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HYDROGENATI ON PROCESS This invention relates to

hydr ogenati on catal ysts and their use in a hydrogenation process
whi ch is particularly applicable to the hydrogenation or 5
hydrotreati ng of lubricant oils, especially synthetic | ubri cant
oi |l s produced by the oligonerization of |ower nol ecul ar wei ght

ol efins. Hydrogenation is a wel |l -established process both

in the chem cal and petroleumrefinipg-industries. 10 Hydr ogenat i on
is conventionally carried out in the presence of a catal yst which
usual ly conprises a netal HYDROGENATION PROCESS

This invention relates to hydrogenation catalysts
and their use in a hydrogenation process which is
particularly applicable to the hydrogenation or

5 hydrotreating of lubricant oils, especially synthetic
lubricant oils produced by the oligomerizaticn of lower
molecular weight olefins.

Hydrogenation is a well-established process both
in the chemical and petroleum refining industries.

10 Hydrogenation is conventionally carried out in the
presence of a catalyst which usually comprises a metal
hydrogenation component on a porocus support material,
such as a natural clay or a synthetic oxide. Metals
such as nickel, platinum, palladium and combinations of

15 metals are often used. Typical support materials
include kieselguhr, alumina, silica and silica-alumina.
Depending upon the ease with which the feed may be
hydrogenated, the hydrogen pressures used may vary from
quite low to very high values, typically from 790 to

20 17340 kPa abs. (100 to 2,500 psig) and in most cases
from 790 to 8400 kpa abs. (100 to 1,200 psig).
Hydrogenation is an exothermic process and is therefore
thermodynamically favored by lower temperatures but for
kinetic reasons, moderately elevated temperatures are

25 normally used and for petroleum refining processes,
temperatures in the range of 149 to 371°C (300° to
700°F) are typical.

Hydrogenative treatment is frequently used in
petroleum refining to improveé the qualities of

30 lubricating oils, both of natural mineral oil and
synthetic origin. Hydrogenation,. or hydrotreating as
it is frequently termed, is used to reduce any residual
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hydr ogenati on conponent on a porous support material, such as a
natural clay or a synthetic oxide. Metals such as ni ckel

pl atm num pal | adi um and conbi nati ons of 15 netals are often used.
Typi cal support materials i ncl ude ki esel guhr, alum na, silica and
silica-al um na. Dependi ng upon the ease with which the feed may
be hydr ogenat ed, the hydregen pressures used nmay vary from

quite low to very high values, typically from790 to 20 17340 kPa

abs. (100 to 2,500 pﬁhéﬁtﬁ?&%lbﬂ ﬂp&kecﬁﬁﬁﬁhcatlng 0il, [P PehBPe 1 0 8400 kpa
abs. (100 to 1,200 p ati.on is_an exothermc Erocess

and is-therefore ﬁeggmatfﬁ-?%%aﬂ%cﬁgqvlfté\?gr 8ﬁdb‘§P11°6V\B?d%eesrrpe Btures
but for ki RéRexal @adsnstharsamevrle|df dmpuaities amgecalar es are 25
normal | y used and fobo¢&§sW1beua1ﬁaﬁﬁlﬁum§rrﬁxyhmfieance but for mirfFREratures

in the ranges of 149[81{4|iﬁ§rﬁ7ﬁi@ﬂwgkgh( iedtRd to ¥drocragg§§rr F) are

typi cal . enatjive tred rrent I'S US&EL i n

petrol eum refining t8*%ipoFederrigal i [P LV Fgneral and| sprtheficng oil s,
both of natural m nestdclei,| thadsaturation ofsyimbeebbtl g GHafge HyxHragenat i on,
or hydrotreating as a major objkétive.frequently terned, is used to reduce

any residual
y The polyolefins caomprise one class of synthetic

10 hydrocarbon lubricants which has achieved importance in
the lubricating oil market. These materials are
typically produced by the polymerization (the term
oligomerization is often used for the lower molecular
weight products which are used as low viscosity

15 basestaocks) of alpha olefins typically ranging from
l-octene to l-dodecene, with l-decene being a preferred
material, although polymers of lower olefins such as
ethylene and propylene may also be used, including
copolymers of ethylene with higher olefins, as

20 described in U.S. Patent No. 4,956,122 and the patents
referred to there. The poly alpha-olefin (PRO)
products may be obtained with a wide range of
viscosities varying from highly mobile fluids of 3 -
mmz/s to higher molecular weight, viscous materials

25 which may be used as VI improvers for the lower
viscosity PAO stocks. The PAO’s are conventiocnally
produced by the polymerization of the olefin feed in
the presence of a catalyst such as aluminum
trichloride, or boron trifluoride or trifluoride

30 complexes. Processes for the production of PAO
lubricants in this way are disclosed, for example, in
U.S. Patent Nos. 3,382,291, 4,172.855, 3,780,128,
3,149,178, 3,742,082, and 4,956,122. The PAO
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- 2- unsaturation in the lubricating oil, to renove

het eroat om containing inpurities and color bodies. In m ner al
oils, the renoval of inpurities and col or bodi es is of particular
significance but for mneral 5 oi I s which have been subjected to
hydr ocr acki ng or catal yti c dewaxi ng. For both m neral and

synt hetic stocks, the satwation of |ube boiling range olefins is
a maj or objective. The pol yol efins conprise one.class of

synt hetic 10 hydr ocarbon | ubricants which has achi eved i nportance in

the lubricating oi Luppidents IResalsmiddscapsedrn Lubricationyjcal |y
produced by the pokjh®inerdalen i he. twllbs, Marcel DeXkegolmei zalewon is often

used fof the | ower nollceg);ga%r B 47_\@9917gh17 ngg&%gl?h (?eéarﬁ yged as
| ow viscosity 15 gg’l\gz al pha ofe I'ns typfca ran%lngfrom
81. Subsequent to the polymerization,” the lubrlcan
5 range products are hydrogenated in order to reduce the
residual unsaturation. In the course of this reaction,
the bromine number of the lubricant is reduced from a
typical value of 10 or higher to a value of not more
than 1 or even lower. _

10 A novel type of PAO lubricant has recently been
disclosed as having exceptional and advantageous
properties. These materials are the HVI-PAO materials
which are disclosed in U.S. Patent Nos. 4,827,064 and
4,827,073. These materials are produced by the

15 oligomerization of one olefins, especially l-decene,
using a reduced Group VI metal oxide catalyst,
preferably a reduced chromium oxide catalyst. The
HVI-PAO products may be derivatized by reaction with
aromatics, as disclosed EP 377305 and higher molecular

20 weight versions prepared by the use of lower
oligomerization temperatures, as disclosed in U.S.
Patent No. 5,012,020, to which reference is made for a
disclosure of the higher molecular weight products.
Although the oligomerization process using the reduced

25 metal oxide catalysts produces a material of
characteristic structure, residual unsaturation remains
in the oligomer product and, like the conventional PAO
oligomers, it is subjected to hydrogenation in order to
improve its stability as a lubricant. The

30 hydrogenation is carried out in the same manner as with
the conventional PAO-type materials.

The catalysts used for hydrogenating lubricants,
whether of mineral oil or synthetic origin, require a
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1-octene to 1-dodecene, with 1-decene being a preferred mat eri al ,

al t hough pol yners of |ower ol efins such as et hyl ene and propyl ene
may al so be used, including copol ymers of ethylene wi th higher

ol efins, as 20 described in U S. Patent No. 4,956,122 and the patents
referred to there. The poly al pha-olefin (PAO products may be
obtained with a w de range of vi scosities varying from highly
nobile fluids of 3 merr]/s to higher nolecular weight, viscous
materials 25 whi ch may be used as VI inprovers for the | aower
viscosity PAO stocks. The PAO s are conventionally produced by the
pol yneri zation of the olefin feed Lgs_ _ the presence of a catal yst
such as al um num trichloride, or boron trifluoride or trifluoride

30 conpl exes.  Processes for t he g;oductipn of PAO
| ubricants in thisrRay hydrogesetiyedunsbiore pappided by the metal U S, Patent
Nos. 3,382,291, 4chpdnedbEmnd31d8fk pdBe diameters Bp 4@, pdous3, 742, 082, and

4,956, 122. The Fugapport material in order to minimize the diffusion

resistance of the bulky lubricant molecules. For

5 reactions with bulky molecules, the optimum ratioc of
catalytic pore diameter to molecule size is 1.5:1.
Table 1 below shows the optimum pore sizes required for
normal alkanes in the C~7 to C-25 range. The table
shows that for alkanes in this range, the chain-length

10 varies from 9.9 to 37.6 A so that active hydrogenation
catalysts for these materials should have a major
amount of their pore volume with pore openings in the
range of 1.5 to 5.6 nm (15 to 56 A), and preferably
with a major amount of this in the range 3.8 to 5.6 nm

15 {38 to 56 A).
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- 3- | ubricants are al so di scussed in Lubrication

Fundanmentals, J. G WIIls, Marcel Dekker Inc., New York, 1980
| SBN 0-8247-6976-7, especially Pages 77 to 81l. Subsequent to the
pol yneri zation, the lubricant 5 range products are hydrogenated in
order to reduce the residual unsaturation. In the course of this
reaction, the brom ne nunber of the lubricant is reduced froma
typi cal value of 10 or higher to a value of not nore than 1 or
even | ower. 10 ' A novel Type of PAO | ubricant has recently been
di scl osed as having exceptional and adygpi@gepus - properties.
These materials are the HVI-PAO material s ) whi ch are disclosed in
U S. Patent Nos. 4,827,064 and 9ptimum HoweSigey These materials are
produced by the 15 _ ol i goneri zation of one ol ef i optigancpore | v
1-decene, carbil Nlnfhdr® 4G §dnE QURLME, TRE A LIOXidgnaRLa! YSE - (o)
5 c7 0.99 1.5

08 1.15 1.7

C10 1.45 2.2

C,s 1.76 2.6

L C17 2.53 3.8

Cq 2.84 4.3

C21 3.15 4,7

023 3.46 5.2

Cys 3.76 5.6

1) Based on bond lengths of 0.154 and 0.111 nm for C-=C
15 and C-H bond lengths, respectively.
(2) Based on an optimum ratioc of catalyst pore to
molecule size ratio of 1.5.
Conventional amorphous support materials such as
alumina, silica and silica-alumina, typically have a
20 pore size distribution with most of the pores larger
than 5 nm and most of these are larger than 10nm.
Although these large pores enable the bulky lubricant
molecules to traverse the molecular structure of the
catalyst freely with little diffusion resistance, the
25 reduced surface area associated with the larger pore
sizes diminishes the area which is available for the
hydrogenation reactions. It would therefore be
desirable to utilize a hydrogenation catalyst which
posses a significant amount of its pores in the range
30 of 1.5 to 6 nm (15 to 60 A), close to the optimum ratio
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preferably a reduced chrom um oxi de catal yst. The HVI - PAO

products may be derivatized by reaction with aromatics, as

di scl osed EP 377305 and hi gher nol ecul ar 20 wei ght versi ons prepared
by the use of | ower ol i goneri zation tenperatures, as disclosed in
U. S. Patent No. 5,012,020, to which reference is nmade for a

di scl osure of the higher nolecul ar weight products. Al t hough the
ol i goneri zati on process using the redutced 25 net al oxi de catal ysts
produces a material aof characteristic structure, residua

unsaturation renmi ns£9oF the lower,mphacuiansisdghl, pateriakm makipg vhethe
conventi onal PAO bulk of mlaryomgnshetic ilnbxibpatseds twally ds0grAaL dwdy | N

order to | GPEONS: 4y Snidedh! biYsas a lubricant. The 30
int

hydrogenation is carried out i e sane_manner as with t he
conventional PAO type nat'#§ih@ve now found that anghherglasstof gatalywic

hydrogenati g | ubri casterials ~ the mbetgwerousf chi/seanlimd Inatersynthetic
orrgrn, réquité a  ypjch have high pore volume, high surface area and
controlled pore openings of at least 13 A, is
particularly suitable for the hydrogenation of
lubricant hydrocarbons, especially synthetic PAO~type
10 materials.

According to the presednt invention, therefore,
the hydrogenation process utilizes a hydrogenation
catalyst which comprises a hydrogenation function in
the form of a metal on a support material which

15 comprises a mesoporous siliceous material with a novel
and unique structure and pore geometry described below.
These materials are inorganic, porous, non-layered
crystalline phase materials which, in their calcined
forms exhibit an X~ray diffraction pattern with at

20 least one peak at a d-spacing greater than 1.8 nm (18
Angstrom Units (A)). They also have a benzene
adsorption capacity greater than 15 grams benzene per
100 grams of the material at 6.7 kPa (50 torr) and
25°C. In a preferred form, the support material is

25 characterized by a substantially uniform hexagonal
honeycomb microstructure with uniform pores having a
cell diameter greater than 1.3 mm (13 A) and typically
in the range of 2 to 10 nm (20 to 100 A). Most
prominent among these materials is a new crystalline

30 material identified as MCM-41 which is usually
synthesized as a metallosilicate with Brensted acid
sites by incorporating a tetrahedrally coordinated
trivalent element such as Al, Ga, B, or Fe within the
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strong hydrogenation function provided by the netal _ conponent and
| arge pore dianmeters in the porous support material in order to
m i m ze the diffusion resi stance of the bul ky | ubricant

nol ecul es. For 5 reactions with bul ky nolecules, the optinumratio
of catal ytic pore dianmeter to nolecule size is 1.5:1

Tabl e 1 bel ow shows the optinmum pore8stzes required for nor mal

al kanes in the CG7 to G 25 range. The table shows that for

2 kanes 0 this 1 8898ad IS BRRLAkONO, Yhasorreat Bohge If Ae3e0 10 376 A

so that active hy rogen ese naterlals shoul d
have a-nmaj or materl%%ﬁnﬁﬂ? GFetﬁb?*lﬁﬁﬁ%QRﬁﬁFﬁﬁeaﬁf¥?Piﬂn9§h§§en|ngs in

t he metallosilicates may also be utilized.
MCM-41 is characterized by a microstructure with a
5. uniform, hexagonal arrangement of pores with diameters
of at least 1.3 nm (13 A). After calcination, it
exhibits an X-ray diffraction pattern with at least one
d-spacing greater than 18 A and a hexagonal electron
diffraction pattern that can be indexed with a 4,00
10 value greater than 18 A which corresponds to the
d-spacing of the peak in the X-ray diffraction pattern.

A preferred catalyst for the present purpose is an
alumina bound crystalline material which has a
significant pore volume with pore diameters greater

15 than 20 nm (200 A). The large diameter pores provide
channels for bulky PAO oligomers to transport freely
with diminished diffusion resistance to the smaller
particles of the crystalline material which provide a
large surface area for the hydrogenation reaction. The

20 preferred crystalline materials for use in the present
process have pore diameters greater than 1.5 nm (15 A)
and the preferred pore diameters are in the range of
1.5 to 6 nm (15 to 60 A).

The single figure of the accompanying drawings is

25 a graphical representation of testing results reported
in the Examples below.

In the present process, lubricant range
hydrocarbons are hydrogenated or hydrotreated or
hydrotreated in the presence of a hydrogenation

30 catalyst which comprises a mesoporous crystalline
material, preferably with a binder which possesses a
significant pore volume having pore diameters greater
than 20 nm (200 A). The process may be carried out
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range of 1.5 to 5.6 nm (15 to 56 A), and preferably with a mjor

anmpunt of this in the range 3.8 to 5.6 nm 15 (38 to 56 A).

-5-7 Table 1

Opti mum Pore Size _

Opti mum Por e Car bon Nunber Al kane Lenath nm (1) D anmeter. nm
(2) 5 - (err] - 9. 0.99 1.5

derr] 1.15 1.7

with mineral oil lubricants or synthetic hydrocarbon
lubricants, of which the PAO materials are preferred,
both conventional type PAQO‘s prepared using
Friedel-Crafts type catalysts as well as the HVI-PAO

5 materials produced using a reduced Group VIB metal
oxide catalyst.

The mineral oil lubricants may generally be
characterized as having a minimum boiling point of at
least 650°F (345°C) and usually they will be neutral

10 i.e., distillate, stocks with an end point of not more
than 1050°F (565°C), although residual lube stocks such
as bright stock may also be treated by the same
catalytic process. Mineral oil stocks of this kind are
typically prepared by the conventional refining process

15 involving atmospheric and vacuum distillation of a
crude of suitable composition, followed by removal of
undesirable aromatic components by solvent extraction
using a solvent such as phenol, furfural or
N,N-dimethylformamide (DMF). Dewaxing to the desired

20 product pour point may be carried out using either
solvent dewaxing or catalytic dewaxing techniques and
it is particularly preferred that a hydrogenative
treatment according to the present invention should
follow any catalytic dewaxing treatment in order to

25 saturate lube boiling range olefins which may be
produced during the catalytic dewaxing process.

The present process is, however, particularly
applicable to the hydrogenative treatment of synthetic
lubricating oils, especially the poly alpha-olefins

30 (PAO) including the HVI-PAO type materials. These
types of lubricants may be produced by the
polymerization or ocligomerization- procedures described
above using Friedel-Crafts type catalysts such as

This Sheet Has Been Replaced

T




Clerr] 1.45 2.2 Cerr]

1.76 2.6 derr] 2.53

3.8 10 Cerr] 2. 84 4.3

derr] , 3.15 4.7 derr]

3.46 5.2 Jerr] 3.76

5.6 (1) Based on bond |l engths of 0.154 and 0.111 nmfor CC 15
and C-H bond | engths, respectively. (2) Based on an optinmumratio
of catalyst pore to m)llecul e size ratio of 1.5.

Conventi onal anorphous support materials such as alumna, silica
and silica-al um na, |caII ave a .phore .size distribution with
nost of the pores allé’l%' rfen °ndtehag°§°ﬂrﬁ%h§“}?&' SofTt "e%é1 are |arger
than | Onm trlﬂAMph@dghCaniﬁseFarge9porwkﬁknﬂﬂ&e§ t hewery[ddbkangbsi cant

mol ecul es to travejseskhesmoheemd aionsbﬁus;&ﬁaﬁ ®inddi€ The Hvz-pmaft st
freely with little dlffu5|on%§§§ | St ance uce% ace area

5
associated with tfF¥IEPGEP e PriBifed’ bY éé; %ﬁq?dghggsﬁﬁ% ég whi ch
is availaBle for tthés. Patent Noshy dhr838n86+ 0and eb®370933, | esimslilad t herefore

be desi nalduReliOcybip | VI8 dich}dr 6godat dath1G@ka| Heimauych

chromium on silica. The HVI-PAO materials include the
higher molecular weight versions prepared by the use of
lower oligomerization temperatures, as disclosed in

10 U.S. Patent No. 5,012,020, to which reference is made
for a full description of these materials and their
preparation. Derivatives of the PAO lubricants may be
prepared by reaction with aromatics as disclosed, for
example, in EP 377305, referred to above. The HVI-PAO

15 materials are characterized by a branch ratio below
0.19 which results from the use of the unique reduced
metal oxide catalyst during the oligomerization

process.
The lubricant materials are subjected to the
20 hydrogenative treatment in the presence of a catalyst

which comprises a metal component for hydrogenation
together with the mesoporous crystalline material and,
optionally, a binder.
The hydrogenation reaction is carried out under
25 conventional conditions with temperatures from 93° to
371°C (200° to 700°F), and preferably in the range of
149° to 260°C (300° to 500°F). Hydrogen pressure may
vary up to 17340 kPa abs. (2,500 psig) but normally
will be from 790 to 3550 kPa abs. (100 to 500 psig).
30 Hydrogen circulation rates are typically in the range
178 to 1424 n.1.1.”1 (1,000 to 8,000 scf/bbl) and once
through circulation is preferred in order to maximize
the purity of the hydrogen. Space velocities are

IThis Sheet Has Been

T



“r

posses a significant anount of its pores in the range 30 of 1.5to 6

nm (15 to 60 A), close to the optinumratio

- 6- for the | ower nol ecul ar weight materials naking up the

bul k of many synthetic lubricants as well as the | ower viscosity

m neral oils.

We have now found that another class of

catalytic 5 materials - the nesoporous crystalline materials -
whi ch have hi gh pore volune, high surface area and controlled
pore openings of at least 13 A is 11 - particularly suitable for the

hydr ogenati on of

PAC-t ype

10

15

20

25

30

| ubri cant hydrocarbons, especially synthetic
typically in the range of 0.5 to 10 LHSV, usually from

1 to 3 LHSV. The products of the hydrogenation
reaction have a low degree of unsaturation consistent
with the hydrogenative treatment and in most cases the
bromine number of the product will be less than 2 and
is preferably less than 1. _

The catalytic material used in the present
invention includes a novel synthetic composition of
matter comprising an ultra-large pore size crystalline
phase as a support for the metal component of the
catalyst. This material is an inorganic, porous,
non-layered crystalline phase material which can be
characterized (in its calcined form) by an X-ray
@iffraction pattern with at least one peak at a
d-spacing greater than 1.8 nm (18 A) with a relative
intensity of 100 and a benzene sorption capacity of
greater than 15 grams of benzene per 100 grams of the
the material at 6.7 kPa (50 torr) and 25°C.

The preferred form of the crystalline material is
an inorganic, porous, non-layered material having a
hexagonal arrangement of uniformly-sized pores with a
maximum perpendicular cross-section pore dimension of
at least 1.3 nm (13 Angstron Units (4)), and typically
within the range of from 1.3 to 20 nm (13 4 to 200 A).
A preferred form of this hexagonal crystalline
composition, identified as MCM-41, with the
characteristic structure of hexagonally-arranged,
uniformly-sized pores of at least 1.3 nm (13 i)
diameter, exhibits a hexagonal electron diffraction
pattern that can be indexed with a d100 value greater
than 1.8 nm (18 A) which corresponds toc at least one
peak in the X-ray diffraction pattern.
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10 mat eri al s. , According to the presednt invention,
therefore, t he hydrogenation process utilizes a hydrogenation
catal yst which conprises a hydrogenation function in t he form of
a netal on a support material which 15 conpri ses a nesopor ous
siliceous material with a novel and uni que structure and pore
geonetry descri bed bel ow These materials are inorganic, porous,
non- | ayer ed crystalline phase materials which, in their calcined
forms exhibit an X-ray diffraction pattern with at 20 | east one peak
at a d-spacing greater than 1.8 nm (18 Angstrom Units (A)). They
al so have a benzene adsorpti’oJr? Capacity greater than 15 grams

tzneren]eCper 10Phe it g@%i&henm&myaledahelﬁoﬁom (B9stariinand
5[err]C. In a pre e_s teri LS

characterized by a éggé)fea?\ Sgﬁrqdytaﬁmaf %?ﬁ%%?%@%ﬁge cataQISYSt ﬁ&ﬁe%%nb

m crostructure wit hfahlewing son@eshbirny a cel | dianeter greater
than 1.3 nm (13 A) and typica| | o, tyhe range of 2 to 10 nm (20

100 A). 5M @ﬁﬁswa : Y@ & ials i
to . st . rs p lTals 1S _a.ne
crystalli ne5 30 w{leﬁ%%%rvlpall ﬁdgn%la%%dgeals ’Z%{‘%iacsn 3 sfislﬁ'gaﬁf‘%,y

synt hesi zed as a nmefaFFBsrIy CaRESHFLAN BRYYRY @ -&ci Banganese, cobpibsamg

i ncorporating a tetigbedrald orcaagtessiwd preferably &6bamdend igl gnent such
as A, G, B, or Fet@&&£&éhé'&iement, such as aluminum, boron, iron and/or
gallium, preferably aluminum; Y is a tetravalent
10 element such as silicon and/or germanium, preferably
silicon; Z is a pentavalent element, such as
phosphorus; M is one or more ions, such as, for
example, ammonium, Group IA, IIA and VIIB ions, usually'
hydrogen, sodium and/or fluoride ions; n is the charge
15 of the composition excluding M expressed as oxides; g
is the weighted molar average valence of M; n/q is the
number of moles or mole fraction of M; a, b, ¢, and d
are mole fractions of W, X, ¥ and Z, respectively; h is
a number of from 1 to 2.5; and (a+b+c+d) = 1.
20 A preferred embodiment of the above crystalline
material is when (at+b+c) is greater than d, and h = 2.
A further embodiment is when a and d = 0, and h = 2.
The preferred materials for use in making the present
catalysts are the aluminosilicates although other
25 metallosilicates may also be used.

In the as-synthesized form, the support material
has a composition, on an anhydrous basis, expressed
empirically as follows:

TRMM, (W, X Y, Zg 0p)
30 where R is the total organic material not included in M
as an ion, and r is the coefficient for R, i.e. the
number of moles or mole fraction of R.
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-7- silicate framework. The preferred fornms of these
materials are the alum nosilicates although ot her

nmetal losilicates may al so be utilized. MCM 41 is
characterized by a mcrostructure with a 5 uni form hexagonal
arrangenment of pores with dianeters of at least 1.3 nm (13 A).
After calcination, it exhibits an X-ray diffraction pattern with
at | east one d-spacing greater than 18 A and a hexagonal el ectron
diffraction pattern that can be indexed with a d[err] 10 val ue
greater than 18 A which corresponds- 19 I he d- spaci ng of the peak

in the X-ray diffraction pattern
The M and R components are associated with the

material as a result of their presence during
crystallization, and are easily removed or, in the case
of M, replaced by post-crystallization methods

5 described below.

To the extent desired, the original M, e.g. sodium
or chloride, ions of the as-synthesized material of
this invention can be replaced in accordance with
conventional ion-exchange techniques. Preferred

10 replacing ions include metal ions, hydrogen ions,
hydroéen precursor, e€.g. ammonium, ions and mixtures of
these ions. Particularly preferred ions are those
which provide the desired metal functionality in the
final catalyst. These include hydrogen, rare earth

‘15 metals and metals of Groups VIIA (e.g. Mn), VIIIA (e.q.
Ni),IB (e.g. Cu), IVB (e.g. Sn) of the Periodic Table
of the Elements and mixtures of these ions.

The crystalline (i.e. having sufficient order to
proviae a diffraction pattern such as, for example, by

20 X-ray, electron or neutron diffraction, following
calcination with at least one peak) mesoporous material
may be characterized by its structure, which includes
extremely large pore windows as well as by its high
sorption capacity. The term "mesoporous" is used here

25 to indicate crystals having uniform pores within the
range of from 1.3 to 20 nm (13 A to 200 4). The
mesoporous materials have uniform pores within the
range of from 1.3 to 20 nm (13 A to 200 A), more
usually from 1.5 to 10 nm (15 A to 100 A). Since these

30 pores are significantly larger than those of other
crystalline materials, it is appropriate to refer to
them as ultra-large pore size materials. For the
purposes of this application, a working definition of
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A preferred catalyst for the present purpose is an al um na bound
crystalline material which has a significant pore volune with
pore di ameters greater 15 than 20 nm (200 A). The | arge dianeter
pores provide channel s for bul ky PAO oligoners to transport
freely wi th di m nished diffusion resistance to the smaller
particles of the crystalline material which provide a | ar ge
surface area for the hydrogenation reaction. The 20 preferred
crystalline materials for use in the present process have pore
di aneters greater than 1.5 nm (15 A ~ and the preferred pore

di aneters are in the range of -14-1.5to6 nm(15to 60 A).

The single figure of the acconmpanying drawings is 25 a graphi cal
representati on of i@stdua® 18SH| hetsLY ttddt adsorbs at ridase Exqugu e bel ow.

In the present progess,. .l ubri range h S are
hydr ogenat ed or hy%r?ﬁ#&af“@&eg‘?%’ ash?&(o??éa%{%(. I N t%g presence of a

hydr ogenati on 30 cyclohexaneyspPernth FaMsr PEeshd #R&hor ous crystalline
material, preferably wiHe aakangeic whitdripdssaaspe @istinguishedifpronf i cant

B?gg e\slgl lr:'argi Bgvggg?ﬁgegre ggaltr%ﬁgt ﬂ\grc%r?iaé Solids l'::y thd %Qr%y(@?%@ . The
large open pores, whose pore size more nearly resembles
that of amorphous or paracrystalline materials, but
whose regular arrangement and uniformity of size (pore
size distribution within a single phase of, for

10 example, + 25%, usually + 153 or less of the average
pore size of that phase) resemble more those of :
crystalline framework materials such as zeolites. The
preferred materials have a hexagonal arrangement of

- large open channels that can be synthesized with open

15 internal diameters from 1.3 to 20 nm (13 A to 200 4).
The term "hexagonal" is intended to encompass not only
materials that exhibit mathematically perfect hexagonal
symmetry within the limits of experimental measurement,
but also those with significant cbservable deviations

20 from that ideal state. A working definition as applied
to the microstructure of the present invention would be
that most channels in the material would be surrounded
by six nearest neighbor channels at roughly the same
distance. Defects and imperfections will cause

25 significant numbers of channels to violate this
criterion to varying degrees, depending on the quality
of the material’s preparation. Samples which exhibit
as much as + 25% random deviation from the average
repeat distance between adjacent channels still clearly

30 give recognizable images of the present ultra-large
pore materials. COﬁparable variations are also
observed in the d,,, values from the electron

diffraction patterns.
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- 8- with mneral oil lubricants or synthetic hydrocarbon

| ubricants, of which the PAO materials are preferred, bot h
conventional type PAO s prepared using Friedel -crafts type

catal ysts as well as the HVI-PAO 5 materi al s produced using a
reduced G oup VIB netal oxi de catal yst. The
mneral oil lubricants may generally be characterized as haV|ng a
m ni mrum boi | i ng point of at | east 650[err]F (345[err]C) and
usually they will be neutral 10 i.e., distillate, stocks with an end
poi nt of not nore t han 1050F (565 C), although residual |ube

st ocks such as bright stockisay al so be treated by the sane

catal ytic process. Mneral oil stocks of this kind are
The most regqular preparations of the support

material give an X-ray diffraction pattern with a few
distinct maxima in the extreme low angle region. The
positions of these peaks approximately fit the

5 positions of the hkO reflections from a hexagonal
lattice. The X-ray diffraction pattern, however, is
not always a sufficient indicator of the presence of
these materials, as the degree of regularity in the
microstructure and the extent of repetition of the

10 structure within individual particles affect the number
of peaks that will be observed. Indeed, preparations
with only one distinct peak in the low angle region of
the X-ray diffraction pattern have been found to
contain substantial amounts of the material in them.

15 Other techniques to illustrate the microstructure of
this material are transmission electron microscopy and
electron diffraction. Properly oriented specimens of
the material show a hexagonal arrangement of large
channels and the'corresponding electron diffraction

20 pattern gives an approximately hexagonal arrangement of
diffraction maxima. The dloo spacing of the electron
diffraction patterns is the distance between adjacent
séots on the hkO projection of the hexagonal lattice
and is related to the repeat distance a, between

25 channels observed in the electron micrographs through
the formula d,q5q = a0J3/2. This 400 spacing observed
in the electron diffraction patterns corresponds to the
d-spacing of a low angle peak in the X-ray diffraction
pattern of the material. The most highly ordered

30 preparations of the material obtained so far have 20-40
distinct spots observable in the electron diffraction
patterns. These patterns can be indexed with the
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typically prepared by the conventional refining process 15 I nvol vi ng

at nospheric and vacuumdistillation of a crude of suitable
conposition, followed by renoval of : undesi rabl e aromatic
conmponents by sol vent extraction using a solvent such as phenol
furfural or N, N- di met hyl f ormam de (DVF). Dewaxing to the desired
20 product pour point nmay be carried out using either

sol vent dewaxi ng or catalytic dewaRi¥y-techni ques and it is
particularly preferred that a hydrogenative treat ment according

to the present i nfE¥aPIR3NKP Subset of unigpe wefdartdanal 9f i E0UeddRing
treatnment i-n orderooq 2%0, etc.,&aﬁut&bérlg&ﬁméxﬁﬂ4ﬁmﬂataagﬁeﬁdéﬁﬁﬂ&héwh'Ch

ey be D OISR 0T L8 S8R, VIAS ARMR9nR BEEST A may (1

The present process i s, however, part
hydr ogenati ve tre&FhﬁHFtBFrs?#ﬂ?ﬁﬁﬁ%?lzed by an b S éaﬁfngct#¢n; especial ly

the poly &l pha- ol gfatterdOwith at UeBAE) ohachest NGt Ehoblti EAQG e R

materials. These y f roduc by the
pol ymeri zati on or oﬁer?%a 0591nggéugﬂgé%%g%%m%cégg f&'§%¥ é fove using
Friedel -Crafts tyﬁ?rbgPaKy%%EP%nRﬂ¢¥ﬂ§l°n) which corresponds to the d,,

value of the electron diffraction pattern of the
material, and an equilibrium benzene adsorption

10 capacity of greater than 15 grams benzene/100 grams
crystal at 6.7 kPa (50 torr) and 25°C (basis: crystal
material having been treated in an attempt to insure no
pore blockage by incidental contaminants, if
necessary) .

15 The equilibrium benzene adsorption capacity
characteristic of this material is measured on the
basis of no pore blockage by incidental contaminants.
For instance, the sorption test will be conducted on
the crystalline material phase having any pore blockage

20 contaminants and water removed by ordinary methods.
Water may be removed by dehydration techniques, e.q.
thermal treatment. Pore blocking inorganic amorphous
materials, e.g. silica, and organics may be removed by
contact with acid or base or other chemical agents such

25 that the detrital material will be removed without
detrimental effect on the crystal.

More particularly, the calcined crystalline
non-layered material may be characterized by an X-ray
diffraction pattern with at least two peaks at

30 positions greater than 1.0 nm (10 i) d-spacing (8.842°%
for Ccu K-alpha radiation), at least one of which is at
a position greater than 1.8 nm (18 A) d-spacing, and no
peaks at positions less than 1.0 nm (10 i) d-spacing
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- 9- alumnumtrichloride, boron trifluoride or boron
trifluoride conplexes, e.g., with water, |ower al kanol s or esters
i n"the conventional nmanner. The HVI-PAO type ol i goners may be
prepared by the nethods described in 5 U.S. Patent Nos. 4,827,064
and 4,827,073, using a reduced Group VIB netal oxide catalyst,
normal | y chromumon silica. The HVI-PAO materials include the

hi gher nol ecul ar wei ght versions prepared by the use of | ower

ol i goneri zation tenperatures, as disclosed in 10 U.S. Patent No.

2,012,020, to whi Gﬂi{rﬁf&&%@i@e' Snt@flfity greater £@in 20ubl ggscription of
these materials and their re aration.  Derivatives of the PAO
| ubricants may be strongest peak. Sti ore particularly, the X-ray

diffraction pattern of the calcined material of this
invention will have no peaks at positions less than 1.0

5 nm (10 A) d-spacing with relative intensity greater
than 10% of the strongest peak. In any event, at least
one peak in the X~ray diffraction pattern will have a
d-spacing that corresponds to the d100 value of the
electron diffraction pattern of the material.

10 The calcined inorganic, non-layered crystalline
material may also be characterized as having a pore
size of 1.3 nm (13 A) or greater as measured by
physisorption measurements, described below. Pore size
is considered a maximum perpendicular cross-section

15 pore dimension of the crystal.

x-ray diffraction data were collected on a Scintag
PAD X automated diffraction system employing
theta-theta geometry, Cu K-alpha radiation, and an
energy dispersive X-ray detector. Use of the energy

20 dispersive X-ray detector eliminated the need for
incident or diffracted beam monochromators. Both the
incident and diffracted X-ray beams were collimated by
double slit incident and diffracted collimation
systens. The slit sizes used, starting from the X-ray

25 tube source, were 0.5, 1.0, 0.3 and 0.2 mm,
respectively. Different slit systems may produce
differing intensities for the peaks. The materials of
the present invention that have the largest pore sizes
may require more highly collimated incident X-ray beams

30 in order to resolve the low angle peak from the
transmitted incident X-ray beam.

The - diffraction data were recorded by
step-scanning at 0.04 degrees of 2_, where _ is the
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prepared by reaction with aromatics as disclosed, for exanple, in

EP 377305, referred to above. The HVI-PAO 15 materials are
characterized by a branch ratio bel ow 0.19 which results fromthe
use of the unique reduced nmetal oxide catal yst during the

ol i goneri zation process. The lubricant material s
are subjected to the 20 hydr ogenative treatnment in the presence of a
cat al yst whi ch conpri ses a- k8t al conponent for hydr ogenat i on

together with the mesoporous crystalline nmateri

optionally, a bi nde‘?ragg angle, and a cﬂﬁ’é‘tl‘rﬁﬂr'éb%‘?\a‘ﬁ &r? FESEREDEIS S35 i ed
out under 25 v erheoiaterpmldiay apacungd, tdtpewatrer esléulahnedd3 to

371[err] C (200[ e”i:l,}:% ﬁg[ eEBtF'lhe a@l“?taeg.ﬁgéﬂsaiﬂé;'%fr enger fes,

149[err] to 260[err [err err essyre nmay

vary up to 17340 kP¥ Tapswheresig b%l‘?j)e‘l%‘P kB F’&I ¢%, the l?‘teanqu 58S r om
790 to 3556 kPa absstxckfesto 1308, psha)e badkground, Hyalreogerived cedtdt itive

t typi cal |y, 1 1, 000
{g gsoggesc¥ykgﬁ) ég%#‘égna p2B88E1e fltﬁ%ng r&dBihe, 14gd Qn%eﬁsi@iéé werQ

circulation is.preferr
order to naxinize uncorrected,fop Loxsnts a?‘ﬁepﬁ}ﬁl?b’gaetﬁ‘msﬁg 80%1 oi ?’ﬁ

are relative intensities are given in terms of the symbols
vs = very strong (75-100), s = strong (50-74), m =

10 medium (25-49) and w = weak (0-24). The diffraction
data listed as single. lines may consist of multiple
overlapping lines which under certain conditions, such
as very high experimental resolution or
crystallographic changes, may appear as resolved or

15 partially resolved lines. Typically, crystallographic
changes can include minor changes in unit cell
parameters and/or a change in crystal symmetry, without
a substantial change in structure. These minor
effects, including changes in relative intensities, can

20 also occur as a result of differences in cation
content, framework composition, nature and degree of
pore f£illing, thermal and/or hydrothermal history, and
peak width/shape variations due to particle size/shape
effects, structural disorder or other factors known to

25 those skilled in the art of X-ray diffraction.

The equilibrium benzene adsorption capacity is
determined by contacting the material of the invention,
after dehydration or calcination at, for example, 540°C
for at least one hour and other treatment, if .

30 necessary, in an attempt to remove any pore blocking
contaminants,'at 25°C and 6.7 kPa (50 torr) benzene
until equilibrium is reached. The weight of benzene
sorbed is then determined as described below.
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- 10 - typically in the range of 0.5 to 10 LHSV, usually from

1 to 3 LHSV. The products of the hydrogenation reaction have a

| ow degree of unsaturation consistent wi th the hydrogenative
treatnment and in nost cases the 5 brom ne nunber of the product wll
be |l ess than 2 and Is preferably | ess than 1. The
catalytic material used in the present I nvention includes a nove
synt heti c conposition of tter conprising an ultra-|large pore
size-crystalline 10 phase as a support for the netal conmponent of the
catalyst. This material is an inorganic, porous, non- | ayer ed

crystal line phase nmat eFhe| angarivm ZRrBect the catalykiraeatsyiaddmanbet s
cal cined form by readXiyayonverted to the hydrogen form by thermal

treatment (calcination). This thermal treatment is
generally performed by heating one of these forms at a
5 temperature of at least 400°C for at least 1 minute and
generally not longer than 20 hours, preferably from 1
to 10 hours. While subatmospheric pressure can be
employed for the thermal treatment, atmospheric
pressure is desired for reasons of convenience, such as
10 in air, nitrogen, ammonia, etc. The thermal treatment
can be performed at a temperature up to 750°C. The
thermally treated product is particularly useful in the
catalysis of certain hydrocarbon conversion reactions
and it is preferred that the material should be in this
15 from for use in the present catalysts.
The crystalline material can be prepared by one of
several methods, each with particular limitations.
A first method involves a reaction mixture having
an X,0,/Y0, mole ratio of from 0 to 0.5, but an
20 Al,0,/5i0, mole ratio of from 0 to 0.01, a
crystallization temperature of from 25° to 250°C,
preferably from 50° to 175°C, and an organic directing
agent, hereinafter more particularly described, or,
preferably a combination of that organic directing
25 agent plus an additional organic directing agent,
described below. This first method comprises preparing
a reaction mixture containing sources of, for example,
alkali or alkaline earth metal (M), e.g. sodium or
potassium, cation if desired, one or a combination of
30 oxides selected from the group consisting of divalent
element W, e.g. cobalt, trivalent element X, e.q.
aluminum, tetravalent element Y, e.g. silicon, and
pentavalent element Z, e.g. phosphorus, an organic (R)
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diffraction pattern with at | east one peak at a 15 d- spaci ng greater
than 1.8 nm (18 A) with a relative intensity of 100 and a benzene
saorption capacity of greater than 15 grans of benzene per 100
grans of the the material at 6.7 kPa (50 torr) and 25[err]C

The preferred formof the crystalline material is 20 an i norganic,
porous, non-layered material having a hexagonal arrangenent of

uni form y-sized pores with a - 20 HBX|nun1perpend|cuIar Cross-section
por e di mensi on of at least“1.3 nm (13 Angstron Units (A)), and
typically dlﬂ\ééﬂfmrﬂ; Ta@@nt@ﬂ@@scﬁkf:.hfel’d)lﬁeloﬁ t an®@(a rolfeAtAoto 200 A).

25 A prefer%ef [ %%%gﬁswgg;p orCh%ahpid ] e -c. _alcohols,

conposition, i den®?

structure of hexaBomd4 |dicksr angéar water, esPﬁﬁFFB?YH%?Eﬂ?zedTBSres cﬁ at
l east 1.3 nm (13 Agaction mixtdiraneiers &bdpdmltioa,haxagnmsloelncléon

di ffractipon 30 f%%hgsit rd :.%l%gt A?%I £ drdexedowad A fdlarr] value

greater h corresponds to at | east one
peak in the X-ray dlffractlon pattern.
Reactants Useful Preferred
0 to 0.5 0.001 to 0.5
X,0,/Y0, 1
Al 03/Si0 0 to 0.01 0.001 to 0.01
3/(Y02+Z ) 0.1 to 100 0.1 to 20
10 X 03/(Y0 +WO+Z 5) 0.1 to 100 0.1 to 20
Solvent/
(Yoz+wo+zzo +X,0 ) 1 to 1500 5 to 1000
OH /Y02 0 to 10 0 to 5
(Mz/eO+R2/fO)/
15 (Y02+W0+Z205+X o] ) 0.01 to 20 0.05 to 5§
MZ/eo/
(YO +WO+Z 5+X Q ) 0 to 10 0 to 5
2/f o t 2.0 0.03 to 1.0
(Y02+W0+2205+X 03) 0.01 to . . o 1.
20 where e and f are the weighted average valences of M

and R, respectively.

In this first method, when no Z and/or W oxides
are added to the reaction mixture, the pH is importaht
and must be maintained at from 9 to 14. When Z and/or

25 W oxides are present in the reaction mixture, the pH is
not narrowly important for synthesis of the present
crystalline material. In this, as well as the
following methods for synthesis of the present material
the R, , .0/ (YO0, +WO+Z,05+X,04) ratio is important. When

2/f 2
30 this ratic is less than 0.0l or greater than 2.0,
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The i norganic, non-layered nesoporous crystalline - material used

as a conponent of the catal yst has the foll ow ng conposition:
Merr](Werr] Xerr] Y[err] Zerr] Jerr]) 5 wherein Wis a

di val ent el enent, such as a dival ent - first rowtransition metal,
e.g. manganese, cobalt and i ron, and/or magnesium preferably
cobalt; Xis a trivalent element, such as al um num boron, iron
and/ or gallium preferably alumnum Y is a tetravalent 10

el ement such as si | EIFLENGETGANE FRAT iR PprefEhgsiged at the expepsg con; z
is a pentaval ent eld®firnghe, dssighdasrystalline maggrigghorus; Mis one or nore

i ons, such as, for A second method for synthesis of the crystalline
material involves a reaction mixture having an X,0,/Y0,
5 mole ratio of from 0 to 0.5, a crystallization

temperature of from 25° to'ZSO'C, preferably from 50°
to 175°C, and two separate organic directing agents,
i.e. the organic and additional organic directing
agents, described below. This second method comprises

10 preparing a reaction mixture containing sources of, for
example, alkali or alkaline earth metal (M), e.g.
sodium or potassium, cation if desired, one or a
combination of oxides selected from the group
consisting of divalent element W, e.g. cobalt,

15 trivalent element X, e.g. aluminum, tetravalent element
¥, e.g. silicon, and pentavalent element Z, e.q.
phosphorus, a combination of organic directing agent
and additional organic directing agent (R), each
described below, and a solvent or solvent mixture, such

20 as, for example, C,-C, alcohols, C,~Cg dicls and/or
water, especially water. The reaction mixture has a
composition, in terms of mole ratios of oxides, within
the following ranges:
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exanpl e,

valence of M n/q is the

amroni um C?oup | A,
sodi um and/ or fluoride ions;
excl uding M expressed as oxi des;

1A and VIIB ions,
nis the charge 15

q
nunber of nol es or

usual I'y

hydr ogen,
of the conposition

is the wei ghted nol ar average

nmol e fraction of M

a, b, c, and d are nole fractions of W X, Y and Z, respectively;
his a nunber of from1l to 2.5; and (a+b+c+d) = 1. 20
A preferred enbodi nent of the above crystalline material is when

(a+b+c)
when a and d 0, and h
maki ng t he present

ot her 25

S greater than d, and h
2.

2.

A further enbodi nent
The. preferred materials for use in

S

catalysts are the alum nosilicates although

231"so0 be used.

as-synthesized form the support material
an anhydrous basigeactgptessed

netal | osilicates may

Usefivirical |y @xefekteds:

In the
has a conposition,

on

rmeqerr](VWerr] X[err] Y[err] Z[err] O[err]) 30

total organic material not

coefficient for F¥293A¥°2the

R.

Solvent/
(Y0, +WO+Z
oa"/yo2

2

504/ (Y0, +2,
x203/(202+wo+z20

05+X o )

included in M

where Ris the
an ion, and r is the

RufBer®o? rml°e§°&r thol & Fraction of

100
100

Og) 0.1 to
5) 0.1 to
1 to
0 to

1500
10

(M, ,O+R; ,£0)/
(YO, +WO+2,0

10 M

2/e o/

(Yo +WO+2 0 +x (o] )

Ryye%/

(Y02+W0+2205+X203)

5

+X,0,) 0.01 to 20 0

0 to 10

0.1 to 2.0

0.1 to
0.1 to

.05 to

20
20

5 to 1000
0 to S

5

0 to 5

0.12 to 1.0

where e and f are the weighted average valences of M

15

and R, respectively.

In this second method, when no Z and/or W oxides
are added to the reaction mixture, the pH is important

and must be maintained at from 9 to 14.

¥When Z and/ox

W oxides are present in the reaction mixture, the

20

crystallization.
A third method for synthesis of the crystalline

material is where X comprises aluminum and ¥ comprises

silicon, the crystallization temperature must be from

25

precise value of the pH is not important for

25° to 175°C, preferably from 50° to 150°C, and an

organic directing agent, described below, or,
preferably a combination of that organic directing
agent plus an additional organic agent, described

below,
30

is used.

This third method comprises preparing
a reaction mixture containing sources of, for example,
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- 12 - The M and R conponents are associated with the

material as a result of their presence during crystallization

and ‘are easily renoved or, in the case of M replaced by
post-crystallization nethods 5 descri bed bel ow. To
the extent desired, the original M e.g. sodium or chloride, ions
of the as- syntheS|zed mat eri al of this invention can be repl aced
i n accordance with conventlong%_jon=exchange t echni ques.
Preferred 10 replacing ions inclu metal ions hydrogen i ons,

T SEh F Sty st B AR e BBt 5 L. ot o 050
. potassium, cation if desired, one or more sources of
aluminum and/or silicon, an organic (R) directing
agent, hereinafter more particularly described, and a
5 solvent or solvent mixture, such as, for example Cl-c
alcohols, cl--c6 diols and/or water, especially water.
The reaction mixture has a composition, in terms of

6

mole ratios of oxides, within the following ranges:

Reactants Useful Preferred
-0 Al 03/Si.0 ¢ to 0.5 0.001 to 0.5

501vent/sio 1 to 1500 ‘5 to 1000

cm"/sm2 0 to 10 0 to 5

(Mz/eo+R2/f0)/

(SiOz+A1203) 0.01 to 20 0.05 to 5
15

MZ/eO/

(S10,+A1,0,) 0 to 5 0 to 3

Rz/fo/

(5102+A1203) 0.01 to 2 0.03 to 1

where e and £ are the weighted average valences of M
20 and R, respectively.

In this third method, the pH is important and must
be maintained at from 9 to 14. This method involves
the following steps:

(1) Mix the organic (R) directing agent with the

25 solvent or solvent mixture such that the mole ratio of
solvent/Rz/fo is within the range of from 50 to 800,
preferably from 50 teo 500. This mixture constitutes
the "primary template" for the synthesis method.

{(2) To the primary template- mixture of step (1)

30 add the sources of oxides, e.g. silica and/or alumina
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whi ch provide the desired netal functionality in the final

catal yst. These include hydrogen, rare earth 15 netal s and netal s of
G oups VIITA (e.g. W), VII1A (e.qg. Ni),IB(e.g. Cu), I'VB (e.qg.
Sn) of the Periodic Table of the Elenments and m xtures of these

I ons. The crystalline (i.e. having sufficient order to
provide a diffraction pattern such as, for exanple, by 20 X-ray,
electron or neutron diffraction, follaoyng - calcination with at

| east one peak) nmesoporous materi al rray be characterized by its
structure, which in d | as
by its high gh&g?ﬁtl gﬁecgﬁglé&)gf %@b{égig @Bo?‘%ugﬁﬁlgﬁu%@
here 25 - to i ’n’ﬂ’i‘%%tt‘éf drpmt p QL h%R/lzrr -uni form pores within the

range of from1.3 to 20 (8p ( R3iRate ﬂ(&)mﬁ)ctu‘r‘laeresultmg fromsspep O(X)

mat eri al s have unif . f to
nm (13 A tq 200 A, ggn;p@gﬁr%apé%%:?;or0%0142@8%%%%1&;:0 100
a

Si nce these 30 from 5 gynuses, o dif ntly larger than those of other
cr yst alline materials, it4) sadppwophe atixtiarer ¢ébestand with or witiesatns

ultra-large pore sizg; fB{edd Abterbinlfat a temperBHiRPHRS s8ln! 205 to
application, a worki g de
*c, and preferably for from 10 minutes to 24 hours.

(5) Crystallize the product from step (4) at a
10 temperature of from 50° to 175°'C, preferably for from 1
hour to 72 hours. Crystallization temperatures higher
in the given ranges are most preferred.

A fourth method for the present synthesis involves
the reaction mixture used for the third method, but the

15 following specific procedure with
tetraethylorthosilicate the source of silicon oxide:

(1) Mix the organic (R} directing agent with the
solvent or solvent mixture such that the mole ratio of
solvent/Rz/fo is within the range of from 50 to 800,

20 preferably from 50 to 500. This mixture constitutes
the "primary template! for the synthesis method.

(2) Mix the primary template mixture of step (1)
with tetraethylorthosilicate and a source of aluminum
oxide, if desired, such that the Rz/fO/sio2 mole ratio

25 is in the range of from 0.5 tao 2.0.

(3) Agitate the mixture resultiﬁg from step (2)
for from 10 minutes to 6 hours, preferably from 30
minutes to 2 hours, at a temperature of from 0° to
25°C, and a pH of less than 12. This step permits

30 hydrolysis/ polymerization to take place and the
resultant mixture will appear cloudy.

(4) Crystallize the product. from step (3) at a
temperature of from 25° to 150°C, preferably from 95°
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- 13 - "porous” is a material that adsorbs at |east 1 gram of

a smal | nolecule, such as Ar, N2, n-hexane or cycl ohexane, ' per
100 grans of the solid. The catalytic material can be
di stingui shed from 5 ot her porous inorganic solids by the
regularity of its | ar ge open pores, whose pore size nore nearly
resenbl es t hat of anorphous or paracrystalline materials, but
whose regul ar arrangenment and uniformty of 'size (pore si ze
distribution within a single phase of25for 10 exanple, [err] 25%

0
usually 15% or Ie%ﬁ QRQIQ? ﬁ%@%@gﬁ 4 to 72 hours, preferably from 16 to

48 hours.

In each of the above methods, batch
crystallization of the crystalline material can be
5 carried out under either static or agitated, e.q.
stirred, conditions in a suitable reactor vessel, such
as for example, polypropylene jars or teflon lined or
stainless steel autoclaves. Crystallization
may also be conducted continuously in suitable
10 equipment. The total useful range of temperatures for
crystallization is noted above for each method for a
time sufficient for crystallization to occur at the
temperature used, e.g. from 5 minutes to 14 days. The
crystals are then separated from the liquid and
15 recovered. Following the synthesis,the crystalline
material should be subjected to treatment to remove
part or all of any organic constituent.
When a source of silicon is used in the synthesis
method, it is preferred to use at least in part an
20 organic silicate, such as, for example, a quaternary
ammonium silicate. Non-limiting examples of such a
silicate include tetramethylammonium silicate and
tetraethylorthosilicate.
By adjusting conditions of the synthesis reaction
25 for each method, like temperature, pH and time of
reaction, etc., within the above limits, various
embodiments of the present non-layered crystalline
material with a desired average pore size may be
prepared. In particular, changing the pH, the
30 . temperature or the reaction time may promote formation
of product crystals with different average pore size.
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pore size of that phase) resenble nore those of crystalline
framework materials such as zeolites. The preferred materials
hdve a hexagonal arrangenent of | ar ge open channel s that can be
synt hesi zed with open 15 internal dianeters from1l.3 to 20 nm (13 A
to 200 A). The term "hexagonal” is intended to enconpass not
only materials that exhibit mathematically perfect hexagona
symmetry within the limts of experinental neasurenent, but al so
those with significant observabl e deviations 20 fromthat idea
state. A working definition as appliedé - to the mcrostructure of
the present invention would be z¥ nost channejs i.n the _materi al
woul d be surrounded N°n‘1lmlqﬁfgsﬁ§a?ﬁiﬁ§¥ﬁ NEFGABSr COMRIMASIONS: ©F oughl y
t he sane W,dkstanamd 2 Dehtenplatell i fpethecfivss and Isecande 25
5|gn|f|cant nunber, Snga g{gﬂﬁgﬂﬁ%dgolxbpﬁ@ée this criterion to
varyi ng degrees, penalng on the quality of the material's
preparation. Sanpl es which exhibit as nuch as + 25% random
deviation fromthe average ® X repeat¥ di stance bezween adj acent
channels still clearly 30 gi ve recogni zabl e i mages of the present
ultra-1arge pore. naterlals Cbnpaéﬁble variations are al so
observed Tn the d[err] val ues fr the el e “diffraction
patterns. - p

- Al si P

Co Al - P

Co Al si P
10 e —— Si -

including the combinations of W being Mg, or an element
selected from the divalent first row transition metals,
e.g. Mn, Co and Fe; X being B, Ga or Fe; and Y being
Ge.

15 An organic directing agent for use in each of the
above methods for synthesizing the present material
from the respective reaction mixtures is an ammonium or

phosphonium ion of the formula R1R2R3R4Q+, i.e.:

20 ?1
+
Ru"? )
R3
ny . .
25 where Q is nitrogen or phosphorus and wherein at least

one of Rl' Rz, R3 and R4 is aryl or alkyl of from 6 to

36 carbon atoms, e.g. —-C 6 13 ¢ -C 10 21 ¢ chHS3 and
-C, H,,, or comblnatlons thereof, the remainder of R

18737
Rz' R3 and R belng selected from hydrogen, alkyl of

30 from 1 to 5 carbon atoms and combinations of these.
' The compound from which the above ammonium or
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- 14 - The nost regul ar preparations of the support

material give an X-ray diffraction pattern with a few di stinct
maxima in the extreme | ow angle region. The positions of these
peaks approximately fit the 5 positions of the hko reflections from
a hexagonal lattice. The X-ray diffraction pattern, however, is
not always a sufficient indicator of the presence of t hese
materials, as the degree of regularity in the

_27_

phosphonium ion is derived may be, for example, the
hydroxide, halide, silicate, or mixtures of these.
In the first and third methods above it is
preferred to have an additional organic directing agent
5 and in the second method it is required to have a
combination of the above organic directing agent and an
additional organic directing agent. That additiocnal
organic directing agent is the ammonium or phosphonium
ion of the above directing agent formula wherein R,,
10 R,, Ry and R, together or separately are selected from
the group consisting of hydrogen and alkyl of 1 to §
carbon atoms and combinations thereof. Any such
combination of organic directing agents go to make up
"R" and will be in molar ratio of 100/1 to 0.01/1,
15 first above listed organic directing agent/additional
organic directing agent.

The particular effectiveness of the required
directing agent, when compared with other such agents
known to direct synthesis of one or more other crystal

20 structures, is believed due to its ability to function
as a template in the above reaction mixture in the
nucleation and growth of the desired ultra-large pore
crystals with the limitations discussed above.
Non-limiting examples of these directing agents include

25 cetyltrimethylammonium, cetyltrimethylphosphonium,
benzyltrimethylammonium, cetylpyridinium,
myristyltrimethylammonium, decyltrimethylammonium,
dodecyltrimethylammonium and dimethyldidodecylammonium.

The reaction mixture components can be supplied by

30 more than one source. The reaction mixture can be
prepared either batchwise or continuously. Crystal
size and crystallization time of the new crystalline
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mcrostructure and the extent of repetition of the 10 structure

within individual particles affect the nunber of peaks that wll
be observed. | ndeed, preparations with only one distinct peak in
the | ow angl e regi on of the X-ray diffraction pattern have been
found to contain substantial amounts of the material in them 15
O her techniques to illustrate the mcrostructure of this
material are transm ssion electron m croscopy and el ectron
diffraction. Properly oriented speci nens of the material show a
hexagonal arrangenment of |arge = 28 —channel s and t he corresponding

el ectron diffract hggegml J"‘f]fl ?.&t [T géhvee%a%%r@pPEOér}érazteglc)élggxagonal

arrangenent of acing of th
el ectron niytere aﬁﬂnweﬁa%@r*ﬁ‘? iFvste ldilsahienr %’Ld\ké'-éﬁnﬁdj acent
spots on the hkO proj eché afry@Stalleephepaganay [thiet sgfthesis proceddfei S

related to the repgat rel wesn observed
in the el ectron n1§$o %dﬁ%@ﬂ%ﬁlﬁkg dluied e%ﬁ Ofo?arﬁl %;@?E?
a[err]/3/2. Thi SGGPEF?} lérﬁé%ﬂaﬁfénabs@?/e&?rtl‘:les can; be (i toReEPFBPE

di ffraction patteanpow@ér espardnule, tére a molded prddsgaciswghohsaahow angl e

peak in the X'rayeQELLéQEE'ﬁg%lqgt artlc%éx%féa'%u&%x&?@h{?ﬁ %hgg The nost

hi ghly ordered 30 e materla so far have
20- 40 ditBrPagk %p?ot“?%bé"é%%’bl SGhPamang| BEt’F?fr?‘dﬁeldf PBc®i on
patterns. These pabbemeshcerylee)i sdeeen. Wil dases where the catalyst
10 is molded, such as by extrusion, the crystals can be
extruded before drying or partially dried and then
extruded.

The size of the pores in the present mesoporous

catalytic materials is large enough that the

15 spatiospecific selectivity with respect to transition
state species in reactions such as cracking is
minimized (Chen et al., "Shape Selective Catalysis in
Industrial Applications", 36 CHEMICAL INDUSTRIES, pgs.
41-61 (1989) to which reference is made for a

20 discussion of the factors affecting shape selectivity).
Diffusional limitations are also minimized as a result
of the very large pores.

The crystals of the mesoporous support material

will be composited with a matrix material which is

25 resistant to the temperatures and other conditions
employed in the hydrogenation process to form the
finished catalyst. Such materials include active and
inactive materials and synthetic or naturally occurring
zeolites as well as inorganic materials such as clays

30 and/or oxides such as alumina, silica or
silica-alumina. The latter may be either naturally
occurring or in the form of gelatinous precipitates or
gels including mixtures of silica and metal oxides.
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- 15 -
200, 210, etc.,

hexagonal hkO subset of unique reflections of 100,

and their symetry-related reflections.

it's calcined form the crystalline material may be further

characterized by an X-ray diffraction 5
peak at a position greater
d-spacing (4.909[err] 2[err]
corresponds to the d[err]

pattern of the

10

15

20

25

30

pattern with at | east
than 1.8 nm (18 Angstrom Units)

110,

In

one

for Cu K-al pha radiation) which
val ue of the electron diffraction

_ mat eri al, and2&rmr equilibrium benzene adsorption 10
capacity of greatggetggnalﬁg &%gﬁ ané§%¥ﬂéé%%o%r%ggh the zeolite,

i.e., combined therewith or present during its
synthesis, which itself is catalytically active may
change the conversion and/or selectivity of the
catalyst. Inactive materials suitably serve as
diluents to control the amount of conversion so that
alkylation products can be obtained economically and
orderly without employing other means for controlling
the rate of reaction. These materials may be
incorporated into naturally occurring clays, e.dq.,
bentonite and kaolin, to improve the crush strength of
the catalyst under commercial operating conditions and
function as binders or matrices for the catalyst. The
mesoporous material is usually composited with the
matrix in amounts from 80:20 to 20:80 by weight,
typically from 80:20 to 50:50 mesoporous
material:matrix. Compositing may be done by
conventional means including mulling the materials
together followed by extrusion of pelletizing into the
desired finished catalyst particles.

The preferred catalysts for the present purpose
have a significant pore volume with pore diameters
greater than 20 nm (200 A). The large diameter pores
provide channels for bulky PAO oligomers to transport
freely with diminished diffusion resistance to the
smaller particles of the crystalline material which
provide a large surface area for the hydrogenation
reaction. A number of commercially available alumina
binders conform to this requirement and may be used.
The pore size distributions of three are set out below.

Consistent with the requirement to permit the lube
melecules to obtain ready, diffusion-free access to the

crystalline material which acts as the support for the
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crystal at 6.7 kPa (50 torr) and 25[err]C (basis: crystal

mat eri al having been treated in an attenpt to insure no pore

bl ockage by incidental contami nants, if necessary). 15

The equilibrium benzene adsorption capacity characteristic of
this material is neasured on the basi s of no pore blockage by

I nci dental contam nants. For instance, the sorption test wll be
conducted on the crystallin (ﬁgtefial phase havi ng any pore

bl ockage 20 contam nants and water renoved by ordinary nethods.

Water nay be renovedthY &ehyshiarit @RitRCH fH18% tBelessential ¢t hernal
ST ren and or gant S2r8SeRBOl AU BRIBAP S ninder shonl® Hu 2 hafs ! base

silica, and organic
or ot her chen1ca| é@éﬁténéLﬁﬁﬁgﬁibutl°n vhifh ishadgenpteato mermitathei || be

removed wit hout feed comfiSidrit®tbakbntésf etie AhtlReos! ¥6fdlstructure of

TRy Do charact er | 2 ooy R RET dert® i adireg nyarpaahitiot SRaGFiFRS,
| east two peaks at t8be Place %ﬁxﬁmﬁlﬁﬁ§abr%%ﬁ3§’Omhéhelctw$#ﬁM$MDeA) d- spaci ng
(8.842.[err] materifl. ClmdQﬁNLBhaxféW&ﬁﬂﬂhﬁnbinabr|ﬁiﬁi Ho¥aliywhich is
peaks at posi {1 ona T iae (Pan i Rean, TtfaybE, 5o, oh 1537, Ve S,
less than 5% of the pores havxng a pore size less than
10 5.0 nm (50 A) pore size, with the majority of the pores
having a pore size in the range of 5.0 to 50 nm (50-400
4) (no more than 5% having a pore size above 40 nm (400
4)), preferably with no more than 30% having pore sizes

in the range of 20 to 40 nm (200-400 4).

15 etal Component

Catalyst Metal Component
The hydrogenation catalyst includes a metal as the

hydrogenation~ dehydrogenation component. The
hydrogenation-dehydrogenation component is provided by

20 a metal or combination of metals. Noble metals of
Group VIIIA, especially palladium, platinum, or base
metals of Groups IVA, VIA and VIIIA, especially
chromium, molybdenum, tungsten, cobalt and nickel, may
be used. The combination of at least one Group VIA

25 metal such as tungsten with at least one Group VIIA
metal such as nickel is particularly preferred for many
applications, for example, combinations such as
nickel-molybdenum, cobalt-nickel, nickel-tungsten,
cobalt-nickel-molybdenum and nickel-tungsten~titanium.

30 For certain applications, where sulfur and other
contaminants such as phosphorus are in low
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-16- with relative intensity greater than 20% of the

strongest peak. Still nore particularly, the X-ray diffraction
pattern of the calcined material of this i nvention will have no
peaks at positions less than 1.0 5 nm (10 A) d-spacing with
relative intensity greater than 10% of the strongest peak. In
any event, at |east one peak in the X-ray diffraction pattern
will have a d-spacing that corresponds to the dferr] value of the
electron diffraction pattern of the materjal. 10 The cal ci ned

I norgani c, non-layered crystalline material may al so be

characterized as hagbferit#¥®i®ns in the feddatoek,le3gnmiclPph) or greater
as neasured by palladium or platinum is preferred.
The content of the metal component will vary
according to its catalytic activity. Thus, the highly
5 active noble metals may be used in smaller amounts than
the less active base metals. For example, 1 wt % or
less palladium or platinum will be effective and in a
preferred base metal combination, 7 wt % nickel and 2.1
to 21 wt % tungsten, expressed as metal. The present
10 support materials are, however, notable in that they
are capable of including a greater proportion of metal
than previous support materials because of their
extraordinarily large surface area. The metal
component may exceed 30% in a monolayer. The
15 hydrogenation component can be exchanged onto the
support material, impregnated inteo it or physically
admixed with it. If the metal is to be impregnated
into or exchanged ontoc the mesoporous support, it may
be dcné, for example, by treating the zeolite with a
20 palladium or platinum metal-containing ion. Suitable
platinum compounds include chloroplatinic acid,
platinous chloride and various compounds containing the
platinum ammine complex. The metal compounds may be
either compounds in which the metal is present in the
25 cation of the compound and compounds in which it is
present in the anion of the compound. Both types of
compounds can be used. Palladium or platinum compounds
in which the metal is in the form of a cation of
cationic complex, e.g., Pd(NH3)4012 or Pt(NH3)4C12 are
30 particularly useful, as are anionic complexes such as
the vanadate and metatungstate ions. Cationic forms of
cther metals are also very useful- since they may be
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physi sor pti on neasurenents, described bel ow. Pore size

consi dered a nmaxi mum per pendi cul ar cross-section 15

IS
pore di nension

of "the crystal. X-ray diffraction data were collected on a
Sci nt ag PAD X automated diffraction system enpl oyi ng

theta-theta geonetry, Cu K-al pha radiation, and an
di spersive X-ray detector. Use of the energy 20

detector elimnated the need for - 3 i.nci dent or

ener gy
di spersive X-ray
di ffracted beam

nonochr omat ors. Both the int? dent and diffracted X-ray beans were
col I i mated by double slit incident and diffracted collimation
syst ens. The sl i exsharsgedismto Sharerystdlldmet hatorialy @5 impregnatede
source, were 0.5, %n@e O3 and 0.2 mm respectively. Different
slit systens may produce differing intensities for the peaks. The
materi al s of the present invention that have the | argest pore

si zes magxamples e nore highly collimted incident X-ray beans 30

in order to resolve thegkowiaghergeak ddW iNGustrate the Praparhtiss

i ncident X:ray beam

recorded by

Th f.f t . dat
st ep- scanil% ng at 0964“5%9‘?%%?%?“?_?1'36\?16%?' 1_nr%a§1a#%’glglas %sed %o prepare

the catalysts. In these examples, the sorption data

for water, cyclohexane, benzene and/or n-hexane, they
are Equilibrium Adsorption values determined as

follows:

10 A weighed sample of the adsorbent, after
calcination at 540°C for at least 1 hour and other
treatment, if necessary, to remove any pore blocking
contaminants, is contacted with the desired pure

adsorbate vapor in an adsorption chamber. The increase
5 in weight of the adsorbent is calculated as the
adsorption capacity of the sample in terms of grams/100
grams adsorbent based on adsorbent weight after
calcination at 540°C. The present composition exhibits
an equilibrium benzene adsorption capacity at 6.? kPa
20 (50 Torr) and 25°C of greater than 15 grams/100 grams,

particularly greater

than 17.5 g/100 g/ and more particularly greater than

20 g/100 g.

A preferred way to do this is to contact the
25 desired pure adsorbate vapor in an adsorption chamber
evacuated to less than 1 mm at conditions of 1.6 kPa
(12 Torr) of water vapor, 5.3 kPa (40 Torr) of n-hexane

or cyclohexane vapor, or 6.7 kPa (50 Torr) of benzene
vapor, at 25°C. The pressure is kept constant (within

30 + 0.5 mm) by addition of adsorbate vapor controlled by
a manostat during the adsorption period. As adsorbate
is adsorbed by the new crystal, the decrease in
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-17- Bragg angle, and a counting tinme of 10 seconds for each

step. The interplanar spacings, d' s, were cal cul ated in A (A,
afd the relative intensities of the lines, [/1[err], where I[err]
I s one-hundredth of the intensity of the 5 strongest |ine, above
background, were derived with the use of a profile fitting
routine. The intensities were uncorrected for Lorentz and

pol ari zation effects. The relative intensities are given in
terms of the synbols vs = very strong (75-100), s = strong
(50-74), m= 10 medi um (25-49) angs;w = weak (0-24). The diffraction
data listed as single lines may consist of nmultiple .over !l appi ng

P
| i nes whi ch under PXessure evirfist tBASNARQRYAL to open ajealys yhichn
experimental resoladini®8 Rbre adsorbate Cvysdmldoghapkhansdmnge xestByeappear

as resol ved or the above control pressures. Sorption is complete when
the pressure change is not sufficient to activate the
5 manostat. '

Ancther way of doing this for benzene adsorption
data is on a suitable thermogravimetric analysis
system, such as a computer-controlled 990/951 duPont
TGA system. The adsorbent sample is dehydrated

10 (physically sorbed water removed) by heating at, for
example, 350° or 500°C to constant weight in flowing
helium. If the sample is in as-synthesized form, e.g.
containing organic directing agents, it is calcined at
540°C in air and held to constant weight instead of the

15 previously described 350° or 500°C treatment. Benzene
adsorption isotherms are measured at 25°C by blending a
benzene saturated helium gas stream with a pure helium
gas stream in the proper proportions to obtain the
desired benzene partial pressure. The value of the

20 adsorption at 6.7 kPa (50 Torr) of benzene is taken
from a plot of the adsorption isotherm.

In the examples, percentages are by weight unless
otherwise indicated.

Example 1
25 One hundred grams of cetyltrimethylammonium (CTMA)

hydroxide solution, prepared by contacting a 29 wt %
N,N,N- trimethyl-l-hexadecanaminium chloride solution
with a hydroxide-for-halide exchange resin, was
combined with 100 grams of an aqueous solution of

30 tetramethylammonium (TMA) silicate (10% silica) with
stirring. Twenty-five grams of HiSil, a precipitated
hydrated silica containing 6 wt % free water and 4.5 wt
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15 partiélly resolved lines. Typically, crystallographic

changes can include m nor changes in unit cell paraneters and/ or
a*change in crystal symetry, without a substantial change in
structure. These m nor effects, including changes in relative
intensities, can 20 al so occur as a result of differences in cation
content, framework conposition, nature and degree of pore
filling, thermal and/or hydrothermal history, and peak

wi dt h/ shape variations due to particle sizel/shape effects,
structural disorder or other factors_kjown to 25 those skilled in
the art of X-ray diffraction. The equilibrium benzene

adsor ption capaci ftyboynd water of h¥dspRieR PN heyingcenngl tHateat eri al of
the invention, particlea&ifd dtefmydlzam@fbxo,r wad @iddedil onTied ,rdsaltexgnpl e,

540[err]C f t | t
necgssgly in an g?f%ﬁ%FaY%se rﬁﬁﬁg gﬁ u% %yﬁkéﬁgfghe fjg{EH::[I‘E'Ent‘mmiltg%ﬁnants
at 25[err] C and 6Piagrd {B02t¥Eeam Eéﬁzé overnxgﬁpr| BRRIITMHEEM i S

reached. Fhe wei gljagoh Eeﬂﬁeﬁlﬁtlon in tem@rdnedndlgst bep deleranjogd as
descri bed bel ow.

2.7 moles Nazo
392 moles Sio2
35.7 moles (CTMA)20
61.7 moles (TMA)zo
10 6231 moles H,0
The resulting solid product was recovered by
filtration and dried in air at ambient temperature.
The product was then calcined at 540°C for 1 hour in
nitrogen, followed by 6 hours in air.
15 The calcined product proved to have a surface area
of 475 mz/g and the following equilibrium adscrption

capacities in grams/100 grams:

Hz° 8.3
Cyclohexane 22.9
20 n-Hexane 18.2

Benzene 21.5

The product of this example may be characterized
by X-ray diffractiion as including a very strong
relative intensity line at 37.8 + 2.0 A d-spacing, and

25 weak lines at 21.6 + 1.0 and 19.2 + 1.0 A.
Transmission electron microscopy (TEM) produced images
of a hexagonal arrangement of uniform pores and
hexagonal electron diffraction pattern with a d100

value of 39 A.
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- 18 - The ammoni um form of the catalytic material may be
rgadily converted to the hydrogen form by thermal treat nent
(calcination). This thermal treatnent is general ly performed by
heati ng one of these forns at a 5 tenperature of at |east 400[err]C
for at least 1 m nute and generally not |onger than 20 hours,
preferably froml to 10 hours. Wil e subat nospheric pressure can
be enpl oyed for the thermal treatnent, atnospheric

pressure is desired for reasons of conveni ence, such as 10 in air,
ni trogen, ammonia, etc. The thermal trggtoent can be perforned
at a tenperature up to 750 C. The thermally treated product is
particul arly usef gkahgnd e catal ysis of certain hydrocarbon
conversi on reactions t he

be in this 15 ot gegrax&§ h:f %;eg& Ff% % ag}‘“?“‘-%t ?&'hﬂ) shoul d

hydroxide solution prepared as in Example 1 was
combined with 100 grams of an aqueous solution of

5 tetramethylammonium (TMA) hydroxide (25%) with
stirring. Twenty-five grams of Hisil, a precipitated
hydrated silica containing 6 wt % free water and 4.5 wt
% bound water of hydration and having an ultimate
particle size of 0.02 micron, was added. The resulting

10 mixture was placed in a static autoclave at 150°C
overnight. The mixture had a composition in terms of
moles per mole A1203:

2.7 moles Na,.O©

2
291 moles Sio2
15 35.7 moles (CTMA),O

102 moles (TMA)ZO
6120 moles Hzo
The resulting solid product was recovered by
filtration and dried in air at ambient temperature.
20 The product was then calcined at 540°C for 1 hour in
nitrogen, followed by 6 hours in air.
The calcined product proved to have a surface area
of 993 mz/g and the following equilibrium adsorption
capacities in grams/100 grams:

25 HZO 7.1
Cyclochexane 47.2
n-Hexane 36.2
Benzene 49.5
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The crystalline material can be prepared by one of sever al

net hods, each with particular limtations. A first nethod

i nol ves a reaction m xture having an Xerr]O[err]/Y(err] nole
ratio of fromO to 0.5, but an 20 Alferr]O[err]/Siderr] nole ratio
of fromO to 0.01, a crystallization tenperature of from 25[err]
to 250[err]C, preferably from50 to 175 C, and an organic
directing agent, hereinafter nore particularly described, or,
preferably a conbination of that organic directing 25 agent plus an
addi tional organic directing agent, - 36 - described below. This first
nmet hod conpri ses preparing a reaction m xture containing sources
of, for exanple, The Xdegl 8iofradddain patearhhormeiral cakingqd. Sodium

or pot as zeQN8 SO rrbl natlon of 30
oxi des sel ect ed fr%rknumﬁcgq&é u%ec%rrll%iea:étg%zg § E‘flgh? g a very srEthRsht W

e.g. cobalt, tri vaF@ﬁ?tb‘f%rfé‘f’ﬂeni(lt% Jine at 39.3 3P yGrikdnspastingy adent
element Y, e.g. sikeabnlirmsxdat 22.2 + 1.menrnhdvabent+el grant #gme. .

phosphoruss an or gapis¢c{fa that the product contained the ultra-large
pore material.

A portion of the above product was then contacted
with 100% steam at 1450°F for two hours. The surface
area of the steamed material was measured to be 440

10 mz/q, indicating that 45% was retained following severe
steaming.

Another portion of the calcined product of this
example was contacted with 100% steam at 677°C (1250°F)
for two hours. The surface area of this material was

15 measured to be 718 mz/g, indicating that 723% was
retained after steaming at these conditions.

Example 3
Water, cetyltrimethylammonium hydroxide solution
prepared
20 as in Example 1, aluminum sulfate, HiSil and an aqueous

solution of tetrapropylammonium (TPA) bromide (35%)
were combined to produce a mixture having a composition
in terms of moles per mole A1203:

0.65 moles Nazo
25 65 moles Sioz
' 8.8 moles (CTMA)20

1.22 moles (TPA)ZO

1336 moles Hz'o

The resulting mixture was placed in a
30 polypropylene bottle, which was kept in a steam box at
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- 19 - directing agent, described below, and a solvent or
sol vent m xture, such as, for exanple, (err]-Cerr] alcohols,
Cterr]-Clerr] diols and/or water, especially water. The

reaction m xture has a conposition, in terns of nole 5 rati os of
oxi des, within the follow ng ranges: React ant s

Usef ul Preferred X[err]Jerr]/YJerr] 0
to 0.5 0.001 to 0.5 Allerr]Jerr]/SiJerr] 0
to 0.01. 0.001 to 0.01 Xerr]err]/(YJerr]+z[err]err])
0.1 to 100 0.1 to 20 10 - 37 -

Xerr]err]/(YJerr]+Wo+Z[err]Jerr]) 0.1 to 100 0.1to 20
Sol vent / ~ 95°C (£ a9r] heyys-7Z[ dihe] SREPLE+¥R2 ] eeplypd to mpom o 1500
5 to 1000 temperdturéChRlr tombined with CTMA hjdroxil@ sofution 5

(Merr] O*R[err]cgrépared as in Example 1 and TMA hydroxide (25% by
weight) in the weight ratio of 3 parts mixture, 1 part
5 CTMA hydroxide and 2 parts TMA hydroxide. The combined
mixture was then placed in a polypropylene bottle and
kept in a steam box at 95°C overnight. The combined
mixture had a composition in terms of moles per mole
A1203:

10 | 0.65 moles Na,O0
65 moles Sio2
15 moles (CTMA)20
1.22 moles (TPA)ZO
35.6 moles (TMA)zo
15 2927 moles H,O0
The resulting solid product was recovered by
filtraﬁion and dried in air at ambient temperature.
The product was then calcined at 540°C for 1 hour in
nitrogen, followed by 6 hours in air.
20 The calcined product proved to have a surface area
of 1085 mz/g and the following equilibrium adsorption
capacities in grams/100 grams: :

HZO 11.5
Cyclohexane > 50
25 n-Hexane 39.8
Benzene 62

The X-ray diffraction pattern of the calcined
product of this example may be characterized as
including a very strong relative intensity line at 38.2
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15 (YJerr]+Wotz[err]Jerr]+X[err]Jerr]) 0.01 to 200 0.05to

5 Merr] (YJerr]+WotZ[err]Jerr]+X[err]Jerr])
01to 10 O0to 5 Rerr]d
(YJerr]+WotZ[err]derr]+X[err]dJerr]) 0.01 to 2.0 0.03to 1.0 20
where e and f are the wei ghted average val ences of M and R
respectively. In this first nmethod, when no Z and/or W
oxi des are added to the reagdi-on m xture, the pHis inportant
and nust be maintained at from9 to 14. Wien Z and/or 25 W oxi des

are present in the ReacChi gRspaciny,eantiheegkl 1nes at 22.2 +nbio ki oM y
| nportant for synt t;e%l Qf tX]e p#ﬁf?.ﬂhlcated r%'?iﬁ&%al:&ﬂh{%.r{@t ghkal - 1N

this, as well as t for synthesis of the
present materi al ultra-largetpg;e material.

Rlerr]d (YJerr]+Wo+Z[err]Jerr]+X[err]dJerr]) ratio is inportant. \Wen 30
this ratio is 'es%ﬁﬁiﬂe%m or greater than 2.0,

5 Two hundred grams of cetyltrimethylammonium (CTMA)
hydroxide solution prepared as in Example 1 was
combined with 2 grams of Catapal alumina (alpha-alumina
monohydrate, 74% alumina) and 100 grams of an aqueous
solution of tetramethylammonium (TMA) silicate (10%

10 silica) with stirring. Twenty-five grams of HisSil, a
precipitated hydrated silica containing 6 wt % free
water and 4.5 wt % bound water of hydration and having
an ultimate particle size of 0.02 micron, was added.
The resulting mixture was placed in a static autoclave

15 at 150°C for 48 hours. The mixture had a composition
in terms of moles per mole A1203:

0.23 moles Nazo
33.2 moles Sio2
6.1 moles (CTMA)20
20 5.2 moles (TMA)ZO
780 moles HZO
The resulting solid product was recovered by
filtration and dried in air at ambient temperature.
The product was then calcined at 540°C for 1 hour in
25 nitrogen, followed by 6 hours in air.
The calcined product proved to have a surface area
of 1043 mz/g and the following equilibrium adsorption

capacities in grams/100 grams:
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- 20 - I mpurity products tend to be synthesized at the expense
of the desired crystalline material. A second net hod for
synthesis of the crystalline material involves a reaction m xture
having an X/ err]O[err]/YJerr] 5 nole ratio of fromO to 0.5, a
crystallization tenperature of from25[err] to 250[err] C,
preferably from50[err] to 175[err]C, and two separate organic

di recting agents, i.e. the organic and additional organic
directing agents, described below. This second nethod conprises
10 preparing a reaction mxture 8nfaining sources of, for

exanpl e, alkali or alkaline earth netal (M, e.g. sodi um or
potassium cation if desired, ond28r a cBrbi nati on of oxides
selected fromthe group Cyclohexane > 50

n~-Hexane 49.1
Benzene 66.7

5 The X-ray diffraction pattern of the calcined
product may be characterized as including a very strong
relative intensity line at 40.8 # 2.0 A d-spacing, and
weak lines at 23.1 + 1.0 and 20.1 + 1.0 A. TEM
indicated that the product contained the ultra-large

10 pore material.

Example 5
Two-hundred sixty grams of water was combined with

77 grams of phosphoric acid (85%), 46 grams of Catapal
alumina (74% alumina), and 24 grams of pyrrolidine

15 {Pyr) with stirring. This first mixture was placed in
a stirred autoclave and heated to 150°C for six days.
The material was filtered, washed and air-dried. Fifty
grams of this product was slurried with 200 grams of
water and 200 grams of cetyltrimethylammonium hydroxide

20 solution prepared as in Example 1. Four hundred grams
of an aqueous solution of tetraethylammonium silicate
(10% silica) was then added to form a second mixture
which was placed in a polypropylene bottle and kept in
a steam box at 95°C overnight. The first mixture had a

25 composition in terms of moles per mole Al,0,:

1.0 moles PZOS
0.51 moles (Pyr)zo

47.2 moles Hzo
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consi sting of divalent elemrent W e.g. cobalt, 15 trival ent el enent

X, e.g. alumnum tetraval ent el enent Y, e.g. silicon, and

pent aval ent el ement Z, e.g. phosphorus, a conbination of organic

di recting agent and additional organic directing agent (R), each

descri bed bel ow, and a solvent or solvent m xture, such 20 as, for

exanple, (err]-Cerr] alcohols, (Jerr]-Cerr] diols and/or

wat er, especially water. The reaction m xture has a conposition

in terms of nole ratios of oxides, within the foll ow ng ranges:
..40_

The resulting solid product was recovered by
filtration and dried in air at ambient temperature.
The product was then calcined at 540°C for 1 hour in
nitrogen, followed by 6 hours in air.
5 The calcined product prdved to have a surface area
of 707 mz/g and the following equilibrium adsorption
capacities in grams/100 grams:

H20 33.2
Cyclohexane 19.7
10 n-Hexane 20.1
Benzene 23.3

The X-ray diffraction pattern of the calcined
product may be characterized as including a very strong
relative intensity line at 25.4 + 1.5 A d-spacing. TEM

s indicated the product contained the present ultra-large
pore material.

Example 6
A solution of 1.35 grams of NaAlo2 (43.5% A1203,

30% Na,0) dissolved in 45.2 grams of water was mixed

20 with 17.3 grams of NaOH, 125.3 grams of colloidal
silica (40%, Ludox HS-40) and 42.6 grams of 40% aqueous
solution of tetraethylammonium (TEA) hydroxide. After
stirring overnight, the mixture was heated for 7 days
in a steam box (95°C). Following filtration, 151 grams

25 of this solution was mixed with 31 grams of cetyltri-
methylammonium hydroxide solution prepared as in
Example 1 and stored in the steam box at 95°C for 13
days. The mixture had the following relative molar
ceomposition: '
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- 21 - React ant s Usef ul | Preferred

X[err]err]/YJerr] 0to 0.5 0.001 to 0.5
Xérr]derr]/(YJerr]+Z[err]0[err]) 0.1 to 100 0.1to 20
Xerr]O[err]/ (YO err]+WO+Z[ err]O[err]) 0.1 to 100 0.1to 20 5
Sol vent / (YJerr]+Wotz[err]derr]+X[err]Jerr]) 1 to 1500
5 to 1000 CH/YJerr] 0Oto 10 0Oto

5 (Merr]OtRerr]fO / :
(YJerr]+Wo+z[err]Jerr]+X[err]Jekt]) 0.01 to 20 0.05 to 5 10
Merr] (YJerr]+Wotz[err]O[err]+X[err]Jerr]) 0Oto 10
Oto 5 Rl err] 0.25 moles Al.O

(Ygerr]+wWotZ[err]Jerr]+X err]{d @ikl Nagol to 2.0 0.12 to 1.0

36 moles Sio2
0.95 moles (CTMA)ZO
5 2.5 moles (TEA),0
445 moles Hzo
The resulting solid product was recovered by
filtration and washed with water and ethanol. The
product was then calcined at 540°C for 1 hour in
10 nitrogen, followed by 6 hours in air.
The calcined product composition included 0.14 wt
% Na, 68.5 wt % Sio2 and 5.1 wt % A1203, and proved to
have a benzene equilibrium adsorption capacity of $8.6
. grams/100 grams.

15 The X-ray diffraction pattern of the calcined
product may be characterized as including a very strong
relative intensity line at 31.4 * 1.5 A d-spacing. TEM
indicated that the product contained the present
ultra-large pore material.

20 Example 7
A mixture of 300 grams of cetyltrimethylammonium

(CTMA) hydroxide solution prepared as in Example 1 and
41 grams of colloidal silica (40%, Ludox HS-40) was
heated in a 600 cc autoclave at 150°C for 48 hours with

25 stirring at 200 rpm. The mixture has a composition in
terms of moles per mole Siozz

0.5 mole (CTMA)ZO

46.5 moles HZO
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where e and f are the wei ghted average val ences of M 15 and R

respectively. In this second nethod, when no Z and/or W
oxi des are added to the reaction mxture, the pHis inportant
and nust be nmaintained at from9 to 14. Wien Z and/or W oxi des
are present in the reaction mxture, the 20 preci se value of the pH
I's not inportant for crystallization. Athird
met hod for synthesis of the crystalline material is where X
conprises alum numand Y conpri ses - 42 - Silicon, the crystallization
tenperature nust be from 25 25[err] to 175[err]C, preferably from
S50[err] to 150[err]C, and an __organic directing agent, descri bed
bel ow, or, Fhef seawlting EOABANBFPIHFHashZRCEVEEe] Wi rect i ng

agent plus an addigilenakiBhpaidshatyeiith (€66F) dbn calcined athed4@wc iS

used. This third thqd, conprise repar| actiaon m xture
cont ai ni ng sourcegﬁg%? PSPre%%ﬁEﬁ%%g%R' fgﬂlggéd by 10 hgu£§ in air.
The calcined product composition included less

5 than 0.01 wt % Na, 98.7 wt % Sio2 and 0.01 wt % Al,0,,
and proved to have a surface area of 896 mz/q. The
calcined product had the following equilibrium

adsorption capacities in grams/100 grams:

HZO 8.4
10 Cyclohexane 49.8
n-Hexane 42.3
Benzene 55.7

The X-ray diffraction pattern of the calcined
product of this example may be characterized as
15 including a very strong relative intensity line at 40.0
+ 2.0 A d-spacing and a weak line at 21.2 + 1.0 A. TEM
indicated that the product of this example contained at
least three separate phases, one of which was the
ultra-large pore material.

20 Example 8
A mixture of 150 grams of cetyltrimethylammonium
(CTMA)'hydroxide solution prepared as in Example 1 and
21 grams of colloidal silica (40%, Ludox HS-40) with an
initial pH of 12.64 was heated in a 300 cc autoclave at

25 150°C for 48 hours with stirring at 200 rpm. The
mixture had a composition in terms of moles per mole
Siozz

0.5 mole (CTMA)zo
46.5 meles Hzo

This Sheet Has Been

LT



- 22 - al kali or alkaline earth netal (M, e.g. sodiumor
potassium cation if desired, one or nore sources of al um num
and/or silicon, an organic (R directing agent, hereinafter nore
particularly described, and a 5 sol vent or solvent m xture, such
as, for exanmple Cerr]-Cerr] al cohols, Cerr]-Cferr] diols

and/ or water, especially water. The reaction m xture has a
conposition, in terns of nol e rati os of oxides, within the

foll owi ng ranges: React ant s Usef ul

Preferred 10 Al[err]Jerr]sSL err] 0to 0.5

0.001 to 0.5 Sol vent/ Si Q2 1 to 1500 5 to

1000

10

15

20

25

30

The resulting solid product was recovered by
filtration, washed with water, then calcined at s540°C
for 6 hours in air.

The calcined product composition was measured to
include 0.01 wt % Na, 93.2 wt % Sio. and 0.016 wt %

2

A1203, and proved to have a surface area of 992 mz/g

and the following equilibrium adsorption capacities in
grams/100 granms:

HZO 4.6
Cyclohexane > 50
n-Hexane - > 50
Benzene 62.7

The X-ray diffraction pattern of the calcined
product may be characterized as including a very strong
relative intensity line at 43.6 + 2.0 A d-spacing and
weak lines at 25.1 + 1.5 and 21.7 + 1.0 A. TEM
indicated that the product contained the ultra-large
pore material.

Example 9
Sodium aluminate (4.15g) was added slowly into a

solution containing 16g of myristyltrimethylammonium
bromide (c14TMABr) in 100g of water. Tetramethyl-
ammonium silicate (100g-10% sioz), Hisil (25g) and’
tetramethylammonium hydroxide (14.29g-25% solution) were
then added to the mixture. The mixture was
crystallized in an autoclave at 120°C with stirring for
24 hours. '

The product was filtered, washed and air dried.
Elemental analysis showed the product contained 53.3 wt
% Si02, 3.2 wt % A1203, 15.0wt 3 C, 1.88 wt ¥ N, 0.11
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OH /S 2 0Oto 10 0 to 5 (Mer]

OtRerr]O / (Sigerr]+Al[err]O[err] 0.01to 20

0.<05 to 5 15 Merr] (Sigerr]+Al[err]Jerr])

0Oto 5 0Oto 3 R err] 0/

(Siqerr]+Al[err]Jerr]) 0.01 to 2 0.03 to 1

where e and f are the wei ghted average val ences of M 20 and R
respectively. In this third method, the pHis inportant and
must be maintained at from9 tqg,14. This method involves

the follow ng steps: (1) Mx the organic (R) directing

agent with the 25 Wt & y@nﬁoé\[@t e %Og}éﬁn&tnlﬁéé”@ sypl &bai, t he nole

rati o of err IS Wt e ranq; of from50 to 800,
preferably from 50iiffregesionhpatiasn gfethgnBRFerias arter calcingfony i ngry

tenplate" for the fyydeee gofei hishr in N, and 6 hours 2n Adrt hechrdemmy
template MXture oo Rrbhy fative inelfletby POKE GRS 381 30K 85 4 ©- 0.

silica and/or alunl .
d-spacinq and weak lines at 20.4 * 1.0 and 17.7 # 1.0 A

d-spacing. TEM indicated that the product contained
the ultra-large pore material.
The washed product, having been exchanged with 1IN
ammonium nitrate solution at room temperature, then
10 calcined, proved to have a surface area of 827 mz/g and
the following equilibrium adsorption capacities in
g/100g anhydrous sorkent:

H20 30.8
Cyclohexane 33.0
15 n-Hexane 27.9
Benzene 40.7

Example 10

Sodium aluminate (8.3g) was added slowly into a
solution containing 1849 of dodecyltrimethylammonium
20 hydroxide (C,,TMAOH, 50%) solution diluted with 480g of
water. Ultrasil (50g) and an agqueocus solution of
tetramethylammonium silicate (200g—10% Sioz) and
tetramethylammonium hydroxide (26.38g-25% solution)
were then added to the mixture. The mixture was
25 crystallized in an autoclave at 100°C with stirring for
24 hours.
The product was filtered, washed and air dried.
After calcination at 540°C for 1 hour in N, and 6 hours
in air, the X-ray diffraction pattern includes a very
30 strong relative intensity line at- 30.4 + 1.5 A
d-spacing and weak lines at 17.7 % 1.0 and 15.3 & 1.0
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-23 - such that the ratio of Rerr]O(SiJerr]+Al[err]Jerr])
(3)

is within the range of fromO0.01 to 2.0.

Agitate the mxture resulting fromstep (2) at a tenperature of
from20[err] to 40[err]C, preferably for 5 from5 mnutes to 3
hours. (4) Allow the m xture to stand with or w thout

agitation, preferably at a tenperature of from20[err] to

100[err]C, and preferably for from 10 m nutes to 24 hours.

(5) Crystallize the product fromstep ( g_at a 10 t enper at ure of
from50[err] to 175[err]C, preferably fofr from1l hour to 72

hours. Crystallizat 4oBps STREr aAlpeInBi O0Edd that the prdaddte FHn¥&9nEanges

are nost preferre
P %he ultra-large pore material.

The washed product, having been exchanged with 1N
ammonium nitrate solution at room temperature, then
5 calcined, proved to have a surface area of 1078 mz/g
and the following equilibrium adsorption capacities in
g/100g anhydrous sorbent:

H20 32.6
Cyclohexane 38.1
10 n~Hexane 33.3
Benzene 42.9

Example 11
A solution of 4.9 grams of NaAlo2 (43.5 % A12°3'

30% Naoz) in 37.5 grams of water was mixed with 46.3 cc
15 of 40% aqueous tetraethylammonium hydroxide solution
and 96 grams of colloidal silica (40%, Ludox HS-40).
The gel was stirred vigorously for 0.5 hour, mixed with
an equal volume (150 ml) of cetyltrimethylammonium
hydroxide solution prepared as in Example 1 and reacted
20 at 100°C for 168 hours. The mixture had the following
composition in terms of moles per mole A1203:
1.1 moles Nazo
30.6 moles sio2
3.0 moles (TEA)ZO
25 3.25 moles (CTMA)ZO
609 moles H20

The resulting solid product was recovered by
filtration, washed with water then calcined at 540°C
for 16 hours in air. The calcined product proved to
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A fourth nmethod for the present synthesis involves t he reaction
m xture used for the third nethod, but the 15 follow ng specific
procedure with tetraethylorthosilicate the source of silicon

oxi de: (1) Mx the organic (R) directing agent with the
solvent or solvent m xture such that the nole ratio of

solvent/Rlerr]Ois within the range of from50 to 800, 20 preferably
from50 to 500. This mxture constitutes the "primary tenpl ate”
for the synthesis nethod. - 46 {2) Mx the primary tenplate

m xture of step (1) with tetraethylorthosilicate and a source of

al umi num  ha¥si desutfasleSireddorsussh tibiy tha Rher ebQsiidgerr] mole
ratio 25 is in tge.ran oftf.rorQ:O.S Ié). 2. Q. (3)

Agi tate the m xt urSURBSHFEPRGFIIFRESPBLETRICIEIES In 9rpgp/ 190, H7885 nut es
to 6 hours, preferably from 30 mnutes to 2 hours, at a
tenperature of fromO[err] to H.o 25[err] Cga3ard a pH of |ess than 12.

This step permts 30 hy l.ysis/_pol ynerization to take place and
t he resul tant i xtur &Rat e’é%%ée)ar cl oud%go (4)

Crystal li2e the product-from stejiegsneat a 49 tenperature of from
25[err] to 150[err] C, preferablperzeas 95[ err] 67.5

The X-ray diffraction pattern of the calcined
product may be characterized as including a very strong
relative intensity line at 38.5 * 2.0 A d-spacing and a
10 weak line at 20.3 + 1.0 A. TEM indicated that the
product contained the ultra-large pore material.

Example 12
Two hundred grams of cetyltrimethylammonium (CTMA)
hydroxide solution prepared as in Example 1 was
15 combined with 4.15 grams of sodium aluminate and 100
grams of aqueous tetramethylammonium (TMA) silicate
solution (10% silica) with stirring. Twenty-five grams
of HiSil, a precipitated hydrdted silica containing 6
wt $ free water and 4.5 wt % bound water of hydration
20 and having an ultimate particle size of 0.02 um, was
added. The resulting mixture was placed in a static
autoclave at 150°C for 24 hours. The mixture had a
composition in terms of moles per mole A1203:

1.25 moles Nazo

25 27.8 moles Sio2
5.1 moles (CTMA)ZO
4.40 moles (TMA)20

650 moles Hzo
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- 24 -
to

to 110[err]C, for from4 to 72 hours, preferably from 16

48 hours. In each of the above nethods, batch
crystallization of the crystalline material can be 5

carri ed out

under either static or agitated, e.qg. stirred, conditions in a

sui tabl e reactor vessel, such
or teflon |lined or

as for exanple, polypropylene jars
stai nl ess steel autoclaves. Crystallization

may al so be conducted continuously in suitable 10 equi pnent. The

t ot al

The

usef ul
above for
to occur at the

10

15

20

25

range of tenperatures faqf7 -
each nmethod for a

crystallization is noted
time sufficient for crystallization

The rL§H?§{§§‘Qéii%?%%bdﬁcg'wié‘¥2é%v§%2&t§§ to 14 days.
filtration and dried in air at ambient temperature.
The product was then calcined at 540°C for 1 hour in
nitrogen, followed by 6 hours in air. TEM indicated
that this product contained the ultra-large pore
material. The X-ray diffraction pattern of
the calcined product of this example can be
characterized as including a very strong relative
intensity line at 44.2 * 2.0 A d-spacing and weak lines
at 25.2 + 1.5 and 22.0 + 1.0 A.

The calcined product proved to have a surface area
of 932 mz/g and the following equilibrium adsorption
capacities in grams/100 grams:

H20 39.3
Cyclohexane 46.6
n-Hexane 37.5
Benzene 50

Exanple 13
Two hundred grams of cetyltrimethylammonium (CTMA)

hydroxide solution prepared as in Example 1 was
combined with 4.15 grams of sodium aluminate and 100
grams of agueous tetramethylammonium (TMA) silicate
solution (10% silica) with stirring. Twenty-five grams
of HiSil, a precipitated hydrated silica containing 6
wt & free water and 4.5 wt % bound water of hydration
and having an ultimate particle size of 0.02 micron,
was added. The resulting mixture was placed in a steam
box at 100°C for 48 hours. The mixture had a
composition in terms of moles per mole Al,O;:
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crystals are then separated fromthe liquid and 15 recover ed.

Fol | ow ng the synthesis,the crystalline mat eri al shoul d be

subj ected to treatnment to renove part or all of any organic
constituent. When a source of silicon is used in the

synt hesi s method, it is preferred to use at least in part an 20
organic silicate, such as, for exanple, a quaternary anmoni um
silicate. Non-limting exanples of such a silicate include

t et ranmet hyl ammoni um sil i cate and tetraethylorthosilicate.

By adjusting conditions of the syntheggs reaction 25 for each nethod,
li ke tenperature, pH and tine of reaction, etc., within the above
limts, various enbodi BENnLS1 & 1@ present non-l1 ayered
crystalline material W th a. desjred average pore size may be
prepared. In particular, changifdg®tHe*dH 4% 30 tenperature or the

reaction tinme may pronote forn@ét.iiomeles (CIMA)QP product crystals with
different average pore size. 4.4 moles (TMA) ,0

5 650 moles H,0
The resulting solid product was recovered by
filtration and dried in air at ambient temperature.
The product was then calcined at 540°C for 1 hour in
nitrogen, followed by 6 hours in air. The calcined
10 product proved to have the following equilibrium
adsorption capacities in grams/100 grams:

Hzo 35.2
Cyclohexane > 50
n-Hexane 40.8
15 Benzene 5§3.5

The X-ray diffraction pattern of the calcined
product may be characterized as including a very strong
relative intensity line at 39.1 + 2.0 A d-spacing and
weak lines at 22.4 + 1.0 and 19.4 + 1.0 A. TEM

20 indicated that this product contained the ultra-large
pore material.

ample
A nmixture of 125 grams of 29% CTMA chloride
aqueous solution, 200 grams of water, 3 grams of sodium
25 aluminate (in 50 grams H,0), 65 grams of Ultrasil,
amorphous precipitated silica available from PQ
Corporation, and 21 grams NaOH (in 50 grams H,0) was
stirred thoroughly and crystallized at 150°C for 168
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W_ X, Y and Z contenplated for the first and second

met hods i ncl ude:

p

Al
Al

1¢c

15

20

25

s Sheet Has Been Rep

il

[

I\

Non-limting exanples of various conbinations of
. synthesis
W X Y 5
Si -- Al -- P
Si P Co Al --
Co A Si P 10
S

- 49 -

hours. The reaction mixture had the following relative
molar composition in terms of moles per mole silica:

0.10 moles (CTMA)20
21.89 moles Hz°
0.036 moles NaAlO2
0.53 moles NaOH

The solid product was isolated by filtration,
washed with water, dried for 16 hours at roonm
temperature and calcined at 540°C for 10 hours in air.
The calcined product proved to have a surface area of
840 mz/g, and the following equilibrium adsorption
capacities in grams/100 grams:

H,0 15.2
Cyclohexane 42.0
n-Hexane 26.5
Benzene 62

The X-ray diffraction pattern of the calcined
product may be characterized as including a very strong
relative intensity line at 40.5 + 2.0 A d-spacing. TEM
indicated that the product contained the ultra-large
pore material.

Example 15
To make the primary template mixture for this

example, 240 grams of water was added to a 92 gram
solution of 50% dodecyltrimethylammonium hydroxide, 36%
isopropyl alcchol and 143% water such that the mole
ratio of 801vent/R2/fo was 155. The mole ratio of

H,O/R, , 0 in this mixture was 149 and the IPA/R

2/ 2/£°
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I ncl udi ng the conbi nati ons of Wbeing My, or an el enent sel ected

fromthe divalent first rowtransition netals, e.g. Mr, Co and
Fé; X being B, Ga or Fe; and Y being Ge. 15 An

organic directing agent for use in each of the above net hods for
synt hesi zing the present material fromthe respective reaction

m xtures i s an amobni um or phosphoni umion of the formul a
Rlerr]Rlerr]Rlerr]Rlerr]Q+ , i.e.: [err] ny 25 where Q
I's nitrogen or phosphorus and wherein at | east one of Rerr],
Rlerr], Rerr] and Rerr] is aryl or al ka/l of from6 to 36 carbon
atoms, e.g. -Jerr]Herr] , Jerr]HerrP? ~derr]Herr] and

-(err]Herr], orpcpabinatd gas khereofonet Bmsgyl e@ﬁna@e a&%ﬁ}e Jias

Rlerr] Rerr] and err eing selected fro ogen,_ al k
from1l-to 5 carbofid 2h §TaBfLP h e 8&1‘1{“% %g 25 gra She 8 ?ﬁe corrpound

from which the abHuSu}unmnu gmans of aqueous tetramethylammonium
silicate solution (10% sioz) and 13.2 grams of 25%

5 aqueous tetramethylammonium hydroxide solution. The
mole ratic of Rz/fO/(SlOZ+A1203) was 0.28 for the
mixture.

This mixture was stirred at 25°C for 1 hour. The
resulting mixture was then placed in an autoclave at
10 100°C and stirred at 100 rpm for 24 hours. The mixture
in the autoclave had the following relative molar
composition in terms of moles per mole Sioz:

0.05 mole Nazo

0.036 mole A1203

15 0.18 mole (ClzTMA)zo
0.12 mole (TMA)ZO
36.0 moles H20
1.0 mole IPA.

The resulting solid product was recovered by
20 . filtration, washed with water and dried in air at
ambient temperature. The product was then calcined at
540°C for 1 hour in nitrogen, followed by 6 hours in
air.
The calcined product proved to have a surface area
25 of 1223 mz/g and the following equilibrium adsorption
capacities in grams/100 grams:

H,0 25.5
Cyclohexane 41.1
n-Hexane 35.1
30 : Benzene 51
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- 26 - phosphoniumion is derived may be, for exanple, the

hydr oxi de, halide, silicate, or m xtures of these. In the
first and third nethods above it is preferred to have an

addi tional organic directing agent 5 and in the second nethod it is
required to have a conbi nati on of the above organic directing
agent and an additional organic directing agent. That additiona
organic directing agent is the anmmoni um or phosphoni um ion of the

above directing agent fornula wherein R err]

- 51 ~

The X-ray diffraction pattern of the calcined
product may be characterized as including a very strong
relative intensity line at 30.8 + 1.5 A d-spacing and
weak lines at 17.9 + 1.0 and 15.5 + 1.0 A. TEM

5 indicated this product to contain the ultra-large pore
material.

Example 16
A 50.75 gram quantity of decyltrimethylammonium

hydroxide (prepared by contacting a ca. 29 wt %

10 solution of decyltrimethylammonium bromide with a
hydroxide-for-halide exchange resin) was combined with
8.75 grams of tetraethylorthosilicate. The mixture was
stirred for 1 hour and then transferred to a
polypropylene jar which was then placed in a steambox

15 for 24 hours. The mixture had a composition in terms
of moles per mole Sioz:

0.81 mole (CloTMA)zo
47.6 moles HZO
The resulting solid product was filtered and
20 washed several times with warm (60°-70°C) distilled
water and with acetone. The final product was calcined
to 538°C in N,/air mixture and then held in air for 8
hours. The calcined product proved to have a surface
area of 915 mz/g and an equilibrium benzene adsorption
25 capacity of 35 grams/100 grams. Argon physisorption
data indicated an argon uptake of 0.34 cc/gram, and a
pore size of 1.5 nm (15 A).
The X-ray diffraction pattern of the calcined
product of this example may be characterized as
30 including a very strong relative intensity line at 27.5
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10 Rlerr] Rerr] and Rl err] together or separately are selected from

the group consisting of hydrogen and alkyl of 1 to 5 carbon atons
and conbi nations thereof. Any such conbi nati on of organic
directing agents go to nake up "R' and will be in nolar ratio of
100/1 to 0.01/1, 15 first above listed organic directing

agent / addi ti onal organi c directing agent. The
particul ar effectiveness of the required - di recting agent, when
conpared with other such agents = 52 -known to direct synthesis of one
or nore other crystal_20 . Structures, ,is believed due to its ability
to function * 1.5 A drsparphg: a9 (ee 1dB6FeaF eb?td dh nPxaRd L3 47 t he

nucl eati on and grewibho of. t InEMdésdicatad tthatl ahgeppodwct of this crystals
with the limtati@psndisssadndldoMee ultra-1 054 10l exanpl es of
t hese directing agentlssji%ncl uden25 4 ré‘et ?Ir ?:\ﬁet%ynfga{:tr?rzrj%%%ﬁm

cetyl trinmethyl phosphoni um benzyl tri met hyl anmoni um

cetyl pyridini um Example 17 nyristyltrimnmethyl anmoni um

decyl triret hyl anmoni Uy eignty graflOdficWelklh BREHYL | dTLand

di met hyl di dodecyl anoni um . he reactlon m xture conmponents
can be supplied bj¥Ydpexide (CTHAPH) ($RVY32 BEEPRESd 8% ife&XamBRe ik xt ure can
be pr epuagchdiddhar. 65agrams sef GlaAlont i NTvel shixtuTey vasl

size and crystall sgatid) dd Foofl| codife U’ ¥atah! A€ Naalo, vas
dissolved. To this solution was added 40 grams of
10 aqueous tetramethylammonium (TMA) silicate solution (10
wt % Sioz), 10 grams of HiSil, 200 grams of water and
70 grams of 1,3,5-trimethylbenzene (mesitylene). The
resulting mixture was stirred at room temperature for
several minutes. The gel was then loaded into a 600 ml
15 autoclave and heated at 105°C for sixty-eight hours
with stirring at 150 rpm. The mixture had a
composition in terms of moles per mole Al,0,:
1.25 moles Nazo
27.8 moles Sio2
20 5.1 moles (CTMA)zo
2.24 moles (TMA)ZO
2256 moles Hzo
80.53 moles 1,3,5-trimethylbenzene

The resulting product was filtered and washed
25 several times with warm (60°-70°C) distilled water and
with acetone. The final product was calcined to 538°C
in Nz/air mixture and then held in air for 10 hours.
The calcined product proved to have an equilbrium
benzene adsorption capacity of >25 grams/100 granms.
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- 27 - material will vary with the nature of the reaction

m xture enpl oyed and the crystallization conditions. The
cryStals prepared by the synthesis procedure can be shaped into a
wi de variety of particle sizes. 5 General | y speaking, the particles
can be in the form of a powder, a granule, or a nolded product,
such as an extrudate having particle size sufficient to pass
through a 2 nesh (Tyler) screen and be retained on a 400 nesh
(Tyler) screen. In cases where the catal yst ‘10 i s nol ded, such as by
extrusion, the crystals can be - 53 -

The X-ray diffraction pattern of the calcined
product may be characterized as including a broad, very
strong relative intensity line at 102 A d-spacing, but
accurate positions of lines in the extreme low angle

5 region of the X-ray diffraction pattern are very
difficult to determine with conventional X-ray
diffractometers. Furthermore, finer collimating slits
were required to resolve a peak at this low 2-theta
angle. The slits used in this example, starting at the

10 X-ray tube, were 0.1, 0.3, 0.5 and 0.2 mm,
respeétively. TEM indicated that the product of this
example contained several materials with different d100
values as observed in their electron diffraction
patterns. These materials were found to possess dloo
15 values between 8.5 nm (85 A) d-spacing and 12 nm (120
4) d-spacing.
Example 18

To eighty grams of cetyltrimethylammonium

hydroxide (CTMAOH) solution prepared as in Example 1

20 was added 1.65 grams of NaAloz. The mixture was
stirred at room temperature until the NaAlo2 was
dissoclved. To this solution was added 40 grams of
aquecus tetramethylammonium (TMA) silicate solution- (10
wt % Sioz), 10 grams of HisSil, 200 grams of water and

25 120 grams of 1,3,5-trimethylbenzene (mesitylene). The
resulting mixture was stirred at room temperature for
several minutes. The gel was then lcaded into a 600 ml
autoclave and heated at 105°C for ninety hours with
stirring at 150 rpm. The mixture had a composition in

30 terms of moles per mole Al,O0,:
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extruded before drying or partially dried and then ext ruded.

The size of the pores in the present nesoporous catal ytic
materials is |large enough that the 15 spatiospecific selectivity
with respect to transition state species in reactions such as
cracking is m nim zed (Chen et al., "Shape Selective Catalysis in
I ndustrial Applications", 36 CHEM CAL | NDUSTRI ES, pgs. . 41-61
(1989) to which reference is nade fd4 a 20 di scussion of the factors
af fecting shape selectivity). Diffusional Iimtations are also
mnimzed as a result bof25 nelegryaj%@r ge pores. The
crystals of the nesoporous suppqmtsn&beésa$ wi |l be conposited
with a matrix material which is '3 moles t nt to the tenperatures and
ot her conditions enpl oyed 1'n th % enation process to form

t he fini shed catal yst. gﬁcW°ﬁﬁFeKT %% ncl ude active and

I nactive Baterials and syntheti czaws nauusak @ occurring zeolites
as well as inorganic materials ng%17aﬁ°§kgy§ $05-tri eth?ﬂgéﬁﬁe i des such
as alumna, silica or Si1%i'ca-al um ha’ %h n\at e either
naturally occurring or in the formof gel atinous preC|pitates or

gel s includi ng m xtur egnhef réshiinapdodattl wvaki fidltered and washed

several times with warm (60-70°C) distilled water and
with acetone. The final product was calcined to 538°C

10 in N,/air mixture and then held in air for 10 hours.
The calcined product proved to have a surface area of
915 mz/g and an equilbrium benzene adsorption capacity
of >25 grams/100 grams. Argon physisorption data
indicated an argon uptake of 0.95 cc/gram, and a pore

15 size centered on 7.8 nm (78 A) (Dollimore-Heal Method,
see Example 22(b)), but running from 7 to greater than
10.5 nm (70 to greater than 105 Angstoms). The X-ray
diffraction pattern of the calcined product of this
example may be characterized as having only enhanced

20 scattered intensity in the very low angle region of the
X-ray diffraction, where intensity from the transmitted
incident X-ray beam is usually observed. However, TEM
indicated that the product contained several materials
with different 4,,, values as observed in their

25 electron diffraction patterns. These materials were
found to possess dlo0 values between 85 A d-spacing and

110 A d-spacing.

Example 19
To eighty grams of cetyltrimethylammonium

30 hydroxide (CTMAOH) solution prepared as in Example 1
was added 1.65 grams of NaAlOz. The mixture was
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- 28 - Use of a material in conjunction with the zeolite,

I.e., conbined therewith or present during its synt hesi s, which
itself is catalytically active may change the conversi on and/ or
selectivity of the 5 catalyst. Ilnactive materials suitably serve
as diluents to control the anpbunt of conversion so that

al kyl ati on products can be obtained econom cally and orderly

wi t hout enpl oyi ng ot her neans for controlling the rate of
reaction. These materials may be 10 i ncorporated into naturally
occurring clays, e.g., = 35 -

stirred at room temperature until the NaAlo2 was
dissolved. To this solution was added 40 grams of
aqueous tetramethylammonium (TMA) silicate solution (10
wt % Sioz), 10 grams of HiSil, and 18 grams of

5 1,3,5-trimethylbenzene (mesitylene). The resulting
mixture was stirred at room temperature for several
minutes. The gel was then loaded inte a 300 ml
autoclave and heated at 105°C for four hours with
stirring at 150 rpm. The mixture had a composition in

10 terms of moles per mole Al,O;:

1.25 moles Na20

27.8 moles Sio2

5.1 moles (CTMA)20

2.24 moles (TMA)20
15 650 moles H,0

19.9 moles 1,3,5-trimethylbenzene

The resulting product was filtered and washed
several times with warm (60-70°C) distilled water and
with acetone. The final product was calcined to 538°C

20 in N, /air mixture and then held in air for 8 hours.

The calcined product proved to have a surface area
of 975 mz/g and an equilbrium benzene adsorption
capacity of >40 grams/100 grams. Argon physisorption
data indicated an argon uptake of 0.97 ml/gram, and a

25 pore size of 6.3 nm (63 A) (Dollimore-Heal Method),
with the peak occurring at P/P°=0.65.

The X-ray diffraction pattern of the calcined
product of this example may be characterized as
including a very strong relative intensity line at 63 &+

30 5 A d-spacing and weak lines at 36.4 + 2.0, 31.3 % 1.5
A and 23.8 + 1.0 A d-spacing. TEM indicated that the
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bentonite and kaolin, to inprove the crush strength of t he
cat al yst under commercial operating conditions and function as
bimders or matrices for the catal yst. The mesoporous naterial is
usual ly conposited with the 15 matrix in anounts from 80:20 to 20: 80
by wei ght, typically from80:20 to 50: 50 nesoporous

material :matrix. Conpositing nmay be done by conventi onal neans
including mulling the naterials _ _together followed by extrusion of
pelletizing into the 20 desired ?inished cat al yst particles

The preferred catal ysts for_ the present pur

significant pore vBFeMHiath thdFee¥immt &°8 ained the iﬁ%ﬁ&FgFr?ﬁaﬁFfﬂ)l1m

(200 A). The | ar gemdteaddler pores provi de channel s for bul ky PAO
ol igonmers to transport 25 ~freely with di mnished diffusion
resi stance to the smal l er particles of the crystalline materia

whi ch pr rge surface area for the hydrogenation
reaction. -A nunber Anfox dFNRES bi nders

conformtgsthis requir ef@et%%:LHQYtle& éﬁpeddlageters of Wi théezéfg@s

distributions of three are set out belo C%P ent wth
the requirenent toPFERRGFES ("Héh gBEeS up to 6. PoPBc (PR A b SEAPREFEAdy
di ffusion-free access ¢rau lsamples of the ywtodhictgeofieExanrllesndi thrawgls as

the support for th?7 were placed in glass sample tubes and attached to a
physisorption apparatus as described in U.S. Patent No.
10 4,762,010.

The samples were heated to 300°C for 3 hours in
vacuo to remove adsorbed water. Thereafter, the
samples were cooled to 87°K by immersion of the sample
tubes in liquid argon. Metered amounts of gaseous

15 argon were then admitted to the samples in stepwise
manner as described in U.S. Patent No. 4,762,010,
column 20. From the amount of argon admitted to the
samples and the amount of argon left in the gas space
above the samples, the amount of argon adsorbed can be

20 calculated. For this calculation, the ideal gas law
and the calibrated sample volumes were used. (See also
S.J. Gregg et al., Adsorption, Surface Area and
Porosity, 2nd ed., Academic Press, 1982). In each
instance, a graph of the amount adsorbed versus the

25 relative pressure above the sample, at equilibrium,
constitutes the adsorption isotherm. It is common to
use relative pressures which are obtained by forming
the ratio of the equilibrium pressure and the vapor
pressure Po of the adsorbate at the temperature where

30 the isotherm is measured. Sufficiently small amounts
of argon were admitted in each step to generate 168
data points in the relative pressure range from 0 to
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- 29 - met al conponent which perforns the essentia

hydr ogenati on function, the binder should have a pore size and
di stribution which is adequate to permt the feed conmponents to
enter the interior pore structure of 5 the catal yst where the

desi red hydrogenation reactions take place at the netal sites on
the crystalline material. To this extent, the binder wll

normal | 'y have a m ni mum po §_§ize'of 5.0 nm (50 A), i.e with no
| ess than 5% of the pores having a pdre size |less than 10 5.0 nm (50

) oLe Sh7e. L0l UE Tt o AR She requiren d5MRERG BRG® 1 22
. isotherm with sufficient detail.
The step (inflection) in the isotherm, indicates

filling of a pore system. The size of the step

5 indicates the amount adsorbed, whereas the position of
the step in terms of P/Po reflects the size of the
pores in which the adsorption takes place. Larger
pores are filled at higher P/Po. - In order to better
locate the position of the step in the isotherm, the

10 derivative with respect to log (P/P ) is formed. The
adsorption peak (stated in terms of log (P/Po)) may be
related to the physical pore diameter (&) by the
following formula:

— -
k | st sl g 10 |
= - - +
log(P/P,) I 5 - ; 5
d-0.38 |3(L-0/2) 9 (L-D/2) 3(D/2) 9(D/2)
— . PO |
15 where d = pore diameter in nanometers, K = 32.17, S =

0.2446, L = d + 0.19, and D = 0.57.
This formula is derived from the method of Horvath
and Kawazoe (G. Horvath et al., J. Chem. Eng. Japan, 16
(6) 470(1983)). The constants required for the
20 implementation of this formula were determined from a
measured isotherm of ALPO-5 and its known pore size.
This method is particularly useful for microporous
materials having pores of up to 60 A in diameter.
The results of this procedure for the samples from
25 Examples 1 through 17 are tabulated below. . The samples
from Examples 10, 13 and 15 gave two separate peaks,
pelieved toc be the result of two separate ultra-large
pore phases in the products.
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AS (no nore than 5% having a pore size above 40 nm (400. A))

preferably with no nore than 30% havi ng pore sizes in the range
of~ 20 to 40 nm (200-400 A 15 Met al Conponent Cat al yst
Met al Conponent The hydrogenation catal yst includes a netal
as the hydrogenati on- dehydrogenation conponent. The
hydr ogenat i on- dehydr ogenati on conponent is prOV|ded by 20 - a netal or
conbi nation of netals. Noble nmetals of Goup VIIIA especially
pal | adi um plati num or base >$etal s of G oups IVA, VIA and VIIIA,
especially chrom um nol bden% t,ungsten, cobalt and nickel, may
be used. The conbi nati onEEels I%%%#Eéﬁ%%%réUp VIA 25 netal such as
tungsten with at | east one oup VIT1A 354 nmetal such as nickel is
particularly preferred for ny zsapplications, for exanpl e,
conbi nati gfs such as 4 hickel -npdgbdenum cobalt-nickel,
ni ckel -tungst en, cgbal t - ni ckelbés®ol ybdenum and ni cke
-tungsten-titanium 30 6 For certakh3applications, where sul fur and
ot her contaninantsgsuch as ph%%é?orus are in | ow
28.3
10 13 22.8, 30.8
11 36.8
12 36.1
13 35.0, 42.1
40.0
13 }2 22.4, 30.4
16 15.0

The above method of Horvath and Kawazoe for
determining pore size from physisorption isotherms was
20 intended to be applied to pore systems of up to 20 A
diameter; but with some care as above detailed, its use
can be extended to pores of up to 60 A diameter.

In the pore regime above 60 A diameter, the Kelvin
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- 30 - concentrations in the feedstock, e.g. <10 ppm

pal I adiumor platinumis preferred. The content of the netal
conmponent will vary according to its catalytic activity. Thus,
the highly 5 active noble netals may be used in smaller amounts
t han the | ess active base netals. For exanple, 1 w % or
| ess palladiumor platinumw ||l be effective and in a preferred
base netal conbination, 7 wt % ni cket 5and 2.1 to 21 w %
tungsten, expressed as nmetal. The present 10 support naterials are,
however, notabl e | fdeakion eap be applied.gr dtcapapseably givendpag a greater
proportion of netal ~2yV
' ln(p/P,) = cos 9
T RT
S where:
Y = surface tension of sorbate
V = molar volume of sorbate
8 = contact angle (usually taken for practical
reasons to
10 be 0)
R = gas constant
T = absolute temperature
Iy = capillary condensate (pore) radius
P/Po = relative pressure (taken from the
15 . physisorption
isotherm)

The Kelvin equation treats adsorption in pore
syétems as a capillary condensation phenomenon and
relates the pressure at which adsorption takes place to

20 the pore diameter through the surface tension and

' contact angle of the adsorbate (in this case, argon).
The principles upon which the Kelvin equation are based
are valid for pores in the size range 50 to 1000
Angstrom diameter. Below this range the equation no

25 longer reflects physical reality, since true capillary
condensation cannot occur in smaller pores; above this
range the logarithmic nature of the equation precludes
obtaining sufficient accuracy for pore size
determination.

30 The particular implementation of the Kelvin
equation often chosen for measurement of pore size is
that reported by Dollimore and Heal (D. Dollimore and
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t han previous support materials because of their extraordinarily

| arge surface area. The netal conponent nmay exceed 30%in a

nonol ayer. The 15 hydr ogenati on conponent can be exchanged onto the
support material, inpregnated into it or physically adm xed with
it. If the netal is to be inpregnated I nto or exchanged onto the
Mesopor ous support, it may be done, for exanple, by treating the
zeolite with a 20 pal | adi um or pl ati num netal -cont ai ni ng i on

Sui t abl e pl ati num conpounds i nclude chloropl atinic acid,

pl atinous chloride and various conpoupgs_containing the pl ati num
anm ne conpl ex. The nmet al conpounds may be ei ther conpounds in

whi ch t he net al resent he, 2 at co nd and
conmpounds in WhIC g ri Jn-—i‘ml-l-‘ff'irefS‘eerIf'f’ Y %89 ﬁieéﬂgf t%ggorrpound
Bot h types of method qqnqggﬁﬁd§°§a#PQx?ﬁ§9§G5 PﬁlF%ﬂl%HﬁﬁﬁcepFEY?ﬁu%ﬁ
conpounds adsb &m Gh kthe pei@lwdls,i oft khiéhrthefkelvdat i on of

cat Foni c_compl ex, ¢ g, F pgNgnefodLg;[fsalta% Bechbher rdfiniil are 30

particularly usef NI ¢ conpl exes suc
vanadat e and net abupayides e in9Fe, aEﬁY¥%ﬁﬁ(¥ﬁ@ﬁPﬁ§m6Pt of pore dl@PﬁE?rnetals
are al so very useiHhisi fixe ddtdpdney Dellimore and Heal was derived for

use on desorption isotherms, it can be applied equally
well to adsorption isotherms by simply inverting the
data set.
10 In order to illuminate the microstructure of the
| materials by transmission electromicroscopy (TEM),
samples must be thin enough for an electron beam to
pass through them, generally 500-1000 A or so thick.
The crystal morphology of the present materials usually
15 required that they be prepared for study by
ultramicrotomy. While time consuming, this technique
of sample preparation is conventional. The materials
are embedded in a resin, in this case a commercially
available low viscosity acrylic resin L.R. WHITE
20 (hard), which is then cured at 80°C for 1 1/2 hours.
Thin sections of the block are cut on an ultramicrotome
using a diamond knife and sections in the thickness
range 500-1000 A are collected on fine mesh electron
microscope support grids. For these materials, an LKB
25 model microtome with a 45°C diamond knife edge was
used; the support grids were 400 mesh copper grids.
After evaporation of a thin carbon coating on the
sample to prevent charging in the microscope (light
gray color on a white sheet of paper next to the sample
30 in the evaporétor), the samples are ready for
examination in the TENM.
High resolution TEM micrographs show projections
of structure along the direction that the sample is
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- 31- exchanged onto the crystalline material or inpregnated

into it. Exanpl es Exanples 1 to 19 bel ow
illustrate the preparation 5 of the mesoporous crystalline
materials used to prepare the catalysts. In these exanples, the
sorption data for water, cycl ohexane, benzene and/or n-hexane,

t hey are Equilibrium Adsorption values determ ned as

follows: 10 A wei ghed sanpl e of the adsorbent, after

calcination at 540[err]C for at |east 1 hour and ot her
- 61 -

viewed. For this reason, it is necessary to have a
sample in specific orientations to see certain details
of the microstructure of the material. For crystalline
materials, these orientations are most easily chosen by
5 observing the electron diffraction pattern (EDP) that
is produced simultaneously with the electron microscope
image. Such EDPs are readily produced on modern TEM
instruments using, e.g. the selected area field
limiting aperture technique familiar to those skilled
10 in the art of electron microscopy. When an EDP with
the desired arrangement of diffraction spots is
observed, the corresponding image of the crystal giving
that EDP will reveal details of the microstructure
along the direction of projection indicated by the EDP.
15 In this way, different projections of a crystal;s
structure can be observed and identified using TEM.

In order to observe the salient features of the
crystalline product of the present invention, it is
necessary to view the material in an orientation

20 wherein the corresponding EDP gives a hexagonal
arrangement of diffraction spots from a single
individual crystal. If multiple crystals are present
within the field limiting aperture, overlapping
diffraction patterns will occur that can be quite

25 difficult to interpret. The number of diffraction
spots observed depends to a degree upon the regularity
of the crystalline arrangement in the material, among
other things. At the very least the inner ring of
bright spots should be observed to obtain a good image.

30 Individual crystals can be manipulated by specimen tilt
adjustments on the TEM until this orientation is
achieved. More often, it is easier to take advantage
of the fact that the specimen contains many randomly
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treatnment, if necessary, to renove any pore bl ocking

contam nants, is contacted with the desired pure adsor bat e vapor
ih an adsorption chanber. The increase 15 i n wei ght of the adsorbent
is calculated as the adsorption capacity of the sanple in terns
of grans/ 100 grans adsorbent based on adsorbent weight after
calcination at 540[err]C. The present conposition exhibits an
equi li brium benzene adsorption capacity at 6.7 kPa 20 (50 Torr) and
25[err] C of greater than 15 grans/ 100 grans, particularly greater
than 17.5 g/ 100 g/ and nore partical@® Iy greater than 20 g/ 100 g.
A preferred way to do this is to contact fhe 25 desirq&gpure

adsor bate vapor iFigatadseryttahs @Renbersinply search, thxaudly l ess than 1

mm at conditions sample6uliPhl a crystal ¢ivifwribhe gfesizedrERRp@ENd 5.3 kPa (40

Torr) of n-hexanggnce orient%-&%cligh%élg@edgpor, or 6.7 kPa (50 Torr) of
benzene vapor, at e;&%C. Thg ressur.e is keg% g§?stgpt (within
30 [err] 0.5 n#¥°59t%mﬁltq 1gF QHsBR bR AR\ PaS6P™coRt rofA et By

a manost &t dur i ngvddee exdadned i mn ther tedhniguesidindsatibed above injas adsor bed
by the new cryst &jporl BgodeET EASEsMiRsion electron microscope operated
at 200,000 volts with an effective 2 A objective
aperture in place. The instrument has a point-to-point
resolution of 4.5 A. Other conventional experimental
10 arrangements in high resolution (phase contrast) TEM
could be used to produce equivalent images provided
care is taken to keep the objective lens on the
underfocus (weak leans) side of the minimum contrast
lens current setting.

15 Example 21

Pt/MCM-41 Catalyst Preparation
A sample of MCM-41 (40 A) was prepared in

accordance with the method described below.
The following mixture (parts by weight - pbw) was
20 charged to an autoclave:
83.7pbw Cetyltrimethylammonium (CTMA) hydroxide,
prepared by contacting a 29 wt % N,N,N-
trimethyl-l-hexadecylammonium chloride
solution with a hydroxide-for-halide

25 exchange resin,
1.7pbw Sodium aluminate, .
4.1pbw Tetramethylammonim silicate (10% aqueous

solution),
10.5pbw Precipitated hydrated silica (HiSil +).

30 The mixture was crystallized-at 100°C for 20 hours
with srirring under autogeneous pressure. The
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- 32 - pressure causes the nmanostat to open a val ve which

adm ts nore adsorbate vapor to the chanber to restore t he above
control pressures. Sorption is conplete when t he pressure change
is not sufficient to activate the 5 manost at .

Anot her way of doing this for benzene adsorption data is on a
suitabl e thernogravinetric anal ysis system such as a

conmput er-control |l ed 990/ 951 duPont - TGA system The adsorbent
sanple is dehydrated 10 - (physiTc&Ply sorbed water renoved) by heating
at, for S42APE Fhg PROHAEE | wad AAYRrelCoy Of LONSIARN WRE08E dd

fl ow ng in air at ambient temperature. A sample of the product

was calcined at 540° C for 1 hour in nitrogen, followed
by 6 hours in air for characterization.

5 The calcined product had a surface area of 1120
m2/g and the following equilibrium absorption
capacities in grams/100 grams:

H20 - 10.8

Cyclchexane >80
10 n-hexane >50

Benzene - 67

The product was identified as MCM-41 with an X-ray
diffraction pattern which included a very strong
relative intensity line at 38.4 + 2.0 A d-spacing, and

15 weak lines at 22.6 + 1.0, 20.0 + 1.0, and 15.2 +1.0 A.

The MCM-41 crystalline product was exchanged with
room temperature aqueous solutions of ammonium nitrate
and subsequently dried overnight at 121°C (250°F). A
portion of the resultant crystals was combined with

20 Al,0, (Versal 250 ¢)to form a mixture of 65 parts, by
weight MCM-41 and 35 parts alumina. Water was added to
this mixture to allow the resulting catalyst to be
formed into extrudates. The catalyst was activated by
calcination at 510°C (950°F) in 5v/v/min of nitrogen

25 for 6 hours followed by the replacement of the nitrogen
with 5v/v/min of air. The calcination was completed by
raising the temperature to 1000°F and maintaining that
temperature in Sv/v/min air for 18 hours.

The calcined extrudate was exchanged with a

30 0.0062M Pt(NH,),Cl, solution, followed by washing,
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helium 1f the sanple is in as-synthesized form e.g. cont ai ni ng

organic directing agents, it is calcined at 540[err]Cin air and
held to constant weight instead of the 15 previ ously descri bed
350[err] or 500[err]C treatnment. Benzene adsorption isotherns
are neasured at 25[err]C by blending a benzene saturated helium
gas streamwi th a pure helium gas streamin the proper
proportions to obtain the desi re@4benzene partial pressure. The
val ue of the 20 adsorption at 6.7 kPa (50 Torr) of benzene is taken
froma plot of the Su¥dnptansh dadeinathen in air at 343°C|(F5XHF)efarpl es,
percent ages are by wRtebtnatitSS ot herw se i ndi cat ed.

Example 1 25 One hundred granms of cetyltrinethyl anmoni um ( CTVA)
hydr oxi de sol ution, prepared by contacting a 29 wt % N, N, N-
trimet hyl -1-hexadecE¥amphe 28 chl ori de sol ution with a

hydroxide-for-halidgg25Q@gﬂgggg@g&g;_gggggzg;;gg conbi ned with 100 grans
of an aqueaus solution o t t a n ). .Silicate (10%
sample OT'\/\/e&? I);“"@ohk[) WS #yﬁéﬁw&g preci pitated

silica) wt ITring ans o
hydrated silica conﬁﬁFﬁFﬁgﬂ‘B& \fotlt% Fhéem‘%ﬁ%‘é? d@ﬁ&’%bsdv%elw-

The following mixture was charged to an autoclave:
60.7pbw  Cetyltrimethylammonium (CTMA) hydroxide,
prepared by contacting a 29wt.% N,N,N-
10 trimethyl-li-hexadecylammonium chloride
solution with a hydroxide-~for-~halide
exchange resin,

1.3pbw Sodium aluminate,
30.4pbw Tetramethylammonim silicate (10% aqueous
15 solution),

7.6pbw Precipitated hydrated silica (HiSil ¢).

The nmixture was crystallized at 100°C for 20 hours
with stirring under autogeneous pressure. The
resulting product was recovered by filtration and dried

20 in air at ambient temperature. A sample of the product
" was calcined at 540° C for 1 hour in nitrogen, followed
by 6 hours in air. The identity of the material as
MCM-41 was consistent with its properties.
The MCM-41 crystalline product was formulated into
25 a catalyst in the same way as the platinum~containign
catalyst described in Example 22 with the exception
that the calcined catalyst was exchanged with aqueous
Pd(NH3)4c12 solution, followed by drying at room
temperature for 4 hours and overnight at 250°F before
30 the final calcination.
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- 33 - % bound water of hydration and having an ultimte

particle size of 0.02 mcron, was added. The resulting m xture
was placed in a polypropyl ene bottle, which was placed in a
steam box at 95[err] C overnight. The mi xture 5 had a composition in
terms of noles per nole Alferr](Jerr]: 2.7 nol es
Na[err] O 392 noles Sierr]

...65_.

Example 23
A Pd/sio, catalyst was made by impreganting silica
spheres (Shell S-980 C 1.5) with a Pd(NH3)4Cl2 solution
using the incipient wetness method. The impregnated
5 spheres were then dried at room temperature for 4
hours, followed by 250°F overnight after which the
catalyst was calcined in 5 v/v/min air at 550°F for 3
hours.
Example 24
10 The three noble metal containing catalysts
described above (Pt MCM-41/A1203, Pd MCM-41/A1203, Pd
Sioz) were evaluated for hydrogenating a PAO lubricant.
The properties of the three catalysts are

summarized in Table 2 below.

15 : Table 2

Catalyst Properties
pd Mcu-411)  pt mom-21(Y)  pd sio2

ta oadi
Wt
20 Pd 0.83 - 0.84
Pt - 0.54 -
Surface Area.
n/g 800 682 330
Pore Volume,
25 cc/g 0.96 0.97 0.88
Pore Distribution.%
<50 A 32 42 0
50-100 A 16 12 41
100~-200 & 15 11 32
30 >200 A 37 35 37

(1) Contains 65 wt % MCM—-41 and 35 wt 3% alumina prior
to the metal addition.

This Sheg

T



35.7 noles (CTMA)[err] O 61.7 noles (TMA)[err]0O 10

6231 noles Herr]O0 The resulting solid product was
r'ecovered by filtration and dried in air at anbient tenperature.
The product was then calcined at 540[err]C for 1 hour in

nitrogen, followed by 6 hours in air. 15 The cal ci ned product
proved to have a surface area of 475 nferr]/g and the follow ng
equi li brium adsorption capacities in granms/ 100 grans:

Herr]O 8.3 - 66 - Cycl ohexane 22.9 20
n- Hexane ' 18.2 Benzene 21.5

gh]?f product of thi SI e’é‘ﬁ&’pﬁ@dﬂﬁy meeehalacisdd ziad the ?:atalystiy X-ray .
| ractiion as inclu Ing a, ve . t Yy I ne
at 37.8 2.0 Ad %@‘l" %S% alrife ma’?(eﬁ':.al haﬁ 4 éé{% Jé}é{ﬁ\ft 0 and

19.2 1.0 A of 40 A All three catalysts have 30% pore volume wit
pore diameters greater than 200 A but the MCM-41
5 catalysts have 30-40% pore volume with pore diameters

less than 50 A.

All catalysts were evaluated in a fixed-bed pilot
unit. A poly-alpha olefin (PAO) lube oligomer having
the composition shown in Table 3 below was used as the

10 feed.
Table 3
Properties of PAO
Gravity, °API 39.2
Hydrogen, wt % 14.6
15 Bromine Number 27.3
KV @ 40°C, mm?/s 26.22
Kv @100 ¢ ™@2,g 5.253
Viscosity Index 136

The PAO was hydrogenated at 2.0 LHSV, 2520 kPa

20 abs. (350 psig) H, and 890 n.1.1.”! (5000 scf/b) of
once-through hydrogen circulation rate. Reactor
temperature was varied to obtain catalyst activity as a
function of temperature. Catalyst activity is measured
by the reduction of bromine number of the oil.

25 The results are summarized graphically in the
figure. The PAO feed had a bromine number of 27.3
units and, as shown in the figure, the Pd MCM—41/A1203
catalyst is the most active catalyst. It achieved the
reduction of bromine number to less than 1 at 177°C

30 (350°F), the lowest temperature of the experiments. Pt

Thls Sheet
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Fransm ssion el ectron mcroscopy (TEM produced inmages of a
hexagonal arrangenent of uniform pores and hexagonal el ectron
diffraction pattern with a d[err] val ue of 39 A

- 34 - - Exampl e 2 One hundred grans of
cetyl trinmethyl amoni um ( CTMA) hydr oxi de sol ution prepared as in
Exanpl e 1 was conbined with 100 grans of an aqueous sol ution of

- 67 -

MCM-41/A1,0, is also quite active. The }?d/si.o2
catalyst,zwiich does not have pore volume associated
with pore openings less than 50 A, is the least active

catalyst.
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5 t et-raret-hylamoni-um (TMA) hydroxide (25% wth

stlrrlng -five ans of H Sil, a precipitated hydr at ed
silica contgjﬁ H”m ij vvater and 4.5 wt % bound wat er of
hydration a particle size of 0.02 mcron,
was added. The resultl ng 10 m xture was placed in a static autoclave
at 150[err]C overnight. The m xture had a conposition in terns
of nol es per nole Al [err](err]: 2.7
mol es Na[err] O 291 noles SiJerr] 15

35.7 noles (CTMA)[err]O - 68 - 102 noles (TMA)[err]0

6120 noles H err] . The resulting solid product was
recovered by ELAlniflltration and dried in air at anbient tenperature.
20 : The product was then calcined at 540[err]C for 1 hour in

nitrogen, followed by B haupzokassifor hydrogenating a Twbrdgaoktned product

proved to have a ﬁ?&{'c?&er@ne%hlch comprisds %8;’1«:5&@{:{% /4 x@ra@ohaebéal | owi ng

equilibriun1adsor I on acities ar. %gs
: ubrlcant feed in t e presence o rogen 1 a

hydrogenation catalyst contalnlng a metal hydrogenation
5 component on a support comprising an inorganic, porous

crystalline phase material having pores with diameters

of at least 1.3 nm (13 Angstrom Units) and exhibiting,

after calcination, an X-ray diffraction pattern with at

least one peak at a d-spacing greater than 1.8 nm (18
10 A) with a relative intensity of 100.

2. A hydrogenation process according to claim 1
in which the crystalline phase exhibits, after
calcination, a hexagonal arrangement of uniformly sized
pores with diameters of at least 13 A and which

5 exhibits, after calcination, a hexagonal electron
diffraction pattern that can be indexed with a d
value greater than 1.8 nm (18 Angstrom Units).

100

3. A hydrogenation process according to claim 1
in which the crystalline phase has an X-ray diffraction
pattern following calcination with at least one peak
whose d-spacing corresponds to the 4 value from the

5 electron diffraction pattern.

100

4. A hydrogenation process according to claim 1
in which the crystalline phase exhibits a benzene
adsorption capacity of greater than 15 grams benzene
per 100 grams at 6.7 kPa (50 torr) and 25°C.
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25. -- —Herr] O 7.1

Cyclohexan ’, n- Hexane 36.
Behizene ’ L( _
- y diffraction pattern of the cal cined

- 69 -

5. A hydrogenation process according to claim 1
in which the crystalline phase has a composition
expressed as follows:

Mn/q(W xb h)

5 wherein M is one or more Lons, n is the charge of the
composition excluding M expressed as oxides; g is the
weighted molar average valence of M:; n/gq is the number
of moles or mole fraction of M; W is one or more
divalent elements; X is one or more trivalent elements;

10 Y is one or more tetravalent elements; Z is one or more
pentavalent elements; a, b, ¢, and d are mole fractions
of W, X, ¥, and Z, respectively; h is a number of from
1 to 2.5; and (atb+c+d) = 1.

6. A hydrogenation process according to claim 4
wherein W comprises a divalent first row transition
metal or magnesium; X comprises aluminum, boron,
gallium or iron; Y comprises silicon or germanium; and

5 Z comprises phosphorus.

7. A hydrogenation process according to claim 4
wherein a and d are 0 and h = 2.

8. A hydrogenation process according to claim 7
wherein X comprises aluminum, boron, gallium or iron
and Y comprises silicon or germanium.

9. A hydrogenation process according to claim 8
wherein X comprises aluminum and ¥ comprises silicon.
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product may be characterlzed as including a very strong relative

o5 5"%ert) ATMBIRINELH *.°% 525 6% ™ s careTh 1" ™

product containéd the"ultra-1arge pore material . A
portion of the above product was then contacted w th 100% st eam

at 1450[err]F for two hours. The sypface - area of the steaned

mat eri al was neasured to be 440 10 nmMerr]/g, indicating that 45% was

retained follow ng sev her

portion of the caIC|ne§' roéuc¥dr?g%ﬁakqgg]Bgccess accorﬁlngmasﬁgoﬁﬁééted
with 100% st eam atire wHishs tite(ezOvsts FPRprises C°mprl§|e5t #5 heast onphe

surface area of thigtd i Gabup@svikh vIIA ofEwsirX b ehkepéidoaierr] /g,

i ndicating that 7 S retained after steam ng at these
condi tions. %ﬁ&%ﬁ Exanpl e 3 Wat er
cetyl trimethyl amoni um hydr oxi de sol ution prepared 20 as

in Exanpl e 1, al um numiaul f at Ryatbdeinatdbe pRoGEse altccording to cEimity on of

tetrapropylannnnlqﬂlQ£FéL_ngnaggaﬁygiAkom rises co%gyf%e%ogglfgggéoxggoduce
a m xture having a conposit PRITer
Al[err]O[err] noble metal of Group VIIIA of the Periodic Table.

12. A process according to claim 11 in which the
noble metal comprises palladium.

13. A hydrogenation process according to claim 1

in which the feed is contacted with the catalyst at a
pressure of from 1480 to 10500 kPa (200 to 1500 psig)
(reactor inlet), a temperature from 93° to 371°C (200°

5 to 700°F), and a space velocity from 0.2 to 2.0 LHSV.

14. A hydrogenation process according to claim 1
in which the lubricant comprises a poly alpha olefin.

15. A process according to claim 14 in which the
polyalphaolefin comprises a poly alpha olefin produced
by the polymerization of a Cg=Cq4 alpha-olefin.

16. A process according to claim 14 in which the
poly alpha olefin is produced by the polymerisation of
the olefin in the presence of a Friedel-Crafts
catalyst.

//II/I///III/////I/I//iiI'a°ed



0 65 Na[ err ]O--ZL'} - 65 noles Sigerr]
nD 1.22 noles (TPA)[err]0
I§36 EV The resulting m xture was placed in a
polyp*o bottle, which was kept in a steam box at
- 71 -
17. A process according to claim 14 in which the
poly alpha olefin is a poly alpha clefin having a
branch ratio of less than 0.19, produced by the
polymerization of the olefin in the presence of a
5 reduced Group VIA metal oxide catalyst.

18. A process according to claim 1 in which the
bromine number of the lubricant is reduced from a value
of at least 5 to a value of not more than 1.

19. A process according to claim 18 in which the
bromine number of the lubricant is recued from a value
of at least 10 to a value of not more than 0.S5.
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By
- 36 - 95[err] C for 192 hours. The sanple was then cooled to

room tenperature and conbi ned with CTMA hydroxi de sol ution
prepared as in Exanple 1 and TMA hydroxi de (25% by wei ght) in
the weight ratio of 3 parts m xture, 1 part 5 CTMA hydr oxi de and 2
parts TMA hydroxide. The conbined __ m xture was then placed in a
pol ypropyl ene bottle and kept in a steam box at 95[err]C
overni ght. The conbi ned m xture had a conposition in terns of
mol es per nole Al[err]Oerff:~ 10 0. 65 nol es
Na[err]O 65 noles Sigerr]
15 ol es (CTMA) 20 -l.22 Mahes (TPRg[err]O0
35.6 noles (TMA)[err]0 1S5 (4] o 2927 mole©@ Herr]O0
The resulting solid prOdTSL_MBS_LBEDMELPH hy. i }
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filtration and dried in air at anbient tenperature. presuct

wasr t heri- cal cined at 540[err]C for 1 hour in nitrogg%, fol | owed
byialhours inair. 20 The cal ci ned product proved to have a
suff ace area of 1085 nferr]/g and the foll ow ng equilibrium
adsor ption capacities in grans/| 00 grans:

Herr]O _ 11.5 -1 - Cycl ohexane > 50 25
n- Hexane - 39.8 - Benzene 62
The X-ray diffraction pattern of the cal cined product of this

exanpl e may be characterized as H{OROGENATINLIPRECERS a very strong rel ative
Intensity line at 38.2

This invention relates to hydrogenation catalysts

=
-particularly épplicable to the hydrogesnation or
5 hydrotreating of lubricant oils, especially synthetic
lubricant oils produced by the oligomerization of lower
molecular weight olefins.
Hydrogenation is a well-established process both
in the chemical and petroleum refining industries.

10 : Hydrogenaticn is conventionally carried out in the
presence of a catalyst which usually comprises a metal
hydrogenation component cn a porous support material,
such as a natural clay ¢r a synthetic oxide. Metals
such as nickel, platinum, pallédium and combinations of

15 metals are often used. Typical support materials
include kieselguhr, alumina, silica and silica-alumina.
Depending upon the ease with which the feed may be
hydrogenated, the hydrogen pressures used may vary from
quite low to very high values, typically from 790 to

20 17340 kPa aks. (100 to 2,500 psig) and in most cases
from 790 to 8400 kpa abs. (100 to 1,200 psig).
Hydrogenation is an exothermic process and is therefore
thermodynamically favored by lower temperatures but for
kinetic re=asons, moderately elevated temperatures are

25 normally used and for petrcleum refining processes,
temperatures in the range of 149* to 371°C (300° to
700°F) are typical.

Hydrogenative treatment is frequently used in
petroleunm refining to imprové the qualities of

30 lubricating cils, both of natural mineral oil and
synthetic origin. Hydrogenation,. or hydrotreating as
it is frequently termed, i¥-used to reduce any residual
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- 37 - . [err] 2.0 A d-spacing, and weak lines at 22.2 1.0 and
19.4 [err] 1.0 A. TEMindicated the product contained the

ul’tralarge pore material . Exanple 4 5 Two

hundr ed grans of cetyltrimethyl amoni um (CTMA) hydr oxi de
solution prepared as in Exanple 1 was conbined with 2 grans of
Cat apal alum na (al pha-al um na o _ honohydrate, 74% alum na) and 100
grans of an aqueous sol uti onof tetranethyl ammoni um ( TMA)
silicate (10% 10 unsatsrddion) im tie Jubritaging BiRNt Yoftesvgr ans of Hi Sil,

a preC'p'%@E@goiﬁﬁyhéquafﬁlnbcaﬂﬁ£¥4£ﬁé¥ RGO o 20u8Es. 1n
wat er and 4.5 w % bound vvatlfé? drati % aan an
ultimate particle si"Z8%%# @ rﬁ:?:"rd" FROYAS b fpurities and cplerresyl ting

m xture was pl aced ibrdiestiat iod pariciudwe $Egnificancat bdSr nifefayr 48
hours.  Thesm xtureociad & Rask (bd¥h subjected to hydrocracking or
catalytic dewaxing. For both mineral and synthetic
stocks, the saturation of lube boiling range oclefins is
a majcr cbjective.
The polyolefins comprise one class of synthetic
10 hydrocarbon lubricants which has achieved importance in
the lubricating oil market. These materials are
typically produced by the polymerization (the term
oligomerization is often used for the lower molecular
weight products which are used as low viscosity
15 basestocks) of alpha clefins typically ranging from
l-octene to l-dodecene, with l-decene being a preferred
material, although polymers cf lower olefins such as
ethylene and propylene may also be used, including
copolymers of ethylene with higher olefins, as
20 described in U.S. Patent No. 4,956,122 and the patents
referred to there. The poly alpha-olefin (PAO)
products may be obtained with a wide range of
viscosities varying from highly mobile fluids of 3 -
mmz/s to higher molecular weight, viscous materials
25 which may be used as VI improvers for the lower
viscosity PAC stocks. The PAO’s are conventionally
produced by the polymerization of the olefin feed in
the presence of a catalyst such as aluminum
trichloride, or boron trifluoride or triflucride
30 complexes. rocesses for the production of PAO
lubricants in this way are disclosed, for example, in
U.S. Patent Nos. 3,382,291, 4,172,855, 3,780,128,
3,149,178, 3,742,082, and 4,956,122. The PAO

?E?LAFLV' { oh ﬁ”,
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in terms, of noles per nole AI[err]O[érr]- _ - 0.23

nmol es+~Na[err] O

6.3 noles (CTMA)[err]0 20
780 nmoles Herr]0

recovered by

33.2 noles SiJerr]
5.2 noles (TMA)[err]O0
The resulting solid product was
filtration and dried in air at anbient tenperature.

The product was then calcined at 540[erg]<€ for 1 hour in 25

nitrogen, followed by 6 hours in air
proved to have a surface area
equilibriun1adsorpt?

10

15

20

25

30

The cal ci ned product
of 1043 nferr]/g and the foll ow ng

Bhricants are plgm@USCESSPR P AMETIGRCAPANS:
Fundamentals, J. G. Wills, Marcel Dekker Inc., New
York, 1980 ISBN 0-8247-6976-7, especially Pages 77 to
81. Subsequent to the polymerization, the lubricant
range products are hydrogenated in order %o reduce the
residual unsaturation.
the bromine number of the lubricant is reduced from a
typical value of 10 or higher to a value of not more
than 1 or even lower.

In the course of this reaction,

A novel type of PAO lubricant has recently been
disclosed as having exceptional and advantageous
properties. These materials are the HVI-PAO materialg
which are disclosed in U.S. Patent Nos. 4,827,064 and
4,827,073. These materials are produced by the
oligomerization of one olefins, especially l-decene,
using a reduced Group VI metal oxide catalyst,
preferably a reduced chromium oxide catalyst. The
HVI-PAO products may be derivatized by reaction with
aromatics, as disclosed EP 377305 and higher molecular
weight versions prepared by the use of lower
oligomerization temperatures, as disclosed in U.S.
Patent No. 5,012,020, to which reference is made for a
disclosure of the higher molecular weight products. '
Although the oligomerization process using the reduced
metal oxide catalysts produces a material of
characteristic structure, residual unsaturation remains
in the cligomer product and, like the conventional PAO
oligomers, it is subjected to hydrogenation in order to
improve its stability as a lubricant. The
hydrogenation is carried out in the same manner as with
the conventional PAO-tyve materials.

The catalysts used for hydrogenating lubricants,

‘whether of mineral oil or synthetic origin, require a
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- 38 -

Cycl ohexane

Benzene

t'he cal ci ned

Herr]O 6.3
> 50 : n- Hexane 49.1
66. 7 5 The X-ray diffraction pattern of
product may be characterized as including a very

strong relative intensity line at 40.8 [err] 2.0 A d-spacing,
and weak lines at 23.1 [err] 1.0 and 20.1 [err] 1.0 A TEM

i ndi cated that the product contained the ultra-large 10 por e

mat eri al .

10

15

strong hydrogenation function provided by the metal
component and large peore diameters in the porous
support material in order to minimize the diffusion
resistance of the bulky lubricant molecules. For
reactions with bulky molecules, the optimum ratic af
catalytic pore diameter to molecule size is 1.5:1.
Table 1 below shows the optimum pore sizes required for
normal alkanes in the €-7 to C-25 range. The table
shows that for alkanes in this range, the chain-length
varies from 9.9 to 37.6 A so that active hydrogenation
catalysts for these materials should have a major
amount of their pore volume with pore openings in the
range of 1.5 to 5.6 nm (15 to 56 A), and preferably
with a major amount of this in the range 3.8 to 5.6 nm
(38 to s6 A).
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Exanmpl e 5 ' . Two- hundred si xty grans of water was conbi ned

with - 77 granms of phosphoric acid (85%, 46 grans of Catapa
al:um na (74% al umna), and 24 granms of pyrrolidine 15 (Pyr) with
stirring. This first mxture was placed in a stirred autocl ave
and heated to 150[[err]C for six days. The material was filtered,
washed and air-dried. Fifty grans of this product was slurried
wi th 200 grans of wat er and 260-grans of cetyltrinethyl amoni um
hydr oxi de 20 solution prepared as in Exanple 1. Four hundred grans
of an aqueous solution of tetraethyl angppjyumsilicate (10%
silicd) was then added to forma second n xture whi ch was pl aced
in a polypropyl ene bottle and kepfekimum Pore Size steam box at 95[err]C
overnight. The first m xture had a 25 conposi ti gptipuh ebsme Of nol es
per nole Al[err] - %19 l.es err CIerr]
0. 51 nol es (Pyr)q ‘Number Alkane Length, .nm, 7
5 c, 0.99 1.5
Cq 1.15 1.7
Cio 1.45 2.2
C,5 1.76 2.6
. C,7 2.53
_ Ciq 2.84 : 4.3
C,y 3.15
Cys 3.46 .
C, 5 3.76 5.6

(1) Based on bond lengths of 0.154 and 0.1l11l nm for C-C
15 and C-H bond lengths, respectively.
(2) Based on an optimum ratio of catalyst pore to
molecule size ratic of 1.5.
Conventional amorphous support materials such as
alumina, silica and silica-alumina, typically have a
20 pore size distribution with most of the pores larger
than 5 nm and most of these.are larger than 10nm.
Although these large pores enable the bulky lubricant
meolecules to traverse the molecular structure of the
catalyst freely with little diffusion resistance, the
25 reduced surface area associated with the larger pore
sizes diminishes the area which is available for the
hydrogenation reactions. It would therefore be
desirable to utilize a hydrogenation catalyst which
posses a significant amount of its pores in the range
30 of 1.5 to 6 nm (15 to 60 A), close to the optimum ratio
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- 39 - . The resulting solid product was recovered by

filtrati'on and dried in air at anbient tenperature. The product
was then calcined at 540[err]C for 1 hour in nitrogen, foll owed
by 6 hours in air. 5 The cal ci ned product proved to have a
surface area of 707 merr] /g and the follow ng equilibrium
adsor ption capacities in grans/ 100 grans:

Herr]O 33.2 -6 -

for the lower'molecular weight materials making up the
bulk of many synthetic lubricants as well as the lower
viscosity mineral oils.

We have now found that another class of catalytic

(8]

materials - the mesoporous crystalline materials -
which have high pore volume, high surface area and
controlled pore openings of at least 13 A, is
particularly suitable for the hydrogenation of
lubricant hydrocarbons, especially synthetic PAO-type
10 materials.

According to the presednt invention, therefore,
the hydrogenation process utilizes a hydrogenation
catalyst which comprises a hydrogenation function in
the form of a metal on a support material which

15 comprises a mesoporous siliceous material with a novel
and unigque structure and pore geometry described below.
These materials are inorganic, porous, non-layered
crystalline phase materials which, in their calcined
forms exhibit an X-ray diffraction pattern with at

20 least one peak at a d-spacing greater than 1.8 nm (18
Angstrom Units (4)). They also have a benzene
adsorption capacity greater than 15 grams benzene per
100 grams of the material at 6.7 kPa (SO0 torr) and
25°C. In a preferred form, the support material is

25 characterized by a substantially uniform hexagonal
honeycomb microstructure with uniform pores having a
cell diameter greater than 1.3 mm (13 A) and typically
in the range of 2 to 10 nm (20 to 100 A). Most
prominent among these materials is a new crystalline

30 material identified as MCM-41 which is usually

synthesized as a metallosilicate with Brensted acid

sites by incorporating a tetrahedrally coordinated

trivalent element such as Al, Ga, B, or Fe within the
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Cycl ohexane .19.7 10 n- Hexane 20.1

Benzene 23.3 The X-ray diffraction pattern of

t he cal ci ned product may be characterized as including a very
strong relative intensity line at 25.4 [err] 1.5 A d-spacing. TEM
15 I ndi cat ed the product contalned the present ultra-large

pore materi al . Exarrple6- - A solution of 1.35
grans of NaAlJerr] (43. 5%AI [err] Jerr], 30% Na[err] O dissol ved
in 45.2 grans of S 0 ra NaOH, 125.3
grans of coll oi da\léﬁ'tﬁca‘wa1 fran%ewi %a (Zﬁ%ptutﬁ)‘x ﬁ% (5% rrg %&es@ grans of
40% aqueous materiplstanm the révRABEHY] beafind Ghthoem) CPWIDM de. After
stirring overni ghtmethh@o8i Xiddt@ asyheasedod QItﬁJ.Q%HS in a st eam

box (95[err]C). Follo ltration ol ol ution
was nixed with 31 gra\rq\}éegflic prece a2l 88 4P &WF&W‘I’%%V&FSX?%
sol uti on Prepar ed W@ fpmm, hexagcnalagnpp@ezgexamcp%mgrgg Vhth iiamegemsbox at
95[err]C for 13 of at least 1.3 nm (13 A). After calcination, it

exhibits an X-ray diffraction pattern with at least one
d-spacing greater than 18 A and a hexagonal electron
diffraction pattern that can be indexed with a d100
10 value greater than 18 A which corresponds to the
d-spacing of the peak in the X-ray diffraction pattern.

A preferred catalyst for the present purpose is an
alumina bound crystalline material which has a
significant pore volume with pore diameters greater

15 than 20 nm (200 A). The large diameter pores provide
channels for bulky PAC cligomers to transport freely
with diminished diffusion resistance to the smaller
particles of the crystalline material which provide a
large surface area for the hydrogenation reaction. The

20 preferred crystalline materials for use in the present
process have pore diameters greater than 1.5 nm (15 A)
and the preferred pore diameters are in the range of
1.5 to 6 nm (15 to 60 A).

The single figure of the accompanying drawings is

25 a graphical representation of testing results reported
in the Examples below.

In the present process, lubricant range
hydrocarbons are hydrogenated or hydrotreated or
hydrotreated in the presence of a hydrogenatiocn

30 catalyst which comprises a mescporous crystalline
material, preferably with a binder which possesses a
significant pore volume having pore diameters greater
than 20 nm (200 A). The process may be carried out
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days. The mixture had the follow ng relative nol ar conposi tion:

- 40 -~ 0.25 noles Al[err](err]
10 noles Na[err] O 36 noles Sigerr] :
0.95 noles (CTMA)[err]0 5 o 2.5 nmoles (TEA)[err]O

445 noles Herr]O0

_.§-_

with mineral oil lubricants or synthetic hydrocarbon
lubricants, of which the PAO materials are preferred,
both conventional type PAO‘s prepared using
Friedel-Crafts type catalysts as well as the HVI-PAO

5 materials produced using a reduced Group VIB metal
oxide catalyst.

The mineral oil lubricants may generally be
characterized as having a minimum boiling point of at
least 650°F (345°'C) and usually they will be neutral

10 i.e., distillate, stocks with an end point of not more
than 1050°F (565°C), although residual lube stocks such
as bright stock may alsoc be treated by the same
catalytic process. Mineral oil stocks of this kind are
typically prepared by the conventional refining process

15 involving atmospheric and vacuum distillation of a
crude of suitable composition, followed by removal of
undesirable aromatic components by solvent extraction
using a solvent such as phenol, furfural or
N,N-dimethylformamide (DMF}. Dewaxing to the desired

20 preduct pour point may be carried out using either
selvent dewaxing or catalytic dewaxing techniques and
it is particularly preferred that a hydrogenative
treatment according to the present invention should
follow any catalytic dewaxing treatment in order to

25 saturate lube boiling range olefins which may be
produced during the catalytic dewaxing process.

The present process is, however, particularly
applicable to the hydrogenative treatment of synthetic
lubricating oils, especially the poly alpha-olefins

30 (PAO) including the HVI-PAO type materials. These
types of lubricants may be produced by the
polymerization or oligomerization- procedures described
above using Friedel-Crafts type catalysts such as

- 47 JUN 1996
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The resulting solid product was recovered by filtration and

washed with water and et hanol. The product was then cal ci ned at
540[err]C for 1 hour in 10 nitrogen, followed by 6 hours in air.

The cal ci ned product conposition included 0.14 w % Na, 68.5 wt
% Sigerr] and 5.1 wt % Al[err]Jerr], and proved to have a
benzene equilibrium adsqrption capacity of 58.6 grans/ 100 grans.
15 The X-ray diffraction pattern of the cal cined

product may be characterized as incluging a very strong relative
intensity line at 31.4 [err] 1.5 A d-spacing. TEM I ndi cat ed t hat

Exanpl e 7o elihihak EfRERrse. grommp HridiEestodee] ML hyl ammoni um
(CTMA) hydr oxi de §@ﬁ@ﬂugni®¢epaméexa§ri?rqammﬁﬂ§§ Yagapy, lower alkanﬂlsgrans
of colloidal siliGk €40k sliki®heHSoAlentEonal manner. Me@twd-PACALEPE CC
autoct ave at 1900 SLELCRLSE gy HEReB s By the mecHbAL!EAlbAbad08n' P
5 S. Patent Nos. 4,827,064 and 4,827,073, using a
reduced Group VIB metal oxide catalyst, normally
chromium on silica. The HVI-PAO materials include the
higher molecular weight versions prepared by the use of
lower oligomerization temperatures, as disclosed in
10 U.S. Patent No. 5,012,020, to which reference is made
for a full description of these materials and their
preparation. Derivatives of the PAO lubricants may be
prepared by reaction with aromatics as disclosed, for
example, in EP 377305, referred to above. The HVI-PAO
15 materials are characterized by a branch ratio below
0.19 which results from the use of the unique reduced
metal oxide catalyst during the oligomerization
process.
The lubricant materials are subjected to the
20 hydrogenative treatment in the presence of a catalyst
which comprises a metal component for hydrogenation
together with the mesoporous crystalline material and,
optionally, a binder.
The hydrogenation reaction is carried out under
25 conventional conditions with temperatures from 93° to
371°C (200° to 700°F), and preferably in the range of
149° to 260°C (300° to 500°F). Hydrogen pressure may
vary up to 17340 kPa abs. (2,500 psig) but normally
will be from 790 to 3550 kPa abs. (100 toc 500 psig).
30 Hydrogen circulation rates are typically in the range
178 to 1424 n.1.1.”! (1,000 to 8,000 scf/bbl) and once
through circulation is preferred in order to maximize
the purity of the hydrogen. Space velocities are
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terns of. nol es bér nole SiJerr]: ' 0.5 nole

(CTMY[err]0 46.5 moles Herrjo
-, 41 - The resulting solid product was recovered by
filtration, washed with water, then calcined at 540[err]C for

hour in nitrogen, followed by 10 hours in air
__1—0'_.

typically in the range of 0.5 to 10 LHSV, usually from
1 to 3 LHSV. The products of the hydrogenation
reaction have a low degree of unsaturation consistent
with the hydrogenative treatment and in most cases the

5 bromine number of the product will be less than 2 and
is preferably less than 1.

The catalytic material used in the present
invention includes a novel synthetic composition of
matter comprising an ultra-large pore size crystalline

10 phase as a support for the metal component of the
catalyst. This material is an inorganic, porous,
non-layered crystalline phase material which can be
characterized (in its calcined form) by an X-ray
diffraction pattern with at least one peak at a

15 d-spacing greater than 1.8 nm (18 A) with a relative
intensity of 100 and a benzene sorption capacity of
greater than 15 grams of benzene per 100 grams of the
the material at 6.7 kPa (50 torr) and 25°C.

' The preferred form of the crystalline material is

20 an inorganic, porous, non-layered material having a
hexagonal arrangement of uniformly-sized pores with a
maximum perpendicular cross-section pore dimension of
at least 1.3 nm (13 Angstron Units (4)), and typically
within the range of from 1.3 to 20 nm (13 A to 200 4).

25 A preferred form of this hexagonal crystalline
composition, identified as MCM-41, with the
characteristic structure of hexagonally—-arranged,
uniformly-sized pores of at least 1.3 nm (13 A)
diameter, exhibits a hexagonal electron diffraction

30 pattern that can be indexed with a 4500
than 1.8 nm (18 A) which corresponds to at least one

value greater

peak in the X-ray diffraction pattern.




‘The cal ci ned product conposifion I ncl uded | ess 5 than 0.01 wt %

Na, 98. 7w % Siderr] and 0.01 wt %Al [err]O[err] _ and proved to
have a surface area of 896 nferr] /g. The cal ci ned product had
the follow ng equilibrium adsorption capacities in granms/100
grans: Herr]O 8.4 10

Cycl ohexane - 49. 8 ) n- Hexane 42. 3
Benzene 55.7 The X-ray diffraction pattern of

t he cal ci ned product of this exgpple may be characterized as 15
including a very strong relative intensity 1ine at 40.0 [err] 2.0
A d-spacing and a weak line at 21.2 [err] 1.0 A. TEM I ndi cat ed

that the product of thitheExadRbantoONtRoathyRired mesoporodsLadiystAlBine

separate phases; opgedlsaf¥14"38 {"fomponent or thi' &ALt RALCcARICri Al

following composition:
My qMa Xy Yo Zg Op)

5 wherein W is a divalent element, such as a divalent
first row transition metal, e.g. manganese, cobalt and
iron, and/or magnesium, preferably ceobalt; X is a
trivalent element, such as aluminum, boron, iron and/or
gallium, preferably aluminum; Y is a tetravalent

10 element such as silicon and/or germanium, preferably
silicon; Z is a pentavalent element, such as
phosphorus; M is one or more ions, such as, for
example, ammonium, Group IA, IIA and VIIB ions, usually
hydrogen, sodium and/or fluoride ions: n is the charge

15 of the composition excluding M expressed as oxides; g
is the weighted molar average valence of M; n/g is the
number of meoles or mole fraction of M; a, b, c, and 4
are mole fractions of W, X, Y and Z, respectively; h is
a number of from 1 to 2.5; and (a+b+c+d) = 1.

20 A preferred embodiment of the above crystalline
material is when (a+b+c) is greater than 4, and h = 2.
A further embodiment is when a and d = 0, and h = 2.
The preferred materials for use in making the present
catalysts are the aluminosilicates although other

25 metallosilicates may also be used.

In the as-synthesized form, the support material
has a composition, on an anhydrous basis, expressed
empirically as follows:

TRMM (W, Xy Y. Zg 0p)
30 where R is the total organic material not included in M
as an ion, and r is the coefficient for R, i.e. the
number of meoles or mole fraction of R.



A m xture of 150 grans of cetyltrtnethyl anmoni um . (CTMA) hydr oxi de
solution prepared as in Exanple 1 and 21 granms of coll oida

silica (40% Ludox HS-40) with an initial pH of 12.64 was heated

in a 300 cc autoclave at 25 150[err] C for .48 hours with stirring at

200 rpm The m xture had a conposition in ternms of noles per
mol e Sio[err]: 0.5 nole (CTMA)[err]0

46.5 nmoles Herr]O0
- . - 12 -

——

The M and R components are associated with the
material as a result of their presence during
crystallization, and are easily removed or, in the case
of M, replaced by poest-crystallization methods

5 described below.

To the extent desired, the original M, e.g. sodium
or chloride, ions of the as-synthesized material of
this invention can be replaced in accordance with
conventional ion-exchange techniques. Preferred

10 replacing ions include metal ions, hydrogen ions,
hydrogen precursor, e.g. ammonium, ions and mixtures of
these ions. Particularly preferred ions are those
which provide the desired metal functionality in the
final catalyst. These include hydrogen, rare earth

‘15 metals and metals of Groups VIIA (e.g. Mn), VIIIA (e.qg.
Ni),IB (e.g. Cu), IVB (e.g. Sn) of the Periodic Table
of the Elements and mixtures of these ions.

The crystalline (i.e. having sufficient order to
proviae a diffraction pattern such as, for example, by

20 X-ray, electron or neutron diffraction, following
calcination with at least one peak) mesoporous material
may be characterized by its structure, which includes
extremely large pore windows as well as by its high
sorption capacity. The term "mesoporous" is used here

25 to indicate crystals having uniform pores within the
range of from 1.3 to 20 nm (13 A to 200 A). The
mesoporous materials have uniform pores within the
range of from 1.3 to 20 nm (13 A to 200 i), more
usually from 1.5 to 10 nm (15 A to 100 A). Since these

30 pores are significantly larger than those of other
crystalline materials, it is appropriate to refer to
them as ultra-large pore size materials. For the
purposes of this application, a working definition of




- 42 - - B : The resulting solid product was recovered by

filtration, washed with water, then cal cined at 540[err]C for 6
hQurs in air. The cal ci ned product conposition was neasured
to 5 include 0.01 Wt % Na, 93.2 w % SiJerr] and 0.016 vt %
Alferr]Jerr], and proved to have a surface area of 992 nferr]/g

and the follow ng equilibrium adsorption capacities in grans/ 100
grans: Herr]O 4.6 10

Cycl ohexane > 50 n- Hexane > 50
Benzene 62.7 _ The X-ray diffraction pattern of
t he cal ci ned product may be c%aracterlzed as including a very
strong 15 rel ati've intensity line at 43.6 [err] 2.0 A d-spacing and

"porous" is a material that adsorbs at least 1 gram of
a small molecule, such as Ar, NZ’ n~hexane or
cyclohexane, per 100 grams of the solid.
The catalytic material can be distinquished from
5 other porous inorganic solids by the regularity of its
large open pores, whose pore size more nearly resembles
that of amorphous or paracrystalline materials, but
whose regular arrangement and uniformity of size (pore
size distribution within a single phase of, for
10 example, + 25%, usually + 15% or less of the average
pore size of that phase) resemble more those of
crystalline framework materials such as zeclites. The
preferred materials have a hexagonal arrangement of
large open channels that can be synthesized with open
15 internal diameters from 1.3 to 20 nm (13 A to 200 4).
The term "hexagonal" is intended to encompass not only
materials that exhibit mathematically perfect hexagonal
symmetry within the limits of experimental measurement,
but also those with significant observable deviations
20 from that ideal state. A working definition as applied
to the microstructure of the present invention would be
that most channels in the material would be surrounded
by six nearest neighbor channels at roughly the same
distance. Defects and imperfections will cause
25 significant numbers of channels to violate this
criterion to varying degrees, depending on the quality
of the material’s preparation. Samples which exhibit
as much as + 25% random deviation from the average
repeat distance between adjacent channels still clearly
30 give recognizable images of the present ultra-large
pore materials. Comparable variations are also
observed in the dloo values from the electron
diffraction patterns.
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weak lines at 25.1 [err] 1.5 and 21.7 [err] 1.0 AL TEM I ndi cat ed

that the product contained the ultra-Iarge pore materi al

Exanple 9 20 Sodi um al um nate (4.15g) was added slowy into a
solution containing 16g of nyristyltrinmethyl ammoni um brom de
(Cferr] TMABr) in 100g of water. Tetranethyl - ammoni um si l i cate
(1009-10% SiJerr]), H Sl (25g) and _ t et ramet hyl ammoni um

hydr oxi de (14. 2g-25% sol ution) were 25 then added to the m xture.
The m xture was crystallized in an autoclave at 120[err]C with
stirring for 24 hours. The product was filtered,
washed and air dried. El erent ak -anal ysi s showed the product
contained 53.3 wt 30 % Sio[err], 3.2 w %Al[err](err], 15.0 wt %

C 1.88 w %N, 0.11 The most regular preparations of the support
material give an X-ray diffraction pattern with a few
distinct maxima in the extreme low angle region. The
positions of these peaks approximately fit the

S positions of the hkO reflections from a hexagonal
lattice. The X-ray diffraction pattern, however, is
not always a sufficient indicator of the presence of
these materials, as the degree of regularity in the
microstructure and the extent of repetition of the

10 structure within individual particles affect the number
of peaks that will be observed. Indeed, preparations
with only one distinct peak in the low angle region of
the X-ray diffraction pattern have been found to
contain substantial amounts of the material in them.

15 Other techniques to illustrate the microstructure of
this material are transmission electron microscopy and
electron diffraction. Properly oriented specimens of
the material show a hexagonal arrangement of large
channels and the corresponding electron diffraction

20 pattern gives an approximately hexagonal arrangement of
diffraction maxima. The d100 spacing of the electron
diffraction patterns is the distance between adjacent
spots on the hkO projection of the hexagonal lattice
and is related to the repeat distance a, between

25 channels observed in the electron micrographs through
the formula dldo
in the electron diffraction patterns corresponds to the
d-spacing of a low angle peak in the X-ray diffraction
pattern of the material. The most highly ordered

30 preparations of the material obtained so far have 20-40
distinct spots observable in the electron diffraction
patterns. These patterns can be indexed with the |

= aoj3/2. This dloo spacing observed
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-43- : w % Na and 53.5 wt % ash at 1000[err]C. The X-ray

di ffraction pattern of the material after calcination at
540[err] C for 1 hour in Nerr] and 6 hours in air includes a

very strong relative intensity line at 35.3 [err] 2.0 A 5 d- spaci ng
and weak lines at 20.4 [err] 1.0 and 17.7 [err] 1.0 A d- spaci ng.
TEM i ndi cated that the product contained the ultra-large pore
mat eri al . The washed pPoduct, havi ng been exchanged with 1N
ammoniumnitrate solution at roomtenperature, then 10 cal ci ned,

proved to have a StA¥R§OB2Ar kO oTUBEE Wfcrnfde arrflections of 10, fuld,owi ng

equi | i bri um adsor @dogn 2e8pagtti £Sard their symmetzg/-lzfé@ataahi‘@fpé@tf&{ bent

Herr]o 301% its calcined form, the c Q-lne material ;iy 0

be further characterized by an X-ray diffraction
5 pattern with at least cne peak at a position greater
than 1.8 nm (18 Angstrom Units) d-spacing (4.909° 2¢
for Cu K-alpha radiation) which corresponds to the dloo
value of the electron diffraction pattern of the
material, and an equilibrium benzene adsorption

10 capacity of greater than 15 grams benzene/100 grams
crystal at 6.7 kPa (50 torr) and 25°C (basis: crystal
material having been treated in an attempt to insure no
pore blockage by incidental contaminants, if
necessary).

15 The equilibrium benzene édsorption capacity
characteristic of this material is measured on the
basis of no pore blockage by incidental contaminants.
For instance, the sorption test will be conducted on
the crystalline material phase having any pore blockage

20 contaminants and water removed by ordinary methods.
Water may be removed by dehydration techniques, e.qg.
thermal treatment. Pore blocking inorganic amorphous
materials, e.g. silica, and organics may be removed by
contact with acid or base or other chemical agents such

25 that the detrital material will be removed without
detrimental effect on the crystal.

More particularly, the calcined crystalline
non-layered material may be characterized by an X-ray
diffraction pattern with at least two peaks at

30 positions greater than 1.0 nm (10 A) d-spacing (8.842°¢
for Cu K-alpha radiation), at least one of which is at
a position greaﬁer than 1.8 nm (18 A) d-spacing, and no
peaks at positions less than 1.0 nm (10 A) d-spacing

REPLACEMENT SHE
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15 - ) n- Hexane 27.9

Benzene 40. 7 Exanpl e 10 Sodi um
aluminate (8.3g) was added slowy into a sol ution contai ning 184g
of dodecyl tri net hyl anmoni um 20 hydroxi de (C[err] TMACH, 50% sol ution
diluted with 480g of water. U traSi| (50g) and an aqueous

sol ution of tetranet hyl ammonium silicate (200g-10% Siderr]) and
t et ranet hyl anmoni um hydr oxi de (26. 38gk25% sol ut i on) were t hen
added to the m xture. The m xture was 25 crystallized in an

autocl ave at 100[ eiithCriah hP;i¢d | IHeRSitPrgreater than240PO0Y Stha _ _
The product was filtered vvasag%ad zgnd air dried. . ; After calcination
at 540[err]C for f_ﬁoﬂ?ef'ﬁ Rt | SARYL 6 RonRRrticularly, jthe X rayhe X ray
diffraction pattecdfifmarnéies rattery 80 the calcinedngatetitl \of khiensity
i Se at 30.4 + 1. 3nfention will Gra¥BafbNPeYl MeoshikDESs Aesk/ thahefld 1.0
and 15.3 gerr] 1'%m (10 A) d-spacing with relative intensity greater

than 10% of the strongest peak. In any event, at least

one peak in the X-ray diffraction pattern will have a

d-spacing that corresponds to the d value of the

100
electron diffraction pattern of the material.
10 The calcined inorganic, non-layered crystalline

material may also be characterized as having a pore
size of 1.3 nm (13 A) or greater as measured by
physisorption measurements, described below. Pore size
is considered a maximum perpendicular cross-section

1s poere dimension of the crystal.

X-ray diffraction data were collected on a Scintag

PAD X automated diffraction system employing
theta-theta geometry, Cu K-alpha radiation, and an
energy dispersive X-ray detector. Use of the energy

20 dispersive X-ray detector eliminated the need for
incident or diffracted beam monochromators. Both the
incident and diffracted X-ray beams were collimated by
double slit incident and diffracted collimation
systems. The slit sizes used, starting from the X-ray

25 tube source, were 0.5, 1.0, 0.3 and 0.2 mm,
respectively. Different slit systems may produce
differing intensities for the peaks. The materials of
the present invention that have the largest pore sizes
may require more highly collimated incident X-ray beanms

30 in order to resolve the low angle peak from the
transmitted incident X-ray beam.

The diffraction data were recorded by

step-scanning at 0.04 degrees of 2_, where _ is the
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- 44 - - ‘ A d-spacing. TEMindicated that the product contai ned

the ultra-large pore material. The washed product, having
been exchanged with 1N amoni um nitrate solution at room
tenperature, then 5 cal cined, proved to have a surface area of 1078
n2/ g and the follow ng equilibriumadsorption capacities in

g/ 100g anhydr ous sorbent: 17 - Herr]O

32.6 Cycl ohexahe 38.1 10

n- Hexane 33. 3 . . .
Bragg angle, and a counting time of 10 seconds for each

step. The interplanar spacings, d’s, were calculated
in A (A), and the relative intensities of the lines,
I/I,, where I is one-hundredth of the intensity cf the

S strongest line, above background, were derived with the
use of a profile fitting routine. The intensities were
uncorrected for Lorentz and polarization effects. The
relative intensities are given in terms of the symbols
vs = very strong (75-100), s = strong (50-74), m =

10 medium (25-49) and w = weak (0-24). The diffraction
data listed as single lines may consist of multiple
overlapping lines which under certain conditions, such
as very high experimental resolution or
crystallographic changes, may appear as resclved or

15 partially resolved lines. Typically, crystallographic
changes can include minor changes in unit cell
parameters and/or a change in crystal symmetry, without
a substantial change in structure. These minor
effects, including changes in relative intensities, can

20 also occur as a result of differences in cation
content, framework composition, nature and degree of
pore filling, thermal and/or hydrothermal history, and
peak width/shape variations due to particle size/shape
effects, structural disorder or other factors known to

25 those skilled in the art of X-ray diffraction.

The equilibrium benzene adsorption capacity is
determined by contacting the material of the invention,
after dehydration or calcination at, for example, 540°C
for at least one hour and other treatment, if

30 necessary, in an attempt to remove any pore blocking
contaminants, at 25°C and 6.7 kPa (50 torr) benzene
until equilibrium is reached. The weight of benzene
sorbed is then determined as described below.
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Benzene - 42.9 Exanpl e 11 A sol ution

of 4.9 grans of NaAl(err] (43.5 %A [err]O[err] 30% NaQ2) in
37.5 grans of water was mxed with 46.3 cc 15 of 40% aqueous

t et raet hyl ammoni um hydr oxi de sol uti on and 96 grans of coll oi dal
silica (40% Ludox HS-40). The gel was stirred vigorously for 0.5
hour, m xed with an equal volune (150 m) of

cetyl trinmethyl amoni um hydr oxi dg sol ution prepared as in Exanple
1 and reacted 20 at 100[err] C for=168 hours.- The m xture had the
foll ow ng conposition_in terns_of noles per nole AI[err]OLerr]
1.1 noles Na[err]O The ammonium form of thgEafalytds BREPRI3y may be

3.0 nol es (TEA)[errdddidy converted to the hydrogeh Zormobestférdd) [err] 0
609 nol es E@err]o'treatment (calcinafigﬁ)fesfﬂfé'giéyﬂgidtPégggggt\ygs

recovered .
generally performed by heating one of these forms at a

S temperature of at least 400°C for at least 1 minute and
generally not longer than 20 hours, preferably from 1
to 10 hours. While subatmospheric pressure can be
employed for the thermal treatment, atmospheric
pressure is desired for reasons of convenience, such as

10 in air, nitrogen, ammonia, etc. The thermal treatment
can be performed at a temperature up to 750°C. The
thermally treated product is particularly useful in the
catalysis of certain hydrocarbon conversion reacticns
and it is preferred that the material should be in this

15 from for use in the present catalysts.

The crystalline material can be prepared by one of
several methods, each with particular limitations.

A first method involves a reaction mixture having
an XZOB/YOZ mole ratio of from 0 to 0.5, but an

20 Al,0,/si0,
crystallization temperature of from 25° to 250°C,

mole ratio of from O to 0.01, a

preferably from 50° to 175°C, and an organic directing
agent, hereinafter more particularly described, or,
preferably a combination of that organic directing

25 agent plus an additional organic directing agent,
described below. This first method comprises preparing
a reaction mixture containing sources of, for example,
alkali or alkaline earth metal (M), e.g. sodium or
potassium, cation if desired, one or a combination of

30 oxides selected from the group consisting of divalent
element W, e.g. cobalt, trivalent element X, e.g.
aluminum, tetravalent element Y, e.g. silicon, and
pentavalent element Z, e.g. phosphorus, an organic (R)




16

>50

filtrati-on, washed with water then calcined at 540[err]C for
hours in air. The cal ci ned product proved to

-.45 - have a surface area of 1352 nferr] /g and the follow ng
equi li brium adsorption capacities in granms/100 grans:

Herr]O 23.6 Cycl ohexane

5 n- Hexane " 49

—

directing agent, described below, and a solvent or
solvent mixture, such as, for example, Cl-c6 alcohols,
Cl-c6 diols and/or water, especially water. The
reaction mixture has a composition, in terms of mole

5 ratios of oxides, within the following ranges:
Reactants Useful Preferred
XZOB/YOZ 0 to 0.5 0.001 to 0.5
Al 03/55.02 0 to 0.01 0.001 to 0.01
205/ (Y0,+2,0,) 0.1 to 100 0.1 to 20
10 205/ (Y0, +wo+z ) 0.1 to 100 0.1 to 20
Solvent/
(Y02+WO+ZZOS+X 03) 1 to 1500 5 to 1000
OH /YO, _ 0 to 10 0 to 5
(Mz/eO+R2/fO)/
15 (Yo 2 FWO+2,0,+X,0,) 0.01 to 20 0.05 to 5
M, 09/
(YO +WO+ZZO +X203) 0 to 10 0 te S
Ray£%/
(Y02+WO+2205+X203) 0.01 to 2.0 0.03 to 1.0
20 where e and f are the weighted average valences of M

and R, respectively.

In this first method, when no Z and/or W oxides
are added to the reaction mixture, the pH is important
and must be maintained at from ¢ to 14. When 2 and/or

25 W oxides are present in the reaction mixture, the PH is
not narrowly important for synthesis of the present
crystalline material. In this, as well as the
following methods for synthesis of the present material
the Rz/fO/(Y02+Wo+z2 5+X 0 ) ratio is important. When

30 this ratio is less than 0. 01 or greater than 2.0,
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Benzene - 67.5 The X-ray diffraction pattern of

t he cal ci ned product may be characterized as including a very
sfrong relative intensity line at 38.5 [err] 2.0 A d-spaci ng and
a 10 weak line at 20.3 1.0 A. TEMindicated that the

product contained the ultra-large porg oaterial. Exanpl e 12
Two hundred grans of cetyl trimet hyl an'fﬁ)ni um (CTMA) hydr oxi de

sol ution prepared a > __vya _ with 4.15 grans of
sodi um al umi nat e ang‘ rfL"(Id e et Fans” o 5635‘6?fs‘zf‘§tartarréfh§ffpéﬁﬁﬁnl um
(TMA) silicate Of the §Bﬂﬁ%¢oﬁfl(9f6%§?# i"@&FTWX-h stirring. Twenty-five
grans of H Sila sacqiéesepidéated swarated oFi bh€a-4e84aiiRkNg 6

w % free water andpgeds;wh %J%QU@Q AVRESE £ n nmw R0y 2 L 3850 ,@ﬁd havi ng

an ultimatesparticl ize of 0. Q r
resulting mxture vvxgslspl‘at"d"‘ iy ,{;%a%l”d =3 c"ys‘aéﬁ’tﬁ’ctl‘&% at 150[err]C

for 24 hours. The nFSARFFETWERI °& from 25° to éeﬁp%sﬂt"leéﬁ“ahiyt érem sof nol es per
mole Al[err]Jerr]:te 175°C, and two separate corganic directing agents,
i.e. the organic and additional organic directing
agents, described below. This second method comprises
10 Preparing a reaction mixture containing sources of, for
example, alkali or alkaline earth metal (M), e.gq.
sodium or potassium, cation if desired, one or a
combination of oxides selected from the group
consisting of divalent element W, e.g. cobalt,
15 trivalent element X, e.g. aluminum, tetravalent element
¥, e.g. silicon, and pentavalent element Z, e.g.
phosphorus, a combination of organic directing agent
and additional organic directing agent (R), each
described below, and a solvent or solvent mixture, such
20 as, for example, Cl--c6 alcohols, Cl_cs diols'and/or
water, especially water. The reaction mixture has a
composition, in terms of mole ratios of oxides, within
the following ranges:




1.25 nol.es Na[err]O 25 27.8 moles Sierr]

5.1 roles (CTMA)[err] O 4.40 noles (TMA)[err]O

650 noles Herr]O0 - 46 -

The resulting solid product was recovered by filtration and dried
in air at anbient tenperature. The product was then cal ci ned at

540 C for 1 hour in

- 21 -
Reactants Useful Preferred
X203/YO2 0 to 0.5 0.001 to 0.5
X,04/ (Y0, +2,0;) 0.1 to 100 0.1 to 20
X,0,/(¥0,+W0+2,0.) 0.1 to 100 0.1 to 20
5 Solvent/
(YO, +WO+Z,04+X,0,) 1 te 1500 5 to 1000
OH"/YO, 0 to 10 oto s
(M, ,,O+R, ,:0)/
. (YO, +WO+Z,0.+X,0,) 0.0l to 20 0.05 to 5
Ma/e%/
(Y02+wo+z205+X203) 0 to 10 0 to 5
Ryye%/
(Y02+W0+2205+X203) 0.1 to 2.0 0.12 to 1.0

where e and £ are the weighted average valences of M
15 and R, respectively.

In this second method, when no Z and/or W oxides
are added to the reaction mixture, the pH is important
and must be maintained at from 9 to 14. When Z and/or
W oxides are present in the reaction mixture, the

20 precise value of the pH is not important for
crystallization. <

A third method for synthesis of the crystalline
material is where X comprises aluminum and Y comprises
silicon, the crfstallization temperature must be from

25 25° to 175°C, preferably from 50° to 150°C, and an
organic directing agent, described below, or,
Preferably a combination of that organic directing
agent plus an additional organic agent, described
below, is used. This third method comprises preparing

30 a reaction mixture containing sources of, for example,
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nityogen, followed by 6 hours'in air. TEMindicated 5 that this

product contained the ultra-|arge pore material. The X-ray
diffraction pattern of t he cal ci ned product of this exanple can
be characterized as including a very strong rel ative

intensity line at 44.2 [err] 2.0 A d-spacing and weak |ines 10 at
25.2 + 1.5 and 22.0 + 1.0 A The cal ci ned product proved to
have a surface area of 932 nTéﬁ%Tﬁg and the follow ng equilibrium
adsor ption capacities in granms/ 100 grans:

E!ﬁ;;gge a%gégi?gE alka%ine'earth.metal (&%ﬁé%ﬁi%%ﬂ&ﬁxm or 4266
Exanpl €-13 potassium,catifdr & FEReDf et PriReTRtSSPrEsFoAE um
(CTMA) 20 hpdunihae el vk eblpeeparad AyanicE@R aebtiag

conbined with 4. 15agggg§_9;r§i%%k)wgia+§% {%&&1@&‘1&99 described, (%3”5 of

aqueous tetranet hyl apmoni um | n ,@%ilica)
with stirrTng. TV\eﬁ’P§‘YFT’Ve°‘@rS£r+é’ent mixture, such as, for example €=
alcohols, cl-cs diols and/or water, especially water.

The reaction mixture has a composition, in terms of
mole ratios of oxides, within the following ranges:

Reactants Useful Preferred
10 A1203/Si02 0 to 0.5 0.001 to 0.5

Solvent/8102 1l to 1500 5 to 1000

OH'/sio2 0 to 10 0 to 5

(Mz/eO+R2/fO)/

(Si02+A1203) 0.01 to 20 0.05 to S
15

MZ/eo/

(3102+A1203) 0 to 5 0 to 3

Ra/e%/

(S10,+a1,0,) 0.01 to 2 0.03 to 1

where e and £ are the weighted average valences of M
20 and R, respectively.

In this third method, the pH is important and must
be maintained at from 9 to 14. This method involves
the following steps:

(1) Mix the organic (R) directing agent with the

25 solvent or solvent mixture such that the mole ratic of
sblvent/Rz/fo is within the range of from 50 to 800,
preferably from 50 to 500. This mixture constitutes
the "primary template” for the synthesis method.

(2) To the primary template- mixture of step (1)

30 add the sources of oxides, e.g. silica and/or alumina




of H Sill, a precipitated hydrated silica containing 6 25 w %free

water and 4.5 wt % bound water of hydration and havi ng an
ultimate particle size of 0.02 mcron, was added. The resulting
m xture was placed in a steam box at 100[err]C for 48 hours. The
m xture had a conposition in terns of noles per nole
Al[err]O[err]: - 47 -

1.25 noles Na[err] O -23 -  27.8 noles Sigerr]

such that the ratio of RZ/fO/(si02+A1203) is within the
range of from 0.01 to 2.0.

(3) Agitate the mixture resulting from step (2)

at a temperature cf from 20° to 40°C, preferably for
5 from 5 minutes to 3 hours.

(4) Allow the mixture to stand with or without
agitation, preferably at a temperature of from 20° to
100°C, and preferably for from 10 minutes to 24 hours.

(5) Crystallize the product from step (4) at a

10 temperature of from 50° to 175°C, preferably for from 1
hour to 72 hours. Crystallization temperatures higher
in the given ranges are most preferred.

A fourth method for the present synthesis involves
the reaction mixture used for the third method, but the

15 following specific procedure with
tetraethylorthosilicate the source of silicon oxide:

(1) Mix the organic (R) directing agent with the
solvent or solvent mixture such that the mole ratio of
so].vent/R‘.,_/f

20 preferably from 50 to 500. This mixture constitutes

0 is within the range of from 50 to 800,

the "primary template" for the synthesis method.

(2) Mix the primary template mixture of step (1)
with tetraethylorthosilicate and a source of aluminum
oxide, if desired, such that the Rz/fO/sio

25 is in the range of from 0.5 to 2.0.

5 mole ratio
(3) Agitate the mixture resulting from step (2)
for from 10 minutes to 6 hours, preferably from 30
minutes to 2 hours, at a temperature of from ¢* to
25°C, and a pH of less than 12. This step permits
30 hydrolysis/ polymerization to take place and the
resultant mixture will appear cloudy.
(4) Crystallize the product. from step (3) at a
temperature of from 25° to 150°C, preferably from 95°
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5.1: moles (CTMA)[err] O 4.4 noles (TMA)[err]O0 5

650 noles Herr]0 The resulting solid product was
recovered by filtration and dried in air at anbient tenperature.
The product was then calcined at 540[err]C for 1 hour in
nitrogen, followed by 6 hours in air. The cal cined 10 product proved
to have the follow ng equilibrium _ 24__adsorption capacities in
grans/ 100 gr ams: — “Herr]O 35.2
Cycl ohexane > 50 n- Fbxane 40. 8 15
Benzene The X i on attern of
t he cal ci ned toE%&éic fof fmmbe éhgﬁagFeF?Ze%r ”%E%Vuﬁ é%
strong - r%ﬂeﬁqqﬁ§ <intensity line at 39.1 + 2. 0 A d- spaC|ng and
weak lines at 22.4 [errjn ka@habd €% hHc¥e hethfad, Hddr20 i ndi cat ed
that this product £§§§é§f¥3 a& nué%réﬁé %Eggtalllne material can be

5 carried ocut under either static or agitated, e.q.

stirred, conditions in a suitable reactor vessel, such
as for example, polypropylene jars or teflon lined or
stainless steel autoclaves. Crystallization
may also be conducted continuously in suitable

10 equipment. The total useful range of temperatures for
crystallization is noted above for each method for a
time sufficient for crystallization to occur at the
temperature used, e.g. from 5 minutes to 14 days. The
crystals are then separated from the licquid and

15 recovered. Following the synthesis,the crystalline
material should be subjected to treatment to remove
part or all of any organic constituent.

When a source of silicon is used in the synthesis

method, it is preferred to use at least in part an

20 organic silicate, such as, for example, a quaternary
ammonium silicate. Non-limiting examples of such a
silicate include tetramethylammonium silicate and
tetraethylorthosilicate.

By adjusting conditions of the synthesis reaction

25 for each method, like temperature, pH and time of
reaction, etc., within the above limits, various
embodiments of the present non-layered crystalline
material with a desired average pore size may be
prepared. In particular, changing the pH, the

30 temperature or the reaction time may promote formation
of product crystals with different average pore size.

A7 30N
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pore material . Exanmpl e 14 A m xture of 125 grans
of 29% CTMA chl ori de aqueous solution, 200 grans of water, 3
granms of sodium 25 alum nate (in 50 grans Herr]O, 65 grans of

Utrasil,

Cor poration, and 21 granms NaCOH (in 50 grans Herr]0) was

anor phous precipitated silica avail able from PQ

t horoughly and crystallized at 150[err]C for 168

10

15

20

25

30

- 25 =

Non~-limiting examples of various combinations of
W, X, ¥ and Z contemplated for the first and second
synthesis methods include:

W X b 4 Z
- Al Si -
- Al el P
- Al Ssi P
Co Al - P
Co Al Si P
— — si —

including the combinations of W being Mg, or an element
selected from the divalent first row transition metals,
e.g. Mn, Co and Fe; X being B, Ga or Fe; and Y being
Ge.

An organic directing agent for use in each of the
above methods for synthesizing the present material
from the respective reaction mixtures is an ammonium or
phosphonium ion of the formula R.R_R R4Q+, i.e.:

17273
It

+
%“?'%

&

where Q is nitrogen or phosphorus and wherein at least
one of Rl' Rz' R3 and R4 is aryl or alkyl of from 6 to

36 carbon atoms, e.g. -CSHIB ' -C1°H21 ‘ -c16H33 and
=C,gH;34¢ ©OF combinations thereof, the remainder of R
R,, R, and R, being selected from hydrogen, alkyl of
from 1 to 5 carbon atoms and combinations of these.

1'

The compound from which the above ammonium or
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- 48 - . nole ratio was 6. To the primary tenplate m xture was
added 4. 15 grans of sodium alum nate, 25 grans of H Sil, 100
granms of aqueous tertranethyl ammoni um silicate solution (10%
Sigerr]) and 13.2 grans of 25% 5 aqueous tetranet hyl ammoni um

hydr oxi de solution. The nole ratio of Rlerr]O
[(Sierr]+Al[err]O[err]) was 0.28 for the m xt ure.

This mxture was stirred at 25[err]C for 1 hour. The resul ting

m xture was then placed in an autoclave 3% -10 100[err] C and stirred
at 100 rpmfor 24 hours. The m xture I n the autocl ave had the
foll owi ng rel ati vePhosphonium ion is dempwesi magnben fer nexarplep| eke per nol e

Sigerr]: droxxde nalide, siPidRe0be h@&@ﬁf&é)of t
f mol.e ?Eferr]

0. 036 le A 0
Ty Lerr] 0 o0 Min e fixst ang ghiza petpot) e ot

36.0 noles H err] preferred to have an additional. Orgamic [RA&ecting agent
5 and in the second method it is required to have a
combination of the above organic directing agent and an
additional organic directing agent. That additional
organic directing agent is the ammonium or phosphonium
ion of the above directing agent formula wherein Rl,
10 R,, R; and R, together or separately are selected from
the group consisting of hydrogen and alkyl of 1 to 5
carbon atoms and combinations thereof. Any such
combination of organic directing agents go to make up
"R" and will be in molar ratio of 100/1 to 0.01/1,
15 first above listed organic directing agent/additional
organic directing agent.

The particular effectiveness of the required
directing agent, when compared with other such agents
known to direct synthesis of one or more other crystal

20 structures, is believed due to its ability to function
as a template in the above reaction mixture in the
nucleation and growth of the desired ultra-large pore
crystals with the limitations discussed above.
Non-limiting examples of these directing agents include

25 cetyltrimethylammonium, cetyltrimethylphosphonium,
benzyltrimethylammonium, cetylpyridinium,
myristyltrimethylammonium, decyltrimethylammonium,
dodecyltrimethylammonium and dimethyldidodecylammonium.

The reaction mixture components can be supplied by

30 more than one source. The reaction mixture can be
pPrepared either batchwise or continuously. Crystal
size and crystallization time of the new crystalline




The, resul ting solid product was recovered by 20 filtration, washed

wth-water and dried in air at anbi ent tenperature. The product
was then cal cined at 540[err] C for 1 hour in nitrogen, followed
by 6 hours in air. The cal ci ned product proved to
have a surface area 25 of 1223 nR/g and the follow ng equilibrium
adsor ption capacities in grans/ 100 grans:

Herr]O 25.5 Cycl ohexane 41.1

n- Hexane 35.1 30 - 27 - Benzene 51

material will vary with the nature of the reaction

mixture employed and the crystallization conditions.
The crystals prepared by the synthesis procedure

can be shaped into a wide variety of particle sizes.

5 Generally speaking, the particles can be in the form of
a powder, a granule, or a molded product, such as an
extrudate having particle size sufficient to pass
through a 2 mesh (Tyler) screen and be retained on a
400 mesh (Tyler) screen. In cases where the catalyst

10 is molded, such as by extrusion, the crystals can be
extruded before drying or partially dried and then
extruded.

The size of the pores in the present mesoporous
catalytic materials is large enough that the

1S spatiospecific selectivity with respect to transition
state species in reactions such as cracking is
minimized (Chen et al., "Shape Selective Catalysis in
Industrial Applications™, 36 CHEMICAL INDUSTRIES, pgs.
41-61 (1989%9) to which reference is made for a

20 discussion of the factors affecting shape selectivity).
Diffusional limitations are also minimized as a result
of the very large pores.

The crystals of the mesoporous support material
will be composited with a matrix material which is

25 resistant to the temperatures and other conditions
employed in the hydrogenation process to form the
finished catalyst. Such materials include active and
inactive materials and synthetic or naturally occurring
Zeolites as well as inorganic materials such as clays

30 and/or oxides such as alumina, silica or
silica-alumina. The latter may be either naturally
occurring or in the form of gelatinous precipitates or
gels including mixtures of silica and metal oxides.
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- 49 - ¢ hours. The reaction m xture had the followng relative
nol ar conposition in terns of noles per nole silica:

Q.10 noles (CTMA)[err] 0 21.89 noles Herr]0O 5
0.036 nmol es NaAl g err] 0. 53 nol es NaCH

The solid product was isolated by filtration, washed with water,
dried for 16 hours at room tenperature and cal cined at 540[err]C
for 10 hours in air. 10 The cal cigned product proved to have a
surface area of 840 nferr]/g, and the follow ng equilibrium
adsor pti on Use 8§pgcﬁgéé¥iglnigrggﬁ%&%%%é%ﬁamﬁth the zeolite,

i.e., combined therewith or present during its
synthesis, which itself is catalytically active may
change the conversion and/or selectivity of the

5 catalyst. Inactive materials suitably serve as
diluents to contrecl the amount of conversion so that
alkylation products can be obtained economically and
orderly without employing other means for controlling
the rate of reaction. These materials may be

10 incorporated into naturally occurring clays, e.g.,
bentonite and kaolin, to improve the crush strength of
the catalyst under commercial operating conditions and
function as binders or matrices for the catalyst. The
mesoporous material is usually composited with the

15 matrix in amounts from 80:20 to 20:80 by weight,
typically from 80:20 to 50:50 mesoporous
material:matrix. Compositing may be done by
conventional means including mulling the materials
together followed by extrusion of pelletizing into the

20 desired finished catalyst particles.

The preferred catalysts for the present purpose
have a significant pore volume with pore diameters
greater than 20 nm (200 A). The large diameter pores
provide channels for bulky PAO oligomers to transport

25 freely with diminished diffusion resistance to the
smaller particles of the crystalline material which
provide a large surface area for the hydrogenation
reaction. A number of commercially available alumina
binders conform to this requirement and may be used.

30 The pore size distributions of three are set out below.

Consistent with the requirement to permit the lube
molecules to obtain ready, diffusion-free access to the
crystalline material which acts as the support for the
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Herr]O: 15.2 Cycl ohexane 42.0 15

n- Hexane 26. 5 Benzene 62

The X-ray diffraction pattern of the cal cined product may be
characterized as including a very strong relative intensity line
at 40.5 [err] 2.0 A d-spacing. TEM 20 I ndi cated that the product
contained the ultra-1large pore materi al . Exanpl e 15
To make the primary tenplate mxture fgr_this exanpl e, 240 grans

of water was added to a 92 gram25 — solution of 50%
dodecyltr|nethylamggguug5h¥gﬁga@(ua,c36pgrforms the %%%§og¥i al cohol and 14%

wat er such that the tio_of Solvent was 155. The nol e
rati o of yﬁ[‘@???ﬁf‘ﬁf%rﬁ”ﬁ rﬁ"t hFe ALEsTe Shquld soumma@ pPRES
| PA/R err] size and distribution which is adequate to permit the

feed components to enter the interior pore structure of

5 the catalyst where the desired hydrogenation reactions
take place at the metal sites on the crystalline
material. To this extent, the binder will normally
have a minimum pore size of 5.0 nm (50 &), i.e with no
less than 5% of the pores having a pore size less than

10 5.0 nm (50 A) pore size, with the majority of the pores
having a pore size in the range of 5.0 to 50 nm (50-400
A) (no more than 5% having a pore size above 40 nm (400
A)), preferably with no more than 30% having pore sizes
in the range of 20 to 40 nm (200-400 &).

15 Metal Component

Catalyvst Metal Component
The hydrogenation catalyst includes a metal as the

hydrogenation- dehydrogenation component. The
hydrogenation-dehydrogenation component is provided by

20 a metal or combination of metals. Noble metals of
Group VIIIA, especially pailadium, platinum, or base
metals of Groups IVA, VIA and VIIIA, especially
chromium, molybdenum, tungsten, cobalt and nickel, may
be used. The combination of at least one Group VIA

25 metal such as tungsten with at least one Group VIIA
metal such as nickel is particularly preferred for many
applications, for example, combinations such as
nickel-molybdenum, cobalt-nickel, nickel-tungsten,
cobalt-nickel-molybdenum and nickel-tungsten-titanium.

30 For certain applications, where sulfur and other
contaminants such as phosphorus are in low




-. 50 - - . - The X-ray diffraction pattern of the cal cined

product may be characterized as I ncl uding a very strong relative
intensity line at 30.8 [err] 1.5 A d-spacing and weak |ines at
17.9 [err] 1.0 and 15.5 [err] 1.0 A. TEM 5 i ndi cated this product
to contain the ultra-large pore mat eri al . Exanpl e 16
A 50.75 gram quantity of decyltrinethyl ammoni um hydr oxi de

(prepared by contacting a ca. 29 wt %
- 30 -

—

concentrations in the feedstock, e.g. <10 ppm,
palladium or platinum is preferred.
The content of the metal component will vary
according to its catalytic activity. Thus, the highly
5 active noble metals may be used in smaller amounts than
the less active base metals. For example, 1 wt % or
less palladium or platinum will be effective and in a
preferred base metal combination, 7 wt % nickel and 2.1
to 21 wt % tungsten, expressed as metal. The present
10 support materials are, however, notable in that they
are capable of including a greater proportion of metal
than previous support materials because of their
extraordinarily large surface area. The metal
component may exceed 30% in a monolayer. The
15 hydrogenation component can be exchanged onto the
support material, impregnated inte it or physically
admixed with it. If the metal is to be impregnated
inte or exchanged onto the mesoporous support, it may
be done, for example, by treating the zeolite with a
20 palladium or platinum metal-containing ion. Suitable
platinum compounds include chloroplatinic acid,
platinous chloride and various compounds containing the
platinum ammine complex. The metal compounds may be
either compounds in which the metal is present in the
25 cation of the compound and compounds in which it is
present in the anion of the compound. Both types of
compounds can be used. Palladium or platinum compounds
in which the metal is in the form of a cation of
cationic complex, e.q., Pd(NH3)4c12 or Pt(NH3)4C12 are
30 particularly useful, as are anionic complexes such as
the vanadate and metatungstate ions. Cationic forms of
other metals are also very useful-since they may be

P&PL/—“%EE%“}' i




10 - - solution of decyltrinmethylamoniumbromde with a

hydr oxi de-for-hal i de exchange resin) was conbined with 8.75 grans
of tetraethylorthosilicate. The m xture was stirred for 1 hour
and then transferred to a pol ypropyl ene jar which was then pl aced
In a steanbox 15 for 24 hours. The m xture had a conposition in
terns of noles per nole SiJerr]:

0.81 mole (C(err]TMA)[err]o 47.6 noles Herr]O0
The resulting solid product was f||te1hed and 20 washed several tines
with warm (60[err]-70[err]C) distilled water and, wi th acetone.
The final product WEERXWEE; fgke the crystaljlmyguateariajppyi turfsangtedand
then held in air fimtd it. hours. The cal ci ned product proved to have
a surface area of 915 n2/g and an equilibrium benzene adsorption
25 capacity_of 35 grans/100 granms. Argon physisorption

data indi cated an %ﬁaﬁﬁééptake of 0.34 cc/gram and a pore size
of 1.5 nm (15 A). Examples 1 tBhagXpeaywdillusntatenthatpesgarefcibhe

cal cined s oPrAUGE sB8Eot S £YRTRL 85 ARV GARLAGLEE 1 &P D AR are
the catalysts. In these examples, the sorption data
for water, cyclohexane, benzene and/or n-hexane, they
are Equilibrium Adsorption values determined as
follows:

10 A weighed sample of the adsorbent, after
calcination at 540°C for at least 1 hour and other
treatment, if necessary, to remove any pore blocking
contaminants, is contacted with the desired pure
adsorbate vapor in an adsorption chamber. The increase

1s in weight of the adsorbent is calculated as the
adsorption capacity of the sample in terms of grams/100
grams adsorbent based on adsorbent weight after
calcination at 540°C. The present composition exhibits
an equiiibrium benzene adsorption capacity at 6.7 kPa

20 (S0 Torr) and 25°C of greater than 15 grams/100 granms,
particularly greater
than 17.5 g/100 g/ and more particularly greater than
20 g/100 gq.

A preferred way to do this is teo contact the

25 desired pure adsorbate vapor in an adsorption chamber
evacuated to less than 1 mm at conditions of 1.6 kPa
(12 Torr) of water vapor, 5.3 kPa (40 Torr) of n-hexane
or cyclohexane vapor, or 6.7 kPa (50 Torr) of benzene
vapor, at 25°C. The pressure is kept constant (within

30 + 0.5 mm) by addition of adsorbate vapor controlled by
a manostat during the adsorption period. As adsorbate
is adsorbed by the new crystal, the decrease in
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30 - ~including a very strong relative intensity line at 27.5

- 51 - 1.5 A d-spacing and weak lines at 15.8 [err] 1.0 and
13.7 [err] 1.0 A TEMindicated that the product of this
exanpl e contained the ultra-large pore material . Exanple 17 5
To eighty grans of cetyltrinmethyl ammoni um hydr oxi de ( CTMACOH)

solution prepared as in Exanple 1 was added 1.65 grans of

NaAl J err]. The m xture was
- 32 =

pressure causes the manostat to open a valve which
admits more adsorbate vapor to the chamber to restore
the above control pressures. Sorption is complete when
the pressure change 1s not sufficient to activate the

5 manostat.

Another way of doing this for benzene adsorption
data is on a suitable thermogravimetric analysis
system, such as a computer-controlled 990/951 duPont
TGA system. The adsorbent sample is dehydrated

10 (Physically sorbed water removed) by heating at, for
example, 350° or 500°C to constant weight in flowing
helium. If the sample is in as-synthesized form, e.qg.
containing organic directing agents, it is calcined at
540°C in air and held to constant weight instead of the

15 previously described 350° or 500°C treatment. Benzene
adsorption isotherms are measured at 25°C by blending a
benzene saturated helium gas stream with a pure helium
gas stream in the proper proportions to obtain the
desired benzene partial pressure. The value of the

20 adsorption at 6.7 kPa (50 Torr) of benzene is taken
from a plot of the adsorption isotherm.

In the examples, percentages are by weight unless
otherwise indicated.

Example 1
25 One hundred grams of cetyltrimethylammonium (CTMA)

hydroxide solution, prepared by contacting a 29 wt %
N,N,N- trimethyl-l-hexadecanaminium chloride solution
with a hydroxide-for-halide exchange resin, was
combined with 100 grams of an aqueocus solution of

30 tetramethylammonium (TMA) silicate (10% silica) with
stirring. Twenty-five grams-of HiSil, a precipitated
hydrated silica containing 6 wt % free water and 4.5 wt




stirred:at roomtenperature until the NaAlJerr] was di ssol ved.

To this solution was added 40 grans of 10 aqueous

t.et ramet hyl anmoni um (TMA) silicate solution (10 w %Siderr]),
10 granms of Hi Sil, 200 grans of water and 70 grans of
1,3,5-trinethyl benzene (nesitylene). The resulting m xture was
stirred at roomtenperature for several mnutes. The gel was then
| oaded into a 600 mM 15 aut ocl ave and heated at 105[err] C for

si xty-ei ght hours W th stirrEgg at 150 rpm The m xture had a
conposition in terns of noles per nolé [err]O[err]:

1.25 noles Na[err]0 . . 27.8 noles SiJerr] 20
5.1 ol es (CTMA) [ ef (Jgrnd water of hydration and havwing appma§ipawm)[err]0

2256 noles H err]Oparticle size of 0.02 micron, 80a53addddS The resulting

and vashed 25 eiRame was placed in o RRTbERHALD BT I ber g

wat er and Plaged, incat §Re2r MRX Ptn8F " Frovetidits cFhei mbdure
538[err] CS had 2 MompbEAiafén nirktteresand hbbes fpﬁrdmbmeaiizd3qr 10
hour s.

2.7 moles Na20

392 moles siO2

35.7 moles (CTMA)zo
61.7 moles (TMA)ZO
10 6231 moles H,0
The resulting solid product was recovered by
filtration and dried in air at ambient temperature.
The product was then calcined at 540°C for 1 hour in
nitrogen, followed by 6 hours in air.
15 The calcined product proved to have a surface area
of 475 mz/g and the following equilibrium adsorption
capacities in grams/100 grams:

H,0 8.3

2

Cyclohexane 22.9
20 n-Hexane 18.2

Benzene 21.8%

The product of this example may be characterized
by X-ray diffractiion as including a very strong
relative intensity line at 37.8 # 2.0 A d-spacing, and

25 weak lines at 21.6 # 1.0 and 19.2 + 1.0 A.
Transmission electron microscopy (TEM) produced images
of a hexagonal arrangement of uniform pores and
hexagonal electron diffraction pattern with a d10
value of 39 A.

0




The* cal ci ned product proved to have an equil brium benzene
adsorption capacity of >25 grans/ 100 grans.

-. 52 - The X-ray diffraction pattern of the cal cined
product may be characterized as including a broad, very strong
relative intensity line at 102 A d-spacing, but accurate

positions of lines in the extrene |ow angle 5 region of the X-ray

diffraction pattern are very difficult to determne with
conventional X-ray diffractometers. Furthernore, finer

collimating slits - 34 -

Example 2
One hundred grams ¢f cetyltrimethylammonium (CT™MA)

hydroxide solution prepared as in Example 1 was
combined with 100 grams of an aqueous solution of

S tetramethylammonium (TMA) hydroxide (25%) with
stirring. Twenty-five grams of HiSil, a precipitated
hydrated silica containing 6 wt % free water and 4.5 wt
% bound water of hydration and having an ultimate
particle size of 0.02 micron, was added. The resulting

10 mixture was placed in a static autoclave at 150°C
overnight. The mixture had a composition in terms of

moles per mole A1203:

2.7 moles Na.©

2
291 moles Sio2
15 35.7 moles (CTMA),O

102 moles (TMA)ZO
6120 moles HZO
The resulting solid product was recovered by
filtration and dried in air at ambient temperature.
20 The product was then calcined at 540°C for 1 hour in
nitrogen, followed by 6 hours in air.
. The calcined product proved te have a.surface area
of 993 mz/g and the following equilibrium adsorption
capacities in grams/100 grams:

25 H,0 7.1
Cyclohexane 47.2
n-Hexane 36.2
Benzene 49.5
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were required to resolve a peak at this low 2-theta angl e. The
slits used in this exanple, starting at the 10 X-ray tube, were 0.1,
0.3, 0.5 and 0.2 mm respectively. TEMindicated that the product
‘of this exanpl e contai ned several materials with different d[err]
val ues as observed in their electron diffraction patterns. These
materials were found to possess d[err] 15 val ues between 8.5 nm (85
A) d-spacing and 12 nm (120 A) d-spacing. Exanpl e 18
To eighty grans of cetyltrinethyl anmoni 4. hydr oxi de ( CTMACH)
solution prepared as in Exanple 1 20 — was added 1.65 grans of
NaAl J err]. The m xture was stirred at roomtenperature unti
the NaAl Jerr] was T‘-Le K-rai fddfvedrtido gdtitesoldt toa owissiagded 40 grans
of aque thylagpoal pm { M) Sinlhcat ¢ sépl‘;gq,,o -
w %Sigerr]), 1 gﬁr&lﬁ%&gﬁpe rétms osf wat%r g} s Q-Q;Qi
grams of 1,3,5- trl-rPetahy-I"Beh*'Ze?]e*-(‘#esrt?ll%ne‘) 3 e Snac’ ﬁsuFf“an
m xture was stirregkad 1iaes i:ermer’atuleOfmd 19.4 = 1l.0skver®lM m nutes. The
gel was thken | oade - - (;.I V E€xn hheahed gt
105[ err] C%for ni neﬁ/&‘%%gﬁg %«QQ— e product sc‘f}tl.ﬁalc')"ng:aate %2‘9 rpm PaT g m xture
had a conposition Rer83@aterial. terps of noles per nole Al[err]O[err]:

A porticn of the above product was then contacted

with 100% steam at 13450°F for two hours. The surface

area of the stezamed material was measured to ke 440

10 mz/g, indicating that 45% was retained following severe
steaming.
Another portion of the calcined product of this

example was contacted with 100% steam at 677°C (1250°F)
for two hours. The surface area of this material was

15 measured to be 7138 mz/g, indicating that 72% was
retained after steaming at these conditions.

Example 3
Water, cetyltrimethylammonium hydroxide solution
prepared
20 as in Example 1, aluminum sulfate, HiSil and an aqueocus

soluticn of tetrapropylammonium (TPA) bromide (35%)
were combined to produce a mixture having a composition
in terms of moles per mole A1203:

0.65 moles Nazo
25 65 moles SiO,
- 8.8 moles (CTMA)ZO
1.22 moles (TPA)ZO
1335 moles Hzo

The resulting mixture was placed in a
30 polvpropylene bottle, which was kept in a steam box at




-53- ' 1.25 noles Na[err]O

27. 8" nDIes Sigerr] 5.1 noles (CTMA)[err] O

2.24 noles (TMA)20 5 2256 noles Herr]0

132.7 nmoles 1, 3,5-trinmethyl benzene - The resulting product

was filtered and washed several tinmes with warm (60-70[err]C)

distilled water and with acetone. The final product was cal ci ned

to 538[err]C 10 in N2/air mxture and then held in air for 10 hours.
- 36 =

95°C for 192 hours. The sample was then cooled to room
temperature and combined with CTMA hydroxide solution
Prepared as in Example 1 and TMA hydroxide (25% by
weight) in the weight ratio of 3 parts mixture, 1 part

5 CTMA hydroxide and 2 parts TMA hydroxide. The combined
mixture was then placed in a polypropylene bottle and
kept in a steam box at 95°C overnight. The combined
mixture had a composition in terms of moles per mole
A1203:

10 0.65 moles Na,o
65 moles SiO2
15 moles (CTMA)2O
1.22 moles (TPA)ZO
35.6 moles (TMA)20
15 2927 moles HZO
The resulting solid product was recovered by
filtration and dried in air at ambient temperature.
The product was then calcined at 540°C for 1 hour in
nitrogen, followed by 6 hours in air.
20 The calcined product proved to have a surface area
of 1085 mz/g and the following equilibrium adsorption

capacities in grams/100 grams:

HZO 11.5
Cyclaohexane > 50
25 n-Hexane 39.8
Benzene 62

The X-ray diffraction pattern of the calcined
product of this example may be characterized as
including a very strong relative intensity line at 38.2
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The cal ci ned product proved to have a surface area of 915 nR/ g

and an equil brium benzene adsorption capacity of >25 grans/lOO
grans. Argon physisorption data i ndi cat ed an argon upt ake of
0.95 cc/gram and a pore 15 size centered on 7.8 nm (78 A)

(Dol I'i nore- Heal Met hod, see Exanple 22(b)), but running from?7 to
greater than 10.5 nm (70 to gﬁﬁater than 105 Angstons). The X-ray
diffraction pattern of the calcined pr ct of this exanpl e may
be characterized as having only enhanced 20 scattered intensity in

the very | ow angl @ regi Anaodpddig, and weak X-ilrdk Qltffzﬁafu an.o ¥here
eam.i s usual ly

Intensity fromthegtrans ted ent

obser ved. Hovvever(?L9 I\/£ me'& TEM ’l‘%%ﬁatcfc}ch Pﬁgdb?’go‘iﬁﬂtaéé‘ﬁ?a?%d
several material sultra-large gazg EFF¢e¢%h{ d[err] values as observed in
their 25 el ectron diffraction patterns. These materials were

found to possess %kgﬂnl yglues bet ween 85 A d-spaci ng and 110 A
d- spaci ng, “—"—Jéxanp le 19 To eighty grans of

cetyltri et hyl anmoni unf®® hundred gyamexdilcgt@ivndpptiyl anmomiupr ¢pmed as in
Exanple 1 hydvegiddldad utibh graperdd NaAhCEQAkpie 1TREsM Xture was

combined with 2 grams of Catapal alumina (alpha-alumina
meonohydrate, 74% alumina) and 100 grams of an aqueous
solution of tetramethylammonium (TMA) silicate (10%

10 silica) with stirring. Twenty~five grams of HiSil, a
precipitated hydrated silica containing 6 wt % free
water and 4.5 wt % bound water of hydration and having
an ultimate particle size of 0.02 micron, was added.
The resulting mixture was placed in a static autoclave

15 at 150°C for 48 hours. The mixture had a composition
in terms of moles per mole A1203:

0.23 moles Nazo

33.2 moles SiO2

6.1 moles (CTMA)20
20 5.2 moles (TMA),O

780 moles Hzo

The resulting solid product was recovered by
filtration and dried in air at ambient temperature.
The product was then calcined at 540°C for 1 hour in
25 nitrogen, followed by 6 hours in air.
The calcined product proved to have a surface area
of 1043 mz/g and the following equilibrium adsorption
capacities in grams/100 grams:

et aty
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-.54 - - stirred at roomtenperature until the NaAlJerr] was

di ssol ved. To this solution was added 40 grans of agqueous
t.et ramet hyl anmoni um (TMA) silicate solution (10 w %Siderr]),
10 granms of Hi Sil, and 18 grans of 5 1, 3,5-trinethyl benzene
(mesitylene). The resulting m xture was stirred at room
tenperature for several m nutes. The gel was then | oaded into a
300 m aut ocl ave and heated g _105[err]C for four hours wth
stirring at 150 rpm The m xture had a—tonposition in 10 ternms of
nol es per nole Al[err]O[err]: '

E,0 6.3

Cyclohexane > 50

n-Hexane 49.1

Benzene 66.7

] The X-ray diffraction pattern of the calcined

Product may be characterized as including a very strong
relative intensity line at 40.8 % 2.0 & d-spacing, and
weak lines at 23.1 % 1.0 and 20.1 + 1.0 A. TEM
indicated that the product contained the ultra-large

10 pore material.

Example S
Two-hundred sixty grams of water was combined with

77 grams of phosphoric acid (85%), 46 grams of Catapal
alumina (74% alumina), and 24 grams of pyrrolidine

1s (Pyr) with stirring. This first mixture was placed in
a stirred autoclave and heated to 150°C for six days.
The material was filtered, washed and air-dried. Fifty
grams of this product was slurried with 200 grams of
water and 200 grams of cetyltrimethylammonium hydroxide

20 solution prepared as in Example 1. Four hundred grams
of an aqueous sclution of tetraethylammonium silicate
(10% silica) was then added to form a second mixture
which was placed in a polypropylene bottle and kept in
a steam box at 95°C overnight. The first mixture had a

25 composition in terms of moles per mole Al,0

3:
1.0 moles ons

0.51 moles (Pyr)zo

47.2 moles HZO
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1.25 nolres Naf[err]O0 27.8 noles Sigerr]

5.1 noles (CTMA)[err] O 2.24 noles (TMA)[err]0 15
650 nmoles Herr]0 g o 19.9 nol es

1, 3,5-trinethyl benzene ' The resulting product was filtered
and washed several tinmes with warm (60-70[err]C) distilled water
and with acetone. The final product was calcined to 538[err]C 20
in N[err]/air mxture and then held in air for 8 hours. The
cal cined product proved to have a susbace area of 975 nerr]l/g
and an equil bri um benzene adsorption capacity of >40 grans/ 100
granms. Argon physisorption ) data indicated an argon uptake of 0.97
m/gram and a 25 Thepppldiing §P15d PRRAYTGI VAF FERFPVSLAS SYHeal

Met hod) , _ filitratibe feBlareequisniapr ait RmBient] émgdrature. _

The X-ray diffractyQn BBhist N chlf EMLIA ar sa0-c eoPPUUGL Of hisS
exanpl e may be characterized as I'ncluding a Very str né relative
intensity |ine at "g¥regsp, followeg By 6 hpgsidraRdTweak |ines at 36.4 +

2.0, 31.35+ 1.5 - The calcined product proved to have a surface area
of 707 mz/g and the following equilibrium adsorption
capacities in grams/100 grams:

HZO 33.2
Cyclohexane 18.7
10 n-Hexane 20.1

Benzene 23.3

The X-ray diffraction pattern of the calcined
product may be characterized as including a very strong
1.5 A d-spacing. TEM
15 indicated the product contained the present ultra-large

relative intensity line at 25.4 +
pore material.

Example 6
A solution of 1.35 grams of NaA102 (43.5% Alzos,

30% Na,0) dissolved in 45.2 grams of water was mixed

20 with 17.3 grams of NaOH, 125.3 grams of colloidal
silica (40%, Ludox HS-40) and 42.6 grams of 40% aqueous
solution of tetraethylammonium (TEA) hydroxide. After
stirring overnight, the mixture was heated for 7 days
in a2 steam box {95°C). Following filtration, 151 grams

25 of this sclution was mixed with 31 grams of cetyltri-
methylammonium hydroxide solution prepared as in
Example 1 and stored in the steam box at 95°C for 13
days. The mixture had the following relative molar
composition:

A7 JUN B85




A and 23.8 + 1.0 A d-spacing. TEMindicated that the

- 55°- product of this exanple contained the ultra-large pore
mat eri al . Exanpl e 20 Argon Physi sorption
Determ nation 5 To determ ne the pore dianmeters of the
Mesopor ous products with pores up to 6.0 nm (60 A) in dianmeter
0.2 gram sanpl es of the products of Exanples 1 through

- 40 -

0.25 moles Alzo3
10 moles Na20
36 moles Sio2
- 0.95 moles (CTMA)ZO
5 2.5 moles (TEA),O
445 moles HZO

The resulting solid product was recovered by
filtration and washed with water and ethanol. The
product was then calcined at 540°C for 1 hour in

10 nitrogen, followed by 6 hours in air.

The calcined product composition included 0.14 wt
% Na, 68.5 wt % Si0, and 5.1 wt % Al,0,, and proved to
have a benzene equilibrium adsorption capacity of 53.6
grams/100 grams.

135 " The X-ray diffraction pattern of the calcined
product may be characterized as including a very strong
relative intensity line at 31.4 + 1.5 A d-spacing. TEM
indicated that the product contained the present
ultra-large pore material.

20 Example 7

A mixture of 300 grams of cetyltrimethylammonium
(CTMA) hydroxide solution prepared as in Example 1 and
41 grams of colloidal silica (40%, Ludox HS~40) was
heated in a 600 cc autoclave at 150°C for 48 hours with
25 stirring at 200 rpm. The mixture has a composition in
terms of moles per mole SiOZ:

0.5 mole (CTMA)zo

46.5 moles Hzo

17 JUN 168




17 nere placed in glass sanple tubes and attached to a

physi'sorption apparatus as described in U S. Patent No. 10 4,762, 010.
The sanples were heated to 300[err]C for 3 hours in vacuo to
remove adsorbed water. Thereafter, the sanpl es were cooled to
87[err] K by i mersion of the sanple tubes in liquid argon.

Met ered anpbunts of gaseous 15 argon were then admtted to the sanples
in stepw se manner as described in U S. Patent No. 4,762,010,
colum 20. Fromthe anount of argon-a&dm-tted to the sanpl es and

t he amount of argon left in the gas space ' above the sanples, the
amount of argon adsorbed can be 20 . calculated. For this calculation,
the ideal gas |aw The resyyltingesehid RzAdEts S| secoversss byer e used.
(See al so i e filSrgti@iﬁggaﬁedabith)Aﬁkewﬁo,t ithRn SHIEBCE AL ahd
Porosity, 2nd ed. g AC L& P 2 In.e Jlnstance, a
graph of the anourfféagsgg%%d‘r\[/gﬁgﬁg&?ﬁé Q?I%WE%C%erﬂ‘gtﬁl?/‘érspﬁé‘séﬂFe above
the sanple, at equilibFpgnfalcined produghgqmnasdsirneineouiedt ilensi sot herm

It is confron to than 0.01use ¥ ®aat 9867 prESSWies WAECH, & &+ORt ﬁkg@d by
f or mi ng hReptatd® |4 hrd ress and the ¥apor
pressure Plerr] ofa Ehg adsor athtgbgtgt e%%#pé?z%u?% %%r"é/d?o The "{pe

i sothermis measuf8US G rREEUSH P9 sthf 1T 3d0wing equilibriugf argon were
admtted in each sdeprpuigreraparétiés in grams/100 grams:

H.O 8.4
2
10 Cyclohexane 49.8
n-Hexane 42.3
Benzene 55.7

The X-ray diffraction pattern of the calcined
product of this example may be characterized as
15 including a very strong relative intensity line at 40.0
t 2.0 A d-spacing and a weak line at 21.2 + 1.0 A. TEM
indicated that the product of this example contained at
least three separate phases, one of which was the
ultra-large pore material.

20 Example 8
A mixture of 150 grams of cetyltrimethylammonium

(CTMA) hydroxide solution prepared as in Example 1l and
21 grams of colloidal silica (40%, Ludox HS-40) with an
initial pH of 12.64 was heated in a 300 cc autoclave at

25 150°C for 48 hours with stirring at 200 rpm. The
mixture had a composition in terms of moles per mole
Sioz:

0.5 mole (CTMA)ZO

46.5 moles Hzo




dat'a points in the relative pressure range fromO to

- 56°-

i.sothermw th sufficient detail

i sotherm indicates

5

adsorption takes place. Larger
P/P[err]. In order to better

the isotherm the 10

f or med.

0.6. At least 100 points are regired to define the
The step (inflection) in the
filling of a pore system The size of the step

I ndi cates the anmpunt adsorbed, whereas the position of
step in terns of P/PO reflects the size of the pores in which the

The

10

15

20

25

30

pores are filled at higher

The resulting solid product was recovered by
filtration, washed with water, then calcined at 540°cC
for 6 hours in air.

The calcined product composition was measured to
include 0.01 wt % Na, 93.2 wt % SiO2 and 0.016 wt %
A1203, and proved to have a surface area of 992 mz/g
and the following equilibrium adsorption capacities in

grams/100 grams:

H20 4.6
Cyclohexane > 50
n-Hexane > 50
Benzene 62.7

The X-ray diffraction pattern of the calcined
product may be characterized as including a very strong
relative ihtensity line at 43.6 * 2.0 A d-spacing and
weak lines at 25.1 *+ 1.5 and 21.7 + 1.0 A. TEM
indicated that the product contained the ultra-large
pore material.

Example 9
Sodium aluminate (4.15g) was added slowly into a

solution containing 16g of myristyltrimethylammonium
bromide (c14TMABr) in 100g of water. Tetramethyl-
ammonium silicate (100g-10% sioz), Hisil (25g) and
tetramethylammonium hydroxide (14.29-25% solution) were
then added to the mixture. The mixture was
crystallized in an autoclave at 120°C with stirring for
24 hours. -

The product was filtered, washed and air dried.
Elemental analysis showed the product contained 53.3 wt

$ Sio,, 3.2 wt ¥ Al,0;, 15.0 wt $ C, 1.88 wt $ N, 0.11

t he

| ocate the position of the step in
derivative wigoh_respect to log (P/P[err]) is

p===m

| 17.JuN 998

o
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adsorpti-on peak (stated in terns of log (P/P[err])) may be rel at ed

to the physical pore dianeter (A by the follow ng formula:

[.err] 15 where d = pore dianeter in nanoneters, K= 32.17, S =
0.2446, L =d + 0.9, and D = 0. 57. This fornula is derived
fromthe nethod of Horvath and Kawazoe (G Horvath et al., J.
Chem Enc. Japan, 16 (6) 470(1983)). The constants required for
t he 20 i npl ementation of this fornmula were determ ned froma
measured i sotherm of ALPO-5 and its kAdvn pore size. Thi s et hod
Is particularly useful for mcroporous mat eri al s havi ng pores of

up to 60 Ain dianpt e Na and 53.5 wt 3 ABR AESUbES-Of thiSyppggedure for the
sanpl es from 25 les 1 thro 17 are tabul ated bel'ow. The

sanpl ers q#%ﬁﬁagié | RRES]FR ggha Fxtepiad atbescpatainationks,
bel i eved to be theat ¢sd°C 6brtwhsepanaie ahdré-Hamgein air inclded Rhases
in the products. very strong relative intensity line at 35.3 + 2.0 A
5 d-spacing and weak lines at 20.4 + 1.0 and 17.7 + 1.0 &
d-spacing. TEM indicated that the product contained
the ultra-large pore material.
The washed product, having been exchanged with 1N
ammonium nitrate solution at room temperature, then
10 calcined, proved to have a surface area of 827 mz/g and
the following equilibrium adsorption capacities in
g/100g anhydrous sorbent:

HZO 30.8
Cyclohexane 33.0
15 n-Hexane . 27.9
Benzene 40.7

Example 10

Sodium aluminate (8.3g) was added slowly into a
solution containing 184g of dodecyltrimethylammonium
20 hydroxide (C,,TMAOH, 50%) solution diluted with 480g of
water. UltrasSil (50g) and an aqueous solution of
tetramethylammonium silicate (200g-10% Sioz) and
tetramethylammonium hydroxide (26.389-25% solution)
were then added to the mixture. The mixture was
25 crystallized in an autoclave at 100°C with stirring for
24 hours.
The product was filtered, washed and air dried.
After calcination at 540°C for 1 hour in N. and 6 hours

2
in air, the X-ray diffraction pattern includes a very
30 strong relative intensity line at-30.4 + 1.5 A

d-spacing and weak lines at 17.7 # 1.0 and 15.3 + 1.0




- 57 - ¢ Exanpl e Pore Dianeter, A

32.2° 2 35.4 3
42.5 5 4 39.6 5
16.9 6 27.3 7
36.6 8 42.6 10 9
28.3

- 44 —

A d-spacing. TEM indicated that the product contained
the ultra-large pore material.
The washed product, having been exchanged with 1N
ammonium nitrate solution at room temperature, then
S calcined, proved to have a surface area of 1078 mz/g
and the following equilibrium adsorption capacities in
g/100g anhydrous sorbent:

HZO 32.6
Cyclohexane 38.1
10 n-Hexane 33.3
Benzene 42.9

Example 11
A solution of 4.9 grams of NaAlO2 (43.5 % A1203,
30% Naoz) in 37.5 grams of water was mixed with 46.3 cc
15 of 40% agquecus tetraethylammonium hydroxide solution
and 96 grams of colloidal silica (40%, Ludox HS-40).
The gel was stirred vigorously for 0.5 hour, mixed with
an equal volume (150 ml) of cetyltrimethylammonium
hydroxide solution prepared as in Example 1 and reacted
20 at 100°C for 168 hours. The mixture had the following
composition in terms of moles per mole A1203:

1.1 moles Nazo
30.6 moles Sio2
3.0 moles (TEA)ZO
25 3.25 moles (CTMA)ZO
609 moles Hzo
The resulting solid product was recovered by
filtration, washed with water then calcined at 540°C

for 16 hours in air. The calcined product proved to

17 JUN %%




10 - 22.8, 30.8 11 36.8

12 ° 36.1 13 35.0, 42.1 15

14 40.0 15 22.4, 30.4

16 15.0 The above net hod of Horvath and Kawazoe
for determ ning pore size from physisorption isotherns was 20

I ntended to be applied to pore systens of up to 20 A di aneter;
but with some care as above detailed, itg use can be extended to

pores of up to 60 A dianeter. In the pore reginme above 60
A dianmeter, the Kelvin

have a surface area of 1352 mz/g and the following
equilibrium adsorption capacities in grams/100 grams:

HZO 23.6
Cyclchexane >50
5 n-Hexane 49
Benzene 67.5

The X-ray diffraction pattern of the calcined
product may be characterized as including a very strong
relative intensity line at 38.5 # 2.0 A d-spacing and a

10 weak line at 20.3 + 1.0 A. TEM indicated that the

product contained the ultra-large pore material.

Example 12
Two hundred grams of cetyltrimethylammonium (CTMA)

hydroxide solution prepared as in Example 1 was

15 combined with 4.15 grams of sodium aluminate and 100
grams of acqueous tetramethylammonium (TMA) silicate
solution (10% silica) with stirring. Twenty-five grams
of HisSil, a precipitated hydrated silica containing 6
wt % free water and 4.5 wt % bound water of hydration

20 and having an ultimate particle size of 0.02 um, was
added. The resulting mixture was placed in a static
autoclave at 150°C for 24 hours. The mixture had a
composition in terms of moles per mole A1203:

1.25 moles Nazo

25 27.8 moles Sio2
5.1 moles (CTMA)ZO
4.40 moles (TMA)zo

650 moles Hzo

7 JUi 96
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-.58 - - equation can be applied. It is usually given as:

[err]” 5 wher e: Y = surface tension of sorbate

V = nolar volunme of sorbate [err] = contact angle
(usual Iy taken for practi cal reasons to 10

be 0) R = gas const ant T = absolute

t enperat ure rlerr] = capillary condensate (pore) radius
P/P[err] = relative pressure (taken fromthe 15

physi sor ption | sot 4ér+)

The resulting solid product was recovered by
filtration and dried in air at ambient temperature.
The product was then calcined at 540°C for 1 hour in
nitrogen, followed by 6 hours in air. TEM indicated
5 that this product contained the ultra-large pore
material. The X-ray diffraction pattern of
the calcined product of this example can be
characterized as including a very strong relative
intensity line at 44.2 + 2.0 A d-spacing and weak lines
10 at 25.2 + 1.5 and 22.0 + 1.0 A.
The calcined product proved to have a surface area
of 932 mz/g and the following equilibrium adsorption
capacities in grams/100 grams:

H20 39.3
15 Cyclohexane 46.6
n~Hexane 37.5
Benzene 50
Example i3
Two hundred grams of cetyltrimethylammonium (CTMA)
20 hydroxide solution prepared as in Example 1 was

combined with 4.15 grams of sodium aluminate and 100
grams of agueous tetramethylammonium (TMA) silicate
solution (10% silica) with stirring. Twenty-five grams
of HiSil, a precipitated hydrated silica containing 6

25 wt ¥ free water and 4.5 wt % bound water of hydration
and having an ultimate particle size of 0.02 micron,
was added. The resulting mixture was placed in a steam
box at 100°C for 48 hours. The mixture had a

composition in terms of moles per mole A1203:

REPLACENBNE T




The Kel.vin equation treats adsorption in pore systens as a
capi*l l ary condensati on phenonenon and rel ates the pressure at
whi ch adsorption takes place to 20 t he pore dianeter through the
surface tension and contact angle of the adsorbate (in this case,
argon). The principles upon which the Kelvin equation are based
are valid for pores in the size range 50 to 1000 Angstrom

di aneter. Below this range the equa[jgp'po 25 | onger reflects
physical reality, since true capillary- condensati on cannot occur
in small er pores; above this range the logarithmc nature of the
equati on precl udes obt ai ning sufficient accuracy for pore size
det ermination. 30 _ The2patiesuNagOi npl enent ati on of the Kelvin
equation often chosen for neaspfggredleaf spore size is t hat

reported by EbylinDre and Heal (P, Iolli pg )gﬁd
4.4 moles (TMA)20
5 650 moles H,0

The resulting solid product was recovered by
filtration and dried in air at ambient tenmperature.
The product was then calcined at 540°C for 1 hour in
nitrogen, followed by 6 hours in air. The calcined
10 product proved to have the following equilibrium
adsorption capacities in grams/100 grams:

H20 35.2
Cyclohexane > 50
n-Hexane 40.8
15 Benzene 53.5

The X-ray diffraction pattern of the calcined
product may be characterized as including a very strong
relative intensity line at 38.1 + 2.0 A d-spacing and
weak lines at 22.4 +-1.0 and 19.4 + 1.0 A. TEM

20 indicated that this product contained the ultra-large
pocre material.

Example 14
A mixture of 125 grams of 29% CTMA chloride

aqueous soclution, 200 grams of water, 3 grams of sodium
" 25 aluminate (in 50 grams HZO), 65 grams of Ultrasil,
amorphous precipitated silica available from PQ
Corporation, and 21 grams NaOH (in 50 grams H,0) was
stirred thoroughly and crystallized at 150°C for 168
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- 59 - - G R Heal, J. Applied Chem 14, 108 (1964)). This

nmet hod corrects for the effects of the surface | ayer of adsor bat e
on the pore wall, of which the Kelvin equati on proper does not
take account, and thus 5 provi des a nore accurate neasurenent of
pore di aneter. Whil e the nethod of Dollinore and Heal was derived
for use on desorption isotherns, it can be applied equally

wel | to adsorption isotherns by sinply inverting the data set. 10
In order to illumnate the nlcrostructuzg of the materi al s by
transm ssion el ectrom croscopy (TEM, sanpl es nust be thin enough
for an el ectron beamto pass through them generally 500-1000 A

or so thick. mole rBRGocwystal mey phal pgynofy tdempRaes et x Bt hiagl S

usual l'y added 4.15 grams of scdium aluminate, 25 grams of
Hisil, 100 grams of agueous tetramethylammonium
silicate soluticn (10% 5102) and 13.2 grams of 25%

S agueous tetramethylammonium hydroxide solution. The

mole ratic of R O/(Si09+A1203) was 0.28 for the

2/f
mixture.
This mixture was stirred at 25°'C for 1 hour. The
resulting mixture was then placed in an autoclave at
10 100°C and stirred at 100 rpm for 24 hours. The mixture
in the autoclave had the following relative molar
composition in terms of moles per mole 5102:
0.05 mcle Na O
0.036 mole A1203
15 0.18 mole (Clz‘"A)ZO
0.12 mole (TMA),O
36.0 mocles H,O

2
1.0 mole IPA

The resulting solid product was recovered by
20 filtration, washed with water and dried in air at
ambient temperature. The product was then calcined at
540°C for 1 hour in nitrogen, followed by 6 hours in
air.
The calcined product proved to have a surface area
25 of 1223 mz/g and the following equilibrium adsorption
capacities in grams/100 grams:

HZO 25.5
Cyclohexane 41.1
n-Hexane 35.1
30 Benzene 51

i 170N %




15 " “‘required that they be prepared for study by

ultram crotony. Wiile tine consuming, this technique of sanple
preparation is conventional. The materials are enbedded in a
resin, in this case a coomercially avai |l abl e | ow vi scosity
acryllc resin L.R WH TE 20 (hard), which is then cured at 80[err] C
for 1 1/2 hours. Thin sections of the block are cut on an

ul tram crotone usi ng a dianond, knife and sections in the thickness
range 500-1000 A are collected on fine fesh el ectron m cr oscope
support grids. For these materials, an LKB 25 nodel mcrotone with a

45[err] C di anmond Kidure . edgﬁeW@§act~on mlxtuﬁédha&fEheS!B@QB%;ﬁE'fEia ygLg 400

nmesh copper grids evapar a rbon coatlng on
the G5 5PEDRR ST RGERR Thohe BSEOBELT 17 gica:

gray color on a white sheet of paper next to the sanple 30 in the
evaporator), the sanples are reagyid @bles (cTMa) @Xanmnation in the TEM

Hi gh resol ution TEM m crographs sh ropection of structure

al ong the dlrectlon t hat the san%l%\gg' % I&é)

0.036 moles NaAlO
0.53 moles NaOH

The solid product was isclated by filtration,
washed with water, dried for 16 hours at room
temperature and calcined at 540°C for 10 hours in air.

10 The calcined product proved to have a surface area of
840 mz/g, and the following equilibrium adsorption
capacities in grams/100 grams:

Hzo 15.2

Cyclohexane 42.0
15 n-Hexane 26.5

Benzene 62

The X-ray diffraction pattern of the calcined
product may be characterized as including a very strong
relative intensity line at 40.5 + 2.0 A d-spacing. TEM

20 indicated that the product contained the ultra-large
pore material.

Example 15
To make the primary template mixture for this

example, 240 grams of water was added to a 92 gram

25 solution of 50% dodecyltrimethylammonium hydroxide, 36%
isopropyl alcochol and 14% water such that the mole
ratio of Solvent/R,,.0 was 155. The mole ratio of

2/f
H,O/R O in this mixture was 149 and the IPA/R

2/f 2/£°

A7 JUN 1566
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- 60 - - viewed. For this reason, it is necessary to have a
sanple in specific orientations to see certain details of the
mcrostructure of the material. For crystalline materi al s, these
orientations are nost easily chosen by 5 observing the el ectron
diffraction pattern (EDP) that I's produced sinmultaneously with
the el ectron m croscope I mge. Such EDPs are readily produced on
nodern TEM i nstrunments using, e.g. the selected area field
limting aperture technique famliar 4 @0those skilled 10 in the art
of electron mcroscopy. Wen an EDP with t he desired arrangenent
of diffraction spots is observed, the correspondi ng i mage of the

crystal giving Thel RabaFR Mrblo 6 6l cedebableseRE dde-fHe@r OStructure
' product may be characterized as including a very strong
relative intensity line at 30.8 + 1.5 A d-spacing and
weak lines at 17.9 + 1.0 and 15.5 + 1.0 A. TEM
5 indicated this product to contain the ultra-large pore
material.

Example 16
A 50.75 gram quantity of decyltrimethylammonium

hydroxide (prepared by contacting a ca. 29 wt %
10 solution of decyltrimethylammonium bromide with a
hydroxide-for-halide exchange resin) was combined with
8.75 grams of tetraethylorthosilicate. The mixture was
stirred for 1 hour and then transferred to a
pelypropylene jar which was then placed in a steambox
15 for 24 hours. The mixture had a composition in terms
of moles per mole siOZ:
0.81 mole (CloTMA)zo
47.6 moles HZO
The resulting solid product was filtered and
20 washed several times with warm (60°-70°C) distilled
water and with acetone. The final product was calcined
to 538°C in Nz/air mixture and then held in air for 8
hours. The calcined product proved to have a surface
area of 915 mz/g and an equilibrium benzene adsorption
25 capacity of 35 grams/100 grams. Argon physisorption
data indicated an argon uptake of 0.34 cc/gram, and a
pore size of 1.5 nm (15 A).
The X-ray diffraction pattern of the calcined
preoduct of this example may be characterized as
30 including a very strong relative intensity line at 27.5

172 JUN %58 |




al ong the direction of projection indicated by the EDP. 15 In this

way, different projections of a crystal's - structure can be
observed and identified using TEM In order to observe the
salient features of the crystalline product of the present

I nvention, it is necessary to view the material in an orientation
20 wherei n the correspondi ng EDPlgi ves a hexagonal

arrangenent of diffraction spots from a=single i ndi vi dual

crystal. If multiple crystals are present within the field

limting aperture, zoves |Jppispgcing and weali ffinast 2bniPH tednd and l1xnacur
that can be quite 25 ¢ A, 19 ihEiticdd tHAkCERECHrodudie JFURREE Of

diffraction sloots obserée%deﬁ%@ds_ to _a degree upon t he

regul arity exagels (RPAYEES| PR o PanGERE TS MATE At erial , anong
other things. At the very least the inner ring of bri ght spots
shoul d be observedgkanoid ain a good i mage. 30 I ndi vi dual crystals
can be mar% pul at ed by speclen tilt " ; adj@ust nts oqn the TEM unti |l
this orientation is o elghty AFafed’® M5 -5F tBRATEY 43T MONAYB| or o take

advant age hydfoxide f(£EMAPHAt sohtiopepirapared asniims Enamyle andon y
was added 1.63 grams of NaAlOz. The mixture was
stirred at room temperature until the Nahlo, was
dissolved. To this solution was added 40 grams of

10 aqueous tetramethylammonium (TMA) silicate solution (101
wt % Sioz), 10 grams of HisSil, 200 grams of water and
70 grams of 1,3,5-trimethylbenzene (mesitylene). The
resulting mixture was stirred at room temperature for
several nminutes. The gel was then loaded into a 600 ml

15 autoclave and heated at 105°C for sixty-eight hours
with stirring at 150 rpm. The mixture had a
composition in terms of moles per mole A1203:

1.25 moles Na,.©

2
27.8 moles Sio2
20 5.1 moles (CTMA),O

2.24 moles (TMA)zo
2256 moles Hzo
80.53 moles 1,3,5-trimethylbenzene

The resulting product was filtered and washed
25 several times with warm (60°~70°C) distilled water and
with acetone. The final product was calcined to 538°C
in Nz/air mixture and then held in air for 10 hours.
The calcined product proved to have an equilbrium
benzene adsorption capacity of >25 grams/100 grams.




- 61 - - oriented crystals and to sinply search through the

sanple until a crystal giving the desired EDP (and hence
orientation) is |ocated. M crotoned sanples of naterials
fromthe Exanples 5 wer e exam ned by the techniques described above
in a JEOL 200 CX transm ssion el ectron m croscope operated

at 200,000 volts with an effective 2 A objective aperture in

pl ace. The instrunment has a point-to-point resolution of 4.5 A
O her conventional experinmental 10 “Tarrangenents in high resolution
(phase-contrast) TEM ould be used to uce equival ent inmages
provi ded car%ﬁ?s¥7ﬁ%¥éﬁlftF$&ﬁﬁ?ﬁlﬂ?toﬁfgc? Vg cdRefhe

under f ocus (weak bredsst siage bef chhracternimed esninadtding a broad, very
strong relative intensity line at 102 A d-spacing, but
accurate positions of lines in the extreme low angle

5 region of the X-ray diffraction pattern are very
difficult to determine with conventional X-ray
diffractometers. Furthermore, finer collimating slits
were required to resolve a peak at this low 2-theta
angle. The slits used in this example, starting at the
10 X-ray tube, were 0.1, 0.3, 0.5 and 0.2 mnm,

respectively. TEM indicated that the product of this
example contained several materials with different d

values as observed in their electron diffraction 100

patterns. These materials were found to possess d100
15 values between 8.5 nm (85 A) d-spacing and 12 nm (120

4) d-spacing.

Example 18

To eighty grams of cetyltrimethylammonium

hydroxide (CTMAOH) solution prepared as in Example 1

20 was added 1.65 grams of NaAlO,. The mixture was
stirred at room temperature until the NaAlO2 was
dissolved. To this solution was added 40 grams of
aqueous tetramethylammonium (TMA) silicate solution (10
wt % sioz), 10 grams of HiSil, 200 grams of water and

25 120 grams of 1,3,5-trimethylbenzene (mesitylene). The
resulting mixture was stirred at room temperature for
several minutes. The gel was then loaded into a 600 ml
autoclave and heated at 105°C for ninety hours with
stirring at 150 rpm. The mixture had a composition in

30 terms of moles per mole A1203:




1ens current setting. 15 Exanpl e 21 Pt/ MCM 41 Cat al yst

Prepar ati on A sanple of MCM41 (40 A) was prepared in
accordance with the nmethod descri bed bel ow. The foll ow ng
m xture (parts by weight - pbw) was 20 charged to an autocl ave:

83. 7pbw Cetyl tri met hyl anmoni um ( CTMA) hydrOX| de,
prepared by contacting a 29 wt % N, N, N 23

trimet hyl - 1- hexadecyl amoni um chl ori de solution with a
hydr oxi de-f or-hal i de 25 1.25 moles exLltange resin, 1. 7pbw
Sodi um al um nat e, 4.1 %w oJ8LT thyl ammonimsilicate (10%

aqueous - sol u 5" 2 10. 5pbw Preci pi t at ed
hydrated silica (Hi Sil [err]). s 30m°1es (CTMA) .OThe mi xture was
crystallized at 100[err]C for 2Q.RkRaufsles (TMA) cvvl th srirring under

aut ogeneogls pressure. The 2256 moles H,0

132.7 moles 1,3,5-trimethylbenzene

The resulting product was filtered and washed
several times with warm (60-70°C) distilled water and
with acetone. The final product was calcined to 538°C

10 in N,/air mixture and then held in air for 10 hours.
The calcined product proved to have a surface area of
915 mz/g and an equilbrium benzene adsorption capacity
of >25 grams/100 grams. Argon physisorption data
indicated an argon uptake of 0.95 cc/gram, and a pore

15 size centered on 7.8 nm (78 A) (Dollimore-Heal Method,
see Example 22 (b)), but running from 7 to greater than
10.5 nm (70 to greater than 105 Angstons). The X-ray
diffraction pattern of the calcined product of this
example may be characterized as having only enhanced

20 scattered intensity in the very low angle region of the
X-ray diffraction, where intensity from the transmitted
incident X-ray beam is usually observed. However, TEM
indicated that the product contained several materials
with different d100 values as observed in their

25 electron diffraction patterns. These materials were

found to possess d values between 85 A d-spacing and

100
110 A d-spacing. '

Example 19
To eighty grams of cetyltrimethylammonium

30 hydroxide (CTMAOH) solution prepared as in Exanmple 1
was added 1.65 grams of NaAloz. The mixture was

17 JUN %8




- 62 - resul ting product was recovered by filtration and dried

in airt at anbient tenperature. A sanple of the product was
calcined at 540[err] C for 1 hour in nitrogen, followed by 6
hours in air for characterization. 5 The cal ci ned product had
a surface area of 1120 mMerr]/g and the follow ng equilibrium
absor ption capacities in grans/ 100 grans:

H20 10. 8 - 34 - Cycl ohexane >50 10

n- hexane >50 :

stirred at room temperature until the NaA102 was
dissolved. To this solution was added 40 grams of
aqueous tetramethylammonium (TMA) silicate solution (10
wt % sioz), 10 grams cf Hisil, and 18 grams of

5 1,3,5~trimethylbenzene (mesitylene). The resulting
mixture was stirred at room temperature for several
minutes. The gel was then loaded into a 300 ml
autoclave and heated at 105°C for four hours with
stirring at 150 rpm. The mixture had a composition in

10 terms of moles per mole Al 0,

1.25 moles Nazo
27.8 moles Sio2
5.1 moles (CTMA)20
2.24 moles (TMA)ZO
15 650 moles H,0
19.9 moles 1,3,5~trimethylbenzene

The resulting product was filtered and washed
several times with warm (60~70°C) distilled water and
with acetone. The final product was calcined to 538°C

20 in Nz/air mixture and then held in air for 8 hours.

The calcined product proved to have a surface area
of 975 mz/g and an equilbrium benzene adsorption
capacity of >40 grams/100 grams. Argon physisorption
data indicated an argon uptake of 0.97 ml/gram, and a

25 pore size of 6.3 nm (63 A) (Dollimore~Heal Method),
with the peak occurring at P/P_=0.65.

The X-ray diffraction pattern of the calcined
product of this example may be characterized as
including a very strong relative intensity line at 63 +

30 5 A d-spacing and weak lines at 36.4 *+ 2.0, 31.3 + 1.5
A and 23.8 + 1.0 A d~spacing. TEM indicated that the




Berizene ' ' 67 The product was identified as

MCM 41 with an X-ray diffraction pattern which included a very
strong relative intensity line at 38.4 + 2.0 A d-spacing, and 15
weak lines at 22.6 + 1.0, 20.0 + 1.0, and 15.2 +1.0 A The
MCM 41 crystalline product was exchanged with room tenperature
aqueous sol utions of ammoniumnitrate - 35 - and subsequently dried
overnight at 121[err]C (250[err]F). A - portion of the resultant
crystals was conbined with 20 Alferr]O[err] (Versal 250 [err])to
forma mixture of BSogagtt RE his example agmitghned/OMpel BiGF@-38rgarpsre

al um na. Water waspaggedit.o this mxture to allow the resulting
catal yst to be formed into extrudates. The catal yst was activated
by calcination at 510[err]C (950[err]F) in 5v/v/mn of nitrogen
25 for 6 hoHxaméld |20wed by the repl acenent of the nitrogen

with Sv/vimn of apfeord hvdlsohrBat bQpdasSeerRkehed by rai sing
thetenperglturetoi:L%Uﬁréﬁﬂ—TFWt of the mekfOpPErature in
Sv/ivimn air for 18 hourd Getermine the p eT%g 5‘3?%??1%: SR BESPROTAS
exchanged with a 3products wit®O@RKePtYNHed:PCaet$d Aolim ddameter) oned by
washi ng, 0.2 gram samples of the products of Examples 1 through
17 were placed in glass sample tubes and attached to a
physisorption apparatus as described in U.S. Patent No.
10 4,762,010.
The samples were heated to 300°'C for 3 hours in
vacuo to remove adsorbed water. Thereafter, the
samples were cooled to 87°K by immersion of the sample
tubes in liquid argon. Metered amounts of gaseous
15 argon were then admitted to the samples in stepwise
manner as described in U.S. Patent No. 4,762,010,
column 20. From the amount of argon admitted to the
samples and the amount of argon left in the gas space
above the samples, the amount of argon adsorbed can be
20 calculated. For this calculation, the ideal gas law
and the calibrated sample volumes were used. (See also
S$.J. Gregg et al., Adsorption, Surface Area and
Porositv, 2nd ed., Academic Press, 1982). In each
instance, a graph of the amount adsorbed versus the
25 relative pressure above the sample, at equilibrium,
constitutes the adsorption isotherm. It is common to
use relative pressures which are cbtained by forming
the ratio of the equilibrium pressure and the vapor
pressure Po of the adsorbate at the temperature where
30 the isotherm is measured. Sufficiently small amounts
of argon were admitted in each step to generate 168
data points in the relative pressure range from 0 to

1N e
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- 63 - drying and calcination in air at 343[err]C (650[err]F)
for t hree hours. Exanpl e 22 Pd/ MCM 41
Gat al yst Preparation 5 _ A sanple of MCM 41 (40 A) was prepared
in accordance with the nmethod descri bed bel ow. The
“follow ng mxture was charged to an autq&lgve: 60. 7pbw

Cet yl tri met hyl anmoni um ( CTMA) hydr oxi de,~—

contacting a 29w .

trinmethyl -1 -hexadecyl anmoni um chl ori de

hydr oxi de-f or - hal i

10

15

20

25

% N, N, N 10
6. At least 100 pcintéxi;%nﬁﬁgq§§§gnfa define the
isotherm with sufficient detail.

The step (inflecticn) in the isotherm, indicates
filling of a pore system. The size of the step
indicates the amcunt adsorbed, whereas the position of
the Step in terxs of P/P, reflects the size of the
pores in which the adsorpticn takes place. Larger
pores arxe filled at higher P/P,- In order to better
locate the position cf the step in the isotherm, the
derivative with respect to log (P/Po) is formed. The
adsorption peak (stated in terms of log (P/Po)) may be
related to the physical pore diameter (A) by the
following formula:

— -
X ‘ st glo g4 sie i
log(P/P )= I - - +
a-0.33 |3(L-0/2)°  9(L-0/2)7  3(0/2)%  s(py2y?
— —d

where d = pore diameter in nanometers, K = 32.17, S =
0.2446, L = d + 0.19, and D = 0.57.

This formula is derived from the method of Horvath
and Kawazoe (G. Horvath et al., J. Chem. ¥ng. Japan, 16
(6) 470(1983)). The constants required for the
implementation of this formula were determined from a
measured isotherm of ALPO-5 and its known pore size.
This method is particularly useful for microporous
materials having pores of up to 60 A in diameter.

The results of this procedure for the samples from
Examples 1 through 17 are tabulated below. The samples
from Examples 10, 13 and 15 gave two separate peaks,
believed to be the result of two separate ultra-large
pore phases in the products. |

prepared by
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i.3bbm1'h Sodi um al um nat e, 30. 4pbw  Tetranet hyl ammonim silicate

(10% aqueous 15 sol ution), 7. 6pbw Precipitated
hydrated silica (H Sil [err]). The m xture was
crystallized at 100[err]C for 20 hours wWith stirring under
aut ogeneous pressure. The resulting product was recovered by
filtration and dried 20 in air anbi ent tenperature. A sanple of
t he product was cal cined at = C for 1 hour in nitrogen,
f ol | owed by 6 hours in air. The identity of the material as
MCM 41 was consi stent wikmplies [Roppfismeter, A The MCOM 41
crystalline product was forhul ated int¥- 25 a catalyst in the sane
way as the platinum containtgn 35.4 catal yst described in Exanple 22
with the exception that the fdfcined catalyst was exchanged with
aqueous Pd(NH[erEé(J [err] so]gigion, followed by drying at room
tenperature for 4 hours andgoverni ght ﬁm3250[err]F before 30 t he
final calcination. 7 36.6
8 42.6
10 9 28.3
10 22.8, 30.8
11 36.8
12 36.1
13 35.0, 42.1
15 14 40.0
15 22.4, 30.4
16 © 15.0
The above method of Horvath and Kawazoe for
deternining pore size from physisorption isotherms was
20 intended to be applied to pore systems of up to 20 &

diameter; but with some care as above detailed, its use
can be extended to pores of up to 60 A diameter.

In the pore regime above 60 A diameter, the Kelvin




- 64 - Exanpl e 23 A Pd/ Sierr] catal yst was
made by inpreganting silica spheres (Shell S-980 C 1.5) with a
Pd(NH err] C[err] solution usi ng the incipient wetness nethod.

The inpregnated 5 spheres were then dried at roomtenperature for 4
hours, followed by 250[err] F overni ghig after which the cat al yst
was calcined in 5 v/iv/imn air at 550[€rr]F for 3 hour s.

Exanpl e 24 10 The three noble nmetal containing catal ysts

described above (RiqddeNehlCof[serdRhapsl, P MMMV givdRlasr], Pd

Sio[err]) were evaluated for hydrogenatin
The properties of the three catalysts are

gzyav PAO |

ubri cant.

cos §

summari zed in Table 2

bel ow.

1n(P/P°) =

rkRT
surface tension of sorbate
v = molar volume of sorbate
contact angle (usually taken for practical

=2
I

reasons to
be 0)
gas constant

io0

T = absolute temperature
capillary condensate (pore) radius

P/P° relative pressure (taken from the

15 physisorption

isctherm)

The Kelvin equation treats adsorption in pore
systems as a capillary condensation phenomencn and
relates the pressure at which adsorption takes place to

20 the pore diameter through the surface tension and
contact angle of the adsorbate (in this case, argon).
The principles upon which the Kelvin equation are based
are valid for pores in the size range 50 to 1000
Angstrom diameter. Below this range the equation no
25 longer reflects physical reality, since true capillary
condensation cannot occur in smaller pores; above this
range the logarithmic nature of the equation precludes
obtaining sufficient accuracy for pore size
determination.

30 The particular implementation of the Kelvin
equation often chosen for neasurement of pore size is

that reported by Dollimore and Heal (D. Dollimore and
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Cat al yst Properties
MCM 41[err] Pd Sio2

Pd 0.83

- 0.54
nerr]/g 800
cclg 0. 96
Distribution %

0 50
100-200 A 15

37 3%-R.

Table 2
Pd MCM41[err] Pt

Met al Loadi ng. wt % 20
- 0.84 Pt
- Sur f ace Area.
682 330 Pore Vol une, 25
0. 97 0. 88 Por e
<5PA- . 32 42
-100 A 16 12 41
11 32 30 >200 A

Heal, _J_-_mi_@—‘d. Chem, 14, 108nt{aPA4%) b5 Whi% MCM 41 and

35 wt % al um na phe®hod corrects for the &Pfed® dr @ddi EhPface layer of
adsorbate on the pore wall, of which the Kelvin
equation proper does not take account, and thus

5. provi
While

des a more accurate measurement of pore diameter.
the method of Dellimore and Heal was derived for

use on desorption isotherms, it can be applied equally

well
data
10

to adsorption isotherms by simply inverting the
set.
In order to illuminate the nmicrostructure of the

materials by transmission electromicroscopy (TEM),

sampl
pass

es must be thin enocugh for an electron beam to
through them, generally 500-1000 A or so thick.

The crystal morphology of the present materials usually
15 required that they be prepared for study by
ultramicrotomy. While time consuming, this technique

of sample preparation is conventional. The materials

are embedded in a resin, in this case a commercially

avail

able low viscosity acrylic resin L.R. WHITE

20 (hard), which is then cured at 80°C for 1 1/2 hours.

Thin

sections of the block are cut on an ultramicrotome

using a diamond knife and sections in the thickness

range 500-1000 A are collected on fine mesh electron

microscope support grids. For these materials, an LKB

25 model
used;

microtome with a 45°C diamond knife edge was
the support grids were 400 mesh copper grids.

After evaporation of a thin carbon coating on the

sampl

gray
30 in th

e to prevent charging in the microscope (light
color on a white sheet of paper next to the sample
e evaporator), the samples are ready for

examination in the TEM.

of st

High resolution TEM micrographs show projections
Tructure aleng the direction that the sample is

s m s e s omvemn e s -yepadest
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The MCM 41 materials used in the catal ysts containg this
crystalline material had a pore opening

10

15

20

25

30

- 60 -
viewed. For this reason, it is necessary to have a
sample in specific orientations to see certain details
of the microstructure of the material. TFor crystalline
materials, these orientations are most easily chosen by
observing the electron diffraction pattern (EDP) that
is produced simultaneously with the electron microscope
image. Such EDPs are readily produced on modern TEM
instruments using, e.g. the selected area field
limiting aperture technique familiar to those skilled
in the art of electron microscopy. When an EDP with
the desired arrangement of diffraction spots is
observed, the corresponding image of the crystal giving
that EDP will reveal details of the microstructure
along the direction of projection indicated by the EDP.
In this way, different projections of a crystal’s
structure can be observed and identified using TEM.

In order to observe the salient features of the
crystalline product of the present invention, it is
necessary to view the material in an orientation
wherein the corresponding EDP gives a hexagonal
arrangement of diffraction spots from a single
individual crystél. If multiple crystals are present
within the field limiting aperture, overlapping
diffraction patterns will occur that can be quite
difficult to interpret. The number of diffraction
spots observed depends to a degree upon the regularity
of the crystalline arrangement in the material, among
other things. At the very least the inner ring of
bright spots should be observed to obtain a good image.
Individual crystals can be manipulated by specimen tilt
adjustments on the TEM until this orientation is
achieved. More often, it is easier to take advantage
of the fact that the specimen contains many randomly
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of 40 A All

Tabl e 3

Gavity, APl

14.6 15

three catal ysts have 30% pore volune with por e
di aneters greater than 200 A but the MCM 41 5 cat al ysts have
30 40% pore volume with pore dianeters | ess than 50 A

Al'l catalysts were evaluated in a fixed-bed pil ot unit. A
pol y-al pha ol efin (PAO | ube oligoner having t he conposition
shown in Table 3 bel ow was used as the6 10 f eed.

40[err] C, mmierr]

5. 253

PAO was hydr ogenat

and 890 n. |

5

10

15

20

25

30

[er

Propert—res of PAO
39.2 Hydrogen, Wt %
Brom ne Nunber 27.3 KV @
oriented26r@rals and to simply sedYclillOBFeug] Ghemi err]

samplevhﬁ*EQﬁ'é 3&*3@@55 1v1nog the E@@lred %DP {and The

ﬁfnggoéﬁlg%ﬁ onéfls located. 350 psig) Herr]
Microtomed samples of materials from the Examples

were examined by the techniques described above in a

JEOL 200 CX transmission electron microscope operated

at 200,000 volts with an effective 2 A objective

aperture in place. The instrument has a point-to-point

resolution of 4.5 A. Other conventional experimental

arrangements in high resolution (phase contrast) TEM

could be used to produce equivalent images provided

care is taken to keep the objective lens on the

underfocus (weak leans) side of the minimum contrast

lens current setting.

Example 21
Pt/MCM-41 Catalvst Preparation

A sample of MCM-41 (40 A) was prepared in
accordance with the method described below.
The following mixture (parts by weight - pbw) was
charged to an autoclave:
83.7pbw Cetyltrimethylammonium (CTMA) hydroxide,
prepared by contacting a 29 wt % N,N,N-
trimethyl-l-hexadecylammonium chloride
solution with a hydroxide-for-halide
exchange resin,
1.7pbw Sodium aluminate,
4.1pbw Tetramethylammonim silicate (10% agqueous
solution},
10.5pbw Precipitated hydrated silica (HiSil +).

The mixture was crystallized. at 100°C for 20 hours
with srirring under autogeneous pressure. The

REPLACEM}?\{T SHEET!
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once-t hrough hydrogen circul ation rate. Reactor - tenperature was
varied to obtain catalyst activity as a function of tenperature.
Catal yst activity is nmeasured by the reduction of brom ne nunber
of the oil. 25 The results are summarized graphically in the
figure. The PAO feed had a brom ne nunber of 27.3 units and, as
shown in the figure, the Pd MCM 41/ Al [-e62]€) err ] catalyst is the
nost active catalyst. It achieved the reducti on of brom ne nunber

to less than 1 at JlentlCodbuce was (BEQVELE Ry A1R-AOUER ALTRELEI VI e

of the experinents, ) ]
in air at ambient temperature. A sample of the product

was calcined at 540° € for 1 hour in nitrogen, followed
by 6 hours in air for characterization.

5 The calcined product had a surface area of 1120
mz/g and the following equilibrium absorption
capacities in grams/100 grams:

H20 10.8

Cyclohexane >50
10 n-hexane >50

Benzene 67

The product was identified as MCM-41 with an X-ray
diffraction pattern which included a very strong
relative intensity line at 38.4 + 2.0 A d-spacing, and

15 weak lines at 22.6 + 1.0, 20.0 + 1.0, and 15.2 +1.0 A.

The MCM-41 crystalline product was exchanged with
room temperature agqueous solutions of ammonium nitrate
and subsequently dried overnight at 121°C (250°F). A
portion of the resultant crystals was combined with

20 A1203 (Versal 250 ¢)to form a mixture of 65 parts, by
weight MCM-41 and 35 parts alumina. Water was added to
this mixture to allow the resulting catalyst to be
formed into extrudates. The catalyst was activated by
calcination at 510°C (950°F) in 5v/v/min of nitrogen

25 for 6 hours followed by the replacement of the nitrogen
with 5v/v/min of air. The calcination was completed by
raising the temperature to 1000°F and maintaining that
temperature in 5v/v/min air for 18 hours.

The calcined extrudate was exchanged with a

30 0.0062M Pt (NH,),Cl, solution, followed by washing,

14 JUN 1585




NCN(i;/Ar[err]C{err] Is also quite active. The Pd/ Si Q2 catal yst, which does
not have pore vol une associated wth pore openings |ess than 50 A is the
| east active catal yst. - 67 -

CLAI VE:

10

15

20

25

30

1. A process for hydrogenating a | ubricant
- 63 -

drying and calcination in air at 343°C (650°F) for
three hours.

Example 22
Pd/MCM-41 Catalyst Preparation
A sample of MCM-41 (40 A) was prepared in
accordance with the method described below.
The following mixture was charged to an autoclave:
60.7pbw Cetyltrimethylammonium (CTMA) hydroxide,
prepared by contacting a 28wt.% N,N,N-
trimethyl~i-hexadecylammonium chloride
solution with a hydroxide-for-halide
exchange resin,
l.3pbw Sodium aluminate,
30.4pbw Tetramethylammonim silicate (10% aqueous
solution),
7.6pbw Precipitated hydrated silica (HiSil ¢).

The mixture was crystallized at 100°C for 20 hours
with stirring under autogeneous pressure. The
resulting product was recovered by filtration and dried
in air at ambient temperature. A sample of the product
was calcined at 540° C for 1 hour in nitrogen, followed
by 6 hours in air. The identity of the material as
MCM-41 was consistent with its properties.

The MCM-41 crystalline product was formulated into
a catalyst in the same way as the platinum-containign
catalyst described in Example 22 with the exception
that the calcined catalyst was exchanged with aqueous

-Pd(NH3)4c12 solution, followed by drying at room

temperature for 4 hours and overnight at 250°F before
the final calcination.

A7 JUN 9%
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hydfocarbbn whi ch conpri ses contacting a hydrocarbon | ubricant feed

in the presence of hydrogen with a hydr ogenati on cat al yst
containing a netal hydrogenation 5 conmponent on a support conpri sing
an inorgani c, porous crystalline phase material having pores with
di aneters of at least 1.3 nm (13 Angstrom Units) and exhibiting,
after calcination, an X-ray diffraction pattern wth at | east one
peak at a d-spacing greater than 1.8 nm 48 10 A with a relative
intensity of 100. 2. A hydrogenation process according to
claim1l |n,¥wh e crystalline phase exhibits, after

cal cination, a he angenent of uniformy sized pores with

di ameters of at |east ¥8FPA/8A0,wadHiyst was e i Snprecanting csiddicaon, a
hexagonal el ectronspheres (@h‘eiia@isw cpat S?Wr&}*ﬂa& paam:bse tndee%e%tnh a

dlerr] val ug_greater .than. Stro t4

3. A hydrqgenation p’% q-'é‘s? éBE%?%ﬁ’h“ we5‘n FS ’Pﬁ%’ d. mTHe Fﬂz’ﬁﬁ?’&te@ne
crystalllﬁé phase RIS Xerayth##f42%9@|éﬁ room tempeyeture forl4oHw ng

cal cination wth atodmASttcolewdedy 250°F ovehRSghtlaFRae WEiEWIE@sponds to

the dierr] value féé%Qny% was calcined in 5 v/v/min air at 5350°F for 3
hours.
Example 24
10 The three noble metal containing catalysts
described above (Pt MCM-41/A1203, Pd MCM—41/A1203, Pd
sioz) were evaluated for hydrogenating a PAO lubricant.
The properties of the three catalysts are
summarized in Table 2 below.

15 Table 2

Catalyst Properties
pa Mom-41¢Y Pt mom-22(?)  pa siop

Metal Toading,
wti
20 Pd . 0.83 - 0.84
Pt - 0.54 -
Surface Area
m%/q _ 800 682 330
Pore Volume
25 cc/d 0.96 0.97 0.88
Pore Distribution.$%
<50 A 32 42 0
50-100 A 16 12 41
100-200 A 15 11 32
30 >200 A 37 35 37

(L Contains 65 wt % MCM-41 and 35 wt % alumina prior
to the metal addition.
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" electron diffraction pattern
process according to claim1l

a-benzene

per
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4. A hydrogenation

adsorption capacity of greater than 15 grans benzene

100 grans at 6.7 kPa (50 torr) and 25[err]C

5. A hydrogenation process according to claiml

__6_5__

The MCM-41 materials used in the catalysts
containg this crystalline material had a pore opening
of 40 A. 2ll three catalysts have 30% pore volume with
pore diameters greater than 200 A but the MCM-41
catalysts have 30-40% pore volume with pore diameters
less than 50 A.

All catalysts were evaluated in a fixed-bed pilot
unit. A poly-alpha olefin (PAO) lube oligomer having
the composition shown in Table 3 below was used as the
feed.

Table 3
Properties of PAO

Gravity, °*API 39.2
Hydrogen, wt % 14.6
Bromine Number 27.3
KV @ 40°C, mm>/s 26.22
KV @100 Cr ™2, 5.253
Viscosity Index 136

The PAO was hydrogenated at 2.0 LHSV, 2520 kPa
abs. (350 psig) H, and 890 n.1.1.”% (5000 scf/b) of
once-through hydrogen circulation rate. Reactor
temperature was varied to obtain catalyst activity as a
function of temperature. Catalyst activity is measured
by the reduction of bromine number of the oil.

The results are summarized graphically in the
figure. The PAO feed had a bromine number of 27.3
units and, as shown in the figure, the Pd MCM-41/A1203
catalyst is the most active catalyst. It achieved the
reduction of bromine number to less than 1 at 177°cC

(350°F), the lowest temperature of the experiments. Pt
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in which the crystalllne phase has a conposition expressed as

fol | ows: Merr] (Werr]Xerr]Y[err]Z err]O[err]) 5
wherein Mis one or nore ions; nis the charge of the conposition
excluding M expressed as oxides; g is the wei ghted nol ar average"
val ence of M n/q is the nunber of noles or nole fraction of M W
is one or nore di valent elenents; X is one or nore trival ent

el ements; 10 Y is one or nore tetr ga ent elements; Z is one or nore
pent aval ent el enents; a, b, ¢, and d ar |l e fractions of W X Y,
and Z, respectively, h is a nunber of from 1to 2.5; and (at+b+c+d)
= 1. rggenat S or di im4
wherein Wconprises a di vgf(g%§3f?éél% %ﬁ??gn&‘aﬁ% hd EQ/Q&? or

magnesi um X conpri SRSy ndRt S ARRF, not have rpyq VehEBe FFWl&ted

conprises silicon orwigdhr paneuopemitnbgs less than CIOTH,I 465 thBOSRASE Uctive
7. A hydr ogenatl ON RERGY§staccor ding to claim4 wherein a and d are
0 and h =

et ien Y 1 SRV AT XY,

KI:A’LAL Le:\:’f SHEET
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8. 'A hydrogenation-precess according to claim?7 wherein X conprises
al um num boron, ﬁalliun1or I ron and Y conprises silicon or

.%mi H‘MUW“&U L!‘U!le r]9. A hydrogenation process according to claims8

umand Y conprises silicon.
- 69 - * ° 10. A hydrogenation process according to claim1.
I n which the catal yst conprises conprises at |east one net al of
G oups VIA, VIIA or VIIIA of the Periodic$7 -

CLATMS :

1. A process for hydrogenating a lubricant
hydrocarbon which comprises contacting a hydrocarbon
lubricant feed in the presence of hydrogen with a
hydrogenation catalyst containing a metal hydrogenation

5 component on a support comprising an inorganic, porous
crystalline phase material having pores with diameters
of at least 1.3 nm (13 Angstrom Units) and exhibiting,
after calcination, an X-ray diffraction pattern with at
least one peak at a d-spacing greater than 1.8 nm (18

10 A) with a relative intensity of 100.

2. A hydrogenation process according to claim 1
in which the crystalline phase exhibits, after
calcination, a hexagonal arrangement of uniformly sized
pores with diameters of at least 13 A and which

5 exhibits, after calcination, & hexagonal electron
diffraction pattern that can be indexed with a dlo
value greater than 1.8 nm (18 Angstrom Units).

0

3. A hydrogenation process according to claim 1
in which the crystalline phase has an X-ray diffraction
pattern following calcination with at least one peak
whose d-spacing corresponds to the d100 value from the

5 electron diffraction pattern.

4. A hydrogenation process according to claim 1
in which the crystalline phase exhibits a benzene
adsorption capacity of greater than 15 grams benzene
per 100 grams at 6.7 kPa (50 torr) and 25°C.
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Table. "= — == —11. A hydrogenati on process according to claim1

in which ri ses conprises at |east one nobl e net al
of .G oupl EIIEWJ !ﬂ@lﬁﬂ?odi c Tabl e. 12. A process
accordi ng«tOcClia

whi ch t he nobl e metal conprises palladi um
13. A hydrogenation process according to claiml in which the feed
Is contacted with the catalyst at a pressure of from 1480 to 10500
kPa. (200 to 1500 psi Q) (reactor inlet), a tenperature from93[err]
to 371[err]C (200[err] 5 to 700[er~] 6§ -~ and a space velocity fromO0. 2
to 2.0 LHSV. 14. A hydrogenation process according to claim
1 I n which the |ubricant conprises a poly al pha ol efin.

15. A process according ¥o & AYRregepRatipn Arqases according to claim 1
in which the crystalline phase has a composition

expressed as follows:
M /q (W X, ¥ Z50p)

5 wherein M is one or more ions; n is the charge of the
composition excluding M expressed as oxides; g is the
weighted molar average valence of M; n/g is the number
of moles or mole fraction of M; W is one or more
divalent elements; X is one or more trivalent elements;

10 Y is one or more tetravalent elements; Z is one or more
pentavalent elements; a, b, ¢, and 4 are mole fractions
of W, X, ¥, and Z, respectively; h is a number of from
1l to 2.5; and (a+b+c+d) = 1.

6. A hydrogenation process according to claim 4
wherein W comprises a divalent first row transition
metal or magnesium; X comprises aluminum, boron,
gallium or iron; Y comprises silicon or germanium; and

5 Z comprises phosphorus.

7. A hydrogenation process according to claim 4
wherein a and' d are 0 and h = 2.

8. A hydrogenation process according to claim 7
wherein X comprises aluminum, boron, gallium or iron
and ¥ comprises silicon or germanium.

9. A hydrogenation process according to claim 8
wherein X comprises aluminum and Y comprises silicon.
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poFyéIphéoTéTTﬁ“Cdﬁbrfses a poly al pha ol efin produced by the

. pol ymer i -Clerr] al pha-olefin. 16. A
" process tﬂu”ﬂ Mm OE n114 in which the poly al pha olefinis

produced by the.p
Friedel -Crafts

17. A process according to claimi14 in whé%h the

atlon of the olefin in the presence of
catal yst. -

is a poly al pha olefin having a branch ratio of |ess than 0.19,

produced by the

pDb y mex i Imatvicgenet i bheprdcafssn acnot@ing res enladmol

reduced Group VI A nghaly, 0% den& UALNGEt comprises comprises at least one

metal of Groups VIA, VIIA or VIIIA of the Periocdic
Table.

11. A hydrogenation process according to claim 1
in which the catalyst comprises comprises at least one
noble metal of Group VIIIA of the Periodic Table.

12. A process according to claim 11 in which the
noble metal comprises palladium.

13. A hydrogenation process according to claim 1
in which the feed is contacted with the catalyst at a
pressure of from 1480 to 10500 kPa (200 to 1500 psig)
(reactor inlet), a temperature from 93°* to 371°C (200°
to 700°F), and a space velocity from 0.2 to 2.0 LHSV.

14. A hydrogenation process according to claim 1
in which the lubricant comprises a poly alpha olefin.

15. A process according to claim 14 in which the
polyalphaclefin comprises a poly alpha olefin produced
by the polymerization of a CS-C12 alpha-olefin.

16. A process according to claim 14 in which the
pely alpha olefin is produced by the polymerisation of
the oclefin in the presence of a Friedel-Crafts
catalyst.

a
70 -

poly al pha olefin

a b




18. A process “accor di ng to claim1 in which the brom ne nunber of

t he .l ube”lmmmﬁ",ﬁﬂﬂ ﬁ" froma val ue of at least 5 to a val ue of
nat nor l 19. A process according to claim18 in which
t he BT orti n& néinber of the lubricamt-is recued froma val ue of
at least 10 to a value of not nore than™0.5.
17. A process according to claim 14 in which the

poly alpha olefin'is a poly alpha clefin having a

branch ratio qf less than 0.18, produced by the

polymerization of the olefin in the presence of a

5 reduced Group VIA metal oxide catalyst.

18. A process according to claim 1 in which the
bromine number of the lubricant is reduced from a value
of at least 5 to a value of not more than 1.

19. A process according to claim 18 in which the
bromine number of the lubricant is recued from a value
of at least 10 to a value of not more than 0.5.
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HYDPOGENMATION PROCTES

Abstroacs

A hvdrogenation process for reducing the
unsaturatien ¢f lubricants uses a catalyst which is

based on an ul

-

-

[

™
crystalline materia s of at least 1.3 nm (13
A) diameter arranged in a unifora wmanner and exhibits

unusually large sorption capacity demcnstrated by its
a

[§]
‘-‘.
o

benzene adsorption capa ter than 15 grams

¥ ¢
benzene/100 grams (6.7 kPa/30 and 25°C). A
preferred form of the catalyst has a hexagonal
structure which exhibits a nexagenal elsctron
diffraction pattern that can ke indexed with a dloo
value greater than 1.8 nm (18 A). The hydrogenation
catalysts based on these materials are capable of
reducing the unsaturation in pely alpha olefin

lubricants to a low level.

FIGURE 1 IS SUGGESTED FOR PUBLICATION

ra-large pcre crystalline material. The
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HZDROGEZNATION BROCESS
Abstract

A hydrogenation process for reducing the

unsaturation of lubricanis uses a catalyst which is

5 based on an ultra-large pore crystalline material. The
crystalline material has pores of at least 1.3 nm (13
A) diameter arranged in a uniform manner and exhibits
unusually large sorption capacity demonstrated by its
benzene adsorption capacity of greater than 15 grams

10 benzene/100 grams (6.7 kPa/30 tcrr and 25°C). A
preferred form of the catalyst has a hexagonal
structure which exhibits a hexagonal electron
diffraction pattern that can be indexed with a d

100
value greater than 1.8 nm (18 A). The hydrogenation
{ 15 catalysts based on these materials are capable of
reducing the unsaturation in poly alpha olefin
lubricants to a low level.
FIGURE 1 IS SUGGESTED FOR PUBLICATION
=l } ~
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