSahdpty® ng t he changes

In peak broadenidjg;fipaaur @) Py XRD. 600 900 950
Steam (bar partial na 0.1 0.1
pressure)

Surface Area (m?/g) 929 816 804

Micropore Volume (cc/g) 0.310 0.278 0.274

Mesopore Volume (cc/g) 0.186 0.189 0.192
10

The IR spectrums of the zeolite Y samples were measured as described above. It was
found that samples 1 and 2 had a peak at 3700 cm™ but substantially no peaks at 3605 and 3670
cm™. The IR spectrum of Reference 1 was the opposite, i.e. it had peaks at 3605 and 3670 cm™
and no peak at 3700 cm’™.
15  Example 2
In a similar fashion to Example 1, Table 3 shows the properties of a sample of zeolite Y

prepared as described above and having been calcined for 2 hours at 600 °C.

Table 3
Reference 2
Unit cell size (nm) 2432
Crystallinity (%) 88
SAR 28.72




Exanple 1 Table 1 shows the properties of a sanple of zeolite Y prepared as
descri bed above which has been calcined for 2 hours at 600 C. Table

1Ref er encwoORoldmizt9s6el | size (nm) 2.433 Crystallinity (%PCIUSIAR0Z%9ID5 HD
acidity (mcronole/gram 175 Further sanples of the freshly prepared
zeolite Y also were calcined during 2 hours but now in the presence of
steam and at a higher tenperature as described in Table 2. The properties
of the thus cal cined i ' [ ble. Table 2
Reference 1 Sanple 1 gﬁg@é“ﬂ’@%@?ﬁggr%)T (ﬁg 600 900 950 Steam (bar
partial na 0.1 0.1 pressure) Surface Area (n2/g) 929 816 804 M cropore

Vol unme (cc/g) 0.310 0.278 0.274 Mesopore Volunme (cc/g) 0.186 0.189 0.192
The | R speciurthessanipleshe thebbihle pi¥psmdpbase Wealeo weasiatogbdabiride 2droubyad tlxbove.

It was . found.that s les. 1 and 2 had eak, at_ 370 m but substantially

no pedtbSE O555" 478 5w FghEHPTPe s feBEBELP Db ADF raRel Pl i ihe

OPPOSi daindd Rolifely RRAINEAKSF 136PHiand 3670 cm 1 and no peak at 3700 cm 1
nganpl e 2

Table 4

Reference 2 Sample 3
Calcination T (°C) 600 850
Surface Area (m%/g) 859 834
Micropore Volume 0.284 0.274
(cc/g)
Mesopore Volume 0.159 0.176
(ce/g)

The IR spectrums of the zeolite Y samples were measured as described above. It was
found that Sample 3 had a peak at 3700 cm™ but substantially no peaks at 3605 and 3670 cm’.
The IR spectrum of Reference 2 was the opposite, i.e. it had peaks at 3605 and 3670 cm™ and no
10 peak at 3700 cm™.



In a simlar fashion to Exanple 1, Table 3 shows the properties of a sanple
of zeolite Y prepared as descri bed above and havi ng been cal cined for 2
hours at wWOQoM/126@bl e 3 Reference 2 Unit cell size (nn) PRTAB201@0y=dAl | inity
(%9 88 SAR 28.72HD acidity (mcronol e/ gram 209 Further sanples of the
freshly prepared zeolite Y also were calcined during 2 hours in the absence
of steam and at a higher tenperature as described in Table 4. The
properties of the thus calcined zeolite Y are also shown in this Table.
Tabl e 4 Reference 2 Sanple 3 Calcination T (0C) 600 850 Surface Area (m/g)
859 834 M cropore Volunme 0.284 0.274 (cc/g) Mesopore Volune 0.159 0.176
(cc/g) The IR spectruns of the zeolite Y sanples were neasured as descri bed
above. It was found that Sanple 3 had a peak at 3700 cm 1 but substantially
no pe &%I§EE I ﬁ§70 cm1l. The IR spectrum of Reference 2 was the
opposite,—t.e. eaks at 3605 and 3670 cm 1 and no peak at 3700 cm

1. MHAT IS CLAIMED I'S: 1. A process for preparing a nodified zeolite Y which
process conprises subjecting zeolite Y having a silica to alum na nolar
ratio of atll east PIGeEOE AT 3 BIedHtedgepliispervhichmeoasss comprises subjecting

zeolite Y having a silica to alumina molar ratio of at least 10 to calcination at a temperature of
from 700 to 1000 °C wherein (i) the steam partial pressure is at most 0.06 bar at a temperature of
from 700 to 800 °C, (ii) the steam partial pressure is at most 0.08 bar at a temperature of from

10 800 to 850 °C, (iii) the steam partial pressure is at least 0.03 bar at a temperature of from 850 to
900 °C, and (iv) the steam partial pressure is at least 0.05 bar at a temperature of from 900 to 950
°C and (v) the steam partial pressure is at least 0.07 bar at a temperature of from 950 to 1000 °C.,

2. A process according to claim 1, in which process the zeolite Y has a silica to

15  alumina molar ratio of more than 10.

3. A process according to claim 2, in which process the calcination is carried out

during a time of from 20 minutes to 5 hours.

20 4, A process according to claim 3, in which process the zeolite Y before calcination

has a bulk silica to alumina molar ratio of greater than 13, a unit cell size in the range of from

24.10 to 24.40 A, and a surface area of at least 875 m2/g.

5. A zeolite Y obtainable by a process according to any one of claims 1 to 4.
25
6. A zeolite Y having a silica to alumina molar ratio of at least 10, the infrared

spectrum of which has a peak at 3700 cm™ but substantially no peak at 3670 cm™.

7. A zeolite Y having a silica to alumina molar ratio of at least 10, which zeolite Y
30 has an acidity as measured by exchange with perdeuterated benzene of at most 20

micromole/gram.



from 700 to 1000 OC wherein (i) the steampartial pressure is at nost 0.06
bar at a tenperature of from700 to 800 C, (ii) the steampartial pressure
is at noswoQoDBi2bes at a tenperature of from 800 to 850PCr/USeétvioy2ebhe st eam
partial pressure is at least 0.03 bar at a tenperature of from 850 to 900
C, and (iv) the steampartial pressure is at |least 0.05 bar at a
tenperature of from900 to 950 OC and (v) the steampartial pressure is at

| east 0.07 par at a . tegperature of .fr 950 t 0 0C .2. A proce
hocording thcl b arot€ NrRGRe i Rlaad oa aBier Y Bl SRS 8gei oy

al um ngciAed wwithdick Ruffratt® benAeh@bf dPnost 10 MiBbBREISaccording to claim2, in
whi ch process the calcination is earned out during a tinme of from 20
mnutes to 5 hours. 4. A process according to claim3, in which process the
zeolite Y hefore, cal.cination has.a bulk. silica o alug na | ar ratio of
aroater than 13 SR el R308, RHkia i Rel Pe ik BFofhrts ionrpia
and a cHimkaae 7ds eadek adtorb&ast 875 m/g. 5. A zeolite Y obtainable by a
process according to any one of clains 1 to 4. 6. A zeolite Y having a
silicato alumna nolar ratio of at |east 10, the infrared spectrum of

whi ch has a peak at 3700 cm 1 but substantially no peak at 3670 cm1 . 7. A
zeolite Y having a silica to alumna nolar ratio of at |east 10, which
zeolite Y has an acidity as nmeasured by exchange with perdeuterated benzene
of at nost 20 micronole/gram8. A zeolite Y according to claim?7, which
zeolite Y has an acidity as neasured by exchange with perdeuterated benzene
of at nost 10 m cronole/gram 9. A nethod of using a zeolite, wherein a
modi fied zeolite Y according to anyone of clains 1 to 7 is used as

adsor bent .
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