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15 (V.I.) components are conventionally subjected to
dewaxing, either by solvent or catalytic dewaxing
processes, to the desired pour point, after which the
dewaxed lubestock may be hydrofinished to improve
stability and remove color bodies. This conventional

20 . technique relies upon the selection and use of crude
stocks, usually of a paraffinic character, which
produce the desired lube fractions of the desired
qualities in adequate amounts. The range of
permissible crude sources may, however, be extended by

25 the lube hydrocracking process which is capable of
utilizing crude stocks of marginal or poor quality,
usually with a higher aromatic content than the best
paraffinic crudes. The lube hydrocracking process,
which is well established in the petroleum refining

30 industry, generally comprises an initial hydrocracking
step carried out under high preséure in the presence of
a bifunctional catalyst which effects partial
saturation and ring opening of the aromatic components
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the first stage oper atﬁ%eggdfé’scpiwabove. It is, however, posslble to
process waxy feeds in order to fetain many of the
benefits of, their paraffinic character while overcoming
the undesirable pour point characteristic. A severe
20 hydrotreating process for manufacturing lube oils of
high viscosity index is disclosed in Developments in
Lubrication PD 19(2), 221-228, S. Bull et al, and in
this process, waxy feeds such as waxy distillates,
. deasphalted oils and slack waxes are subjected to a
25 two~stage hydroprocessing operation in which an initial
hydrotreating unit processes the feeds in blocked
operation with the first stage operating under higher
temperature conditions to effect selective removal of
the undesirable aromatic compounds by hydrocracking and
30 hydrogenation. The second stage operates under
relatively milder conditions of reduced temperature at
‘which hydrogenation predominates, to adjust the total
aromatic content and influence the distribution of
aromatic types in the final product. The viscosity and
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ni ckel in conbination wt enum or’ tungsten. The activity

of ‘the catalyst may be i ncrr8aRERFFet IE GRE 4fnds the hydrocracking
catalyst is typically a bifunctional catalyst

- containing a metal hydrogenation component on an
amorphous acidic support. The metal component is
usually a combination of base metals, with one métal
selected from the iron group (Group VIII) and one metal

20 from Group VIB of the Periodic Table, for example,
nickel in combination with molybdenum or tungsten. The
activity of the catalyst may be increased by the use of
fluorine, either by incorporation into the catalyst
during its preparation in the form of a suitable

25 - fluorine compound or by in situ fluoriding during the
operation of the process, as disclosed in GB 1,390,359.

Although the lube hydrocracking process using an
.amorphous catalyst for the treatment of the waxy feeds
has shown itself to be capable of producing high V.I.
30 lubricants, it is not without its limitations. In
particular, there are environmental and metallurgical
(corrosion) concerns asociated with the use of fluorine
and other promoters used with these catalysts; the
unfluorided catalysts do not have sufficient cracking
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whi ch enabl es the hyercrac I ng t
since they have the advantage, as compared to the

amorphous materials, of possessing a greater degree of
activity, which enables the hydrocracking to be carried
out at lower temperatures at which the accompanying

20 hydrogenation reactions are thermodynamically favored.
In addition, the crystalline catalysts tend to be more

. stable in operation than the amorphous materials such

as alumina.” The crystalline materials may, however,
‘not be suitable for all applications since even the

25 largest pore sizes in these materials, typically 7.4 A
in the X and Y zeolites, are too small to permit access
by various bulky species in the feed, such as the high
molecular weight species in lube feeds. As a result,
the crystalline zeoclite catalysts, while very active

30 for boiling range conversion, are not as selective in
terms of high lube yield and yield selectivity. For
these reasons, lube hydrocracking processes have not
used the crystalline catalysts but, instead, have
remained with the promoted amorphous catalysts.
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selectivity of the zeolite beta catalysts, coupled with
its lesser capability to remove low quality aromatic
components, has tended to limit the application of the
process to feeds which contain relatively low
quantltxes of aromatics.

20 In spite of their shortcomings, therefore, the
amorphous catalysts have remained the catalysts of
choice for lube hydrocracking even though from some
points of view the crystalline zeolite catalysts would
appear to offer advantages, at least, in some respects.

25 Clearly, however, it would be desirable to develop a
process for producing lubes from unconventional sources
or from refinery streams of marginal or unacceptable
quality. It would also be desirable to develop a lube
hydrocracking process using a catalyst possessing the

30 activity and stability of the crystalline materials

. coupled with the ability of the amorphous materials to
handle the bulky molecular species associated with lube
range feeds and products.
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geometry and, in a prefgigethdy Mhterials is a new metallosilicate

15 identified as MCM-41 which is usually synthesized with
Bronsted ACid sites by incorporating a tetrahedraily
coordinated trivalent element such as Al, Ga, B, or Fe
within the silicate framework. Aluminosilicate
materials of this type possess good thermal and

20 chemical stability and may be used as the basis for
LHDC catalysts which exhibit the correct balance of
hydrocracking activity and aromatic saturation
selectivity to produce conventional VI lubricating oils
(i.e. 75~100 VI) in higher lube yields compared to

25 unpromoted USY ana amorphous catalysts. Furthermore,
the present catalysts exhibit improved conversion
activity compared to conventional amorphous fluorided
catalysts with only a slight penalty in lube yield/VI
selectivity. Thus, the present process involves lube

30 hydrocracking (LHDC) heavy distillates utilizing
unpromoted (without the addition of flourine) ultra
large pore size molecular sieve catalysts to produce
high VI lubricating oils.’
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low 1in the Examples. Figures 2-5 are graphs which

illustrate the relationship between process and product
characteristics for lube products produced by the
"hydrocracking and hydroisomerization of a wax feed with
various catalyéts.

20 The feedstock for the present process may
generally be characterized as- a lube fraction prepared
from a crude stock of suitable characteristics. TIn the
direct production of lube stocks from crude, the crude
‘'will be subjected to various conventional processes

25 such as distillation in atméspheric and vacuum towers
in order to obtain a fraction of the requisite boiling
point which may be used as the feed in the present
process; in conventional lube processing, the
distillate is subjected to removal of the aromatics

30 using a suitable solvent, using a solvent such as
phenol, furfural, NMP or another conventional type of
solvent for this purpose. If the lube stock is a
residual lube stock, removal of asphaltenes and some
aromatics will generally be effected in a deasphalting
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15 have a viscosity in the range of 100 to 750 SUS (20 to
' 160 mm2/s) at 40°C (99°F) and in the case of a bright
stock, the viscosity will generally be in the range of
1000 to 3000 SUS (210 to 600 mmz/s) at QS'C (210°F).
The light neutral stocks are generally characterized by

20 their Saybolt viscosity at 40°C, e.g. as a 100 second
neutral which has a viscosity of 100 SUS at 40°C (20
mmz/s) a 300 second neutral has a viscosity of 300 SUS
at 40°C (65 mmz/s) and a heavy neutral will typically
have a viscosity of up to 750 SUS (160 mmz/s).

25 . However, thése specific viscosities and viscosity
ranges are not critical but will depend upon the
appropriate uses for which the lubricants are to be
put. They are quoted here as exemplary of the types of
lube stocks to which the present process may be

30 applied.

The distillate (neutral) base stocks may generally
be characterized as paraffinic in character, although
they also contain naphthenes and aromatics and because
of their paraffinic character, they are generally of
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viscosity of 100 SUS at second
neutral has al®i scosi t§PaFRCBED aSPJSf“ this reasgg 1e9?‘}%€a€355 h&fRerr]/s) and
- a heavy. neutral wll tlyjgheal ¥iscosities and Hawer aviscosdty tipdddesup tm 750 SUS
(160 nmmferr]/s). 25 generalipWiiéeironaRes ecamefit foLC tib STkl w8 880in

vi scosity T LS L 0o U bhGAl. %buasmblhb gengng, %0@ &I@h

appropriate uses for I C ey are

an{s are
quot ed here as exenpl atBf GFSf t%‘é‘g‘ paving the re Fﬁb‘éelé’t Bb%‘serto whi ch the
present proce&§8 may beamatlc contemiis i éﬁpmally 20 to 70 wt.Fhematiesti| | ate
(neutral) base stocks capogEperoakbyso wt.¥ and the dilsaliBiter sz®ksabaving

paraffinic in charactefqoued! bRMAIEC contents, fbbeynﬁaﬁge cant 8b ongehg henes
Sggeﬁglolrr?t l)?s and beca}?ﬁ: togen and sulfor L entgawﬁ Icgéfac(égg{sai%tagiy they are
higher than with the distillate stocks. Fractions in
20 the gas oil boiling range (315°C+ (600°F+)) with an end
point usually below 565°C (1050°F) are a convenient
feed because they can generally be treated by the
present process to produce high quality lubes.
In addition to lube stocks produced directly from
25 crudes, as described above, the hydrocracking process
may be adapted to the use of other petroleum refinery
streams of suitable characteristics and refining them
so as to produce lubricants of extremely good
properties. In particular, it is capable of producing
30 lubricants from a feed comprising a petroleum wax
containing at least 30, and preferably at least 50,
wt.% wax, as determined by ASTM test D-3235. In these
feeds of mineral oil origin, the waxes are mostly
paraffins of high pour point, comprising straight chain



- 10 - . fairly low viscosity and high viscosity index. The

distillates may be of high sulfur and nitrogen content, for

exanpl e, containing from800 to 1000 ppnw nitrogen - and up to 1 to
3 w. %sulfur. The wax contant of the 5 ditillate is typically from
10 to 15 wt. % but, as di scussed B&IT ow, . hi gh wax contants are not
undesirabl e since waxy feeds are capable of producing

hydr ocracked products with ext renel y h| gh VI val ues. The residual
stocks obtained from DAOQO wi | | be nore._aro character and

for this reason will ¢JEfefiahfiRRrgnched Hain ‘?ﬁrﬁﬁ&“ﬁ/lsé‘%s"‘}sc ies and | ower
vi scosity indices. |nmethylparaffipmer B¥oduchequaldfit #rd odatdmreof the stock
will be in - tdigectlyg@eDdteh) tb 0cha) fubd MaxUsorteny 15 thac6D nilgn% Wi th

the residual stocks hq\)éknge\;etielﬁeé!ﬁt 'fggci Y:an'ﬂé"%roxﬁérted i to% R fic
contents, typlﬁcally 2Q to 70f\/¥;% nl 0 60 wt. %

/o
and the distillate std&re ?} vr,Pléu POUF 4\ #SP~ Q?B%E?'PE Poihents, for
instance, 10 to 30 wt Bgpduct while magptaigded addobulyle (68MtEMt Bigld.|

characterisically be Lower wax lévejlseintthenfeed Himphe aindthér atie st ocks. -

Fractions in 20 (nbRwBaS cOhtenkOhhd REcid@nt 3dH Gésn{aﬁiﬁkg[err JF+)) with
an end Poi Nlcg gaxﬁénttx OE WD ORS £l ehOSRlRn L F)eydre @ -

conveni ent caus can,gener t Feared by the
present -procets to pr dﬂﬁﬁ’é“ gf® §Is| IPMaghes and po Ynaphthe"esvlﬁ?#léddltlon

to | ube stocks producddnglatest Lytd @okes product guabidy, unkessesibedebadwabove,
the hydrocracki ng proemasity componentsBirebeensil eimplyrihbea Usherlyi@her
petroleumrefinery  por tnesesi-éé‘s%'ﬁ& Oénesugéa&l %n&h?irgg%ﬂ | Sht&se 39§

refining them roduc bri cant trene
properties. In parti ca’Fa"e“ f“mlm‘g“a‘b'% efeS‘Ilil ‘rﬁoaﬁ%’?%i‘ §Obut not I ubri cants

froma feed cbohprisi nd“ﬁliﬂﬁnﬁﬁ%rﬁt\/\é&e exPense of E’mﬁu&Fn‘N?dlaY dmast 30,

and preferably at | eaytiekd, . % wax, as determ ned by ASTM test
D-3235. In these pefteeﬁ&xm:amﬂemaat ais, Pl ef smf&é?ﬁ&f‘é are
most |y par alfifn Al HigheRBia oL neCOURSL NG SLERLGNL chain
and other liquids by physical separatlon from a
20 wax~containing refinery stream, usuaily by chilling the

stream to a temperature at which the wax separates,
usually by scolvent dewaxing, e.g., MEK/toluene dewaxing
or by means of an autorefrigerant process such as
propane dewaxing. These waxes have high initial

25 boiling points above 345°C (650°F) which render them
extremely useful for processing into lubricants which
also require an initial boiling point of at least 345°'C
(650°F). The presence of lower boiling components is
not to be excluded since they will be removed together

30 with products of similar boiling range produced during
the processing during the separation steps which follow
the characteristic processing steps. Since these.
components will, however, lcad up the process units
they are preferably excluded by suitable choice of feed



and slightly branched chain paraffins such as met hyl paraf fins.

Pr odlict quality and yield are directly related to the feed wax
content in that a high wax | evel in the feed can be converted
into a high 5 | evel of high VI, |ow3}odr, iso-paraffins in the
product while maintaining a high |ube (650[err]F+) yield. Lower
wax levels in the feed inply a higher oil (non-wax) content and
because the oil contains conponents of |ower |ube quality, nostly
cyclic 10 mat er tat oiHEN TRe srmATRLLNS oZndlap Hepaa 1088 SerdhuhtSe

trnslates into a | ower sprdicheiiahd ok HOLERS bOESS LW aisririare QUAIT LY

conponents are renoved 0 t hese
reasons, the use of th&° ﬁr‘%‘ﬁxs 9;03 égﬁ’y {tﬁ)vacuum dlsu]p]eartd@ﬂt“mlﬁf‘ﬁum wax)

feeds is preferred but °ﬁcﬁtm$§Pher1° reﬁlﬁar stidis iBpal 1yt be fote rpes daof

product qual ity or 595°C (1J0®IF)l. so that they may ndZablI} eencyéseasied hat

Ifs w?xels of paraffinigs dlst%ji.ate 99@{9.%%%& &ES;&’@JJ.I !eﬂeafﬂsotshé *}ﬁf pefini gg

of petrol eum sgparation froma
wax- containing refi nerxgﬁt gam%{ L%LQ%JIS EB & % %?&faac Ihe P SLARE ;‘ §treamto

a tenmperature at whi ch¥®¥f8 ﬁé?@r?éﬁgrﬁﬁ%‘sb ight stock dﬁgﬁé‘i"ﬁy Bdadopeent
dewaxi ng, e.g., MEK/torymiselie\havengn end point ofrumhyoneEts ¢L3eorr),
aut orefri.geranf procesfiayaiBoase employed. propane dewaxi ng. These vvaxes

have high initial 25 TnBQdN ROl S @,Qowed?&é[ fidd,CatbRAULN

whi ch render them ><]ﬁl ngl%/ use ‘16(?] cprgcesmgg I nto Iu rlcants
whi ch - al so r &R FE AN ATt TR D] 1Y ng BGi AP PrRRuFt Sith A err] C
(650[err]F). The preseﬁ%éfoPtlkﬁﬁéF bti I°Fn©l‘i§"6‘ﬁporfﬁm“§13rb for the not to
be excluded since theyhighestbgualétpvistbdhoget feedSGrith a waxWweétteprodticCt s oOf
simlar boiling range pja@ueedsder afd preferred. FHELRINERSThNGAUELLLNY the

separation steps which, ;cgrlogvxéccluded 011 E%r‘igﬂﬂ% ggllagt |fc£ Rrocesm ng

steps. Since these t he process

units t hey a?’é‘””ﬁFé‘F%raé‘ﬂl ?%Fﬁb‘ésd biP% dﬁ°f‘a‘f5‘1“é CGHB?-‘?,*e o§f feed

aromatics, polynaphthenes and highly branched
naphthenes will normally not exceed 40 wt.% of the wax

20 - and preferably will not exceed 25 to 30 wt.%. These
waxy, highly paraffinic wax stocks usually have low
viscosities because of their relatively low content of
aromatics and naphthenes although the high content of
waxy paraffins gives them melting points and pour

25 points which render them unacceptable as lubricants
without further processing.

Feeds of this type will normally be slack waxes,

that is, the waxy product obtained directly from a
solvent dewaxing process, e.g. an MEK or propane

30 dewaxing process. The slack wax, which is a solid to
semi-solid product, comprising mostly highly waxy
paraffins (mostly n- and mono-methyl paraffins)
together with occluded oil, may be fed directly to the
first step of the present processlng Sequence as



- 12 - e cut point. The end point of wax feeds derived fromthe
sol vént - dewaxi ng of neutral oils, i.e. distillate fractions
produced by the vacuum-distillation of |ong -or at nospheric
resids, will usually be not nore than 5 =13 - 595[err]C (1100[err]F) so
that they may normally be classified as distillate rather than
resi dual streans but high boi li ng wax feeds such as petrol atum
waxes, i.e. the waxes separated from bright stock dewaxing, which
may t ypi cal | deseayred bedow withoit cheupequirgd&jtefeFGafyl 388fear | F) ,
10 i ah [naly al tSOgge SrRhoYethn, for example, by Mowzaﬁ@@tent of |th§ f eed
is hig at |eas : ube
products with a %e cfomg{’)éﬂlgﬁ%laglésﬁ th&&% mﬁo %% %w Br the
hi ghest qual ity product® TaPteds P&t a wax content of 15 60 to 80

w.%are preferred. The bal ance in each case is from occl uded
oi |l conprisingsiso-paraffins, ' arapnatics and napht henics. The

non-wax content of arQuBtd gmmnynaﬂ:ggﬁgn gbi ghl'y branched
napht henes will normally not excee e \é/ax and
preferably will not exceed 25 to 30 w. Th se < waxy 2 hi ghly

paraffinic wax stocks RRR@EELRshife® | ow 94.2 \BilaBosi?0%-Bs Fdeduse of
their relatively | ow cestoenépiithenes, wt.% aroenati ad.and mwapht henes al t hough

the high contept of  po1y-napneh@nys Pakatfinszgbvessthem pebting goints and

pour 25 poi nts Xmlmggléseng,gr t hem unacgept abl,e,as 1|5U9I’I %s .

w t hout further processSin ! Feeds of thistyp normal | y
be sl ack waxes, f‘h%ﬁp"lcgl THREF WY FHPI IR tBTJt?ﬁ“‘ﬁ@ﬁ"%ﬁﬁ“eE’P‘l"SP from
a sol vent deimTrhie pr debess, Bhip s3ACNERXOLS ARSpaned IFon the

dewaxi ng process. Thesdlveak wEx) ddwakbing ofaaspdo dUS0(65 ¢ST) neutral
15 0il obtained from an Arab Light crude.



sem - solld product, conprising nostly highly waxy = = paraffins

(nost'ly n--and nono- net hyl paraf fins) together wth occl uded oi
nmey be fed directly to the flrst step of the present processing
sequence as 14 - 13 -
descri bed bel ow wi thout the requirement for any initial
preparation, for exanple, by hydrotreating. The conpositions
of sone typical waxes are given in Table 1 bel ow. 5
Table 1 . \Wax ConposEallen2- Arab Li ght .Crude
A B C Par af f phack Wax %Broperties 94.2 81.8 70.5
51.4 ano naphthgﬂps w . % 2 6 1140 6.3 16.5 10
Pol y- napht henes, ) ) 9. Aromati cs,
w . % 1. 0 : 4 0 gy%gﬁn' %2% 3.4 A typical slack wax
feed has the cdnposition sfdhipr, wt- in Tabl e %21Bel ow. This slack wax -
is obtained fromthe Nitroggolweww (MEK) dewabdi ng of a 300 SUS (65 cST)
neutral 15 oi | obt auersinkr psardn A ad rhi ghtsscrusks.
- 14 - XV at 100'C, cst . 5.168
PNA, wt.%:
10 Paraffins 70.3
Naphthenes  13.6
Aromatics 16.3
Simulated Distillation:
; 2 ¢ (R
15 - 5 375 (710)

10 413 (775)
30 440 (825)
50 460 (860)
- 70 482 (900)
20 90 500 (932)
95 507 (945)
Another slack wax suitable for use in the present
process has the properties set out in Table 3 below.
This wax i1s prepared by the solvent dewaxing of a 450
25 SUS (100 cS) neutral raffinate:



Sl ack Wax Properties

Tableg 2 API

39 Hydr ogen, wt. % 15.14 5 Sul fur,
w- % - 0.18 . Ni t rogen, ppnmw 11
Melting point, [err]C ([err]F) 57 (135)- 15 - KV at 100[err]C,
cSt - 5.168 PNA, wt.% 10 :

Paraf fins 70. 3 Napht henes 13.6
Aromati cs 16. 3 Sinul ated Distillation:

% J[err]C ([err]F) 15 Tahle 3 O 375 (710)

10 413 (775) Slacl Wagobré +:£825)

50 460 (860) - %%“'%'SOO) 20

90 500 (932) 95. 507 (945) Anot her

sl ack wax suitable for use iBeillisgpramgent °F(°C)

properties set out

in Tabl e Zbel osys

708-pPET el9T5h3ET )t he

sol vent dewaxigg of a 450 2544 r0gen, BYWS: ,1%1:;95) peutral raffinate:

- 15 -

10

15

20

25

pPpOw
They
with
even

Nitrogen, total,
Sulfur, wt.%
Hydrogen, wt.%
Pour point, °F
KV (100°C)

KV (300°F, 150°C)
0il (D 3235)
Molecular wt.
P/N/A:
Paraffins
Naphthenes
Aromatics

ppmw

(<)

28
0.115
14.04
120 (50)
7.025
3.227

35

539

10

Slack waxes will normally contain from 30 to 80
of nitrogen with an oil content of 20 to 40 wt.%.

may be processed to give dewaxed lube products
a VI of at least 135, often from 140 to 145 or

higher.

This wax is prepared by the

A typical highly paraffinic fraction which may be
treated by the present process to form a high quality,
high VI lube is a 345°-540°C (650°~1000°F) Minas gas
oil having the properties set out in Table 4 below.



Sl ack WaxsProperties ' Boiling range, [err]F([err]C

708- 053 (375-567) : API 35.2 5 . Ni t rogen,
basic, ppmw 23 : Ni trogen, total, ppmw 28° -
~Sul fur, w.% 0.115 - 16 - Hydrogen, w.%
14. 04 Pour point, [err]F ([err]C) 120 (50) 10 -
KV (100[err] O 7.025 ‘ KV(300[err]F 150[err] O
3. 227 Gl (D 3235) 35
Mol ecul ar wt . ' 539 Table 4 P/N A 15
Par affi ns : Mina § casNepht henes
Aromat i cs Ke S J I contain
from30 to 80 0N°mal bo]’flm?t aeh v&at(:ih an %I Ig\dcé)nt(g%{’m]’f%éo) to 40
w.% 20 They. ﬁéaYJ‘r"é'cessed to give deltafed | ube products
with a VI of af |east H&pgeftem.5rom 140 to 14536 even hi gher.
A typical highly parafdjyrue, fwagti on which may be.o7 treated by the
present process to for ngh H@' ity, 25 329 Nigh VI lube is a 345
-540[err] C (650[err] - %QO%EQ M nas gas 160 oi | having the
properties set out in lal°a‘d' gFBprmw :
Table 4 0.04
10 Composztion, wt.%
Paraffins ' 60
Naphthenes _ 23
Aromatics ' 17
Bromine No. 0.8
15 KV, 100°C, mm>/s - 4,18
Pour Point, °C (°F) 46 (115)
95% TBP, °C (°F) 510 (950)

The feed may be hydrotreated before the

hydrocracking/hydroisomerization step in order to

20 remove hetervatom containing impurities and to
hydrogenate at least some of the aromatics which may be
present to form naphthenes. For de-oiled waxes,
however, this pre-treatment will not normally be
necessary since the removal of the occluded oil will

25 remove many of the deleterious materials in the foots
o0il. Inorganic nitrogen and sulfur formed during the
hydrotreating may be removed by a conventional
separation prior to the catalytic dewaxing.
Conventional hydrotreating catalysts and conditions are

30 suitably used. Catalysts typically comprise a base
metal hydrogenation component such as nickel, tungsten,
cobalt, nickel-tungsten, nickel-molybdenum or
cobalt-molybdenum, on an inorganic oxide support of low
acidity such as silica, alumina or silica-alumina,



M nas Gas=Q | “Normal boiling range, [err]C ([err]F)

345] er r]-540[err] (650[err]-1000[err]) - APl Gravity
3330 5 Hydr ogen, wt. % 13.6 - Sul fur, w.%
0. 07 Ni trogen, ppnw ~ 17320 Basi ¢ N trogen,
ppmwv 160 CCR 0.04 10
Conposition, w.% Par af fi ns 60
Napht henes 23 Aromatics 17
Er 2r8n ne No. 5 generall[y of0a 8 atge pcre, aﬂéph&@[&%&k&elm err]/s

: our
95% TBP, [err]C ([err Oé%&;:cal n%ﬁ:]:&éak% ;ns use moégrgtj.‘ THe feed nay
be hydrotreated befor etggratures and pgg iﬁ"d" Fackitg?hYdrérsoneri zati on step

in order to 20 f%v@%é‘ﬂer'@@tleﬁlbbﬁﬂarm%’gcl RO FTS@F)andp tim
hydrogenat e atsl| east szyeoofxHahe3eommRiG)CS tybicdligay251814000 kDa present

:)(r)eft?;gqa?ﬁgm h\(/avinfalS nof@l{ogdgo& lpggg)\l\%ﬁﬁgen pressure; \sé?{r’l?:e thg Penoval of
the occluded oil will g 248, %%cam}\yelr%iﬁv o‘f’ett%rléyg‘e BleFtidaf®®rials in
the foots oi Tatepne¥RigAL Y rﬁ"PergQé’n“ahdl -sul f3r37Pokeel? 3000 ng t he

hydrotreati ng may be rsargeel) lwpuallypnve irchal. “1 (7,300 sceeganat i e pri or
to the catal yléc dewaxde¥@rity of the nyEpow:@RtigydtepYsHRLEOM ifaGLal! YStS

and conditions are 30 Hae ording® th! AR ¥niSfderi SRRl Y515 8 cf;alth conpri se a

base et al roge at | op” conponent suUch as ni c gsten,

cobal t, nickel -tungst €t ¢Rrti&S -ﬁb‘?‘%/ﬁﬂe’Fﬁ.ﬁ’r‘FBrresm“al ar°mEB’cFaI°L°nFrﬁF§/Menum
on an inorgani c oxi de sasppaticnoto| fngm naphthenes zoi &$ top salkd iadtsal i ca,

alum na or silica-al uninmp@ovements in lube quality by removal of aromatics - 17 -

15 and formation of naphthenes, as well as to remove
heteroatom-containing impurities, especially sulfur, in
order to improve the color and oxidative stability of
the final lube products. The hydrotreating severity
will therefore usually be greater with residual lube

20 stocks such as bright stock because of their relatively
high aromatic and sulfur contents.

The feed to the hydrocracking reactor is processed
in the presence of hydrogen in the presence of the
ultra-large pore size catalyst.

25 The feedstock is heated to an elevated temperature
and is then passed over the hydrocracking/
hydroiscmerization catalysts in the presence of
hydrogen. The objective of the process is primarily to
saturate aromatics and to carry out hydrocracking of

30 the oil and waxes, with isomerization of the waxes to
lower pour point iso-paraffins. The large pore
structure of the present crystalline catalysts is well
adapted to these ends because it permits ready access
to the metal sites where hydrogenation takes place and



general | y*of a large pore, anorphous character. Typi cal

hydrot reating conditions use noderate t enper at ures and pressures,
e.'g. 290[err]-425[err]C (550[err]-800[err]F); typically
345[err]-400[err]C (650[err]-750[err]F), - 8_ 20, 000 kPa (3000
psig), typically 4250-14000 kPa (é 0- 2000 psig) hydrogen
pressure, space velocity of 0.3-2.0, typically 1 LHSV, with

hydr ogen circul ation rat es typically 600-1800 n. 1. 1.[err] (3,370
to 10, 100 SCF/ Bbl ) usual l%/ % b%? 300 SCF/ Bbl). The
10 severity of PP I‘?ﬁﬁ"?’&tsrg i ﬁ§t§t%g°§ﬁbﬁ FHENS SUBRPEY Vhich

accordi ng to the charafdwrissthe SvdrogamatiepFeachions. Becauseghjeecti ves
bei ng to reduce resi duthexwoaymdnies canthgldtodacking become Satfavetdkde 49 form

naphthenes so as to makgndeRhid:Als above 450° c'(%b%ﬁ@ﬁhéré%rkk'b&o‘i}léal ity by

removal of ar og‘at i Cs 1?%%5 value w:.gl nortnggrn?arllg enﬁxsel re:~ac‘§c1:\,\ll:"I ! as. to
renove het er | €S, especi a X sul fur, in
Y

om conta
order to inprove the cB?‘Pﬂe'an‘éF%fPﬂ%ﬂ’! \‘)’éggt%ﬂ‘?t‘if‘ 5Pe activity of; faef| nal
| ube products. The hydestalgatiswejeseedrnycn the feed apgd|prdduetefwaiétiwuial |y
be greater w th residughidn/ben 3drn, set thé MPpFobftildteatoldr@ibn St @kspecause

of their relativel he [ -
The feed to the hyér Oc}:acﬁeﬁgextytg‘ agh%qa& fe %Qg é\ﬂi&c g&pfﬁ%ﬁiﬂ? Saftﬁr

reactor. 1S pro
presence of hydrogen i FPAHEHIESENRE BF f%{eevant ga“:t"rsul t¥™§-1 arge pore size
catal yst. 25 hydrpsedtdiagsenst PYR5oFreskend traghiensepae ettt enperat ure
and is then passed oveexdtrerhycraadr smkithyi¢ reason, the ligedsriogRmaedzadt On

catalysts in the presegggedked to the temedd&ﬂ%ndeJﬂ%dobﬂ: QG ¥£calsthe

I d
E;gfgifagil ﬁgl g?r |30y tged whf.ﬁh is Fg%a rl%a?n acrhgr@%)h&e 280 L tu%ucffdfltlyiggué

waxes to 15 | one? 4#80F ﬁ)”l°nt 331 by aﬁ"ﬁl n&e s?ﬁeﬂ ar g8 e
structure of the presepsdses,ysemerpherasatfady 09| €0 WSIOI'F (370° to 40adepted to
these ends because it pefimpeSsuidddye HEEHESst wax feeds.l 0 A@n8BRinSideLs
“where hydr Ogenat i on tagfsthp-:l gﬁ?ceggdcycle, the temperature employed will be
: at the lower end of this range but as the catalyst
20 ages, the temperature may be increased in order to
maintain the desired degree of activity.

The feedstock is passed over the catalysts in the
presence of hy&rogen. The space velocity of the heavy
oil is usually in the range 0.1 to 10 LHSV, preferably

25 0.2 to 2.0 LHSV and the hydrogen circulation rate from
250 to 1,500 n.1.1"t. (1400 to 8,427 SCF/bbl) and more
usually from 300 to 800 (1685 to 4500 SCF/bbl). Wax
feeds can be cperated at a higher space velocity,
‘typically 1 to 2 LHSV and a hydrogen circulation rate -

30 of from 250 to 1500 n.l.1”% (1400 to 8427 SCF/bbl) and
more usually from 300 to 900 n.1.1.”} (1685 to 5050
SCF/bbl). For distillates, the preferred range is 0.5
to 0.75. Hydrogen partiél pressure is usually at least
75 percent of the total system pressure with reactor



al so_pernirts high netals |oading on the support which favors the

‘hydrogenati on reactions. Because the t her rodynam cs of

hydr ocr acki ng becone unfavorabl e at t enper atures above 450[err]C
(850F) tenperatures above 5 this valyge-wi ||l not normally be used.
The exact tenperature chosen will depend on the activity of the
catal yst selected and on the feed and product qualities whi ch, in
turn, set the appropriate conversion. Thus, the tenperature

shoul'd be sel ected enpififablysffbenctRally bein§ S kA Aldg@NoPf1obPC,
rel evant factors. The rocracki ng reactions

rotr i.n nd
are net exot ﬁ%’ron%ogk%an_cpp%%ot ﬁl’gja%’ é’gg ﬂ .t}%égfpergag’tu&k need not
be heated to the tenpePBRTRCECRS PELPALAYPReLEEFS] yigy order to satugagiewhich is
normal |y in the range 28@agic3 andstlfapiBBRfter theC fotBation of the dAdfderr] C
~(550[err], US]cha| | y%ogg&ﬁrﬂabl& ?a%ﬂﬁﬁé?fe&] f%d7 pgfﬂffﬁﬂi&y Pr(')e[ssurescw‘ﬁ@e&
tenperatures from N : r .
Biderhle (BUNETY e 4O AR (o 4B, 001320 aig) gng g

will be suitable for nost A sd g )

process cycle, the tenPErsft AP %enpr WPed i (410BePS19), mast often Ha fofver end
of this range but as thengsap8litP0Q(o 18,000 ¥jes(liBhete @fperetigne nay be
increased in order to conversion teBprdduicss thealiesiduedidegnecl@fe aghdd/ity.

The feedstockps passed 0vaiifhe 628y 3isoutNs$d¥-) proaucts, AfLsence of
hydr ogen. The space vel'oci il usu%rly in the

2¥ Oﬁr*ognhg t@equﬁol m 8 2
range 0.1 to 10 LHSV, PYereripiy 25 G2 RG5O (195% SHRLREIRRdr ogen
circul ation rate from 10 to.40 volume pegcentypdepending, pp the) fepyl mpdsthep7

SCF/ bbl) and nore target VS Ul yhed poad880 t@it80@is0E8ate orekd8) S/ bbl ).
Vax - fgeEsHS \C/aﬁbilﬂnep%r@teedoraieyaiiﬁ Gher sRa QElMgleCiﬁ ¥he range
typically 1t a.hy, [ : of from

to 1500 n.1.1farr] (14‘8%%50*'54279%%%/"%9Fffé’%éa‘9&sr ¥ifn L earger y10)| y from

300 to 900 n.1.1.[err] ({eM8E8Y (RFOEYEY oFf 120 vith Je¥epLpgilipg ragmet i | | at es,
the preferred range i sc®nvgrsions in the gamge7f M dicoderpeygental pressure i s

usual ly at | east ~ appropriatpeifoerogictshént eealossy steanvpremgel € pdrt h
reactor slack wax feeds, the boiling range conversion will
20 typically be ;n the rnge of 25 to 35 percent for

dewaxed products with a target VI of 135 or higher.
Product VI will therefore usually be from 95 to 140.
For wax feeds, pressures will usually be at least

1,000 psig (7,000 kPa Abs) up to 3,000 psig (20,000
25 kPa), usually from 1435 psig (10,000 kPa) to 2600 psig

(18,000 kPa abs). Conversion to products boiling

outside the lube range, typically to 345°C- (650°F-)

products, is normally at least 15 percent, and usually

from 25 to 60, usually 25 to 35 percent, for dewaxed
30 products with a target VI of 135 or higher. Boiling

point conversion (for 650°F~) is defined as:

650°F~ conversion =

680°F+ in Feed - 650°F+ in Product
650°F+ in Feed '




- 19 - . : inlet pressures normally being in the range of 3000 to
30, 000 kPa (420 to 4,335 psig). H gh pressure operation is
‘nermal ly preferred in order to saturate , aromatics and to
facilitate the formation of the nore 5 _ ;4 - desirable naphthenes and
paraffins. Pressures wll therefore usually be at |east 8,400
kPa (1200 psig) and of ten above 15,000 kPa (2160 psig), nost
often in the range of 10,000 to 18,000 kPa (1435 to 2600 psig).
Conversion to products boil,in u e ran 1 ically
to 345[err] G (about 650[eiftt % ? éé&g&&% wLi’P%e S 10 Sc g Iperc%’?{:gm 5to
70 vol ume percent, rmr%‘tuéilsﬁqefet in the ravlgel(?ft 2 45 g F cent ,
dependi ng on the feed mwduttrewith a VI of tagr yeastyl3fopngd Hé“ﬂlddaét%eatﬂt h
distillate feeds, the 140. wax cob@idsiog isadgeirssnwersion will typically be
in the range 15 of 15 to 40 percent for products with a target VI

(dewaxed produgt) of IZQ wbih | ower boil | ng rangewt % Unconver’tﬂaﬂnwei sions in
the range of 15 to 25 pasdiemt= ‘ = AL o q

- 100 VI range. For sl ack wax feé Vtaﬁ‘elboﬁﬁdng range conver si on
wll 20 typically b N d2§gcgn§.§p@r Biud9’ product
dewaxed products with a ta'?hée?‘y%gc a%Q Smy iedhetz BFI @8 uiry pro uct \

will therefore usuall ymadebFr‘Eﬁﬁagsdt‘U Tﬁﬁessaw 7 £ Farget p°uﬁo?°’\ﬁ§ &ds,
pressures w | Lousual | ythze HR¢/HDIastep. A notable fRFGFUPRif Ehe CBTSRIR Abs) up
to 3,000 psig (20, OOOPQo'éess that KRaextest alel gievfmnglﬁéiﬁupsdgis( 10, 000 kPa)
to 2600 psig 181000, iéﬁﬁllabskﬁﬁi'ﬂ?rsdr&nw@s RIGOTAE tehe DR dd1Ng
outsi de the | ube range, a%/(glgétasltlfé $4,382 rEnLQe én@%%?r{o] Bo)wt.s of the

products, is nornall y per cent sua m25 to

60, usually 25 to 35 pRSWSEAE, fefeéra%f?a\ﬁéXe’beéﬁ ! Eltb%/‘bd’ﬁﬁ??%cth a target

VI of 135 or hbsgher. @sialxiing or solvent dewaxing may be used at this point
and if a solvent dewaxer is used, the removed wax may
be recycled to the first or second stages of the
process for further treatment. Since the wax removed
in a solvent dewaxer is highly paraffinie, it may be

20 recycled directly to the second stage if this is
feasible, for example, in the embodiment where the
second stage is operated at a relatively low pressure.

The preferred catalytic dewaxing processes utilize
an intermediate pore size zeolite such as ZSM-5, but

25 the most preferred dewaxing catalysts are based on the
highly constrained intermediate pore size zeolites such
as 2SM-22, ZSM-23 or ZISM-35, since these zeolites have
peen found to provide highly selective dewaxing, giving
dewaxed products of low pour point and high VI.

30 Dewaxing processes using these zeolites are described

" in U.S. Patent Nos. 4,222,855. The zeolites whose use
is preferred here may be characterized in the same way
as described in U.S. 4,222,855, i.e. as zeolites having



poi nt, conversion (for 650[err]F-) is defined as: 650[ err] F-

conversion = 650[err] F+ in Feed - 650[err]F+ in

Pr oduct _ - 650[err] F+ in Feed

- 20 - The wax conversion will be from 10 to 90 percent

but is preferably in the range of 50 to 70"t % for products with
a VI of at least 135 and usually at |eat 140. WAx conversion is -

defined as: 5 - Vax Con- _ (W . % Unconverted Wax

version = W % Wax in Feed - after Solvent Dewaxing) '

W . % Wax in Feed . pore °Penln%@hh%rrGéPbEkJéUFH9oﬁgt§i BeFRassien (fHDC/ HDI )
pr oduct may beedinmix edrpdfionepsaeatyed cettasgetinptny paeksg, after 10

' Eﬂe HDtC/ HtDl fstgp. A nehable f(gﬁ'_tgug_.gtp; otfhgopsgﬁlge,n_gf nl-hexanel It:‘.“p_rl_oc_essl ][ hat _
e extent of dewaxing _reguired i ively_ small. ically,

the | oss during the fi_r?a%’gyene’ °rfsa Yﬁle‘ﬁ'/?xf’ﬁlgzés’%eggs\iﬁ'l Xﬁegﬁfgtﬁﬁr 3han 15

to 20 wt.% of the which sQEREsEDr 1F RFeANIThR bR B/8we?l OERt Rt akatal ytic

15 ~ dewaxi ng or $ekmpertudewExFAlC MRy behaxesd ad BNIG fpoi dHxylene

and if a solvent dewaxahdi @)Usgtkhel BBiTiAO¥ELsal@ELIAyY cracking D€ recycled

to the first or second;shagfipledle aup) in preMEBi&Stoldlo LHLLIPT
treatnent. Since the vent dewaxer 1s highly

paraffinic, it may beV\g)ﬁ(agcehggvgfj]r’é’&?%‘fty&ba‘fl?’gecﬁlngg’c &% hROKECBRY Stage i f
this is . 10 f easPERRSPEER RIRARPTR ITPR 2 He LéRbisdioht rratik onisctiure
second stage is operat ed mihexaneiiatnevietly-peovanE/egsiHdnethylbutane, with Ihe
preferred catalytic dewaXifgiprOfQaeecdiskhhé® K, /k - determined at a
temperature of 1000°F being in excess of 2. The
expression, "P/P", is accorded its usual significance
15 as described in the literature, for example, in "The
' Dynamical Character of Adsorption" by J.H. deBoer, 2nd
Edition, Oxford University Press (1968) and is the
relative pressure defined as the ratio of the partial
pfessure of sorbate to the vapor pressure of sorbate at
20 the temperature of sorption. The ratio of the rate |
constants, k3MP/kDMB' is determined from 1lst order
kinetics, in the usual manner, by the following
equation: ‘ ’
k = (1/Tc) 1n (l/;-e ).
25 where k is the rate constant for each component, Tc is
the contact time and € is the fractional conversion of
each component. .
Zeolites conforming to these sorption requirements
include the naturally occurring zeolite ferrierite as
30 well as the known synthetic zeolites ZSM-22, 2ZSM-23 and
ZsM-35. These zeolites are at least partly in the acid
or hydrcgen form when they are used in the dewaxing
process and a metal hydrogenation component, preferably
a noble metal such as platinum is preferable used.



an intermedi ate pore size zeolite such as ZSM5, but 25 t he nost
prefetred dewaxing catal ysts are based on the hi ghl y constrai ned
i ntermedi ate pore size zeolites such as ZSM-22, ZSM 23 or ZSM 35,
since these zeolites have been found to provide highly selective
dewaxi ng, giving - dewaxed products of |ow pour point and high VI.
30 . Dewaxi ng processes using these zeolites are described

in U S Patent Nos. 4,222,855. The zeolites whose use S

preferred here may be g¢ha cteriz it sane .\wa . as descri bed
in U S 4,222, 855, | " ExegLTene re ﬁ‘ggshha"e Bedfl CotdiNea witn a pe/fsh-23

- 21 - Fﬁ"@l"é"b‘tﬁaﬁ?ﬁ@’é’%l ch result in the the possession of
defined sorption properti ethes dydrasirackidgiby@edisnmerization catallgd®lig a(1) a
ratio of sorption of nikEXSNRNEY catalyst whiéh XHnBPEsesOLR :ﬁeéb%kyg% percent

basis, of greajer than zgs'caﬂz.ne materm Gl ﬁgécg:tl ggs%ioda at a

P/ P[err] of 0.1 and at erature o %tTHSr n- hexane, and
- 80[err]C for o-xyl ene Somponent "h%ﬁrl’daf 3fy2 t"r’rﬁ’pz%'r"l?rtdylﬁfadé’élteell-l vel y
cracki ng 3- iareHidese thardesisadPrcidi priavhetr béenad ity fdretaoubl vy
branched 2, 3-di net hyl iyt aseracihi) rebcdiid@] etdddthapdyiknld at nosphere

pressure fr(”n a 1/1/:|-h k naE§$ﬂJae dé@ﬁaelon com onégt The
n- hexane/ 3- et - pen W t the ratio of
}WF na é?ré ~d n%x%%rdaqgfxa idn ccmponentt ’e?n?é'F"é’c"t‘ﬁdebbf

rate constants k[err]
1000[ err]F being in eﬁc@%%a forpcompipation of metadgpr dieblermetaps Rjferr] ", is
accorded its usual Si Gaphp CENIER, léspecially phatdesaramedal 1adiog rhdyt geat ur e,
for exanple, in "The used where %amé&abf%ﬂﬁi 8hd YenbESOnRLL O Qy J. H

deBoer, 2nd iRdigd %Eﬁqg QLY ddR R MS:F]Ssl.tteé 5£31§§s(1968) and 1s the

rel ative pressure defi ‘Ned as .the pressure of

r 10
sorbate to the vapor ﬁrl'é'ésxlﬁté‘"c’ﬁy'sg?f)%t“@tﬁis may be used. Base metals of
Groups IVA, VIA and VIIIA, especially chromium,

molybdenum, tungsten, cobalt and nickel, may be used.
Base metal combinations, especially a combination of a
_ Group VIII A metal with Group IV A or VI A metal, sueh

20 as nickel-molybdenum, cobalt-nickel, nickel-tungsten,
copalt-nickel-molybdenum and nickel-tungsten-titanium
are useful, although for certain applications platinum
is preferred.

The content of the metal component will vary

25 according to its catalytic activity. Thus, the highly
active noble metals may be used in smaller amounts than
the less active base metals. For example, 1 wt.$% or
less platinum will be effective and in a preferred base
metal combinaticn, 7 wt.% nickel and 2.1 to 40 wt.%

30 tungsten, expressed as metal. The present 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



20 st he tenperature of sorption. The ratio of the rate

constb'ants, k[err]/k[err], is determ ned from 1st order ' ki netics,
i n* the usual manner, by the foll ow ng equat i-on: .

k = (1/T[err]) 1In (1/1-[err]) 25 wherg k is the rate constant for
each conponent, T[err] is . the cont&8t " tinme and [err] is the
fractional conversion of each conponent. Zeolites
conform ng to these sorption requirenents ' i nclude the naturally
occurring zeolite ferrierite as 30 . _well as the known synthetic

zeolites ZSM 22, ZSM 2FSgRgrent may excesd\gnper @79 Htiilt eBaiptainta | east
partly in the acid high suxfiachyaireggapefeor2RPvinery %heW@r-By@mdn&mMe

dewaxi ng Pr ocemponsit aantialkxbystigegeandd @Re CARAPE MatePELf €F bl y
a noble nmetal such as plabtLosPelaSiELhier ablayused 1 ; Ceh d

- 22 - B(t(;l:gl | e tler.eéul éé' pavgﬁgeen Qg%gﬁlggdvf%%h a°pt /Fsm 23
dewaxi ng cat al y3t . ¢ metal 15 49, 2enyAR-SEPALH AgFRyH SrShRgerz s on
catalyst is a the PEFRACTEWRISUPESEE vt VY &8 denmpr fsesexampbsopyr ous
5 crystal li ne matreatibtg adedesditbed theb oylaadntanetal-containfx@yponent

which acts as a supportijgand syitadds t1@Pinum compounasPi{MMides the desired
acidic functionality fq s . hydr acki reactions, .together
with a hydrog""rehrJngI ?%lr?-tégﬁc e5Ge aai%g{’lo‘gfoﬁ%g?féln. c an W@rﬁ“g

hydr ogenat i on- Y&hydr ogeTPEPPERAT GAPTHENTY i P epPitded pfpine complex. 5 Thet al or
conbi nati on of netals. WisBlecampruhds @Ry be either cGmpeyndd| ih Ayhiespewd al |y
plati num and pal | adi umadgy¥1bfs present in tiecdavdd @£t fige lceMSburdf agall f ur and

ot her contam nants compouncién' ihhehifeged. t;Q EP@SM#QheSLEPorp%rfniﬁes or,
compound. Both types of compounds can be used.

15 Platinum compounds in which the metal is in the form of
a cation of cationic complex, e.g., Pt(NH3)4c12 are
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

20 exchanged onto the crystalline material or impregnated
into it.

The acidic component of the
hydrocracking/hydroisomerization catalyst is a
mesoporous crystalline material which is described in

25 detail below. When it is used in the present
catalysts, the mescporus crystalline material is at
least partly in the decationized or hydrogen form in
order to provide the desired acidic functionality for
the cracking reactions which are to take place.

30 The mesoporous catalytic 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
d-spacing greater than 18 A with a relative intensity



15 «alternatively, base netals nay be used. Base netals of

Groups VA, VIA and VII1 A, especially chrom um mol ybdenum
tuhgsten, cobalt and nickel, may be used. Base net al

conbi nati ons, especially a conbi nation of a Goup VIII A netal
with Goup IV Aor VI Anetal, such 20 = 2% s ni ckel - nol ybdenum

cobal t - ni ckel ,- ni ckel -tungsten, cobal t - ni ckel - nol ybdenum and

ni ckel -tungsten-titanium are useful, although for certain
applications platinum is preferred. The content of

the metal conponent wi Pf AP4r §nP3 benzene FRERFIAPNERRAGILY 0L grastay chan
activity. Thus, the highinams of benzeneapéi i®Ongbames et the mamyrHg Weed in
smal | er anounts than ¢.7 xpa (s5d #8rtESnaagdia/e base netals. For exanple, 1

wt . % or _ _ | ess pl atrhgtﬁqe\@el'%scg%ig% foe%cghge l&ngbiﬂnae RQE{ er Elggaégase

metal conbination, 7 w.%nic

expressed as mét al . T?me‘“ﬁ‘tagg arrRfigspent of uniformiyreizes Bopge vitbwever,
notable in that they amaximum perpendiciiabl eraps-Fecticdi pore dymesdioh of
proportion of nmetal tha# teast 1.3 nmprIsvVAOUD )sua@@rﬁypm,iﬁryi aienfiecause of

their ext raogg{&agfl %ognag_gjetgugg q,gne (%4 P to tTandrxgt al

- 23 - nen ercen tlllf maintain a
hi gh surface area abov%r ﬁ’%e‘{‘r’% @{&ﬁﬁ hex‘f‘ RO Cic kel

conponent canlfe exchafRResdhtd .t htensiifped t2snie¥T4lal exhibits a hexagpmagnat ed
into it or physically exsitred aiifithadtion| pattern that chhe:err&haéxddswi& ke

| npregnated into or ex&h%ngggué)@trgater than 1.8l Q€ (msgporag,usasgg)‘g?g% It may

be done, for exanple, alit W|thap i num
met al - cont ai ni ng st)orptmn cgﬁa% t%l Lk %pﬁﬁ%%co ]'es 738™F ncl ude
chl oropl atini c acid, p’P%fﬁeHS{l%WcﬁF%‘?ﬁ &€Y%1 ﬁﬁr?ﬂu?a (50 Torr) and

15 25°C. This material is described in detail in serial

No. 07/625,245 and below.

The inorganic, non-layered mesoporous crystalline
material used as a component of the catalyst has the
following composition:

(W, X, ¥_ 2

n/q a b d oh)
wherein W is a divalent element, such as a divalent

20

first row transition metal, e.g. manganese, cobalt and
iron, and/or magnesium, preferably cobalt: X is a
trivalent element, such as aluminum, boron, iron and/or
25 gallium, preferably aluminum: Y is a tetravalent
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
30 hydrogen, sodium and/or fluoride ions:; n is the charge
of the composition excluding M expressed as oxides: q
is the weighted molar average valence of M; n/q is the
number of moles or mole fraction of M; a, b, ¢, and 4 -



10 aconpounds centaining the platinumanmm ne conplex. The

net al® conpounds nay be either corpounds in which the netal is
present in the cation of the conggund and conmpounds in which it
is present in the anion of the cogpaund. Both types of conpounds
can be used. 15 Pl ati num conpounds in which the netal is in the form
of a cation of cationic conplex, e.g., Pt(NHerr])[err]Cl[err]
are particularly useful, as are anionic conpl exes such as

t he vanadate and netatungstate_ians. l.onj,c J Qr of, . qQt her
netals are al so very lff@fﬂ?lesi%ﬁ?:‘étlfﬁ%?ggrmwg gé ’é@ngsz’ TeSRSTHARYEY Borto t he
crystalline material or PRWpRRgRafed® 1 to 2.5 and (gthictd) = 1. The
aci dic conmponent of the A preferrddyednipsiinert mf hherakiovenmnistaliixe cat al yst
is a MESOPOLRAYEr £41Y 3k AtlenN 2B £.8 grelt 6 thend€S Ghibgd: in 25

detail below. oWien ity e HoglehibdifEne R56Hn 4 ana a = oFAM ¥5LS, the
mesoporus crystalline materital 1s at 3 east :

j east parfly in the
decati oni zed or hydr og®% PERSRrFRd materials gy jise {p W%Woé‘et RESRIS red
acidic functionality fhydrocracking cathbysisaeke rigrer atuningmilideten- are to t ake
place. 30 The reRBOsHEInERdsAlz¢l i forit Elid athBytik haed:gani C,

porous, non-layered crygtalldpe-phase dRGEr balydMBhsbasis, expresfd) Pe
characterized_(in its calcin For Y, AN X-ray FFFraction
pattern.with Jaé | east TRETHEHRY o3° FoLicvs: d-spacing greater than 18 A
with a relative intensity TRM, qWa Xp Yo 2q Oy - 24 -
of 100 and a benzene soweptiBrisctipaciotyl oirggniatmtetirinnot included lim gr ans
of benzene per 100 gr afmsOin tida, NBiceki 8 thk coefficient GoF XPa.&50nkorr) and
2o[err]C. nunbd D% P8 & 08l Bt fdieofrR/Stal line material has
1s 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
described below.
20 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
replacing ions include metal ions, hydrogen ions,
25 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 hydrocracking catalyst. These include hydrogen,
rare earth metals and metals of Groups VIIA (e.g. Mn),

30 VIIIA (e.g. 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
provide a diffraction pattern such as, for example, by



5 a*hexagonal arrangerrent of uniformy-sized pores with a

maxi mum perpend| cul ar cross-section pore dinension of at | east
1.8 nm (13 A (A)), and typically wi thin the ‘range of from1.3 to
20 nm (13 Ato 200 A). A preferred formof this hexagonal
crystalline 10 conposi tion, identif i3 MCM 41, exhibits a
hexagonal el ectron di ffra¢t|on pattern that can be indexed with a
d[err] value greater than 1.8 nm (18 A), and a benzene adsorption
capacity of greater than 15 grans benzene/ 100 grans crystal at
6.7 kPa (50 Torr) and #Fay, elecxzperqr] geutrophpiffwacsien fedlewider i bed in
detail in Serial calcibatidy/ kERD a4 bestd ohel maak) mesoporous matedid)

i nor gani ¢, non- 'ayeredmayesep&;auétsm%a%} #8 structure, m&ealﬁcluagg as a
conponent of the catal

st L1
[err] [err] em\?\ﬁ’érléfﬂe\vrg ‘é“ﬁllf"\yﬁl aes‘ntweg n% ﬁs a
di val ent 5 firsIonPSHoR rapRarition TR ferm '."b?“ﬁﬁ?f@j’b?ﬁ'eé%,“@ébhﬂe and
i ron, and/or nagnesi ungo pindiextabkyystollal haviXgi sniform pores withimakrpat .
el enent, such as al um fiHge BOrBRn 13 ANtaNFHOR. 25The mesorpdbhi UsBteRisfLr ably

alumnum Y 1S atetr 3 R)ehhssom FEss, gkg@mha%gasafiééoﬁo an%o;oo

germani um preferably entaval ent el enen such as

phosphorus: Mis one b+ PSF8 YORILY SFoh IR A 1"'8r A." Sincg, these PoTgmmpni um
Goup IA |1ANnd VI Bﬂmﬁégni@?ahtw 3@rger thapykhosgert ofberum and/ or
fluoride ions; n is therystalDie materialspfitt He amprpesidicBoexddendtay M

expressed as oxides; Ogpen as ultrlaslsxla% perohtied meéiaﬂ/eraaftm' ence of M

E]/ (215' _S the n”glpr%%ses (o] tg§s Oarppimcaecxfoa,a(:t I Ork:.ng Meflﬁ:.tqon of and d

"porous" is a material that adsorbs at least 1 gram of
15 a small molecule, such as Ar, Nz' n-hexane or '
cyclohexane, per 100 grams of the solid.

The catalytic material can be distinguished from
other pofous inorganic solids by the regularity of its
large open pores, whose pore size more nearly resembles

20 that of amorphous or paracrystalline materials, but
whose regular arrangement and uniformity of size (pore
gize distribution within a single phase of, for
example, + 25%, usually + 15% or less of the average
pore size of that phase) resemble more those of

25 crystalline framework materials such as zeolites. The
preferred materials have a hexagonal arrangement of
large open channels that can be synthesized with open
internal diameters from 13 A to 200 A. The.term
"hexagonal" is intended to encompass not oniy materials

30 that exhibit mathematically perfect hexagonal symmetry
within the limits of experimental measurement, but also
those with significant observable deviations from that
ideal state. A working definition as applied to the
microstructure of the present invention would be that



are nple fractions of W. X, Y and Z, respectively; his a nunber

of froml to 2.5; and (atb+c+d) = 1. A preferred enbodi nent
of the above crystalline material is when (a+b+c) is greater than
d, and h = 2.5 A further enmbodinment is when a and d = 0, and h = 2.
The preferred materials for use in making TIfd pr esent

hydr ocracki ng catal ysts are the al um nosilicates. : : In the
as-synt hesi zed form the catalytic materi al - has a conposition, on
an anhydrous basis, expressed 10 enpirically as follows:

[err] wher e REPEE (QRanPelsain ditgaRrterial evdulid hetsynrehndss birn

Mas an ion, and r is she reegest giedghbdrochdynelseat tdoaghly the samdinber of
mol.es or nol e fracti oNgOétaRcelS pefects and impaerdbw@idhsR,LOMRQPENtS are
associated with the sign :Lf:LcFRtg mrsagf%k{agﬁg%% toof vg.hfate Lesence during

crystalli zatlog and ar e’ easl renove of M
repl aced by podt- crystﬁf’r?efa‘f’?o‘f‘? YRTHiggsdedrees, de&fé‘gc’:}“i 1d the | paligp
To the extent desired, of fheompgrial’ s/preparatdoni urdamples whichosxhiblieri de,
ions of the as-synt heshsed;cﬁaaem abt (fandom deviatidmifgom rﬁlﬁ”ﬁir@fhg%an be

repl aced in accordancerybddt aistance be&QQN%EEQEE?A éhgﬂnﬁf% gppe csechl ques'

Preferred re iam ng.d rgnzsabie ma es m;t% drogen 7o

hydr ogen precursor, e.g FONT U hd i %Pé?s‘(s)?t ke largﬁhese
ions. Particuldrly preP® é’étF’c”)’r?slSar &Wﬁ%%aé’le variatiopgiare piswi de the
desired metal functionebsearyefdnin ftge 4,,, valueki frxim lehadr exgcelh ng cat al yst .
These include hydrogengiffraction paaf,@-ngarth nmet al s and rret al s of G oups

VITA (e.g. M), 30 VLthAinés% gerﬁ\h!la): A:%pg?a\?xho 2:f the mgtergl' S OT the

Periodi ¢ Tabl e of the El ements and
The crystalline (i.e. W{PRGSSR FPETEC™ oH&r 2R d“ray d"ffracb*@‘/pdetm
diffraction pdftern su%#bag fewdigkinnyl Baxipp in the extreme low angle
region. The positions of these peaks approximately fit
the 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
20 . these materials, as the degree of regularity in the
microstructure and the extent of repetition of the
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
25 the X-ray diffraction pattern have been found to
contain substantial amounts of the material in them.
Other techniques to illustrate the microstructure of
this material are transmission electron microscopy and
_ electron diffraction. Properly oriented specimens of
30 the material show a hexagonal arrangement of large
‘channels and the corresponding electron diffraction
pattern gives an approximately hexagonal arrangement of
diffraction maxima. The dloo spacing of the electron
diffraction patterns is the distance between adjacent



- 26 - % ' X-ray, electron or neutron diffraction, follow ng

calcihation with at |east one peak) mesoporous material may be
characterized by its structure, which includes - extrenely | arge
pore wi ndows as well as by its high 5 sorption capacity. .  The term
"mesoporous” is used here ,to inditdfe crystals having uniform
pores within the range of ifrom 13 A to 200 A. The mesoporous
materials - " have uniformpores within the range of from13 A to 200
A, nore usually from15 Ato 100 A Since these pores 10 are .

significantly Iarger t#RAFSt RpSheohkQipFapection of thechgxagonpl nattdreri al s,
It Is appropriate to refhdristoelated to thetmasdiﬂuanaelaaor petpsdre Si ze

gB-]E eri tal S. F]?r, t he channels RIHsRESED igf tﬁé‘!eile&@mr{ ﬁ@%f@?:gpﬁ‘st . ng? 1
erirnrtron o IS | a adsor. a ea ram
of 15 a small rmf%ecg %&iss,aughmh% gg},lf/l\?l['er?j%gar?lh@xsé’ﬁégﬁ?-°bser"ed )
cyel ohexane, pBr 100 ghhafBeofreHtEor fiffraction patterns corppgpengdsatet the
mat eri al can be di sti ndrspakbep fofop low angle peakhigy therX¥tumyi abffiyartfomsol i ds
by the regularity of ipfttern of the date@falPEThe % hidHIFCoRMRgSI Z€ nore
nearly resenmbles 20  prepabhéfon?f o2 MPROLS-19T HALAGLY s%oalfLi' & rga%g_rioal S
but . ~whose regl] ar,_arrangenent aqumformt of size C’po_
size distribution wt hﬁ!!l’ffténg? rfé’l"gs pr%§§§v%}? ¢ {B,the electron qiftnagtionro,
usual ly . 15% 8P | ess oPaktgEnsy ehgee Patterns cpprhe dpdexasf witlatthghase)
resenbl e nore those ofhédagonal hkorswuisak| oheniqaereesi ketimner 68l190$ ULId ,as
zfeol i tes. Thfa 2oo,ﬁﬁ§6,el’eﬁ:3d, rERaetheilrs smyfcz@-_{@%aahféﬂ%%%}%”em
(0] arge open c S e W ope
i nternal dianet e?s fPom 13%&'1?05 5%%@kégﬁegt'e?l¥1 Jl%g{:gle?me"rﬁ%?é'gﬁﬂﬂay i S
i nt ended to enconpass POEUEHISF FRVEASTEFSZe50PY an X-pRyidiffRpehion
“mat hemat i cal | $Sper f ectpdtdrayoridh 3ty heastone peak at aipdsiitiomerieanét s of
experi mental neasur emeedan bsitAngkSfom Units d-shHORR Yhldvsdi gniddrcagt
observabl e devi ations rQ@hihaliation) whidhdgg{ﬂgp%gs 3 YRLK{ ng definition
as applied to the ¢ o MCLOR UGbU & dbnt DG RIESEM L YBREL O Woul d be
t hat tal,
and an equilibrium benzene adsorption capacity of
20 : greater than 15 grams benzene/100 grams crystal at 50
torr and 25°C (basis: crystal material having been
treated in an attempt to insure no pore blockage by
incidental contaminants, if necessary).
The equilibrium benzene adsorption capacity
25 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
contaminants and water removed by ordinary methods.
30 Water may be removed by dehydration techniques, e.g.
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



- 27 ¢ b most channels in the material would be surrounded by

si X nearest nei ghbor channel s at roughl y the sane di st ance.
Def ects and i nperfections will cause si gni ficant nunbers of
channels to violate this 5 criterion to varying degrees, depending
on the quality - of the material's~pt¥paration. Sanples which
exhi bi t as nmuch as + 25% random devi ati on fromthe average
repeat di stance between adjacent channels still clearly gi ve
recogni zabl e i mages of the present ultra-large 10 pore materials.

. Conpar abl e vari ations &hatdihgodetrital mategpakidd pe nepeved arikhowtal ues from
the el ectron : détfinemthl rfpeat tear nse crystal. The nost '

regul ar preparations of theydyetgdttdbutdriy, the calcif® BEES@NGhovention
give an X-ray diffractigp_ pa%teggé NiatRrial Tﬁ% i cﬂ?gaéte\%? %hb nct r%gél ma in

the extrene | ow angl e I ONS

approxi mately fit diffractign pﬂfgltf’r"bﬁi’&t%f % He2fk GWoePraks: F‘éns f rom a
hexagonal | appEtionsharedtenythdinf 19 dowisbnop dinies M-sphewiner ,

not always a sufficientgigyl cat egr @b khapha esIaeisd),20c least oﬁcb%%e

materials, as the degreg; egylaarpbgytmg H@ater than 18 ruuc&ure and
the extent of repetiti ctu

particles affect the n%r’rﬁ?ﬁcmg' and no ‘iﬁakﬁe%ﬁ(§°ﬁ'é’t°% FFssbé"hSBSJé’r ded.

| ndeed, prepar’®tions @-spacing wyithhrelativenint@insinarepterk thant3ns bow angl e
regi on of 25 t hehX-stapngedtf pagki oStk trera pretéchba]yf otHyl xt-Bay
contain substantial an@ypksacefok HALEBGELiEatnd kal BEMRA material of Qs

t echniques to illust rag_gvé&eiom &{ﬁség%ctngrgeaq{fs af:e%q{sztlozas :113?3 tagl:]i al are

transm ssion el ectron Cros ron
Properly oriented specg1 r@aﬁf'“%d’lth relatiye inkeRFItN JEPRFATACRRIX dGEneS
arrangenent ofl5| arge the strongegtapfzf.s AncRmheveuwt r @spberditngne|peakr
diffraction RAE 1648y Of METa il oD PA EREriB €11 hiex aganapadihgangement
of that corresponds to the d100 value of the electron
diffraction pattern of the material.
_ The calcined inorganic, non-layered crystalline
20 material may also be characterized as having a pore
size of 13 A or greater as measured by physisorption
measurements, described below. Pore size is considered
a maximum perpendicular cross-section pore dimension of
the crystal.
25 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
dispersive X-ray detector eliminated the need for
30 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
tube source, were 0.5, 1.0, 0.3 and 0.2 mm,



diffracti dn naxi ma. The d[err] spacing of the electron

diffraction patterns-is the dist anc§ bet ween adj acent

- 28 - '~ "spot's on the hkO projection of the hexagonal lattice
and is related to the repeat distance af er_r_]agag_tween channel s
observed in the el ectron mcrographs through the formula dlerr] =
aferr]/3/2. This d[err] spacing observed 5 in the electron
diffraction patterns corresponds to the ' d-spacing of a | ow angle
peak in the X-ray diffraction ,__ . pattern of the material. The nost
hi ghly ordered respactively. oRLTSFeRhSLhg: BYSEAmSoRthPFedues far have
20-40 di sti néiffgying biksasitisiseLén thecpedksst r Dire chiatérixis ep 10
patterns. These pattetns feBehe invdpiiRm vhith Hake the largest BEXagqnRak hkO

subset of wunique refl eﬁs} %Q{‘e Qe ﬂi:lgq)xﬂ.y collimated 489 a&nt0 -l and

their symetry-rel ated, reflectjons. In | ts calci ea’é??ﬁ’m
the crystalliné material H&y" to resolve fhe 1% ﬁ@?l%r?ﬁgc?’ifrmi 8% by an X-ray
diffraction 15 PR fted tincadente{s¥aoPeaPeak at a position greater
than 18 Angstrom Units d- sraei @iffrdcOlf] datd wref pscoded by K- al pha

radi ation) which corregpaideahRiddetdd Rl fedrtledCor 28, where @f 1L M€l ECLTON

diffraction pattern of i . ui l i hri um benzene
adsor ption, capacity of B%)lfq TREEL Sna 3 SPUPRAR * ggoffgrzigasoeé:ﬁ?gﬁe %F082G¢ ans

' grea
crystal at 5019 SteRyr v T%ﬁd‘"%ﬁf%’rai”]aé TRRLEPES G Fstusrenfeteylateayvi ng
been treat edinmt 4A) atarghphe trelphivg dnhengidiies b ehagkbiney,

i nci dental contani nant $/1i,f wvA@E@€ISaiy)one-hundredth of the TifteRGihy iRl LN

benzene adsorption capggidibedd 1ine, abdvdhaGigebiiad ] GeBl ddUigedalehl Ble ! S

nmeasured on the u olt}agl.s o?{f. nof.Q_%r.e bloo kage by incidenta
cont ani nant s. SESF P RTAALR, FYRANE &Y b‘%f"&% t@gf WEers et asonsRR t ed
on 15 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 =
medium (25~49) and w = weak (0-24). The diffraction
_ data listed as single lines may consist of multiple
20 overlapping lines which under certain conditions, such
as very high experimental resolution or
crystallographic changes, may appear as resolved or
partially resolved lines. Typically, crystallographic
changes can include minor changes in unit cell
25 parameters and/or a change in crystal symmetry, without
a substantial change in structure. These minor
effects, including changes in relative intensitieé, can
also occur as a result of differences in cation
content, framework composition, nature and degree of
30 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
those skilled in the art of X-ray diffraction.



the ¢rystalline material phase having any pore bl ockage

contam nants and water renoved by ordi nary nmethods. 30 Wat er may be
renoved by dehydration techniques, € g. thermal treatnent. Pore
bl ocki ng i norgani ¢ anor phous - - materjals, e.g. silica, and organics
may be renoved by contact with acid or base or other cheni cal
agents such ! - 29 -

that the detrital material wll be r emoved vvithout detri nent al
effect on the crystal. The e 1ib :.LMDLFnPeEHe an é % ¢al C' ned
crystalline non- |-ay er%“d1 et

?% aracte |ze by an X-ray
5 di ffraction p&??%"ﬁﬂtw SPNYasEdpg Bé‘é\?&" t©f the invertigs; (i ons

greater than 10 Angstr efitéinidesydraiiasigmcalecination g3, g4P E[x@mp}e, fsap*€u
K-al pha radi ation), attbgasd 1888t @he hour and othBk Ctrdatmaht A i@OSi tion

greater than 1§ Angstrq é@aﬁ, in an attemft S&@Qbﬂ&ve %’ﬁ? PP ERES 13

positions | ess than 10 lve |nt nsi ty

10
greater than 20% of  centaminapgg, ﬁr%?%eé?g 5Ve’da&cr’ét SPEeNor B bhrticul arl y,
the X-ray  di Prrbkibrénn pii rerghegt tThe valdithed m@ﬂﬁaﬂmwﬁdt hi s
invention will have noipettien aetgained assdeésssibbiarelby.

dt spaci n? with rell ative i nt'ﬁﬁshﬁﬂorﬁﬁﬁ%&h bhanelOeNfytis mater:.al tﬂl&;
strongest pea n an s ray
:;tat o X—F % %gxltéa ‘Eo Q.Hg RRBKgLY forn by the

diffraction p rn wl of responds to the
dlerr] value of the el &6??‘6‘?1’—“"- (calcmat‘d’i“’?fré"@ﬁ?o?PﬁﬂFﬁe??Fa&Peﬁﬁésnaterl al .
The cal ci ned i nor gani c generallyypexfiprued Syahe¢dtiagoene of thesenffernslatnay al so
be characterized as havefifleratRPteof at least 4®-TEf6f ak31ldast 10ROALR aAS

nmeasured by physi sor pt 'gQHerally not 1cHESS WhENEBH ﬁou@ngéP&%bQ9l Ay, FOre

size 1s considgred 5 10 nolrl™ib{E REERENALRELAL pEROSISERL " POre

employed for the thermal treatment, atmospheric

pressure is desired for reasons of convenience, such as

in air, nitrogen, ammonia, etc. . The thermal treatment
. can be performed at a temperature up to 750°C. The

20 _ thermally treated product is pérticularly useful in the

catalysis of certain hydrocarbon conversion reactions.
The crystalline material can be prepared by one of
several methods, each with particular limitations. '
A first method involves a reaction mixture having

25 an X 03/Y0 mole ratio of from 0 to 0.5, but an
Al o] /SlOz mole ratio of from 0 to 0.01, a
crystallization temperature of from 25°C to 250°C,
preferably from 50°C to 175°C, and an organic directing
agent, hereinafter more particularly described, or,

30 preferably a combination of that organic directing
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



the qrystd . 25 . X-ray diffraction data were collected on a_

Sci nt ag PAD X automated,diffraction system enpl oyi ng

theta-theta geonetry, Cu K-alpha fadiation, and an . - ener gy

di spersive X-ray detector. Use of the energ\é -di spersive X-ray
detector elimnated the need for 30 AcTdent or diffracted beam
nonochromators. Both the : i inci dent and diffracted X-ray beans
were col limated by ' doubl e slit incident and diffracted:

col limation systems The slit sizes used, starting fromthe
X-ray tube seRRESBiumeratipnsif 1depired3 onedoD. @ aembination of

- 30 - resdest salekyed Brbhetienigrotp tcoR¥ 561Ny BB YafRQE8EE
differing intensities éﬁﬂne;r@@w P8AKS coblfr TRESARIN Blement x the present

i nvention that have th ar estt por e re ui rge nor e
%. s

hi ghl y col i mated i nci aV‘"‘lené5eslemem: Yoi 8- %r (fyé‘rl r @8l ve the
| ow angl e peak®fromt I”R?“ta"ale“t elqnenfistn -8l ?Wﬂﬁpﬂéﬁfs Xapagrdsadm (R)
The diffraction data weirectiwpedent byescribed belwst epnd Gasblvghtabr0. 04

degrees of 2[err], whefavkRt ixtérd NGuch as, for é?z"aﬁﬁge a'%g'—@; ﬁ@gh@l§ount' ng

time of 10 seconds forg e ch i §r. a paci ngs, d's,
were cal cul ated % dﬂo% g}%d/or ?ié‘?%e reflat \geyl e%m t’ﬁ’é’s of the

l'i nes, 1/ 1 [e’?era]ct?l\?fét’“é & PPSi% °6’HB°?1’(H8F‘ed’c’h t6rm% IRE mPAtensity of
t he ) 18t r ongestatiippeot akides butRuinothe, faldpeinteranges:wi t h t he

use of a profile fittigactonid ne. The int ewaeql es were lpreferred

uncorrected for Lorentg oa.?%%?l ari zation gftgcts.s Theo 001 to o.s'€lati ve

intensities are glvenjgu of t he syqpok = ver strong
(75-100), s = strong ( j Redli-0h (2% 35} Shd %Pt weak
(0-24). The d.ffractudh%/( O 7, 205) 0.1 to 100 Lo 20 |
15 3/(YO +WO+Z,0.) 0.1 to 100 0.1 to 20
Solvent/
(yoz+_wo+z 05+x 05) 1 'to 1500 5 to 1000
ou'/yo2 0 to 10 0 to 5
: (M, /gO+R, ,£0)/
20 (YO, +WO+Z,0.+X,0,) 0.01 to 20 0.05 to 5
M, 10/
(Y0, +WO+2,0,+X,04) 0 to 10 0 to 5
Ry £%/
(Y0, +WO+2,0,+X,0,) 0.01 to 2.0 +0.03 to 1.0
25 : 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 9 to 14. When Z and/or
30 W oxides are present in the reaction mixture, the pH is
not narrowly important for synthesis of the present
crystalliné material. 1In this, as well as the
following methods for synthesis of the present material
the R, .0/ (Y0,+WO0+2,0,+X,0,) ratio is important. When



datayl ist&d as single lines may consist of multiple 20 over | appi ng

| i nes which under certain conditions, such as very high
experinental resolution or f crystal | ographi c -changes, may appear
as resol ved or partially resol ved,Lines. Typically,-

crystal |l ographic changes can incl ade m nor changes in unit cell
25 paraneters and/or a change in crystal symetry, wthout

a substantial change in structure. These m nor effects, including
changes in relative intensitjges, _can al so occur _as a result of
differences in cation -Pi= fa{m 130%5&9,‘3’? P REwRT BFEBNBo PR A1 % nat ure and
degree of 30 POFRPUEREY iRT§SusthfetaBd tonBe oFYTHpEsHA%Se Rhuthehiexpense and
peak wi dt h/ shape vari adf che drsirtd gystallimesnaedribape ef fects,
structural disorder or othgrsdcaahOhetnbBOMY s9nthesis of thlelOsFseakhiied in

the art of X-ray diffragti ; . . .
D31 § dstprdlL invpives & reaction mixture having ap X,0.(vq..

det ermi ned by cont act i#R}et FatitaCE Fzam 81t e 5t R/ SF¥FEMLLization after
dehydration or cal ci natamperaturef of feandd e to5299 @l r peLferably fromf 8¢ at
| east one hour and ot hgs wseaf ERAttwd Eeparate orgdifGesfHaicking hgaRtdl t enpt to

renove any pore. bl ockifig. the organid@RhEHNRIESa) JrgamlEhit Gl S0 torr
benzene until nzene

equi | jbrium eached. The I_gh
sorbed - 10 s ¢ REFRGEL & er?lcﬁ’éif&age YSer ?g’esd sﬁgf’\éﬁ.m%thg comprises  The
anmmoni um form of the CRRSRRFINT anHeIGHIAN WéaiFupbe cqptaining spawgHs pfeoforert ed
to the hydrogen form bsxambee mallkali or alkaltinea¢arrht méidl ¢Mpatd.gn). This

thermal. treatment is sodium or pBEAEYidh| Yeat@bhol fedsbyedleahé g gne of these -

forms at a t re of Leas ‘g[ rr],C for at least 1
m nute and ' g%%géﬁ%?’“n%? ﬂxg%aer tiﬁgﬁg (f%ﬁ%ut%si b7 er abl y from1l
15 consisting of divalént element W, e.g. cobalt, _

trivalent element X, e.q. alﬁminum, tetravalent element
Y, e.g. silicon, and pentavalent element 2, e.g.
phosphorus, a combination of organic directing agent
and additional organic directing agent (R), each

20 described below, and a solvent or solvent mixture, such
as, for example, C-l-c6 alcohols, cl--c6 diols and/or
water, especially water. The reaction mixture has a
coﬁposition, in terms of mole ratios of oxides, within
the following ranges:



15 ¥to 10 hours. While subatnospheric pressure can be

enpl oyed for the thermal treatnent, atnospheric pressure is
desired.for reasons of conveni ence, such as ' -in air, nitrogen,
ammoni a, etc. The thermal 'treatnent can be perforned at a
tenperature up to 750[err]C. The 20 . © = ¥heérmally treated product is
particularly useful in the i catal ysis of certain hydrocarbon
conversion reactions. The crystalline material can be
prepared by one of several nethods, each with particul ar
limtations. Reagtdngsst net hod i n¥skfek a r eadxieferyddxt ure
havi ng 25 an X[err]err]/YJerr] nole ratio of fromO to 0.5, but

an - Allerr]derr]d S rr] nole rati fg.gm O .01, a
crystal i zati on tenper atur}ée?gé (?‘Zr om 25[err]C ;609%506‘3 9308 & 025 .

rr]cC,
‘preferably from50[err]C t%2%75%*F3%5) and att o ﬁarﬁ_[og direfrtntp 20
agent, hereinafter nore paChd¢(¥HrHAG+iLseri fod, ter 1090 0.1 tyef@pably a
conbi nati on ofs t hat or ganigpigen€ct i ng agent plus an additional

organic directing agent, (yo_+wo+z odpg@. hbed Bekgwsobhi s figstydmiphed
conpri ses preparing 2 réaction m xt e co’r\;’toai ni ng sources_of, for

exanpl e, alkali Bt 7%Pxaline earth netal (M, e.g. otfl um Br _
- 32 - pot as@hyueP*RaePbh if desired, one or a conbination of
oxi des selected fromthe giYoypWedEQssXj03y oF.al val ero 0.05 to el esent W
e.g. cobalt, tgivalent el emeréb/x, e.g. ~alum num tetraval ent
elenment Y, e.g. silicon, t aval el.gnment Z, je.g.
phosphorus, an organic (R 2+é°+z2°5+}éﬁ%$320ti né’eggent]{% descri Be%quel 8W, and
a sol vent or solRegef/ i xt ure, such as, for exanple, Cl-C6
al cohol s, _ d er r ] (YOGt BP+Z 85t A3 ) wat ®rd, tespedi al | W@tk . 1The
reacti on m xture has @hesepoOandiDrreithed eetghtell avdrdge valences of M

15 and R, respectively. '

In this second methoed, 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/orxr
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 crystallization 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,
alkali or alkaline earth metal (M), e.g. sodium or
potassium, cation if desired, one or more sources of
aluminum and/or silicon, an organic (R) directing



10 4 Fatios of oxides, within the follow ng ranges: : React ant s

Usef ul ~ Preferred [err]- 0 to 0.5 0.001 to
0.5 [err] ® to 0.01 0.001 to 0.01 .

[err] 0.1 to 100 0.1to 20 15 [err] 0.1 to 100
0.1to 20 Sol vent/ [®Rs] - 1 to
1500 : 5.to 1000 ‘OH /YO err] _ 0 to 10

O0to 5. Jerr] Jerr] 20 [err] [err] 0.01 to 20

0.05 to 5 : [err] [err] [err] Oto 10 - 0to
5 - [err] agent, Jereipaftan pore pagtiquiagyly2depcribed), @ddta 1.0 25

where e and f are the gsivehtesk vevage niehan;esudl abl, for exampiné E%:
respectively. alconord ! d 0kg dich st afiblOfatatheBe gl 41 A Yoy W oxi des

are added to the reaction m xturte nmust be

mai ntained at from9 tTeLEAGHHET ? ’é"'rﬁf oFa%(? cggp“"@\;‘%’)’d dastegms ﬁlfesent in
the reaction nfxture, nMe pptias of oxides, jyithinrfrenEgllonisst rangesor
synthesis of the present Reactantscrystallingsefilerial. I[Prekéired as well as

t he fol | owi ng nethods for synthesis of the present naterlal
the [err] ratio is inporta
- 33- this ra?‘lt"b 4 ?éss t han 0t81 or grea‘t001 F%an '5.0,
i mpurity products tend to Bel‘éim‘t’ﬁé%z zed at* tRer?¥Whense 5 to 1000 of the
desired crystalline naterlaH /8io, 0 to 10 0 to 5
(Sioz+A1203) 0.01 to 20 0.05 to 5
Mz/eo/
(510,+A1,0,) 0 to 5 0 to 3
R, 69/ _
15 (S10,+A1,0,4) 0.01 to 2 0.03 to 1

where e and £ are the weighted average valences of M
and R, respectively. '
In this third method, the pH is important and must
be maintained at from 9 to 14. This method involves
20 the following steps:
(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 f;om
50 to 800, preferably from 50 to 500. This
25 mixture constitutes the "primary template" for the
synthesis method.
(2) To the primary template mixture of step (1)
add the sources of oxides, e.g. silica and/or
alumina such that the ratio of RZ/fO/(SiO +A1203)
30 ' is within the range of from 0.01 to 2.0.
(3) Agitate the mixture resulting from step (2)
at a temperature of from 20°C to 40°C, preferably
for from 5 minutes to 3 hours.



A segond frethod for synthesis of the crystalline 5 mat eri al

I nvol ves a reaction m xture having an [err] nole ratio of fromO
to 0.5, a crystallization tenperature of from 25[err] to
250[err]C, preferably fram 50[err] to 175[err]C, and two separate
organi c directing agents, i.e. THE organi c and additional organic
directing 10 . agents, descriibed below. This second nethod conprises
preparing a reaction m xture containing sources of, for exanpl e,
al kali or al kaline earth netal (ll\/p, e.g. ' sodj um or potassi um
cation if desired, one or (4 Allow the Rixeyne £p FFaph ¥iGhyeT widhbested from

t he group 15 consi sgivarioh, dinefeeaklecREneriterpgrature oblfxom, 20°
trivalent element X e.g. tal 109-RYMnd eterbant f6d EFBMI10 minutes to Y24 €. 0.
silicon, and pentaval ent glement Z, e.g. phosphorus, a

conmbi nation.of organic directin nt and addi tional organic
directing ageRt (R), each(3b Cgsggﬁ&éfcﬁ%ggog’é‘f% FORFFeR Y P&t or

sol vent mi xture, such temperatyze GiHfreRad eto @787 F] PrréerRAlY, fF err]

di ol s and/ or watteom leapecit 79 hatrs:. dMystakhicdatdon m xture has a
conposition, in terms of RRhfesRLi&S MGhoXideehe WivBh ranges are mokb®

foll ow ng ranges: - 34-

React ant s UsePEREerTed: pr of erred : _ler rl

0Oto 0.5 18 001 to 0.3 fourth method foTén[e] present gynthegis jimyolves (. 1
to 20 themehctidh bixure]l0ged for the) third metROd5but the

Sol vent/ fol¥whihg speciftid @rdbéifhre with 5 to 1000

tetraethylorthosilicate the source of silicon oxide:

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

s solvent or solvent mixture such that the mole

| ratio of solvent/R, .0 is within the range of from-
S0 to 800, preferably from 50 to 500. This
mixture constitutes the "primary template" for the
synthesis method.

20 ' (2) Mix the primary template mixture of step (1)
with tetraethylorthosilicate and a source of
aluminum oxide, if desired, such that the

0/S10, mole ratio is in the range of from 0.5

Ry/e 2
to 2.0.
25 (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 0°* to
25°C, and a pH of less than 12. This step permits
hyd;olysis/polymerization to take place and the

30 resultant mixture will appear cloudy.
(4) Crystallize the product from step (3) at a
temperature of from 25° to 150°C, preferably from



lerrk v 0to 10 0Oto 5 [err]

[err] 0.01to 20 0.05to ; 5 10 [err]

[err] 0Oto 10 0Oto ! 5 lerr]

[err] 0.1to 2.0 - 0.12 to 1.0 - 37 - Where e and f are the

wei ght ed average val ences of M 15: and R respectively. -
In this second net hod, when no Z and/or W oxi des are added to the
reaction mxture, the pHis inportant and nust be naintained at
from9 to 14. When Z and/or, ., o WQXI r e [ e action
m xture, the 20 precigsse Vartdd G ftgﬁe&g:a ?s&ng{z ﬁgn‘%%sr't Eﬁ%pﬁ‘%ﬁy :
crystal lization. from 16 {Ri 48 PRBY¥%rod for synthesis of the
crystalline mat er iIal each wiicthe Xbenpekbeds.ababhthum and Y conpri ses

silicon, the crystallizaydtanilfHIohadsifcle NdiSistBE1ideOBnEErial can ol err] to
175[err] C, preterably LLAm a0l bhald ckoRLeTdthCic Alagiiated, o g OF GANI C
erera

di recting agent, descrl% el ow,_ .ot ..prefe a conpi nation of
that organic directi ng5tfrred' congdEN"SH s fﬁlﬁgﬁﬁ irﬁﬁﬁTglroP’ﬁﬁﬁﬁlc Syt |
descri bed bel 8%, £ars examrie TPALYPEPRY.@NAel 3R °E oFffiicgekinsdepar i ng 30
a reaction m xture conkgairlegs Ssucetesitwklated. efeygtadlization may alikal i or

al kaline earth metal (M, cdhdlet&PEolibusly in suitk®iassdiiPhesdl | 9fei f

desired, one qp Mre SQULEPYe@hul range of AldlrAlRAN 4R cfskh i hardln

organic (R) diTecting . G
agent, hereinafter nor&SRAYCACHINE FOTSSER WSRO IRF & tine sufficigpbent or
sol vent m xture, such é&syx dzwstewdnptiaor(:[cercpqcur at the temperature used,

e.g. from 5 minutes to 14 days. The crystals are then
separated from the liquid and recovered. Following the
15 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, ete., within the above limits, various
erbodiments 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.
Non-limiting examples of various combinations of
W, X, ¥ and Z contemplated for the first and second
synthesis methods include:



al cahol s, CJerr] diols and/or. water, especially wat er . The

reaction mixture has a conposition, in terns of 5 nol e rati os of

oxi des, within the follow ng ranges: _ React ant s

Usef ul Preferred _ [e_rEL _ 0to 0.5 0. 001
to 0.5 Sol vent/[err] 1 t0 1500 5 to 1000
OH/SiJgerr] Oto 10 . 0 to 5 10 [err]
[err] - Jerr] 0.01'to 20 0.05 to 5 :
lerr] [err] 0to 5 Oto ” 3 '
[err] 15 [err] 0%1t&¢ 2 ¥ 0.03to? 1 wher e
e and f are the wei ghted average val®nces of # and R,
respectively. | <t hi s Aahird netked, the pHPi s inportant and
must ‘be muintained at_from,3 to 14. ghis nethodpi nvol ves 20 :
the foll ow ng steps: (1) Mx the organic (pR) di recting agent
with the 5 sol verf® or 81 vent m xture such that the nole
ratio of solvent/Rlerr] is witdn tH& range of*from P 50 to
800, preferably from50 to 500:= Thi.s=25 ‘81 mxture constitutes the

“primary tenplate” for;idfi@qing the combinatfdHsl BeSw beiRg NRf. or an element
(2) To the primary t egg‘l'lgefcﬁfga’?gé’%?he? fas9h e Birst row tra_nsitiorfiqgt%fke

sources of oxides, e.qg: 0 , al ym na sych that’ the
rati o of [errf030 e.g. Mn, G aﬁﬂt"fﬁ’nxtﬁ%"’\gaﬁgec%Prf#J%'maﬁ‘.io‘}ij(i’te 3. 0.

(3) Agitate the m xturegesesulting fromstep (2) at a
tenperature of from 20[ err hg torgdfferdirectiehgenth|/fpr use in each of tHer

fromS mnutes to 3 ho%%é%e methods for synthesizing the present material
from the respective reaction mixtures is an ammonium or

+
15 phosphonium ion of the formula R,R,R;R,Q, 1.ef:

Ry
o

3o

R4 -Q -R,

I

20 R4

where Q is nitrogen or phosphorus and wherein at least
one of Rl' R2, R3 and R4 is aryl or alkyl of from 6 to
36 carbon atoms, e.g. -CGHl3 R -C1°H21 ’ -C16H33 and

-C18H37, or combinations thereof, the remainder of Ry,
25 R

R
2’ 73
from 1 to 5 carbon atoms and combinations of these.

and R, being selected from hydrogen, alkyl of

The compound from which the above ammonium or
phosphonium ion is derived may be, for example, the
hydroxide, halide, silicate, or mixtures of these.

30 In the first and third methods above it is
preferred to have an additional organic directing agent
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



- 36 M (4) Allow the mxture to stand with or w thout
agi tation, preferably at a tenperature of from 20 to
100[err]C, and preferably for from10 mnutes to 24 - hour s.

5 (5) Crystallize the product_fjomstep (4) at a

tenperature of from>50[err] to 175[err]C, préferably for

from1l hour to 72 hours. Crystalli zat I on t enper at ur es “hi gher
in the given ranges are nost preferred. 10 A
fourth method for the present_ s nt hesi s invol yves the reaction

m xture used for the tMPIFASFEIRAIERE 18 the ammon iy |oF, PROFRISBET ¢
procedure with ion todt metaﬂvyvarqlwesﬂn%asenﬁ Hermbka whevdinsRL i con

oxi de: (k ah R, heogetani ar Ekparkvedgtarey sageﬂiedwﬂ-&hthe 15
sol vent or solvent m X{:iﬂ' rﬁﬁlﬁmctngﬂtltn Coflly@rogen and alkyl_of rf‘ OBOf

solvent/Rerr] _is W|th|n he an 8o
preferably from 50 to Y5 { 198n8 cm;’mauonsn’f}ketr&?g c@ﬁ‘gt f‘f‘%‘t es the
"primary tenplate” forcquhination of organic direchiRg 29pBtHES. toCuake up

(2) Mx the primry t eRIplaal ewililx bar i ablat eptid)of 100/1 to 0.01/1,With
tetraethyl orthosilicat ?ix%'%daﬁo@li'iﬁeed)t:rganlc directing aqun¢phddipigxife, if
desired, such that thecr ani recting aL;%H nol e ratlo IS I n the range of
from 0.5 10 5%1 ﬁ{(’%f gitate the m xture
resulting frofPstep (2) The part"cular pEfeTT YR ﬁifnmee§eﬁ‘6n@dhours
preferably from 30 directing agenhi ripeascenpazefJuity, otherasuenpaentsir e of

fromoO[err] to " known to dajeetrdyithasik afpbhoforl #a bhAer bzysddl S Step
permts | sthahys] SEnloEved 2Rld €9 42 bEkGey g capdidie 90

.r esultant m xture will app% 1ate :.X the above ’(‘H%t crystalli1ze the
product from step (3) TS PEP TP B PO HBferr] to

150[err](: préferably pgq%@ptlon and growth of the desired ultra-large pore
crystals with the limitations discussed above.
‘Non-limiting examples of these directing agents include
'cetyltrimethylammonium, cetyltrimethylphosphonium, '
benzyltrimethylammonium, cetylpyridinium,

20 myristyltrimethylammonium, decyltrimethylammonium,
dodecyltrimethylammonium and dimethyldidodecylammonium.

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

25 size and crystallization time of the new crystalline

-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.

30 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. 1In cases where the catalyst



- 37 . 95[err] to 110[err]C for from4 to 72 hours,

preferabl y ' from16 ‘to 48 hours. In each of

t He above nethods, batch crystallization of -the crystalline

material can be 5 carried out un’de_ugi_t her static or agitated, e.qg.

stirred, conditions in a suitable reactor vessel, such as for
_exanpl e, polypropylene jars or teflon lined or stai nl ess steel

autoclaves. Crystallizati on may al so be conduct ed continuously in

sui t abl e equi pnent . Thes ) ded total us fuI e of terrperatures for

crystallization 18 mojdeds  F e aBo or sela?c’h % F5ESFO S2RikRe

suf ficient feﬁFrE‘?‘SF’sPaFWezSFYHW 5 prRtiplay driedtandhshenure used,

e.g. fromb5 nminutes textdudwis. The crystals are then separ at ed

fromthe liquid and recovefipdsifoldrOvhdGorlE D the preseﬁyrﬁ %Bé odd1€
crystalline ngferial SJAQQiﬁ:.l%emﬁ‘Qzﬁﬂe laf%e etnougﬁ Qcha;:e&rre t to renove

“part or all. of any org Wen a
source of silicon is lf?éal‘i’ﬁ?ef’ﬁgl"sfﬁﬂ'ﬁ‘é"sﬁ"%ty with respegk: k@ Erapsitipn
preferred to use at | ex¥steispepies imnregrtions sudhr gardracking date, such as,

for exanple, a quaterndhymized (Chen e@M&MNi UShidd seBdctivhlofrtdali Phid NG
exanpl es of such a ndust,h;l AbHatkee i dHshUdEs (R ATR! E%@é?{ag%um silicate

and etraeth | cat

condi tions of*fhe synt ﬁeg{‘ ggi:t‘?" igh referenceis é‘!i‘gﬁ xR ﬁod | i ke
tenperature, pH and tiddsce§sion of the £3GEREE| Bffecting shape tHedechividydve
limts, various Diffusivnelli Nipritstixinst Aze Elesamninin@fed &)ée&eflasult

crystalline Jretld ivdky Vi drfedpslas. I efb ARESD G RO6Es SkEe MY be
pr epar ed. I'n particul @eSerﬁq%gg%éattiggs F&'i‘e Lg?ecﬁ lly alsefu]:[ gnperature or the

reaction tine my pro tals with
di fferent ave'}sage por §3&pL%Fing the hYdr°°ar°k1%r’r'eﬁF?ﬁ°t“Fnﬁl"'ék ABhes of

vari ous conbi nati ons ¢Piling feeds dﬂt\ta@nmgampznelmt eiph dwdtyf or the first
and second molecular conficurations.

It is normally preferred to use the crystalline
material in a form which has sufficient acidic
20 ‘functionality to give it an alpha value of 1 or more.
The alpha test is described in U.S. Patent No.
3,354,078 and in J. Catalysis, 4, 527 (1965); 6§, 278
(1966); and 61, 395 (1980), to which reference is made
for a description of the test. The experimental
25 conditions of the test used to determine the alpha
values referred to in this specification include a
constant temperature of 538°C and a variable flow rate
as described in detail in J. Catalysis, 61, 395 (1980).
The acidic functionality may be controlled by base
30 exchange, especially with alkali metal cations such as
sodium, by steaming or by control of the silica:alumina
ratio of the material.
It may be desirable to incorporate the catalyst in
another material resistant to the temperature and other



synt hesi s *net hods i ncl ude: ' - 38-
Al

-- Si -- P -- Al --

P -- Al S P5 Co Al
- P Co Al - 41 - Si P

Si : i ncl udi ng the conbi nations of Wbheing My, or an el enent
selected fromthe divalent first rowtransition netals, 10 e.g. M,
Co and Fe; X being B, Ga or Fe; and Y being Ce. ' An

aynthesi 21 ng.t he pr csarogE i gt dia"uP eng Brocess. | sudB ORGP 00T on
m xtures i s an amoni JiAt§Fiaks include,mynthedir #rq &ﬂtHaJtlﬂfeW‘B’rrmnﬁ [err] ,

i.e.: [err] 20  substanceghereh @si anmlan@geltat@rlpkﬁ)sphgr usagpd wherein
at | east one <31 1B edrid metd1ebkided enstridnaatd Gl hsy aryl or al kyl
of fromé to 5 RnCal " @és@;@,c&aqytisrgzl[oper g l;enerang[er{r] and
[err] or conbinations t ere‘g;'C e remal ndér errT

Rlerr] and Rl err] bei ff §6+%t% &8 "I‘rr om hydrogen, al kyl of

The catalyst may be treated by conventional
pre-sulfiding treatments, e.g. by heating in the
presence of hydrogen sulfide, to convert oxide forms of

1o the metals such as Co0 or NiO to their corresponding
sulfides.

Examples 1 to 19 below illustrate the preparation
of the mesoporous crystalline materials used to prepare
the catalysts. 1In these examples, the sorption data

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

A weighed sample of the adsorbent, after

calcination at 540°C for at least 1 hour and other

20 treatment, if necessary, to remove any pore blocking
contaminants, is contacted with the desired pure
adsorbate vapor in an adsorption chamber. The increase
in weight of the adsorbent is calculated as the
adsorption capacity of the sample in terms of grams/100

25 grams adsorbent based on adsorbent weight after
calcination at 540°C. The present composition exhibits
an equilibrium benzene adsorption capacity at 6.7 kPa
(50 Torr) and 25°C of greater than 15 grams/100 grams,
particularly greater than 17.5 g/100 g/ and more

30 particularly greater than 20 g/100 g.

A preferred way to do this is to contact the
desired pure adsorbate vapor in an adsorption chamber
evacuated to less than 1 mm at conditions of 12 Torr of
water vapor, 40 Torr of n~hexane or cyclohexane vapor,



froml toe 5 carbon atoms and conbi nations of these. The conpound
fromwhich the above amoni um or ; phosphoniumion is derived may
be, for exanple, the hydrixide, hal i de, silicate, or mxtures of
these. 30 - In the first and thicdygret hods above it is

preferred to have an additional organic directing agent and in the
second nmethod it is required to have a conbi nati on of the above
organi c directing agent and an additional organic directing agent.

That addi tional - 2599 -
) . . . 50 T of benzene vapor, at 25%C.
organic directing ageﬁf §d %{ﬁae) a(rmDn?ﬁJr or 5 Tlhgn of the

: phasphonium JUNe
above directing agent PFﬁ?ﬁﬁﬂeal’é\H‘éP‘éi?Pqﬁ[téPF](,mtgm t 0.5 5}l py|adddtdpRr] and
Rl err] together or sepéraisskpaty orapet aonsdoiyeginby a manostay Quripmgbe -
consi sting of hydrogegaanstabk)perabal tae Bdsdrbate is ad@simed By Cife aed

conbi nati ons thereof. @ge/ sughle g inCOREYSARL | AseE IR sl ecting
agents go to nike up N aly " F\’gcrease 'llnl 5 gr ratio of .100/1 to

dwll . be in
0.01/1, firdP SRSVE Y?]s“teeg}qbﬁhggﬁ?%:tsdfnro E%g‘loé g~ 2gent PRI onal
organi c directing agefthe digmber to restorerfpe RROVE FANRFORIRREEEI Aess of the
required ' di segptity agenimpletewheonpler pdesdurk chdrge ssiclvtagents
known to direct SyntnggiesiOenee Geeliice ChbMarbeys.al
structures, is. believe e its._a : fupcti - as a
tenplate in the above r ealc&}nl"t&%elr'ri"%f u?fe d|°%¥?h%lf59§£ _b%?lzerﬁeucaldggﬁ%%gand
growmth of the desired%afe rif PRrYSYopRle thermogravinefrig) ANALYEES { he
|imitations di scussed sybbame. such as a comgufergantralled 499 %53 GfParffese
directing agents incl 4@® system. TheCeigdrbentddiplaniaehydrated

cet yl trimet hyl phOSphort.ngéically sorbecl_bv‘»)?an:@fI Léﬁd@hh%ﬁ%ﬁ?@imt, for

S:Eﬂ {)?/:‘ Ing![ Elyfélnmnz)gl urﬁxamplerryglsg‘t yolrt Ebgﬁé QX' g‘onsgg}xgmeight 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
previously described 350° or 500°C treatment. Benzene
20 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
adsorption at 6.7 kPa (50 Torr) of benzene is taken
25 from a plot of the adsorption isotherm.
In the examples, percentages are by weight unless
otherwise indicated.
Example 1
One hundred grams of cetyltrimethylammonium (CTMA)
30 hydroxide solution, prepared by contacting a 29 wt.%
N,N,N- trimethyl-l-hexadecanaminium chloride sclution
with a hydroxide-for-halide exchange resin, was
combined with 100 grams of an agqueous sclution of
tetramethylammonium (TMA) silicate (10% silica) with



dodecyl tr i#ret hyl ammoni um and di net hyl di dodecyl ammoni um The

reaction m xture conponents can be supplied by nore than one
source. The reaction nixture can b prepared either batchw se or
continuously. Crystal 25 size and crystallization tine of the new
crystalline material will vary wiTH3tRe nature of the reaction

m xture enpl oyed and the crystallization condit, ons. The
crystals prepared by the synthesis procedure can be shaped into a
wi de variety of particle sizes. 30 General |y speaking, the particles
can be in the form of stirring. Tyepeinfdve gragsanfi|Hisidr = prebtiertapeaduct ,
such as an enydritat esildea neprpaihimn @ 8t.2e rrub fvatie@Nind @ Bass

through a 2 nesh (Tyl egd. SehERL wvaker hed2 : 1. 200 nmesh
(Tyler) screen. In caseésrtvwé Le itzt;_eo ;?%L%ﬁigg #Hh %::mg an ultma%e.

- 40 - i B8 d 2Sulh as by R0t oAt he Chystemdting be -
extruded befor@ dryi ng®bftusgr¥3saPicad LB APdYPFRylene bottle, egtichdeds

The size of the pores keptt lie prsteentboaxesbEB Cusvernight. TheahttreChag

materials is |arge enodgdbmpBaitiiohCin terms of mSP&d ieePRSId a§ g€l ectivity

Wi th respect to transition 2.7 morikaf e o'speci es in react Pohs such as
cracking is m nim zed (Chen et @ ., "Shape Selective Catalysis in
I ndustrial Applications", 36 CHERf RLENEXSTRI ES, pgs. 10 41- 61
(1989) t.o whi R reference is nede?fraleg (CTMA),0  discussion of the factors
affecting shape selectivity). 61.7 moles [AMajysional limtations are al so
mnimzed as a result 6291 ddiesVvery large pores. For these reasons,
t he pr esent conpgﬁ‘iatieo‘r} Ale g {ci a Ir_yt useful for 15

cat al yzi ng the hydrocar cki Ng- reget rofs - w thPRPgiF: ¥as recovered by

filtration and dried in air at ambient temperature.
15 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 475 mz/g and the following equilibrium adsorption:
capacities in grams/100 grams: '

20 H,0 8.3
Cyclohexane 22.9
n-Hexane 18.2
Benzene 21.5

" The product of this example may be characterized
25 by X-ray diffractiion as including a very strong
relative intensity line at 37.8 + 2;0 A d-spacing, and
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
30 hexagonal electron diffraction pattern with a dlo
value of 39 A,
Example 2
One hundred grams of cetyltrimethylammonium (CTMA)
hydroxide solution prepared as in Example 1 was

0



boi l ing fe&eds containing components w th bul ky mol ecul ar

conflguratlons It is normally preferred to use the
crystal line material in a formwhich has sufficient acidic 20
functionality to give it an al pha value of g4 ar nore. The -al pha
test is described in U S. Patent No. 3,354,078 and in J.

Catal ysis, 4, 527 (1965); 6, 278 - (1966); and 61, 395 (1980), to
whi ch reference i s made for a description of the test. The -
experi nment al tjQns t u N, t he al pha
val ues referred toin ?‘ﬁ&s% Yo %gé tglggﬁs &Stan §.§§Lotug £64f g1“0 hst ant

tenperature of 538[erf‘f'i’53§ﬁa WP%{‘B‘? é%’o&}yrgﬁ?’élde (25%) withs gescribed in
detail in J. Catalysistiging3osrwenrgptfive grans of HiFid, sxintlecipitatiedional ity
may be control |l ed by hp@at3Q silica c@aRange.s e8pedrabl watkrt bndlkal i netal

cations such gs wt.% bsega wgtepyozsh@ammnosn@ma@% o uféufat%

silica:alum na

al b
desirable to i ncorporg?’et’t‘ﬁg %’eﬁ F%s?e Ogamcmn' was a&%?hermﬁaf"e”t‘ﬁl&“g ©

resistant to the terrpE%’ait"tIleeW%ﬁrcPléF?Fbrm a static autoclave at 150°C

- 41 - ovextiigh®ns Thaphioytade | kad Iaecqmrpmeesmn Suchersmd i X
material s include synthatdiesapst ralgwrpgl bg occurring subst ances
such as |norq nic material s, eg f%é silica and netal oxides.
Matrix materials may 5 hens ves2 possess catal ytic properties, :
general |y of an aci diZ®nBPifse St The catal yst may be
treated by conventi onal 35. 7pm@Le§uK¢T!@i)Qg treatnments, e.g. by heating
in the presence of hymzogerbssmmge, to convert oxide fornms of 10

the nmetals such as CoO or N O tg hhgife sCRIS espondi ng

15 The resulting solzd product was recovered by
filtratlon 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

20 of 993 m /g and- the following equilibrium adsorptlon
capac1t1es in grams/100 grams:
H,0 7.1
Cyclohexane 47.2
n-Hexane . 36.2
25 Benzene 49.5

The X-ray diffraction pattern of the calcined
product may be characterized as including a very strong
relative intensity line at 39.3 + 2.0 A d-spacing, and
weak lines at 22.2 + 1.0 and 19.4 + 1.0 A. TEM

30 indicated that the product contained the ultra-large
pore material.

A portién of the above product was then contacted
with 100% steam at 788°C (1450°F) for two hours. The
surface area of the steamed material was measured to be



sul fiydes. * Exanples 1 to 19 below illustrate the preparation
of the nmesoporous crystalline materials used to prepare t he
catalysts. In these exanples, the sorption data 15 : for water,

cycl ohexane, benzene and/or n-hexane, they are Equilibrium

Adsor ption val ues deternined as f 1 fFovs: A wei ghed
sanpl e of the adsorbent, after calcination at 540[err]C for at

| east 1 hour and ot her 20 treatment, if necessary, to renove any.
por e bl ocki ng ~ contamnants, is contacted with the desired pure
‘adsorbat e vapor in an ad<¥drPtiDnipk:GA5eRT PRE £t M@gsketained follopingei ght
of the adsorbent is cal aevatedctasniis : adsorption capacity of the
sanpl e in terms of grams/ 100agtner portiGh H tAESAIReREA hasadeon AdERL bent
wei ght af ter C&aﬁ gé‘k)aQ” HeandOl W'ELQOQQ‘@tQJ:F%@%TW{W%E%&J 8,”
exhibits an equl Fi'Um benzene adsor pt1on caé)am y at '6: KPa
(50 Torr) and 25° C of gri®%t B¥° tio4FRs 15 THP JHEFR6® feanet this material was

particularly greater thaeasyrsi §o10® 738 AN@ mdndicyFing that p2s tWasul arly
greater than 20 g/ 100 g.retained after steamimyy etecthead wanhiltdodd.this is to
contact the d?gggnﬁge pure adsorbate vapor in an adsorption chanber
evacuated to | ess than nmm conditj_ti ons eq_f }2 Tor.r 011; droxid wat er
vapor, 40 Torr of n-hexane ofe&f¢l SHaRARE VAapor noniun hydroxide solution

-42- : 10 or 6. PHePayed 3§ IBrpERie BenzBHENMRpILLage, IS4 ra@ The
pressure is kept constardn gghddvisnselkidbnneg teyrawicipylamonium (TPA)of
adsorbat e vapor contr ol |dnB¥e & 388N ARra! céilinBd td1@roduce a miAGHAr Rhd{

period. As adsorbate is ASQLARLBY HPReBRVCR motes pef'sibihi,d 1o decidase

in pressure causes the nmanos
0.65 moles Na,Q

2
15 : 65 moles Sio2

8.8 moles (CTMA)20
1.22 moles (TPA)20
1336 moles Hzo
The resulting mixture was placed in a
20 polypropylene bottle, which was kept in a steam box at
95°C for 192 hours. The sample was then coocled 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
25 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



to open as valve which admts nore adsorbate vapor to t he chanber
to restore the above control pressures. Sorption is conpl ete when
t he pressure change is not sufficient to activate the nanostat.
10 Anot her way of doing this f9r4§e_nzene adsor ption

data is on a suitable thernogravinetric anal ysis system such as
a conputer-controlled 990/ 951 duPont TGA system The adsor bent
sanpl e is dehydrated (physically sorbed water renopved) by heating
at, for 15 exanpl e, 350[err] or 500[ er ré{C to constant weight in
f1ow ng ' hel | mixtnre thad %m%s’itswiﬂn LeIBit P JCIET BT BPle. g.

cont ai ni ng organic di raa];zlo g agents, it is calcined at 540[err] C
in air and held to constani wei ghg, dsngaﬁ@gjnaéothe previ ously
descri bed 350[err] or 500[err]C té?e IIE? gB nzene 20 adsorption

i sotherns are neasured at 25[err]C D n%g benzene

sat urat ed hel i ub gas streamwith ¥ d{‘/f gas streamin the
proper proportions to obtain the 1.22 moles (F83) 3%d benzene parti al

pressure. The val ue of the . 35.6 adses prMap,@t 6.7 kPa (50 Torr) of
benzene is taken 25 froma pjp;nopgs t[.hg adlsor ption isotherm
In the exanpl es, percent ages are E)Y gh{ J’n vm se
i ndi cat ed. Exanpl €29 resu eing' ol prgéuﬂh unared grans
cetyl tri.nmethyl anm)nl um fomvAyigpand driedpinyadxi g aAGLERT &?mpﬁ%&?ed by
contacting a 29 w. The produdt, bhd\theni crlidipkd |ath@tatiedamakiwwrmizhl ori de
sol ution W t hnﬁ:‘%}ﬁdﬁ OXdoll€owed bad indarexirhaage resin, was-:
conbi ned with 100 grans of LaitdO ggdt h £
tetramet hyI anmoni um ( TMA) s q’tlig ﬁ"og%gs&}‘% %)li. Pth. ove @ surtace area
-43- of 1085 m /q and the follo ng equlllbrlum adsorption
o 15 capac1t1es in grams/100 grams:

H,0 11.5

Cyclohexane > 50

n-Hexane 39.8

Benzene 62

20 The X-ray diffraction pattern of the calcined

product of this example may be chafacterized as
including a very strong relative intensity line at 38.2
+ 2.0 A d-spacing, and weak lines at 22.2 + 1.0 and
19.4 + 1.0 A. TEM indicated the product contained the
25 ultra-large pore material.
Example 4
Two hundred grams of cetyltrimethylammonium (CTMA)
hydroxide solution prepared as in Example 1 was
combined with 2 grams of Catapal alumina (alpha-alumina
30 monohydrate, 74% alumina) and 100 grams of an agueous
solution of tetramethylammonium (TMA) silicate (103
silica) with stirring. Twéhty-five grams of Hisil, a
precipitated hydrated silica containing 6 wt.% free
water and 4.5 wt.% bound water of hydration and having .



sti I‘I’,,l ng. « Twenty-five grams of H Sil, a precipitated hydr at ed
silich containi ng 6 w.%free water and 4.5 wt . % bound wat er of
hydration and having an ultinate ' particle sirze.of 0.02 mcron,
was added. The resulting 5 m xture yas placed in a pol ypropyl ene
bottl e, which was ' kept in a steam box at 95[err] C overnight. The
m xt ure had a conposition in terns of noles per nole [err]:

2.7 noles [err]’ 392 nol es [err] 10

35.7 noles (CTMA)[err] err

6231 moles Herr]O Sn ultinate pafnc}'e s"f‘?lgtl % ogor'al&rood c% 4ecover.ed
by filtrati ofP&EPMFLRT MixEyTe Psaﬁ’r’tﬁcéﬁt ig érrﬁ‘é?*a’c'-hraémqlﬁwe

The product was then cakcl¥e¢ ger 340hewrs.C Tioe riixkore had a composition
nitrogen, followed by Gnhedrns bR mbdles per mole Al.0 The cal ci ned product
proved to have @ surface area o 23 mo1edf Né17<§ r%[érr]/g and the follow ng
equi li brium adsorptian gacl ti eg grans/ 100 grans: 20
Herr]O 8.3 2Ro1es &S/zl ohexane 22.9

n- Hexane 18. 2 6.1 moles REFRIRE 21.5

The product of this exanple may be.ehasiet e'rmz)ezab 25 by X-ray
diffractiion as including a very sfghOpdies H o rel ati ve intensity line
at 37.8 + 2.0 d- spaci ng, .and at 21 1.0 and 19.2
1.0 A - i% Transm ssf%n e tm?l srﬁl\é’rao% °du°% Se’ayl mages
of a hexagonal arrangeﬁéh’f"?’d‘ﬁ"ﬂn?’fdofiﬁ%?ﬂ)rlésahﬁdt%mble“t emagmal

el ectron diffracti on pZheecpneduct lwas ther chlcined at 54078l f@r af h3®r An

Exanpl e 2 _ nit£3fen) UpsiiRued sy 8 Rbueti)l 41.met hyl ammoni um (CTMA)
hydr oxi de sol ution prepar edr!fiscéﬂ:i@éar@o%uétvﬁ%ved to have a surface area
15 of 1043 mz/g and the following equilibrium adsorption
capacities in grams/100 grams:
HZO 6.3
Cyclohexane > 50
n-Hexane 49.1
20 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 A d-spacing, and

_ weak lines at 23.1 + 1.0 and 20.1 # 1.0 A. TEM
25 indicated that the product contained the ultra-large
- pore material.
Example 5
Two-hundred sixty grams of water was combined with
77 grams of phosphoric acid (85%), 46 grams of Catapal
30 alumina (74% alumina), and 24 grams of pyrrolidine
(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



- 440 e conbined with 100 grans of an aqueous sol ution of

t et r anmet hyl ammoni um (TMA) hydroxi de (25% with stirring.
Twenty-five grans of H Sil, a precipitated hydrated silica
‘containing 6 w.%free water and 4.5 5 - 4g W . % bound water of

hydrati on and having an ultinmate - particle size of 0.02 mcron,
was added. The resulting mxture was placed in a static autocl ave
at 150[err]C overnight. The m xture had a conposition in terns
(zjfgj_m)rrlmezspgr qm;:, re] [er r]water and 200 grams gg cft%DFglnm%é$ g&ﬁ.%d‘gdrcxlde

102 nol es (TI\/A) [ err] O solution prepared as in Ex3gpie |1€S yefd grams

The resulting solid prodficin agsequsceviortddn (nf tetraethylalﬁwrtlruatsmand dried
in air at anbient tenpef{gdgic@iica) was thenTidiedr edugdrnassddvna sakwrged at

SHOferr]C for Lehour | Nunsce yas p1aBbd [908MolALLOYRA DY NOURS dbedls s

The cal ci ned pr8duct pro face area
and the foll owi ng equi l Fb"'r‘ie&ﬁl %‘H%Gf‘ pt3 §h°vernlg €. pﬁtﬁvf &XFWEQPQP{B7 100

grans: comgosition in terms of mojles per mole Al.O,

Cycl ohexane 47. 2 1.0 mole ape 36 2 25

Benzene 49.5 0.51Th81es r@yrgédfractlon pattern of the
cal ci ned product may be ch ctei odS including a very strong
relative intensi®y line at 39.3 + 2. 8';%

gacﬂn and weak |ines
at 22.2 1.0 and 19.4 1.0 AbeTedudging S°1l iBTOPBSE StPst Rafovered o duct
contained the ultra-| ar géltration and goied Antaix ak. ambient temperatured porti on
of the above product wagmd MaGentast eten calcined atiddy- 085 Al A ah

788[err]C (1450[err]F) foi;'r hP:Eﬁ%weJ*L? 6 hours in =y face area of the

(]
st eaned materlal was neasur «,55
The calcined product proved to have a surface area

of 707 m /g and the following equilibrium adsorption
capacities in grams/100 grams:

HZO 33.2
Cyclohexane 19.7
20 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

25 indicated the product contained the present ultra-large
pore material.
Example 6
A solution of 1.35 grams of NaAlo2 (43.5% Al
30% Na 0) dissclved in 45.2 grams of water was mlxed :
30 .. 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 graﬁs



- 45 ¥ Y 440 nmerr]/g, indicating that 45% was retained

fol |l owi ng severe steam ng. ' Anot her portion of the
cal cined product of this exanpl e was contacted with 100% st eam at
677[err]C (1250[err]F) 5 for two hours. The surface area of this
mat eri al was nmeasured to be 718 nferr]/g, indicating that 72% was
retained after steam ng at these conditions. 49 - Exanpl e 3 B
Water, cetyltrinmethyl amoni um hydroxi de sol ution 10 prepared as in
Exanmple 1, alum numsulfate, H Sil and an aqueous solwution of

t et rapr opyl anmoni um ( TPA) brom de (35% were conbined to produce
a mxture having of thlls RIS wed nikeliewith 8h FRl@Soper nole

Alf[err]: . ] .

65 noles Sigerr] ?etyltnmthg?aﬁ%ﬁﬁéyg[i%#gg ig;%"f‘eﬁj%red as

1.22 noles (TPA)[err] oin Example 1 and stored in Ghey st ROxap 95°c for 13

The resulting m xture vieyspl dthedmiytuxe2liad the foldoWipy omllasiree hathte, which

was kept in a sseam boxcaiposition: 95[err] C for 192 hours. The sanple

was then cooled to room b opgsadding @nd conbi ned with CTVA

hydr oxi de sol ution prepargd as = le 1 and TMA hydr oxi de

(25% by wei.ght) in the wei hPodes 13291 3 parts m xture, 1 part 25

CTMA hydroxi de and 2 parts TMA hydr &8 Beltes $E@, conbi ned ’ m xt ur e

was then placed in a pol ypropyl eneolsst ablesarfdT™a) ,0 kept in a steam box
at 95[err] C ovegni ght. The conbi net,s moles (TER) ,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

15 " nitrogen, followed by 6 hours in air.

The calcined product composition included 0.14
wt.% Na, 68.5 wt.% Sio2 and 5.1 wt.% Alzos, and proved
to have a benzene equilibrium adsorption capacity of
58.6 grams/100 grams.

20 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 & d-spacing. TEM
indicated that the product contained the present
ultra~large pore material.

25 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

30 stirring at 200 rpm. The mixture has a composition in
terms of moles per mole SiOz:

0.5 mole (CTMA)20

46.5 moles H,0



- 46 . m xture had a conposition in terns of noles per nole

Al[err]: 0.65 noles Na[err] O 65
noles SiA2 5 : : 15 nmoles (CTMA)[err] O

1.22 nol es (TPA) 20 . 35 . Ggmoles (TMA)[err]O0 :
2927 nmoles Herr]O The resulting solid product was recovered-
by 10 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 hou in_alf. . The cal ci ped product
proved to have a surface ar ége resuk{lm s?o%ldl(?ggdﬁte?'? §°gﬁa=?°ﬂ§wfo| | owi ng
equi | i bri um adsor pti on fi}tration, washed With Yageyr fhen1edngfsat S40°C
Herr]O : 11.5 for 1 hour in nitrogenOfoldbrescaby 10 hours Hair.
n- Hexane _ 39.8 The calcined proald1ZBMFosition includeddedld
The X-ray diffraction pa;atnegf‘of’fwtt.QeNaQaL.»Ql'PQ}iI.% sio, and PloQdPEL Qf LNis
exanpl e may be Characterized as | ncl udi n(% a ve%r)% strong eei‘ati ve
intensity line at 38.2 and proved to Bave A uxfage; pxf2 QRPW/eBk/9i ndBeat 22.2
+ 1.0 and 19. daleined pxod¥ep/haddtreitfedleniagpeauiidbréegnt ai ned t he
25 ultra-1arge psdsorgBiéd icabacities in gramXaml grahs: . Two
hundred granms of cetyltrimethyl amogidgim (CTMA) 8.4 hydr oxi de sol ution
prepared as inlgxanpl e 1 was C2 o gnbiened W t grans of Catapal
al uni na -(al pha*8l unmi na 30 moFOHVEFSTS  74% &°0Ri na) and 100 grams of
an agueous sol ution of tebrHe¥@PRAy| anmoni -8 TMA) silicate (10%
silica) with stirring. Twenty-fiveBepzzme of H Sil 55a7
preOC| pitated hydrated sili PQnEQiu:GEndiErﬁcﬁon‘V@Eﬁ'@&n of the caldie@l and 4.5
Wt . % bound water of hydézac;[&u%p. gpq_h'gvéﬂgsple 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 : mple 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 ml autoclave at

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

0.5 mole (CTMA)ZO
46.5 moles HZO
30 The resulting solid product was recovered by
filtration, washed with water, then calcined at 540°C
for 6 hours in air.
The calcined product composition was measured to
include 0.01 wt.% Na, 93.2 wt.% 5102 and 0.016 wt.%



- 47 5- b an ultimate particle size of 0.02 mcron, was added.

The resulting m xture was placed in a static autocl ave at
150[err] C for 48 hours. The m xture had a conposition-: in terns of
nol es. per nole [err]: 5 - 52.23 noles Na[err]O-

33.2 noles Sigerr]. 6.1 nol es (CTMA) 20

5.2 moles (TMA)[err]O ' 780 noles Herr]O 10

The resulting solid product was recovered by fiItration and dried

in air at anbient tenp ur d t hMaPEQEiI!EI wes tJ}e z:' ned” at
540[err] C for 1 hour 512663’ fna proree ro a

| h .
The cal ci ned product pFB"\l/é*‘&et 5°1H'§Vénga é??%@é%r g%’%fg%n ca%g{igt’ﬂﬁg;‘r

mMerr]/g and the foll ogF3ng/@80i98aBEt um adsor ption _ capacities in

grans/ 100 gr ans: H,0 Herr]O 4.6 6.3

Benzene 66. 7 Fe X-ray d>|ffract I on pattern of the
) exa 50

cal ci ned product may be CREPReTeri zed as i'ncluding a very strong

relative intensity line at 40.8 + BeRfeReq.spaci ng,5%rd weak |ines

at 23.1 + 1.0 and 20.1 + 1.18eAX-rR¥MiPEraction pandexrato@dthéla:talttmeq)roduct :
contai ned the ultra-| apgéduct may be ci¥aetaPiAN ak. :anludlng av

Two- hundr ed
phosphori ¢ acty &%%"”%%4“% N L 2°“‘S§ﬁ£ﬁ 2 mna)

and 24 grans of pyrrol FEfhdines at 3053 21.7 + 1.
indicated that the product contained the ultra-large

pore material.
Example 9

15 Sodium aluminate (4.15¢g) was added slowly into a
solution containing 16g of myristyltrimethylammonium
bromide (C14THABr) in 100g of water.
Tetramethylammonium silicate (100g-10% Sioz), Hisil
(25g9) and tetramethylammonium hydroxide (14.29-25%

20 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

25 wt.% SiOz, 3.2 wt.% Al 03, 15.0 wt.% C, 1.88 wt.% N,
0.11 wt.% Na and 53.5 wt.% ash at 1000° C. The X-ray
diffraction pattern of the material after calcination
at 540°C for 1 hour in N, and 6 hours in air includes a
very strong relative intensity line at 35.3 + 2.0 &

30 d-spacing and weak lines at 20.4 # 1.0 and 17.7 + 1.0 &
d-spacing. TEM indicated that the product contaxned
the ultra-large pore material.

The washed product, having been exchanged with 1N
ammonium nitrate solution at room temperature, then



(Pyry)s withh stirring. This first mixture was placed in a stirred

aut ocl ave and heated to 150[err] C for six days. The material was
fi'rltered, washed and air-dried. Fifty grans - of this product was
slurried with 200 grans of . - 48 -
wat er and 200 grans of cetyltrinmethyl amoni um hydr oxi de sol ution
prepared as in Exanple 1. Four hundred grans of an aqueous

sol ution of tetraethyl anmoni um si licate (10% silica) was then
added to forma second pixt.ur | aced. i olaypr opyl ene
bottle and kept in ca cme§ HEERS t°x142¥e @5@??? € 6vE nr} ﬁ?P Brpe 294 st

m xture had a the F9s3PYingneTH-1ARF Hin Wsm%“pﬁ?l’%ltéeﬁ[ dnr |

1.0 nol es P205 g/100g anhydrous sorbént]l noles (Pyr)[err] O 10

47.2 noles Herr]O H, dhe resulting sedjgd product was recovered

by fiktration and drie t anbie enperature.

The product vvasgt hen cal ci ned at %glﬁgierrf% for #ouoi

nitrogen, followed by 6 hours i n Pgfpxa The cal ci ned product
proved to have a surface area Benzene of 707 m$®7*]/g and the foll ow ng
equi l i brium adsorpti on gxample 10 capacities in granms/ 100 grans:

Herr]O0 33 2 Sodium aluminate (8.3q)Q¥&d YAAXA w1y :mt:q:9 7 20
n- Hexane 3.3

.1
The X-ray di ffllgctl on | pERRERARR TOREMTS) PR ST d°§ecyzl%r%b‘?‘t6’36ﬂm%§}mbe
characterized as incl udhr¥Ryo¥iger(figTHAfily S0%) solutiqrediiyted whtledsPgyod ine
at 25.4 + 1.5 A d-spaci wager.TEM22sil (509) iavdi eat agheohs srladiien oxont ai ned

the present ultra-|argetetramethylammonium silicate (200g-10% §i0,) and
tetramethylammonium hydroxide (26.38g-25% solution)

15 were then added to the mixture. The mixture was
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
20 in air, the X-ray diffraction pattern includes a very
strong relative intensity line at 30.4 + 1.5 A

d-spacing and weak lines at 17.7 + 1.0 and 15.3 ill.o
A d-spacing. TEM indicated that the product contained
the ultra-large pore material.
25 The washed product, having been exchanged with 1N
ammonium nitrate solution at room temperature, then
calcined, proved to have a surface area of 1078 nm /g
and the following equilibrium adsorption capacities in
- g/100g anhydrous sorbent:

30 HZO 32.86
Cyclohexane 38.1
n-Hexane 33.3

Benzene 42.9



poresmatetial . ' Exanpl e 6 A solution of 1.35 grans
of NaAlerr] (43.5%][err], 30% Na[err] O dissolved in 45.2 grans
of water was m xed 30 with 17.3 grans of NaCOH, - 125. 3 grans of

col | oi dal - silica (40% Ludox HS-40¥k3and 42.6 grans of 40% aqueous
solution of tetraethylamoni um (TEA) hydroxi de. After stirring
overnight, the m xture was heated for 7 days I n a steam box
(95[err]C. Following filtration, 151 grans

- 49 - of?#nii_%lution was m xed with 31 grans of

cetyl trimethyl ammoni um hydrox p r Exanpl e
1 and stored in the steam ngé tgg 3 Q f%%g% & N@ﬁloz (43 sy% M’Eﬁ’

m xture had the fol | owi #Qf MaPal iife3 élra‘“% of water (‘,‘Gﬁﬁb’éiefil BHeh 46.3 cc
0.25 noles [err] of 40% aqueous tetraetihy)ampémigmNaydroxdide solution

36 noles Si[errk and 96 grams of collofdddb siDi&s (646¥ MAdaekris-4Q) .

2.5 noles (TEA)[err] %Pe gel was stirred v1 oroudfy #5 835 Er]mlxed with
The resulting solid product vvi\s recov&s% ?) and

washed with water and e?h&® rSﬁ%trﬁﬁ%ﬂ’tyhéﬂm%u& ned at
540[err]C for 1 hour i nhnd3‘°x1de 5°1F}F%‘?fbgt§ﬁ9alﬁ§1l p® Y Ep§mm ehdurnd ineagted
The cal ci ned product coapasiotcofer nés utees). Ihe mixture hadmthéo N loGBadp W . %

Sidgerr] and 533 W . % [ g5ddosieiéh RhO¥&Ghs of moles pézomhﬁé’axlgob.enzene
equi | i brium adsorption capacity of | ; ..o va o 3
- .. 2
30.6 moles SiO,

3.0 moles (TEA)ZO
3.25 moles (CTMA)zo
15 609 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

have a surface area of 1352 mz/g and the following

20 equilibrium adsorption capacities in grams/100 grams:
. : H20 23.6
Cyclohexane >50
n-Hexane 49
Benzene 67.5
25 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
weak line at 20.3 + 1.0 A. TEM indicated that the
product contained the ultra-large pore material.
30 Example 1

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 agqueous Eetramethylammonium (TMA) silicate



58. 6- grags/ 100 grams. 20 The X-ray diffraction pattern of the

cal ct ned product may be characterized as including a very strong
relative intensity line at 31.4 + 1.5 A d-spacing. TEM i ndi cat ed
t hat the product contained the present ultra-large pore materi al
25 Exampl e 7 A mi xt uresof- 300 grans of

cetyl trinmet hyl ammoni um (CTMA) hydroxi de solution prepared as in
Exanpl e 1 and - 41 grans of colloidal silica (40% Ludox HS-40)-was

heated in a 600 cc autoclave at 150[err]C for 48 hours w.th 30 _
stirring at 200 rpm Tgbqug}_aﬁ Yh6s hadida X @ipRSstir@Ang D Twenty-f:wet 4 Of

mol es per nole Sierr]: cated hydratedO=bl il Sk ort]
46.5 noles Herr] of Hisil, a precipitated hydrated“s o s

The resul ting solid prdthudt T5Res VRERDH PR ett Syt~ * bound waten PE YAt IR hed
with water, then cal ci nest asvigOperyljtdmate particle gize ¢fo@r 02 mwpnogen
fol | oned by 10 fours ingA hdded. The resultinglhixiedecvasblaceduir a

conposi tion included |egs, ;2 aut:c:céave.t Q@nlfﬂ) Qlf&f %) N@urSQS %h&"tmlﬁ‘t%g err]

and 0.01 w.%([err], roved sur f ace ar

nerr]/g. The had; 3| E9HROF T BB " eﬁrg& ? chc?Fl BY A§iedth2%bri um
adsorption capacities in grams/ 100 ¥r2§nBoles Na,0 [err]
8.4 10 Cycl ohexamsemoles SiOéQ 8

n- Hexane 10 42. 3 5.1 moles (c-rﬁepztene 55.7
The X-ray diffraction pattern of thg &alngi&eqm) o product of this

exanpl e may be characterized as
650 moles H,O

The resulting solid pioduct was recovered by
filtration and dried in air at ambient temperature.

15 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

20 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

25 capacities in grams/100 grams: .
H20 39.3
Cyclohexane 46.6
n~-Hexane 37.5
Benzene 50
30 - Example 13

Two hundred grams of cetyltrlmethylammonlum (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



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 I ndi cat ed
that the product of this exanple contained at - least three
separ at e phases, one of which was the _ ultra-large pore material.
20 Exanpl e 8 A ni xture®df” 150 grans of

cetyl trinmet hylammoni um (€TMA) hydroxi de solution prepared as in
Exanpl e 1 and 21 granms of colloidal silica (40% Ludox HS-40)
with an initial pH of 12.64 was heated in a 300 ml autoclave at
25 150[ err] C f osocadgtivaul so0Wistihier)i FLFRFEETIRD r PHeNtYTidve grams

m xture had a conpositiggnuidhiit, e Preeipimites myirateliesilica contaifimg &rr]:
%15 ol el ,ECTMA‘) [ ler 8] '.%tfree water' and 4d. Sbwt.% Holn® ﬁwef Qi?ﬁ[*ﬁfﬁi'l@la%o hed
e resulting solid product was rec r . N A i,on,_ washe

with water, then cal ci ?®d %T“S‘gof’ér“a]y’gm&e,pxrtfcuf'glr'z% °F1"ou'r652aitlf‘r’i°§?’?".
The cal ci ned prooduct comsodddedan Thes TREHSIREPFure was placed,dn g cstpap)
wt. % Na, 93.2 w.% Si Opoxr it and 0. Mk648thdlrs. The mixture had a

- 51 - [ &ldnbos ARGRPLH e behﬁﬁﬂeﬂp‘i!#hﬁﬂSEA&%@sa of 992
mMerr]/g and the foll ow {l%sew | QLiygm adsor pti oh capacities in
grans/ 100 grans: _ i ert] o 4.6 5

Cycl ohexane > 50 27.8 moles S10; 1 ppyane > 50
Benzene 10 62.7 5.1 FhkesX(FEYAIGOf fraction pattern of the
cal ci ned product may be charasier i(zea) gs including a very strong

. 650 moles H,O
. The resulting solid product was recovered by
f£iltration and dried in air at ambient temperature.
15 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 the following equilibrium
adsorption capacities in grams/100 grams:

Hzo 35.2
20 _ Cyclohexane > 50
n-Hexane : 40.8
Benzene 53.5

The XQray diffraction pattern of the calcined
product may be characterized as including a very strong
25 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
indicated that this product contained the ultra-large
pore'material.

Example 14
30 A mixture of 125 grans of 29% CTMA chloride

aqueous solution, 200 grams of water, 3 grams of sodium
aluminate (in 50 grams H,0), 65 grams of Ultrasil,
amorphous precipitated silica available from PQ
Corporation, and 21 grams NaOH (in 50 grams HZO) was



10 ‘»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 i ndi cat ed that the
product contained the ultra-Ilarge pore material .

Exanple 9 15 Sodi um al um nate (45459g) was added slowy into a
solution containing 16g of nyristyltrinethyl ammni um brom de
(CJerr] TMABr) in 100g of water. - Tet ramet hyl anmonium silicate
(100g-10% Sio[err]), HiSil (25g9) and tetranet hyl ammoni um

hydr oxi de (14.2g-25% 20Q hg m xt ure.
The m xture slrfe‘i ?F‘%ﬂl&ngn an au%qquggggtﬁ?zé % ri&swl th
stirring for Wrﬁour@e reaction mixture bpd. OHG’&PW% elptivend,
washed and air dried. molar compoEb.g;mnumtamawgmplghmmphg sinddact
contai ned 53.3 25 .% Si J erg.lip ﬁo]%s\l\lkcﬁ@[)?b 15.0 wt. % C, 1.88
wt. % N, 0.11 wt. %Na and 33 le@gs@a 1000[err]C The X-ray
diffraction pat?ern of the materi al afater cal ¢ %tlon at
S540[err]C for 1 hour in Nerr] and & H8uPEesnN ?ﬁn]r 2i ncl udes a very .
strong relative intensity line at 359 f§3+m‘21.et§ Hacsd d- spaci ng and weak
lines at 20.4 + 1.0 and 17. The lsdlid product was isclptedrtsy fitbtatidingated that
the product cont ained washed witdl Qﬁté&l t aeléaarfef PO hBuFRAY ir8bn

The vashed progyct . having been excharigechdy LD d-c for 10 noBI"N 412,

- 52 - caThe FRUCifRdOPERAUCE PRAYEL S BV cR Sirdacefargarot
“nferr]/g and g4enf o) anmdnthedallaving Leaudddbrpin edsempdent i es in
g/ 100g anhydrous sorbentspacities in grams/100 gramsferr]O 30.8
o - H)0 15.2
15 Cyclohexane 42.0
n-Hexane 26.5
Benzene 62
The X-ray diffraction pattern of the calcined
product may be characterized as including a Qery strong
20 relative intensity line at 40.5 £ 2.0 & d-spacing. TEM
indicated that the product contained the ultra-large
pore material.

Example 15 )
To make the primary template mixture for this
25 example, 240 grams of water was added to a 92 gram

solution of 50% dodecyltrimethylammonium hydroxide, 36%
isopropyl alcchol and 14% water such that the mole
ratio of Sqlvent/Rz/fo was 155. The mole ratio of
H,0/R, /fo in this mixture was 149 and the IPA/R, /f

30 ~ mole ratio was 6. To the prlmary template mixture was
added 4.15 grams of sodium aluminate, 25 grams of
HiSil, 100 grams of aqueous tetramethylammonium
silicate solution (10% Sioz) and 13.2 grams of 25%
aqueous tetramethylammonium hydroxide solution. The



5 . . Cycl ohexane 33.0 n- Hexane

27.9 Benzene 40. 7 . Exanple 10

Sodi um al um nate (8.3g) was added slowy into a 10 : -sol ution

contai ning 184g of dodecyltri nethyl anmoni um hydr oxi de

(Clerr] TMAOH, 50% solution diluted with 4803’ of water. UtraSil
(50g) and an aqueous sol ution of tetranet hyl ammonium silicate
(2009-10% Si err]) and t et r amet hyl anmoni um hydr oxi de (26. 38g9- 25%
sol ution) 15 were then added to the m xture. The m xture was’
crystallized in an aut gsRaveEatde 20FeeP] CiRatM Ra)r Fahif -REr for the 24
hour s. Mixtpreoduct was filtered, washed and air dried.

After cal ﬁi n«)’sl(ti on g_t f ?40[ er flfs hoktukehoad ls'ﬂarNL@rart] 288! BrN@Whur20 The
inair, the X-ray diffrac S r : strong
Al iigig i RSl Lo an ageoniy

relative intensity |line at WeXk 1ines

at 17.7 1.0 an®¥ 15.3 +:0p°@ and stirred at {00 1RR fOr FENIQUTSF c aPhed MEXEHTE he

product cont ai ned in thetdntoglaveahpdrihe followimgerelftivesnolar

The washed product, havidigobfeidncks eegebfvinbbed ber mole sio, amMmoni um
nitrate solution at room tenperaturg,qst h&ie “aa° cal ci n&d, proved to
have a surface area of 1078 nR/ the follow ng equilibrium
adsorption capacities in ) °'g°/’fo’6%;13aﬁﬂg%n ous sorbent%J 38

H20 , 10 32.6 0.18 mole (C,,TMM)yE| ohexane 38.1
n- Hexane 33.3 0.12 mole (TMA) [enzene 42.9
.- 53 - 'Exa”ple 11 36.0 moles H,0

1.0 mole IPA
The resulting solid product was recovered by
15 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
20 of 1223 mz/g and the following equilibrium adsorption
.capacities in grams/100 grams:
Hzo 25.5
Cyclohexane T41.1
n-Hexane 35.1
25 | Benzene Sl

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 A4 d-spacing and
weak lines at 17.9 + 1.0 and 15.5 + 1.0 A. TEM

30 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.%



A solgtion*of 4.9 grams of NaAl(Qerr] (43.5 %J[err], 30%

Na(g err]) in 37.5 grans of water was m xed with 46.3 cc of 40%
aqueous tetraethyl ammoni um hydr oxi de sol ution 5 - and 96 grans of
colloidal silica (40% Ludox HS-40). - 58 Jhe gel was stirred
vigorously for 0.5 hour, mxed wth : . an equal volune (150 m) of
cetyl trinmet hyl ammoni um hydr oxi de sol ution prepared as in Exanple
1 and reacted at 100[err]C for 168 hours. The m xture had the
(o0 oot 02 Aeperr  COBIRLLR BBy TR B ol (A

3.0 noles (TEA)[err]  bydroxide-for-halide exchange Fefnle ¥agCTaaRihed §ithh
609 noles H err] 8.75 grams dfictatesetiylogtismildicareaduthe WHtHLS Q@I €d

by filtrationseijpashatri thhused@l thBgnerankeined a4 H40[err]C

Surface area of® 1352 %&f’fﬁiﬁﬁget 2 Yo Ll FhohOriacea 1n o atdfpecc,
adsor ption capacities i9PFgrhmIurse JPgnRixture had a composition in teygserr] O
23.6 of molesOpek ohrbeafito,: >50

n- Hexane .49 0.81 mole (c, AmAyane 67.5 25
The X-ray diffraction pattern of the,satGidigd g o product may be
characteri zed i ncl udi ng ﬁbeverg ft.rong 13 2 rel a}tgve intensity line
at 38.5 + 2.0 2 d-spacing amf ge=ulting Solig ppoqyck.wag fihtered agdp  TEM
i ndi cated that the washed savegwtttimgs tvHitheRImhd 6ot10°8) | diafdlped e
material. 30 Exargtlee dridl with acetone.. Thd\#inAlrdio@dct)aEs cQfcined
oLt £ e T MR nypotr alide Gl Bl e BE £ (1
100rrp - grams of hé’%%gbusr}% ? e%%lfgg?%higrgfﬁo%tﬂ%ﬁéf%& H%‘l'ef iaci’t“éga"’e
- 54 - S area of 915 m"/g and an equilibrium benzene adsorption

capacity of 35 grams/100 grams. Argon physisorption

‘data indicated an argon uptake of 0.34 cc/gram, and a

pore size of 15 A.

The X~-ray diffraction pattern of the calcined

20 product of this example may be characterized as

including a very strong relative intensity line at 27.5

+ 1.5 A d-spacing and weak lines at 15.8 + 1.0 and 13.7

+ 1.0 A. TEM indicated that the product of this

example contained the ultra~large pore material.
25 Example 17

To eighty grams of cetyltrimethylammonium

hydroxide (CTMAOH) solution prepared as in Example 1

was added 1.65 grams of NaAloz. The mixture was

stirred at room temperature until the NaAlo2 was
30 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

70 grams of 1,3,5-trimethylbenzene (mesitylene). The

resulting mixture was stirred at room temperature for -



sol utd on (’10%5| lica) with stirring. Twenty-five grams of HHSII, a
precipitated hydrated silica containing 6 . % free water and 4.5
wt:. % bound wat er of hydration and hayi ng an ul ti mate particle size
of 0.02 mcron, 5 was added. The resulting m xture was placed in a
static autoclave at 150[err]C for 24 hours. The m xture had a
conposition in terns of noles per nole [err]: . 1.25
gl_)'lle?m:\jg[sez QI'K)/A) 20 several minutes. 'rge qeze.n%agstl}en ﬁ"%@ [18F? a 600 cc

650 mol es H err] autoclave apicheased| % fP536| £oF ﬁﬁﬁ'ﬂ!ﬂﬁlgﬁﬁshmovered
by filtrati onwithd sttdreihgi ot &SP mm.anThemixterperat are. 15

The product was then cakgigadtsin 340{etns] 6% f¥ied Fe¥Imola Al o_.

nitrogen, folloged by 6 hours in air,, z-EEMiéLd'NSaéed 2% that this
product contained the ultra-large pore 2"material. The X-ray
diffraction pattern of The”cél BRIy sﬁpmduct of this exanple can
be 20 characterized as includifg moles (CBMRy®y rel ative

intensity line at 44.2 + 2.0 A d-spaz.izmgmamk wenk) Jo nes at 25.2
1.5 and 22.0 + 1.0 A gﬂsmﬂngd product proved to have a
surface area ' of 932 nk/g t he, fol P I 1i brium adsorption
25 . capadPties in grams/ 100 ?Q%@ n61e 1, 86 0 53ty b g Herr]O
39.3 ' Thgyggqg ting,product waggfijtered and washed

n- Hexane 37. 5several times with warm (60-7BeC)lz@detilled water ana50 30

Exanpl e 13 with \WeeBoH]r efhed k8RB YProaty aki eﬁ&xb&r@%bﬂ%
(CTMA) hydr ox 59%*2%39%&@1;{4 %Bérfri’e aﬁgiﬁ‘ OJEFQEFP' Forl 1%@5% of

conbined with 4.15 grans o
aqueous t et r amdfhyl armoRReFaEFiRed BFPYuch proved to have an equilbrium

benzene adsorption capacity of >25 grams/100 grams.
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
.20 accurate positions of lines in the extreme low angle
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
25 angle. The slits used in this example, starting at the
X-ray tube, were 0.1, 0.3, 0.5 and 0.2 mm,
respectively. TEM indicated that the product of this
example contained several materials with different d 00
values as observed in their electron diffraction
30 patterns. These materials were found to possess dioo
values between 85 A d-spacing and 120 A d-spacing.
ample 18 )
To eighty grams of cetyltrimethylammonium
hydroxide (CTMAOH) solution prepared as in Example 1




- 55.‘: * : solution (10%silica) with stirring. Twenty-five grans

of HSiI, a precipitated hydrated silica containing 6 w.%free
water and 4.5 w. % bound water of hydration -and havi ng an
ultimate particle size of 0.02 m.cron, 5 _Wwas added. The resulting
m xture was placed in a steam " box~a&3° f00[err]C for 48 hours. The
m xture had a conposition in terns of noles per nole [err]:

1.25 noles Na[err]O 27.8 noles SiJerr] 10

5.1 noles (CTMA)[err] .4 nol es gl\/Algﬁaerr

650 noles Herr] was added IS PEURF £Fn ki d ProBd¥teafa¥as ecover ed

by filtrati onstibcked pbordon BenpezptermivaRil tthepprdtqy was 15
The product was then calgiswisreat SeOERid |sGlfitionl wAslddded 40 grams of

ni trogen, folloved by 6 ggg%r t0eAldeenyTiinGALGl N2 silicare JUQENG! (RGOVEd

;?angyﬁoghgr;%l:sow ng e s:.oI %I 10 grams ﬁ ?ﬁﬁr pE&& gram ag!%tgzlages;,?é%d

Cycl ohexane > 5@20 grams of 1,3, 5-trzmethylbenﬁe%x(a;ﬁgltylene) Th40. 8

Benzene 53. S5resulting nixture vise skirmed diffocmctemperasutersarof t he

cz:gl ci ned at pr?dg@?fmymm@;aéameedl agzﬁanémoﬂoudwgu@ovsra\bosaeong
~relative intens n

weak lines at 22.4 1.0% {:dglfg gm%ths % °§%%qu liicn"t WJttf*lf‘at t hi-s

product contai Mt t he uPfiecing gk 150 rpm. Th?)d?‘é‘tﬁﬁ?éﬁdala composition in

Exanpl e 14 30 terys mifxmokes per MBeghky®yof 29% CTMA chl ori de
aqueous solution, 200 grans of water .35 gioags N}af osodi um al um nate
(in 50 grams H[err]O) 65 grans of Ubbrasiches s.xo anor phous
precipitated silica available from PQ

gpé)ratlon and 21 grans
2

NaOH (in 50 grams Herr] O was -1 moles {
15 2.24 moles (TMA)ZO

2256 moles HZO
132.7 moles 1,3,5-trimethylbenzene
The resulting product was filtered and washed
several times with warm (60-70'C)_disti11ed water and
20 with ‘acetone. The final product was calcined to $38°C
in Nz/air mixture arid 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
25 indicated an argon uptake of 0.95 cc/gram, and a pore
size centered on 78 A (Dollimore-Heal Method, see
Example 22(b)), but running from 70 to greater than 105
Angstoms. The X-ray diffraction pattern of the
calcined product of this éxample may be characterized
30 as having only enhanced scattered intensity in the very
low angle region of the X-ray diffracticn, where
intensity from the transmitted incident X~ray beam is
usually observed. However, TEM indicated that the

product contained several materials with different 4,00




- 56 & * stirred thoroughly and crystallized at 150[err]C for
168 hours. The reaction m xture had the follow ng rel ative

nol ar conposition in terns of noles per nolegilica: -

0.10 noles (CTMA)[err] 5 21.89 noles Herr]

0.036 noles NaAl g err] : 0. 53 nol es NaCH

The solid product was isolated by filtration, : . washed with water,
dried for 16 hours at room 10 tenperature and calcined at 540[err]C
for 10 hours in air. Vaiues as ﬂ?ée?aﬁdcgﬁeﬁleﬁf;o ueccttr3?ov’é£cfgf8t’n%ﬂle a
surface area of patt@zps nf EPP3S JateFiPlEhEeTEPBNR P @9EFeIHE,
adsorption C apsnieksi Betvieen (B ked4d€acgn@rmsd 110 A d-spacing.

H err] 15.2 15 Example 19 - Cycl ohexane 42.0

n- Hexane 26.

. Ben . . The
X-ray diffractiOn pattern oF?t?l’éqhégl%ﬁaﬁgdggr%%tyltn%ﬁlr‘%haﬂmﬁ%’f/ be
characterized as incl udhyRfoxige r(FTHRQIYngofFion prepared A3 i@ EXawpiei ty |ine
at 40.5 2.0 A d-spaci hgas a8BEdd 1.65 grams ¢HNadd@ed Thatmixtarprexhict
contained the ultra-| arggirred at roomX¥nfef@v@el @til the Naalo BExadple 15

To make the primary te”RggéoﬁvE&.Xt LfE)etl'Ii%r sgiUtliog_Swas aflded ?ﬁa%ﬁéﬁs 0%40 grams

of water was added to a ram sol uti of ,50% .
dodecyl tri net hyPamoni uﬁ?ﬁ?g‘ﬁoﬁ?ﬁfé?e%%amml‘fm. (%)sﬁbfﬁﬂﬁe SPYYHOP &MY 14%
wat er such that the nol¥t.% §10,), 10rqguang of HE§EYemARPE fTaWEs©155. The nol e

rati o of H er 1] {)sRkefndthyibdriziese ninesitelanas . 14theamdsiitting
| PA/R[ err] mixture was stirred at room temperature for several
minutes. The gel was then loaded into a 300 cc
15 autoclave and heated at 105°C for four hours with

stirring at 150 rpm. The mixture had a composition in
terms of moles per mole A1203:
1.25 moles Na20
27.8 moles Sio2
20 5.1 moles (CTMA)ZO
2.24 moles (TMA)zo
" 650 moles Hzo
19.9 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 N2/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
30 capacity'of >40 grams/100 grams. Argon physisorption
data indicated an argon uptake of 0.97 cc/gram, and a
pore size of 63 A (Dollimore-Heal Method), with the
peak occurring at P/P°=0.65.



30 = POl e ratio was 6. To the primary tenplate m xture was

added 4.15 grans of sodium al uni nate, 25 grans of H Sil, 100
grans of aqueous tetranethyl ammoni um silicate solution (10%
Sigerr]) and 13.2 grams of 25% agéeous tetranet hyl anmoni um
hydr oxi de sol ution. The - = 57 -
nole ratio of Rerr]/[err]O(Sierr]+Al[err]) was 0.28 for the

m xt ure. This mxture was stirred at 25[err]C for 1 hour.
The resul ting m xther ¥-ways di fragslian arhtiteramfathecdaeenad 5
100[err]C and stirred krodélt bBMHIQr edshdlQUASy belBRarlotebifeq as in

t he autocl ave had the f, g.rel at] . . .conmpositjion in
terms of noles per nol elg%#%!en?ril:&rg é'y:ebngo%g.{atlve mtens;&f)%enﬁ'f f3*
Na[err] O 5 A d-spacing) apdqovealy &108g &% fé1px 2.0, 31.3 £ 1.5
0.18 nole (ClLers] TMA) [ ér phd 23.8 + 1.0 A d-spacing. TEW. ir@igates that) tHe

36.0 noles H20 product of this examplk. BoWfdifed!#Md ultra-large pore 1h€
resulting solid product,ygs;jyecovered by 15 filtration, washed with
water and dried in air _at anbi ent tenperature. The product was
then cal cined at = err]C for 1 hour in nitrogen, followed by 6
hours in air on_Physisorption e product proved to have
a surface area®0 ofral 3@€emfieerfieg pane diksetetd efi tige aREbbdRusUM
adsor ption c ddseqit pBEedRipl @0 &F 3MEn diameter, 0.2 95em
Herr]0 25. amples of the products of %’:&%85]3@( a.Ln%hrough 17 v}ér]é

n- Hexane 35. .
] - placed in glass sample tubes and attached to a

physisorption apparatus as described in U.S. Patent No.
15 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

20 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

25 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

30 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 P of the adsorbate at the temperature where




25 s * Benzene 51 The X-ray

diffraction pattern of the cal cined product may be characterized
as including a very strong relative intensity line at 30.8 + 1.5
A d-spaci ng and weak lines at 17.9431.0 and 15.5 + 1.0 A. TEM 30
i ndicated this product to contain the ultra-|large pore mat eri al .
Exanpl e 16 A 50.75 gram quantity of decyltrinethyl amoni um
hydr oxi de (prepared by contacting a ca. 29 w. % :
- 58 - d hy [ rouide with a
hydr oxi de-f or - hal i de ex%’ﬁé ‘ggt’?“fe’é“. %fﬂeta&hg&l E@g ’te#glyb Sl AMPNEE gr ans
of tetraethylorthosilicSt &FITRFEXIPRES ﬁ%sm each step 5P iganegate 168 hour

and then transferred t odsta points in thel yplajpiMecneessurenhinge viasm tches pl aced

in a steanbox ofar 2¢ leastsioolpeimtiatteerdfrirad cnRasidd el N
terns of ol es NEL AR} i@ n IR Lnt detail. 0.81
mole (qerr] TMY[err] 376 . H20 10

The resulting solid product TRRSTRI { HHAGeEIP) in the 38 JiREARLEE i nes
wi th warm (60-70[ err] C) £4hldpm| 9%@ pore systemyaflBe wi%¢ of ttheasbemne. The
final product was cal Ci fieiicates the amdunt58@gabeliC vherbheryhe/ positiiont yge and

then held in air for 8 ¢pe step in heﬂrssofﬂa,ep c%ﬂg@& eﬁgdé&% Bf Qyed to have
a surface 15 area of E_’L .an egaq‘e |um benzene :

=
adsor pti-on 10 caP¥ct y no"rhr%g cgr arrs?clfﬁmn ph¥%&3r pt i on
data indi cated an ar gonPRKSaRE® ditlded AtcRiFher ngfﬁad an Srder ta betser si ze
of 15 A ladaseXeha poditfionacf i e p&ep eimtbé itsoehend,cithad

derivative with respect to log (P/Po) is formed. The.
adsorption peak (stated in terms of log (P/Po)) may be

15 related to the physical pore diameter (i) by the
following formula:
log(P/P,)=
— .
4 !
log{P/P )= l - + |

d-0.38 |3(L-0/2)%  a(L-0/2)® a2 sqoy2y?!
— : —

25

where d = pore diameter in nanometers, K = 32.17,
S = 0.2446, L =4 + 0.19, and D = 0.57.

- 30 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
implementation of this formula were determined from a
measured isotherm of ALPO-5 and its known pore size.




20 Yroduct of this exanple may be characterized as

including a very strong relative intensity line at 27.5 + 1.5 A
d-spacing and weak lines at 15.8 + 1.0 and 13.7 : + 1.0 A TEM

i ndicated that the product of this - ¢gxanpl e contained the
ultra-large pore material. 25 ~ Exanple 17 _ To eighty
grans of cetyltrinmethyl amoni um. ~ hydroxide (CTMACH) sol ution
prepared as in Exanple 1 . was added 1.65 grans of NaAl Jerr]. The
m xture was [T t. G I til_the NaAlQ err] was
30 di ssol ved. %’l‘tsmggﬂg"& i %ﬁkﬁg‘gﬁﬁgg‘?&fﬂ;ﬁ ?%‘ns““&F“’"”% |

aqueous t et r anet hyl amoTATEFERHVREVERT PORER oPRt YN 6P1d in diameter.yy . o
Sigerr]), 10 grams of Hi Sifthe 2@Sulrnvd thisarerediwe for the sampl@sgffsis Of
1,3,5-trinethyl benzene f:m@oiéy)eRRYoughNEs are tabulate@SHdldwly e Whf) HAS
stirred at roomyt enper affb‘ineEI:Q{ples 10, 13 and 15 gave twp separate peaks

-59- several, m pyte .‘gbe é? was t hen foa&%g I ntto_a 600 cc
aut ocl ave and heat ed atb%ﬁ‘%'['%ﬂ{']"cﬁf?o esfg?‘iktef’gh’fw%ﬁﬁ%rate ultra-lagge
stirring at 150 rpm Theoxng Reages pActhe products. copposition in terns of

nol es per nole Al[err]: 5 Examples Pore Diametlker?25Anvnl es Na[err]O
27.8 noles Sigerr] 1 32.9.1 nmoles (CTMA) [err]

2.24 noles (TMAL[ err]

2 2256 noles Herr] 10
80.53 noles 1,3,5-trinmethyl benzene

33.4 The resulting product was

filtered and washed severdl tinmed2wfth warm (60-70[err]C)
distilled water and W th @acetone.39.%he final product was cal ci ned
to 538[err]C in Nerr]/aig mxturig.and then held in air for 10
hours. 15 The cal cined produgt provegd to have an equil brium
15 7 36.6
8 42.6
9  28.3
10 22.8, 30.8
11 36.8
20 : 12 36.1
13 . 35.0, 42.1
14 40.0
15 22.4, 30.4
16 15.0
25 : By way of comparison, a commercially prepared

sample of zeolite USY (equilibrium benzene sorption
capacity of 20.7 grams/100 grams, X~ray diffraction
pattern with all the lines of zeolite Y and with the
highest d-spacing at 14 A) had a pore diameter of 8.3 &
30 as determined by the above method.

' The method of Horvath and Kawazoe for determining
pore size from physisorption isotherms was intended to
be applied to pore systems of up to 20 A diameter:; but



benzéne adsor ption capacity of >25 grans/ 100 grans. The

X-ray diffraction pattern of the cal cined product may be
characterized as including a broad, very - strong rel ative
intensity line at 102 A d-spacing, but 20 ~ %5 = accurate positions of
lines in the extrene | ow angle o region of the X-ray diffraction
pattern are very difficult to determine with conventional X-ray
diffractometers. -Furthernore, finer collimting slits wer e ‘

required to resolve a pdsk somet pdxe psvpboviehdetpil®d, its usemgfnebe The slits
used in this exanple, %&aéﬁddagtatpd:be of up to 60 % &idmetebe, were 0.1, 0.3,

0.5 and 0.2 mm Qﬁgtﬁo\é%l Ye JENLBM %ﬂtﬁciifag%{: z%h%hgrfe li':(it Of '
this exanpl e cont,al ever S. Wt ? rent

val ues as observed in t9BRF9% &% ic?naﬁ? ife?g ftoﬁ‘s ’dsual Y GIYRR P8F ns. These
materials were Sound to possess d[err] -2yV val ues between 85 A
d-spacing and 120 A d-spaci ngin(e/P,) = __Exaeps & 18 To

ei ghty grans of cetyltrinmethyl anmon um g, T hydr oxi de ( CTMACH)

sol ution prepared as i QmExarrpI el X

- 60 - was added 1.65 grans, of NaAlJerr]. The m xture was
stirred at room tenperaturé TnEPFEatetRESIPE F rgorhate ' di ssol ved.

To this solutidh was addedv4@ gelars velume of sorbatgqueous
tetranet hyl anmoni um (TMA) i |d eahtackobhgieofuéddliybtaken forw. % SiJerr]),

10 granms of H Sil, 200 grans o}, %E. aflél;sons to be 0y20 grams of
135tr|methylbenzene(rmS|t X@S resulting mxture was

sti-rred at roomtenperatur several mnutes. The gel was then
| oaded into a 600 cc T = ahﬁ?’d@?a?@“%atﬁ%%t ed at 105[err]C for ninety
hours with 10 1s stirripg atpiS@ryprondehbgteri(pbre)e rtdthhs conmposition in

P/Po = relative pressure (taken

Qnstant

from the physisorption isotherm)
The Kelvin equation treats adsorption in pore
 systems as a capillary condensation phenomenon and
20 relates the pressure at which adsorption takes place to
the pore diameter through the surface tension and
contact angle of the adsorbate (in this case, argon) .
The principles upon which the Kelvin equétion are based
are valid for pores in the size range 50 to 1000
25 Angstrom diameter. Below this range the equation no
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
30 determination.

The particular implementation of the Kelvin
equation often chosen for measurement of pore size is
that reported by Dollimore and Heal (D. Dollimore and
G.R. Heal, J. Applied Chem, 14, 108 (1964)). This



termsxof ndl es per nole Al[err]: ' 1. 25 nol es

Na[ err] 27.8 noles Sigerr] _

5.4 noles (CTMA)[err] 15 ' 2.24 nmoles (TMA)[err]

2256 noles Herr] : -182. £ 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 20 with acetone. The final product was calcined to 538[err]C

0 Merrllain mture aadoegeheld (e Ahie Kedla e surgace Aari5he on

cal ci ned product prove ave a sur are .

equi | bri um benzene ads¥§AEPaHe cApdde pore wall, of jyhichs the Kelvigo gr ans.
Argon physi sorpti on da¢gua®Son proper ddes atedd takeaagmountpt aked tHus0. 95
cc/gram and a pore  provides & MdreCBBLEFRE QRadBrénddfOblei BOEE-Ha3L, Mot hod,
see éxarrple 251('1%)% but r#nnhr}g?lf r.om 70 té)-ﬂger ater than 768
Angst ons. The X-ray di cEPE R P Iiggre and Heal was derdyed Semict
~of this exanple may beusth@nadeseyptdgnibsotherms, aitcan bg appliehleanablly

scattered intensity insdile t¥eadsorption isothRwmangy és im@AvOintdriihg ¥gLay
diffraction, where intensity fromthe transmtted incident X-ray

beamis usuaﬁtf gsgérved. However, TEMindicated that the
product contai ned sev n . dierr]
- 61 -. 10 val uegnasrdds v éllluminaltei theleictrostratdddeasici on

patterns. These naterjlesi9esenyd Aadsh LIRS e38c ilckoscopy (TEM) VAl UES
bet ween 85 A d- spaci ng_.an 110 q.)-eSQEEA N ou a ﬁ’e 19

CHom Beamvier)

To eighty granms of cet yafnlpr Frsfe‘t“ﬁy ammonrum gh for arhfgég
solution prepared as iPRSS(xAhpPedh them, generajdy 2QRMPOPL. 501 rsthdEk.
NaAl J err]. The m xt urrheV@zystal 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 quite familiar to .those
skilled in the art of electron microscopy. The
materials are embedded in a resin, in this case a

20 © commercially available low viscosity acrylic resin L;R.
WHITE (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 sectiohs'in
the thickness range 500-1000 A are collected on fine

25 mesh electron microscope support grids. For these
materials, an LKB model microtome with a 45°C diamond
knife edge was used; the support grids were 400 mesh
coppef grids. After evaporation of a thin carbon
coating on the sample to pre&ent charging in the

30 microscope (light gray color on a white sheet of paper

' next to the sample in the evaporator), the samples are
ready for examination in the TEM.

High resolution TEM micrographs show projections
of structure along the direction that the sample is



stirrdd at' roomterrperature until the NaAl CIerr] was di ssol ved.

To, this solution was added 40 granms of 10 aqueous
tetranethylammnlum(Tl\/A) silicate solution (10 : w.%SiJerr]),
10 grans of Hi Sil, and 18 grans of = 87 3;5-trimet hyl benzene
(mesitylene). The resulting .m xture was stirred at room
tenperature for several m nutes. The gel was then | oaded into a
300 cc 15 autocl ave and heated at 105[err]C for four hours with
stirring at 150 rpm Tkeewed! UrFerhenis reaspnsiit ax Inacessary to hhed B of
nol es per nmole Alferr]: [

27.8 mol es Sierr] 20 'sample in specific oréeT:.La rﬂép cgerr in details

'2.24 noles (TMA)[err] ©f the microstructure 8§otffﬁ)|“@§enftéh] For crystalline
19.9 nol es 1, 3, 5-tri nemaygebialzanéhese orientations Hre mesuléasigypemg&_q,t byas
filtered and washed 25 observ:.ngSQ}‘l@ré‘iectt'ra'ﬁsdﬂffhd@'bm f>§9te7:Q1[ REPPCtnat.

distilled water and uc% 10e, gh product 'was’ cal ci ned
to 538[err]C ' lisnpﬂf%}cﬁd/ ﬁf‘? a)??ﬁ?% ’éncf‘rthh hetF R naPicrascoge
hours. iRageal GUSBJEPRD@Fet repdidet Prodnesd an sudémc e ea

of 975 nferr]/g and an iegtitdritsnubingeregadsns nidleatdd area f;eE&DaCl ty of
>40 grams/ 100 grams.  Aygops mﬁihﬁﬁt 'tQth:.que fami qu%éa%é ?%Ocat n argon

upt ake of 0.97 cc/gram an ore;slze 0 Beal

Met hod), withPhe ther?é:é:k"Gc TR BECHISS08Yr | s an EDP with
- 62 - the Jémsinedr ayramhfueatmt)rd:{maetmmfsptohe £l ci ned

product of this exanpl @ba@yvéae Qhar@&ﬂx@&baﬁ&x@s image of thé Qs—yyégfq{,\géégry

strong relative i nten5|t§ aci.ng and
lines at 36.4 2 0 31 XE é§53w1&l reveal details é% crost cture

along the direction of pro;ectlon indicated by the ED?.
15 In this way, different pro;ectxons of a crystal’s
structure can be observed and identified using TEM.

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

20 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 difficult to interpret. The number of

25 diffraction spots observed depends to a degree upon the
regularity of the crystalline arrangement in the
material, among other things. At thé very least the

 inner ring of bright spots should be observed to obtain
a good image. Individual crystals can be manipulated
30 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 oriented crystals and to simply search
through the sample until a crystal giving the desired



5 % A%and 23.8 + 1.0 A d-spacing. TEMindicated that the

prooduct of this exanple contained the ultra-large pore mat eri al .
Exanpl e 20 Argon Physi sorption Determ nation 10 To
deternmine the pore dianeters of the nesoporoés - products with
pores up to 60 A in dianeter, 0.2 gram sanpl es of the products of
Exanpl es 1 through 17 were dl aced in glass sanple tubes and
attached to a physi sorption apparatus as described in U S. Patent
?86[ 15 1Ct g EGZ O¥®P (and hence orientii€osSpniy G.%(zj:ﬂleédi. hemijed1bOter

err or ours in
Thereafter, the tecn?é%‘? was\/\égéééjgzgo? é&@@é’ec?? ag%%%mg'ghgfwsdf
the sanple . t ubes ¥icTqtpmed sARRES %t’%ﬂ'féfléﬂrﬁuﬁf%m dhegBxamnies20

argon were then adnm t tidet exidlihesabpl i itechhiqudss@escribed abowengs AS
described in | S. Pat %’EOIJ\QOO %f@%aggﬁss:on electx%l Hﬂ@rg&o ge ogkt d’:\rmunt

of argon admtted to
the gas space afa589e0991é’°§§ﬁpn‘?’et§’ af’hﬁf%ﬁﬁ)eﬁiﬁle a‘%lj’(ﬁ? géﬁorbed can
be 25 cal cul at ecaperEore tin plaae culThe @nstmntdbaﬂi yapingnto-point

and the calibrated Sarﬁﬂs%lii@lm Wes €4 US otthef S@fpedlifiOntal arrangements G €99

et al., Adsorption e _Area d | adem C
Press. 1982). In each'"gam&:.ar to o%g sk:Lclledaln t}%?l ? %a .gz#greé ol Sorrbed

ver sus. t he 30.0 r@ﬂ%ﬁ?v@ﬁﬁ%ﬂr%ﬁ&% thl% usedpfe P’éﬂ YSKui I i bri um
constitutes the adsor piquiralemt hiswages |grdvided nwanre tic taken to keepethee| ati ve

pressures which are otg:gleeegvéylérgrahn&e underfocus heeaﬂtiéar&f) Elﬂﬁe of
an

equi li brium pressure e.va err] of th
adsorbate at the tenper™ft ﬂ‘r‘ﬁ"Wf’g cémtraSt lens BLEPSN Sefls ;
63 - es 2 2

15 The following examples demonstrate the lube

hydrocracking process. These examples utilize the
processing of a Statfjord heavy neutral distillate
whose properties are given in Table 3 below, together
with the properties of the oil after solvent dewaxing

20 to 0°F pour point (ASTM D-97 or equivalent such as
Autopour). It can be seen that the feedstock has high
nitrogen content of 1500 ppm and that the distillate VI
after solvent dewaxing is 53. The objective of lube
hydrocracking the distillate is to increase the VI

25 level to the 95-100 VI range after solvent dewaxing .
while maximizing lube yield.



the i gothe?mis measured. Suffici ently small anounts of argon were

admtted in each step to generate 168 data points in the relative
pressure range fromoO to ' 0.6. At |-east 100 points are required to
define the 5 isothermw th sufficient-deg ail. The step
(inflection) in the isotherm:indicates filling of a pore system
The si.ze of the step - i ndi cates the anount adsorbed, whereas the
position of "the step in terns of P/P[err] reflects the size of the
10 pores in which the adsogpiipn takes place. Larger por es

are filled at higher P/ Plerr In order to better - locate the
position of the step in tm—ﬂh@—u‘: eutra derivative with respect
to log (P/P[err]) is fornebiistfldate Propertiesorpti on peak (stated in terns

of log (P/P[err])) may be ]i@drogen r@A gted to {hgsphysical pore dianeter

A) by th foll P/ P =
( ) y © 5\/\/nere 3 :OWO’P% ﬁéﬁnlétp%}n in nanolffc’ei g?g [erg] ) 17, Lerr] S

0. 2446, L = d + 0.19, ancﬂa‘}lﬁ §itpgepp ppm 466 This formula is derived
fromthe met hod of Horvath suifur, wt.and Kawazoe.72G. Horvath et al., J.

the 0 TAPED ement ati otk SERYER ranin) Wi et erm ned Troma o
neasured i sot herm of ALPO E?c%r?dlf’?s 'kﬁﬁ\/\ﬁsporemssf
10 chp051tlon, wt.%
Paraffins . 18.3
Naphthenes _ 32.2
Aromatics 49.5
sim Dist, wt.%
15 IBP _ 765
5 846
10 . 880
95 1086
Solvent Dewaxed 0jl Properties
20 KV @ 100°C, mm’/s 20.1
VI 53
Pour Point,
‘C (°F) ' -18 (0)
Lube Yield, wt.% 87
25 Example 21

This Example provides a comparison with a zeolite
catalyst (Niw/USY).

The heavy neutral distillate feed was processed
over a fixed bed reactor containing a NiW/Usy

30 hydrocracking catalyst made by the follbwing procedure:

a commercial USY (PQ Corp. Z-14 USY) was combined with
A1203 to form a mixture of 65.parts, by weight, zeolite
and 35 parts alumina. Water was added to this mixture
to allow the resulting catalyst to be formed into o



- 64 = ¥ This nmethod is particularly useful for m croporous

mat eri al s having pores of up to 60 A in dianeter. - The
results of this procedure for the sanples from - Exanpl es 1 through
16 are. tabul ated bel ow. The sanples 5 - 74 rom Exanples 10, 13 and 15
gave two separate peaks, “believed to be the result of two
separate ultra-Ilarge pore phases in the products.

Exanpl es Pore Di aneter, A 1 32.2 10

2 35.4 ' 3 42.5

4 39.6 : extrudates. The catalyst wass then thermally treated at

6 27.3 15 1000°F in flowing &ir for thi¥eebhours. A portion of

8 42.6 the resultant extridate w %@tc%ange Wi

10 22.8, 30.8 : laate was 36/ Gquecus

12 36. 1 solutions of ammongym nltr;t%gpg, Waa_%lbsequently

14 . 40. 05 dried overnight at1321°C (25@7%)4, B6lYowing a three

16 15.0 25 hour 538°-BY (160039 62FPELISiAt18n T OTREY Cs't@“nywap% epar ed
sanpl e of zeolite USY city of

.equi Libriu nzene_sorption . . capa
120.7 grans/ 100 grans, Pgﬁflé‘%ﬁ%df Fg%l:?&c?n%empera@ure FALTER PSR A QF?"E he
lines of zeolite Y and (#P8H Ehfor 10 hours.hjNigkal andphengrfent wedeA) had a
pore diameter of 8.3 AiRBorporatedasididneipiaet witreBe 8HIMSr<dRbEOh using
The net hod of jporvath apd, Kawazee fFPndASLEERRS J4h pare sjze from
physi sorption isotherns \S/!v%s | nt,endeid)(to(? Ngﬁﬁfli?ewd%%eob%#%' syst ens
of up to 20 A di anet er,AfBﬁ’t' drying, the extrudates were calcined for three

hours in flowing air at 538°C (1000°F). The Ni and W
loadings on the final catalyst were 5.8 and 16.6 wt.%,
respectively.

15 The processing conditions were 10450-18720 kPa
(1500~2700 psig) hydrogen pressure, 1335 m.1.1.”% (7500
SCFB) hydrogen circulation and 0.5 to 1.0 LHSV. The
total liquid product of the reactor was distilled to a
nominal 343°C (650°F+) cut-point and the feed was

20 subsequently dewaxed with a 60/40 mixture of
MEK/toluene. The results of these experiments are
summarized in Table 4 below.



with . some®care as above detailed, its use can be extended to pores

of up to 60 A dianeter. i In the pore regi ne above 60 A
dianmeter, the Kelvin equat ijon can be applied. It is usually given
as: [err] - wher e: l T1é&rT = surface tension of
sorbate 10 V = nolar vol gne of sorbate [err] =
contact angle (usually taken for 1] practical reasons to be
0) R = gas const ant ' T = absolute tenperature 15
rk = capillary condensate (pore) radi @able 4 P/IP[err] = relative
pressure (taken 'E‘IIE?DJ g,ggbtﬂg, &gﬁi sorption isotherm

The Kel vin equation treats adsor nin pore . systens as a

~capi |l l ary condensati on phenonenon and 20 rel ates the pressure at

whi ch adsorpti on t akesT@h@mce *Co(°F) 371t ®or e IBANER2H) t hr 39y h( 7islog
surface tension and  pregsurecOntact angle of the adsorbate (in this case,

are vl id for Pores ih NP GRihngdtat, g@%age%”g "R olpFis, (13365

diameter. Below this E#8@e the equation 9 | &riger refl ect-®

physi cal reality, sincegsifeie(esaprt) ary condensati on cannot occur
in smaller pores; above this, —wt.s range 4 he | ogarijdig ¢ naturepfy the
equation precludes ot arpi ng sufficient accuracy for pore size
Lube Propertiles
10 KV @ 100°C, mm’/s  14.7 10.95 10.68
SUS @ 38°C (100°'F) 982 _ 519 515
VI 72 _ 94 90
Pour Point, °C (°F) -15 (S) =15 (5) = =-15 (5)
Lube Yield, wt.% 80.9 60.1 63.5
15 Example 22

This example illustrates the use of a commercially
available amorphous catalyst (NiW/Al203) without any
promoter. Conditions for this example were 13890 kPa
(2000 psig) hydrogen pressure, 517 n.1.1.”Y (7500 scFB) .

20 hydrogen circulation, and 0.5 LHSV. Table 5 below
summarizes results of this experimental run. '




30 , d&ternination. The particul ar inplenentation of the

Kelvin . ' equation often chosen; for neasurenent of pore size is
that reported by Dollinore and Heal (|D. Dol linore and - G R Heal,
J. Applied Chem 14, 108 (1964)). Thifs - 72 -

- 66 - : met hod corrects (for the effects of the surface |ayer
of adsorbate on the pore 1, of which the Kelvin

equati on proper does not take account, and thus provi des a nore

accur ate measurenent .of pore dianeter. 5

Wi I e the nethod of
Dol | i more and Heal was derived for Table 3

se on desorption isotherns,

it can be applied equally HDC With dnflugrided NiW/sduminaher ms by sinply
inverting the data set. Transm ssion El ectron

M croscopy 10 I n to 4 that e kgl OStr ur, f
materials by transm ssiToer?péf ef:% (r]tgmcr ojsdcdoggb??EM%gbe (7S} slﬁ%tr’}pl(zgg)nust
be thin enough for an &F&EEFHRr beamto pass through them

general | y 500- B00O0 A or &®atfpsig) 13890 (200Theldg9mst(2b00pridesioogyood) t he
present materials usualiggyl5 requiredst hat theygbg preparedyfor
study by ul trgm.gro ile time consum ng, this technique

of sanple preparation i%r?qgi;t{e%r%y\rar to those skilled in the
art of electron m croscopfeivhe wt.% 1%aPeri al s aRd-8nbedded R&.2
resin, .in this case a Af%be Propertdeserci ally available | ow viscosity
acrylic resingjg R kv ¢ WI-EE ) qwhich is tigepscured atg8pferr]C

for 1 1/2 hour Thin sections of the block are cut on an
ul trami crotome using a d%gﬁogcf&k?ﬁ ?g&g%ﬁ seé??ons in 449 t he369
t hi ckness range 500- 1000VA are collected of3f?ne 25 91.7 nesh ebercaron

m croscope support gridspoutOpointese

‘C (°F) =21 (~5) ~21(-5) -23 (~-10)
15 Lube Yield, wt.% 70.2 64.3 58.6
Example 23

This example utilizes the same catalyst as Example

22 except that the catalyst is activated by in-situ
fluoriding in the fixed bed reactor to achieve a target

20 4-7 wt.% flourine on catalyst. This was accomplished
by flouriding the catalyst with a high level (600 ppm)
of flourine in the distillate for a one week period
after which the flourine level is reduced to a 25 ppm
level at which it is held for the remainder of the

25 experimental run. O-fluorotoluene was used as the
fluoriding agent. Processing conditions were 13890 kba
(2000 psig) hydrogen, 1335 n.l.l.-l {7500 SCFB)
hydrogen circulation and 0.5 to 1.0 LHSV. The data
from these experimental runs are given in Table 6

30 below.



materi.al s,* an LKB nodel microtone with a 45[err]C di anond kni fe

edge was used; the support grids were 400 nesh . ' copper grids.
After evaporation of a thin carbon ; coating on the sanple to
prevent charging in the 30 croscopg 44ight gray color on a white
sheet of paper _ next to thg sanple in the evaporator), the sanples
are ready for examnationjin the TEM Hi gh

resol uti on TEN m crographs show proj ections of struct ure al ong
the direction that the sanple is -
67 - viewed. For this reas@ﬂblFtﬁl s necessary to have a

sanpl e in specific orientati (upd Fisleerimerid i /alumir of the

m crostructure of the nmaterial. For crystal I i ne materials, these
orientations are nost easily chos by rving the electron .
diffraction pattern (E3®FPthat® ¥ 4%7 (Z)?‘Uducggg Fr%’t aneoudlty (75
the el ectron m croscop@®ressure, i mage. Such EDPs are readily produced on
modern TEM g5 | NSt kBAE[PEgySi N8R 20bte 19eC 2cod eelstabsl fzooo)
limting aperture tech ﬁ fam l'iar to thosg skilled 104 & he art
of electron m croscopy. en an EDP with t he desired arran’g‘ ment
of diffraction spots i $43°C+ (650°Fshserved, the correspondi ng i mage of the
crystal giving cbhat , EEAR YW | | reveab.sletai |l s of8ithe ni crostauat ure
along the direction of IBEQ]E%; pe¥rikpdi cated by the EDP. 15 In this
way, different proj ectlons a crystﬁ) S 1o.22 str 4ire can be
observed and *8entified &Y y In or e to obser v¥ i?he

salient features of the SUS @ 38 C RYRYE | i ne4®d oduct, 1393 s necessariso o

vi ew t he . materi&l in an orientatiopsvéerein tée . sorresponddgig 20
EDP gi ves a hexagonal e ot djfdyracyi Spot. fro
si ngl e individual cryst ar%%? r}1 t'i p e{ c yst%l gj‘b) 7 (20) ’ {90%
Lube Yield, wt. 70.0 68.5
15 Example 24 :

This example shows the benefits of using an M41s
molecular sieve for selective lube hydrocracking. A
NiWw/MCM-41 catalyst was prepared as outlined below.
A sample of MCM-41 (40 A) was prepared in
20 accordance with the following method.
The following mixture was charged to an autoclave:
9965¢g Cetyltrimethylammonium (CTMA) hydroxide,
prepared by contacting a 29wt.%
N,N,N-trimethyl-hexadecylammonium
25 ' chloride solution with a
hydroxide-for-halide exchange resin,
208g Sodium aluminate, .
492g Tetramethylammonim silicate (10% aqueous
solution),
30 1245g Precipitated hydrated silica (Hisil +¢).
The mixture was crystallized at 100°C for 20 hrs.
with stirring under autogeneous pressure. The
. resulting product was recovered by filtration and dried



are present within the field limting aperture, over | appi ng
diffraction patterns will occur that can be quite difficult to
interpret. The nunber of 25 diffraction spots observed depends to a
degree upon the regularity of the cristall-i ne arrangenent in the
material, anong other things. At the very |east the i nner ring of
bright spots should be observed to obtiain a good i mage. | ndividual
crystals can be nmani pul ated 30 by specinmen tilt adjustments on the
TEMuntil this orientation is achieved. Mrre often, it is easier
to t ake advantiageiofatt hebiact tehpéritirsspdcsasple @l &h&Sproduct

many randomly oriented,grysi@lihieanst t90ScMBbY H8u&Nin nitrogent NEQHELLNE
sanple until a crystal _qgivi

ng the desired . .
68 - EDP PEnf ¢é§ﬁ§e18(?iﬁnﬁgfi8%3’?%?%5&55?%%P"ths latter
techni que was used to produBe tdadcihet Profuat crash@aghstace area of 1120
M crot oned sanpl es of Iﬂiﬁy@rix&i Sher 661 IdwdnEX8gWi Eibrium absorpiiba exam ned by

t he techni ques descri b%qggpgyleeg qnagéams{l% c} 200 CX transni ssion
€ a 07

el ectron m croscope oper Volts with an effective 2
A obj ective aperture i fafl ace. The instrdfefit has a point-to- point
resolution of 4.5 A O her expecysioteadangr r angenemsd famliar to
one skilled in the art of high neaekadd on 10 >50( phase contrast) TEM
could be used Bo pr oduce ___equivalent im provi ded care is taken
to keep the 1 obj ectivealegﬁgn n the underfocus (weak |eans) side of
the mni mum contrast |ens cthe @flciped ipfgduct exhibitegdy gfgvestrong 24 15
The foll owi ng exanpl es rdeadixé rizitensiney llihe at 38.4 + 2bydk aispaking, ana

process. These exanpl egelfi]ifh LRe22.6 + 1.0, PFESLBY Ma dsShat{jord
heavy neutral distillate .
The MCM-41 product was exchanged with room
15 temperature aqueous solutions of ammonium nitrate and
subsequently dried overnight at 121°C (250°*F). A
portion of the resultant crystals was combined with
Al.0. to form a mixture of 65 parts, by weight MCM-41

23 .
and 35 parts alumina. Water was added to this mixture
20 * to allow the resulting catalyst to be formed into

extrudates. The catalyst was activated by calcination
at s510°C (950'?) in Sv/v/min of nitrogen for 6 hours
fbllowed by the replacement of the nitrogen with
sv/v/min of air. The calcination was completed by
25 raising the temperature to 1000°F and maintaining that
temperature in 5v/v/min air for 18 hours. Nickel and
tungsten were incorporated via incipient wetness
~ coimpregnation using solutions of Ni(No3)2.6H20 and
(NH4)6H2W120.40H20. After drying overnight at 121°C
30 (250°F), the extrudate was calcined in 5v/v/min air at
' 538°C (1000°F) for 3 hours. Physical and chemical



whose «propdrties are given in Table 3 bel ow, together with the

properties of the oil after solvent dewaxi ng 20 to O[err]F pour point
(ASTM D- 97 or equival ent such as Aut opour). ‘It can be seen that
t he feedstock has high ni trogen content of 1500 ppm and that the
distillate Vi after sol vent deMBX|rmf|s 53. The objective of |ube
hydrocracking the distillate is to increase the VI 25 : | evel to the
95-100 VI range after solvent dewaxing whi | e maxi m zing | ube
yi el d. ' - - 69 -
Tabl e 3 Prapéytied bi€athe NeW/MEN-41/A1,0, catalysfi sritl ate
Properties Hy dnag®B1 , We.% 12.83.75
Ni t rogen, ppm 1500 Basic N trogen, ppm 466
sul fur, wt.% 0.72 Temgsten, wt.¥ o G avi %yg 22.0
KV@lOO[err]C m’r{err]/s Spgigp, JRPm @9Rposition, w.%
Paraf fins 5 18. Surface Area, h%,pcht henes3o0 32.2
Aromati cs 49. 5 Si st, 5 | BP
65 c Pore-Volume, %ﬂa Wo-, %84 10
880 : 95 Particle Densj %6 g/ml 0.883 Sol vent Dewaxed
O | Properties 20 RealKnem@®@it¥o[ ar®} C, nm2.€B7]/s 20.1
Vi 53 This catalyst was used to hydrocrack the

10 distillate at temperatures from 385 to 701°C (725 to

754°F), 13890 kpa (2000 psig) hydrogen pressure, 1335
n.1.1.”% (7500 SCFB) hydrogen circulation and 0.55 to
0.61 LHSV. The data fram these experimental runs are
summarized in Table 7 below:

15 Table 7
(LHDC with NiW/MCM-41)
Temp., °C ("F) 385 (725) 393 (739) 401 (754)
Pressure,
_ kPa (psig) 13890 (2000) 13890 (2000) 13890 (2000)
20 LHSV = 0.61 ' 0.54 0.55

343°C (650°F+)
conv., wt.% 9.3 20.8 36.0

Lube Properties

KV @ 100°C, mm2/s 13.08 10.46 7.59
25 SUS @ 38°C (100°F) 772 468 261
VI 79 . 98.1 113.3
Pour Point,
‘c (*F) -9 (15) -1 (30) -1 (30)
Lube Yield, wt.$ 80.5 66.6 54.3
30 The NiW/MCM-41 catalyst was selective for

upgrading the heavy'neutral distillate from a raw
distillate VI of 53 to a 98 VI product at a conversion



Pour Roi nt* - [err]C ([err]F) -18 (0)

Lybe Yield, w. % 87 25 Exanpl e 21 Thi s Exanpl e

provi des a conparison with a zeolite catal yst (N WUSY).

The heavy neutral distillate feed was pracegsed : over a fixed bed

reactor containing a Nl WUSY 30 hydr ocracki ng catal yst nmade by the

fol |l ow ng procedure: a commercial USY (PQ Corp. Z-14 USY) was

conbined with . “Al[err] to forma mxture of 65.parts, by weight,

zeolite _ and 35 parts alum na. Water was added to this mxture

to allow the resul tieNglcafal9s? Yo be fOHCBYPRNYelad versus VI

-1 0(7)8[ - 1Ein fl .selé&_t!wgiﬁire&a;]tér horcaldl yae wRamphes iéleféﬁrégéx{t&aﬁatiﬁd at
err in flow air. for 0 r . t he

resul tant extrudat §ee%éha%%e%aq€m%%%aeéﬁgg Hfgnur?hu%%quﬁdf ons of

ammoni um nitrate addW/MSMs4bsetrRisty produces a Higker oVerpqductaat a

121[err] C §250[ err Jfijen F@bLOYAEDE ®r 1R rnatively a RiGh&38\@id k@e% he

(1000[err]F) air calcination,. 100% ste ag troduced a
t enper at ure mai nt aidted FEVERgY e F{RBTeS tO the Tﬁﬁﬁfe‘?l?#%mf’tﬂedlo hour s.
N ckel and tungsteratelgsts evaluate'qncdr-porQﬂydUsraorrwiwe]mmm.nesa
col mpr egnat i on US| RelQr range §8ldkuitial MiGNOR) dakb0(sick dN) L o1 ]
After drying, the extrudates (rﬁ /';\Ilcl ned foQ__ hhrgveh . hour's in
flowing air at 538[%% 9?566%? Jr"fl% umine GRrahSHyhas a slightdyings on
the final 18at al yst higher518banyidB 67sm W selectivityresymated dloy theb
The processing CONGy/HRs-Ye! Lad bt WA AP aray-back 100kAG:hy 0
hydr ogen pressure, f%j ml. 1[ery ,(75({0 ) SCFB% hé/%‘r)o %ﬁﬁglﬂa '
circulation and 0. ¥luering.| Haddifigpally, the activity of the NiW/MCM-41
catalyst as determined by the temperature requirement
to achieve target conversion was very favorable
15 compared to both the fluorided and unfluorided
Niw/alumina catalysts. This is shown in Table 8 below
where a nominal 20 wt.% 343°C+ (650°F+) conversion
severity was achieved.
Table 8
20 Catalyst activity
Unfluorided Fluorided

NiWw/MCM-41 Niw/alumina Niw/alumina

Temp., *C (°F) 393 (739) 407 (765) 399 (751)

343°C+ (650°F+)
25 conv. wt.% 20.8 21.5 18.9
Pressure, ] -
XPa (psig) 13890 (2000) 13890 (2000) 13890 (2000)
LHSV ~ 0.54 . 0.5 0.5
The NiWw/MCM-41 catalyst was more active than both
30 the fluorided and unfluorided NiW/alumina catalysts.

Since lube hydrocracker catalysts typically age with
time on-stream, the increased activity of the MCM-41



t ot al sliqufd product of the reactor was distilled to a nom nal

343 C (650[err]F+) cut-point and the feed was 20 subsequent |y
dewaxed with a 60/40 m xture of MEX/ t ol uene.- The results of these
experinments are. summari zed in Ta%l e 4 bel ow _

-71- - Table (LHDC
wth N W USY) Tenp., [err]C([err]F) 371 (700) - 385 (725)
399 (750) Pressure, 5 kPa (psig) . 18720 (2700) 18729
(2700) 10446 (1500) LHSV 0.5 0.5.
1.0 343[ efddlyshbeyeteh it beneficial in teems. ofWeh&0potentiald. 2
29. 3 20.0 P 100[err]C,
mierr]/s 14. 7 for lmprovekgggg {Q%ﬁe &%2.8cycle 1ef%/tl@SUS @38[err] C
(100[err]F) 982 Examples 2554029 515 Vi

7% e 24 The follélow:l.ﬁe examples deﬂ@tzﬁ&bnthe[ﬁék] C ([err] F) -15
go? 1.5 63(5) 1*§’dr°°ra°§‘g}28%¥%r°z‘zs°mnzaq"”“ Pr°°é?ﬁ Bsé%n?)ﬂéeaw
illustrates the usenaftmlcomxefeedd |y avai | abl e anor phous

catal yst (Ni WA120 is
exarmlye Wg N 138903%*%&15_1@% 3hYs exan(x)ple pﬂf\ﬁ!&étse% csaiagﬁgeﬂswiﬁxi 44

rogen, pressure
[err] (7500 393phays catal ﬁ?ﬁro@ﬁ%ﬁ%ﬂaﬁ‘t Aok a&ﬁdnﬁu%riﬁsvm)
: TabI e 5 bel ow slack mmhpsesprmﬂ:@&farteh|lssskpegnn'ﬁabhé 9 below.



72, * | Table 5 (LHDC

Wih UﬁlumidajNHNalmﬂnm Tenp., [err]C ([err]F) 399
(750) 399 (765): 399 (775) Pressure 5 kPa
(psig) 13890 (2000) 13890 (2000) 13890 (.20;@)_ LHSV

0.5 .5 .5 343[err] C+ (650[err]F+)

conv., w.% - 15.5 ql 5 28.2 Lube
Properties 10 KV @100[err]C, merr]/s 11.44 9. 83

8. 86 SUS @38[err]C (100[er riﬁF) 602 449

369 Vi 91.7 97.0

Pour Point, : jgyggt@ gl ef riddvy Neutral B1ack) wax -21(-5) -23
(-10) 15 Lube Yield, w.% 70. 2 64. 3 58.6
Exanpl e 23 Thi s exanple utilizes the sane catal yst as

Exanpl e Zﬁﬁmﬁ t W&+ ¥t he catalyst is activated B§.5@-situ
fluoriding in the fluggkdygi r@gﬁtor to achieve a target 20 54 4-7 w.%
flourine oR cat al yst IS, 2%% acconpl i shed by flouriding the
catalyst weth a hi gtf le{T}Jéq ppm of flourine if-¢

distillate for a one‘\%&rqb’erthfod after which the Bhoarine |evel

is-reduced to a 25 pgMme 100°c, mmP pyel at which it is heldqf t he

; _
remai nder of the 25 ) rotoluene was used as
t he fl uon%ﬁ%"ge’ﬁ:gg'ﬁ‘?'raﬁﬁn}e ﬁgtcs‘on& :%Ss were 34899 kpa

(2000 psi g) hydroger§img3ged Dn.stlllum SCFB)° F) hydrogen
uns are grven in Table 43 | bel ow 3587 2bNE7 s Ay | Mot A
10720 _ 442/459 (828/858)
30/40 471/481 (879/898)
50/60 491/502 (916/936)
70/80 ' ~ 514/528 (957/982)
15 SO/EP . 546/591'(1014/1095)
Dewaxed Oil Properties
Nitrogen, ppm 95
Sulfur, wt.% ' 0.220
Pour point, C* (°F) -18 (0)
20 KV @ 40°C, mm%/s 92.04
KV @ 100°C, mm2/s 10.53
\'2% 96.2
Composition, wt.%
Paraffins ' ' 23.2
25 Mononaphthenes 19.4
Polynaphthenes 37.1
Aromatics ' 20.3

- The feed was processed over a fixed bed reactor
containing NiW/alumina fluorided catalyst that was
30 sulfided and then fluorided in-situ by adding 600 ppm
of fluorine as orthofluorotoluene in the slack wax feed
for approximately one week to target a fluorine level
of 2-4 wt.% on catalyst. The operating conditions for



-73- & > Table 6 (LHDC W't h

Fl.uori ded N|Wal um na) Tenp., [err]C ([err]F) - 407 (764)

399 (751) 413 (775) : Pressure 5 kPa (psig)

13890 (2000) 13890 (2000) 13890 (2000) - 79 - LHSV :

1.0 0.5 1.0 343[err] C+ (650[ err] F+)

conv., w.% 16. 3 118.9 21. 7 Lube

Properties 10 KV@lOO[errj]C mjerr]/s 10 22 9.25

9.12 SUS 38[err 100[ err].F 39

380 . BRY @ 1& weJ:]e 2(000 Lsgg,gh%drogen Prgpsyire 1 LHSV ang the

Pour Poi nt, [err] C témtc}f)temphr(asﬁ):e wag (@0)ed from 374? €20%02°c (705

Lube Yield, . % A ZOW | e
24 T ?s75e5xatfr>p%° cogﬁg th eence':n‘lnftesrs USI n an H&‘_‘L g%gfp

nol ecul ar si eve forls‘é‘l’b@:tﬁwl’lcﬁ‘bgrﬁydr‘]@)%r QfFacking step wagj theicm 41

cat al yst was prepareﬂsﬁmmﬂ ltenednbminal 343°C+ (650°F+) Autappigtof Mt 41
(40 A) was preparedy} C d t hod.

The fol |l owi ng m xt ure was C racé:l %t ggénég%? éq%l%w%ef&’ée(&%g rrg get

Cet yl tri net hyl anmont 481 ¢CTAR)F)hpeugxpaént. The results of thesepmmrm by
contacting a 29w . %gummarized in Table 10 bd&ldwN-tri net hyl - hexadecyl anmoni um
25 chloride solution with a _

hydr oxi de-f or - hal i de exchange resin, 208g Sodi um al um nat e,

492g Tetranet hyl ammoni msilicate (10% aqueous



sol ut'if»on) ,* 30 12459 Precipitated hydrated silica (Hsil +).

The m xture was crystallizedi.at. 100[ err] C for 20 hrs. wth
stirring under autogeneous priessure. Thegq . resul ti ng product was
recovered by filtration and dried
- 74 - in air at anbient tenperature. A sanple of the product
was cal cined at 540[err]C for' 1 hour in nitrogen, followed by 6
hours in air for characterization. The cal ci ned product had
a surface area of 1120 5 nmMerr]/g and the follow ng equilibrium
absor ption capacities in grans/ 100 -grans:
H err] 10. 8- - Cycl ohexane >50
n- hexane >50 10 - Benzene 67
The cal ci'ned product exhibited very strong _relative intensity
line at 38.4 + 2.0 A d-spaceng, and _ = wegk lines at 22.6 + 1.0,
20.0 + 1.0, and 15.2 +R 0 A s @ ghe 41 product was -
exchanged with room 15~ <« tenperé?ure agneous sol utions of ammoni um
nitrate and subseBuently dried ovelnight at 121[err]C
(250[err]F). A portion of the resultant crystals was conbi ned
wth Alferr] to f9ma mxture of 65 parts, by weight MCM 41
‘and 35 parts al um nag ?tertwas gddedrtn thilg m X8 upe 0 to all ow
the resulting cataly 0 bea fornmed imte 0 ~ extrudates. The catgl yst
was activated by cal'g nati oR ' at 51"(5[err]C(950[err]F) in S5wal/ mn
of nitrogen for 6 hoW@s — foll owed by the replacenment @f thel¥q
nitrogen with Ol o 5v/ 8 m nnof air~ Thegcal cynation was mpl et gogiby
< St v o~ had M 3
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25 i - Yaising the tenperature to 1000[err]F and mai nt ai ni ng that

tenperature in 5v/v/imn air for 18 hours. N ckel and tungst en
were incorporated via incipient wetness coi npregnati on using
solutions of Ni(NJerr].6H20 and [err] [err]. After drying
overni ght at .121[err]C 30 (250[ err]F)82tfie extrudate was calcined in
S5v/vimn air at 538[err] C (1000[err]F) for 3 hours. Physical and
chemi cal : - 75 -

properties of the NNWMCM 41/ Al [err] catal yst are: _ Ni ckel ,
wt . % e 26 Tungsten, wt.% 9.2

Sodi u m S , Surface Ar ' err]/

530 m PP PSP%S\Eﬁiﬂﬁ%e &p}&strates gﬁ?8 e ofﬁ%héﬂﬁlth-g
Particle Density, (/amge PpoB83size catalysts. Real Density, g/ni

2.837 ThiSyegimtyst Wataigsd Vas ﬁégﬁé&kag ]
distillate at tenperatu?eg $0n1385 to 781[err]2?( 5to @%sgglbed

754[err] F)S 13890 B$A°W2000 psig) hydrogen pressure, 1335
n.1.1.[err] (7500 SCFB)ahgdtpberofiMoMH4at (60 Ahdwds Sprémared by 0.61

Tabl e 7 bel ow 15 CyeeatlEERR RN MR hExtyre (pares HYTHRGRE,) 1

(LHDC wi th Ni W MCMA® pn autoclavesrenp.  [err]C ([err]F) 385 (725) 393
(739) 401 (4®4parts Cetylt¥riemthyéammonium (CTMA) KRairpdida) 13890
1

g?ggo) 1§§90 (gogg) 13890 (ngggrég)by contabtgkb a 29 wt.% N,N,N-
' ' trimethyl-i-hexadecylammonium chloride

' solution with a hydroxide-for-halide
exchange resin,l,
1 part Sodium aluminate,
15 24 parts Tetramethyiammonim silicate (10% aqueocus
solution),
6 parts Precipitated hydrated silica (Hisil, +).
The mixture was crystallized at 100°C for 24 hours
with stirring under autogeneous pressure. The

20 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 characterisitics of the product
ware consistent with its identity as MCM-41.

25 The MCM-41 was exchanged with room temperature
aqueous solutions of ammonium nitrate and subsequently
dried overnight at 121°C (250°F). A portioﬁ of the
resultant crystals was combined with A1203 to form a
mixture of 65 parts, by weight MCM-41 and 35 parts

30 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 s5v/v/min of nitrogen for 6 hours followed by the




343[e;rf€:1650[err]F+) conv., w.% 9.3 20 8
36.0 Lube Properties KV @100[err]C, mijerr]/

13. 08 10. 46 7.59 25 SUS @@38[e r]C (1 O[err]F)
772 | 468 261 - g)l- - 79

98.1 113. 3 ' Pour Poi nt, [err]C ([err]F)
-9 (15) -1 (30) . -1 (30) Lube Yield, w.% 80.5
66. 6 54.3 30 The Ni W MM 41 catalyst was sel ective
for upgrading t he heavy neutral disti]late froma raw

distillate VI of 53replacement qf SA8chiBFogeR ol STWiY/min of air. The

- 76 - che¥thabioR ds Gompdelbe byheaisiig thar temp¥rature to

selectivity data fo L l es. | Figure 1.
It can be seen that B?ﬁ Hﬁ% m%& maint&ih] ?@V% %mgaetr ﬁ%ﬁ bPoduces a
hi gher VI product afvAvgmin alr iﬁrvéﬁ hewes yi dfickrl Andetvagstenyverai gher
lug)eI yi ?l ds ! uat d:mé rBoBAv@d BY iGeHp @é@id ﬁ@:ﬁé@s c&mpﬂé@hhl&%hdﬁgllln?
catal ysts eval uate e ange
of commerci al S|gn|FPégﬁ&8n dﬁyiﬁd%bbygvgg'g (ﬁékgéqaumaodéakzPVValunlna
catal yst has a slighfkgrigrying fdy gRehohupeatyi B2H ©s(258°Fel &bei vity

conpared to the extrud&ltélv&g\/#dallc@a&al Y8t sPpb/mas 41 a4 awghack  of
requiring quorlg |onaIIy, the activity of the NNWMCH 41
catal yst as deternlﬂéaoBy ?h% Ztar e requi r enent to achi eve
target corbdrsion was veThefphysixdsle ap8 chemical gpyrepextites lodt khehe

fldorided and unfluggyoRem-41/a1203 MNe¥lpbenhpa sa¢ AdwstseiolRis is shown in
Tabl e ‘8 bel ow

Nickel, wt.% 5.8
Tungsten, wt.% 29.1
Sodium, ppm 200
15 Surface Area, m2/g 242
Packing Density, g/cc 0.749

This catalyst was used for wax
‘hydrocracking/hydroisomerization at the following
process conditions: 13890 kPa abs. (2000 psigq)

20 hydrogen pressure, 1335 n.1.1.”% (7500 ScF/Bbl)
hydrogen circulation and 1 LHSV, as in Example 21,
using the same wax feed as in Example 2l1. The
operating temperature was adjusted from 382° to 397°C
(720° to 746°F) to span a range of 343°'C (650°F-)

25 boiling point conversions. Product work-up was the
same as in Example 21, that is, by distillation to a
343°C+ (650°F+) cutpoint followed by solvent dewaxing
to a -18°C (0°F) pour point._ The results of these runs
are given in Table 11.



\/\heré.a"nd'-?ﬁ'nal 20 wt. % 343 C+ (650[err] F+) conversion severity

was achi eved. Table 8 20
Catal yst activity _ gzunf | uori ded Fl uori ded
Ni W MCM 41 Ni W al um na Ni Wal ym na Tenp., [err]C ([err]F)
393 (739) 407 (765) 399 (751) 343[err]C+ (650[err] F+) 25
conv. w.% 20.8 21. 18.9 Pressure,
kPa (psiQ) 13890 (2000) 13890 (2000) 13890 (2000) _ LHSV
0.54 0.5 0.5 The Ni WMCM 41 cat al yst was
nore active than both 30 the fluorided and unfluorided N Wal um na
cat al ysts. Si nce | ube hydrocracker catalysts typically age with
time on-stream the increased activity of the MCM 41
-77- ‘catalyst systemis beneficial in ternms of the potential
for inprovements in comercial cycl.e fgnath, o & " Exarrpl es 25 - 29
The foll owi ng exanpl es denonst igat e ghemwax < e
hydr ocr acki ng/ hydr oi sonmeri zati on pr@ce8s u$i ﬁg & hEa vy“" neutral wax
feed. Exanpl e 25 This exanPl e provides'a conparison with an
anor phous catal yst. The feed was agheavy neutrgl (HN) sl ack wax
whose properties are |listed |n°TabI§ 9“‘be|<§W’ S 9 an
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-78- 7 - = Table 9 " Properties

of, Fbavy Neutral Slack Wax Hydr ogen, wt.% . : _

14. 56 _ Ni trogen, ppm . - 54 5

Sul fur, w.% ' 0.102 APl Gavity
34.9 KV @ploo[err]C rm{err]/s84 7.117

Sol vent Extractabl es, . % (D3235) . 34.05 Si mul at ed
Distillation, [err]C ([err]F) 10 | BP/ 5

391/ 429 (736/805) - 10/ 20 442/ 459
(828/ 858) 30/ 40 471/ 481 (879/898)
50/ 60 A /ri¥b)shows that t

514/ 528 (957/982) 15 Tr9ure 2 %&@dﬁm% he actf{P
(1014/ 1095) of thepd\idl@¥Mo4l ﬁscﬁléwgt*%eé's than the activity \pfthen, ppm
95 | . fluowlddd NiM/@fumina catatlyst. For example?20c 30

Pour point, Cerr err]F) e L -1 0).20 . . KV
@ 40[ er r] C, m’r{ er‘lﬁ .% 344 8- (650°F-) Conveg’-'zsllt?f; q-'-!{e ffuorldEd CWJ@S’C
100[ err]sC, mmi er mjdduired a 394°C (742°F)1l(xeitor temperature, whereas,

96. 2 affins
23.2 25 the MCHIFOR énéoénaglg’ht% efuired 5.6°C (10°F) loygfl

Pol ynapht henes temperature of 3893F (732°F). In the P?#%ﬁﬁi?@stiling
20.3 nt d¥hv ek ¥R Sra %@b%rwﬁ.ila@ﬂ ded(g5acH0y
cont ai ni ng thVaIun1na fluorided cata yst I hat sulflded and

“then fluorided i IFAIYGFHALTRRR HF WHEphhis aCtIV1Y¥ IEYRRTIRE aks
ort hof lyr ot ol uenserdridias! aflcavns fa*dower start-of-cycle temperature

and potentially longer catalyst life.

Figure 3 shows that the lube yield for the
fluorided NiW/alumina and the NiW/MCM-41 catalysts are
similar at low wax conversions below 50 wt.%, but at

15 higher wax conversion the unpromoted NiW/MCM-41
catalyst has a desirable yield number benefit compared
to the fluorided NiW/alumina catalyst.

Figure 4 shows that the lube VI of the Niw/MCM-41
is comparable to the VI obtained with the fluorided

20 Niw/alumina catalyst.

| Figure 5 shows a viscosity benefit of the MCM-41

products. At a given wax conversion the lubes obtained
from the MCM-41 based catalyst are higher in viscosity
than the fluorided amorphous catalyst. Since the wax

25 hydrocracking/hydroisomerization process significantly
reduces the viscosity of the hydrocracked/
hydroisomerized feed, it is desirable to maintain
viscosity as high as possible. For example, the target
viscosity for this feed is 5 mmz/s at 100°C: the

30 fluorided alumina catalyst can achieve this at 50 wt.%:
wax conversion. The MCM-41 can operate at much higher
wax conversion of 65 wt.% and still achieve target
viscosity. There are significant commercial benefits




for approxY¥nmately one week to target a fluorine |evel of 2-4 wt.%
on. catal yst. The operating conditions for

- 79 - the run were 2000 psig hydrogen pressure 1 LHSV and the
reactor tenperature was varied from374[err] to 402[err]C (705[err]

to 755[err]F) to cover a w de conversion kange. The total l'iquid
product fromthe hydrocracking step was then 5 distitled to a

nom nal 343[err]C+ (650[err]F+) cut-point. The bottons fraction
was then sol vent dewaxed to a target -18[err] C+ (O[err] F) pour
point. The results of these runs are - summarized in Table 10 bel ow.

- 80- to operating at higher wax conversion, such as,
reducﬁion in MEK loading with higher wax conversion an&
reduction in size of the unconverted wax recycle
stream.

5 A hydrotreating reactor may be provided downstream
of the hydroisomerization reactor to further stabilize
the lube product.



[err] - @ | -8l -

Exanpl e 26 This exanple illustrates the use of the ultra-

| arge pore size catatysts— A Nl WMM 41 catal yst was

prepare bel ow. A sample of MCM 41 (40
A) was a ﬁmﬂmim jﬂ!IL crystallizinggghe following mxture (parts by
wei ght) ut ocl ave: 48 parts
Cetyltrlnethylannonlun1(CTNMO hydr oxi de, 10 prepared by
contacting a 29 wt.% N, N, N

trimethyl -1 -hexadecyl ammoni um chl ori de : sol ution mﬁth a
. hydr oxi de-f or - haCLAEMS ¢ exchange resin,

(10% aqueous Ppi t at ed
hydrated silica ¥hieh| comprises hydrocrac 1mgeanfgeés§om&scompsushhgzad at

100[err] C for 24nh§ursouin hy dr¥taPoshi fééaglﬁnéﬁé ﬁf&gaﬁ%og% pressure.
The 20 resulting pro was recovere ration and dried

in air at anbi enPYEERBERAVLER. aAPéSHBFEIBFa%hBYéFBGEEFklng catalyeds
cal ci neds at 540[naviﬁgfeézalbOﬂﬁncﬂzanaLngnanaoIIomed by 6 hours

in air. The char er|S|t ¢S 0 h rodu t . e consistent with
its identity as ﬁ¥§f tl°n-deﬁy o geqﬁ lﬂfwfﬂﬁcﬁégnggéﬁXHgéﬂdwﬁth r oom

t enper at ure comprzslng an inorganic, non-layered, porous,

part Sodlun1a|un1nite,A1§rocess Fgé §925§°1;8tEBHEEQXEQWFEnngi'"Cate

crystalline phase material having pores with diameters
of at least 13 A and exhibiting, after calcination, an

10 X-ray diffraction pattern with at least one peak with a
relative intensity of 100 at a d-spacing greater than
18 A to produce a lube boiling range product.

2. A process acccording to Claim 1 in which the
crystalline phase material has, after calcination, a
hexagonal arrangement of unifromly-sized pores with
diameters of at least 13 A and exhibits a hexagonal

5 electron diffraction pattefn that can be indexed with a
d. .. value greater than 18 A.
3. A process according to Claim 1 in which the
crystalline phase has an X-ray diffraction pattern

100

following calcination with at least one peak whose
d-spacing corresponds to the dlo0 value from the
5 electron diffraction pattern.
| 4. A 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.
5. A process according to Claim 1 in which the
crystalline phase has a composition expressed as
follows:

(W.X, ¥ 2.0

Mn/q a"b c”d h)



aqueoﬁs*kofutions of annbniun1nitrate and subsequently | dried

over ni ght at err]F) A portion of the : resul t ant
crystal s was combi ned 203 to forma m xture of 65 parts,
by wei ght “mm m“m s 30 alumna. Water was added to this

m xture to resulting gftalyst to be fornmed into
extrudat es. fhée catal yst was activated by cal cination at

510[ err] C (950[err]F) in 5v/v/imn of nitrogen for 6 hours

foll owed by the . - 82 -
reptacenent of the nitrogen with 5v/v/mn of air. The cal cination

was conpl et ed byhereshny ifbseohenpermpreeiotns: n is the5&&heg@]6f the
1000[err] F) an ' n e 5v/ v/ m alr for

58 hoLrs ]N?cke?cﬂgéggg%gétgﬁéggalﬁgnﬁ éﬁﬁyégﬁégragrgf Eeﬁy And# pF

wet ness coi npr egaighbedusphyr average vabenceons Mf' K/ @\djsethpe. Guabel and

[err] [err] o m 1esA€£eﬁoﬂfny£c£96n18fhﬁurﬁ 3k E%L[ A err250[efr1F)

t he extru ate was calcined In vimn arr
(1000[ efr] F) fodivahenkselements; X is °n¢h€rpﬂ9§Pc§F13ﬁé gilements;

properties of tyeis one or mB&&VﬁEﬁ&ﬁ&éf&ﬂQBemahahtsn & §55@heOUl Bekaw
Ni ckel, wt.% Tun sten w . %

29 1 pentavalengoa}ﬁﬂfnﬁin]a, b, ¢, and 4 3zF Mol e fractlons
Surface Area, n@fgw, X, Y, 84@ Z, respectively; h iBaeknogbeensift ¥roft/ CC
0.749 Thi, s t used for wax
hydrocracklng/hydrmsoE rlggt?%%gL?Mgie fgflomﬁn process

condltlons 13890 kPa aBsprecess pererding to Cgah?dﬂogbsrpdaswure 1335
[err] (7508mpfEsBRl 4 divalent £i¥8£0864% Ebhﬁ&h%hbﬁ”m%%ﬂ% %HSV as in
Exanple 21, magne51gilng cogpglggsmgfunggmasbggogxaggllxum or
: ' '
iron; Y comprises silicon or germanium; and 2 comprlses
5 phosphorus. _

7. A process according to Claim 4 where1n a and d
are 0 and h = 2.

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

9. A process according to Claim 1 in which the
catalyst comprises at least one metal of Groups VIA,
VIIA or VIIIA of the Periodic Table.

10. A process according to Claim 1 in which the
catalyst comprises at least one metal of Group VIA and
at least one metal of Group VIIIA of the Periodic
Table. :

11. A process according to Claim 1 in which the
feed is contacted with- the catalyst at a pressure of
from 8,400 to 30,000 kPa (hydrogen partial pressure,
reactor inlet), a temperature from 288° to 441°C, and a

5 space velocity from 0.2 to 2.0 LHSV.

12. A process according to Claim 11 in which the

feed is contacted with the catalyst at a pressure of



oper atiwg< enperature was adjusted from 382[err] to 397[err]C
(720[err] to746ferr{F)to span a range of 343[err]C (650[err]F-) 25

boi l i ng poin ' Product work-up was the - same as in
Exanpl e 21, ;‘!ﬁﬂm‘ﬁ!ﬂ!m@“mt |lation to a 343[err] C+ (650[err] F+)
cut poi nt fol [« Ve dewaxing - 88 - to a -18[err]C (O[err]F)
pour point. The results of these runs are given in Table 11

from 10,000 to 18,000 kPa (hydrogen partial pressure,
reactor inlet), a temperature from 343° to 427°C, and a
space velocity from 0.5 to 2.0 LHSV.

13. A process according to Claim 1 in which the
hydrocracking is carried out in the absence of any

' promoter which increases the acid acidity of the
catalyst.

14. A process according to Claim 1 in which the
hydrocracking is carried out in the absence of fluorine
or any fluorine compound promoter.

15. A process according to Claim 1 in which the
hydrocarbon feed comprises a distillate feed having an
initial boiling point of at least 343°C (650°F).

16. A process according to Claim 15 in which the
feed comprises a gas oil produced by the distillation
of petroleum. ' _
| 17. A process according to Claim 1 in which the
hydrocracked product has a viscosity index of at least
90.

18. A process according to Claim 1 in which the
hydrocracked product has a viscosity index from 95 to
140.

19. A process according to Claim 1 in which the
hydrocracked product is dewaxed.

20. A process according to any one of Claims 1 to
14 wherein the feedstock comprises a petroleum wax feed
which is subjected to hydrocracking and
hydroisomerization. _ _

21. A process according to Claim 20 in which the
feed is contacted with the catalyst_at'a pressure of
from 7000 to 20800 kPa (1,000 to 3,000 psig) (hydrogen
partial pressure, reactor inlet), a temperature from




[err]wy & . . 84 -
Figure Erof t he draw ngs shows that the activity of the

Nwat urina ool SEDIPMRIEIR s e, % %50, 2w o siierno

(650F-) conversifon® the ¥ | dor *ded cat al y5t8% = required a 394[err].C
(742[err]F) reactor tenperature, :whereas, the MCM 41 cat al yst
required 5.6[err]C (10[err]F) | ower ' tenperature of 389[err]C
(732[err]F). In the preferred boiling : poi nt conversion range of
30-60 wt.% 343[ e[l C. (65 rlEz). . wmy CONVErsion_or greater, this
activity advant iétéﬁﬁfgﬁg lg%énmﬁ?(ﬁéﬁ f%'t%?ﬁsgonFSﬁegegPﬁﬁFYbf-cycle
t enperature from O0andteot eMtLHSVY | onger catalyst life.

e S e LB, | R fcbbiing cp c1aihl 401 Ryl phu oo
bel ow 50 wt.% bfeedtis contacted with the catalyst at a pressure of
from 10101 to 18030 kPa (1,450 to 2,600 psig) (hydrogen
partial pressure, reactor inlet), a temperature from
5 343° to 427°C (650° to 800°F), and a space velociﬁy -
from 0.5 to 2.0 LHSV.

23. A process according to Claim 21 in which the
hydrocarbon feed comprises a petroleum wax having a wax
content of at least 50 wt.%.

24. A process according to Claim 23 in which the
feed comprises a slack wax having an oil content of
from 20 to 40 wt.%.

25. A process according to Claim 20 in which the
hydrocracked product has a viscosity index of at least
135. | |

26. A process according to Claim 20 in which the
hydrocracked product has a viscosity index from 140 to
147.

27. A process according to Claim 20 in which the
hydrocracked/ hydroisomerized product is dewaxed.



15% ~hi gher wax conversion the unpronoted N WN[J\A41
cataiyst has a desirable yield nuynber benefit conpared

fluorided Ni Walumina catal yst. r Figure 4. Sf G’V@LTAMAEM’(G‘%EE-‘F
VI of the Ni WMCM 4| - is conparable to the VI obfained _wth -
fluorided 20 Ni Wal um na cat al.‘y§t _|D31w@5 SEENS, a
viscosity benefit of the MCM 41 products. At a ‘fFrvenr—we TSt jOaks
conversion the | ubes obtained fromthe MCM 41 based catal yst d
hi gher in viscosity than the fluorided amorphous catalyst. Since
t he wax 25 hydr ocracki ng/ hydr oi soneri zati on process significantly
reduces thegl . ged f eed,
it is desir mai nt ai p visicosity as high ps possjbte. For
exanpl e, thg target visgosity fior thisi|feed is|5 miejr]/s at
100[err] C, jhe 30 fluorided alum na catal yst can pchievejthis at 50
wt . % wax [convers|on. The MCM 41 can_opérate at|nmuch higher
wax conversfon of 65 wt.% gnd stiljil achieve 95rgé-_t - Vi g§cosity.
There are sfgnificant commgrcial henefits tQ
operating af higherf wax cohversion, such a$', reguctionfin MEK
| oadi ng wi t § hi gher| wax cohversion and. / - reductiofp in si §e of the
unconverted wax regycle stream_jS Al hydr ot §eati ng
react or be provi ded dojwnstream 7 of tHe hydr of soneri 3ati on
_r.eactor to urther jstabilike : },ﬁe | ube prjoduct.
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CUAI MG 1. A process for producing |ubricant products

whi ch conpri ses hydrocracking a feedstock.conprising a: hi gh boiling
hydr ocarbon feed in the presence of hydrogen with a_hifunctional
hydr ocracki ng catal yst 5 having aci dic functionalit

hydrogenatlon dehydrogenation functionality, and ﬁ%?%éCE E&HSHEET
i norgani ¢, non-|ayered, porous, 2 /c5ysta||ine phase L%rl SEPQ
pores with dianeters of at least 13 A and exhi biti‘ng, affer “ - ggﬁ
cal cination, an 10 X-ray diffraction pattern with at |east one peak
with a relative intensity of 100 at a d-spacing greater than

18 A to produce a | ube boiling range product. 2. A process
acccording to Claim1l in which the crystalline phase material has,
after calcination, a hexagonal arrangenment of unifrom_y-sized pores
wth di aneters of at o] | 5

el ectron diffrafth rnthat’ can be i ndexed Wth a ¢ d[err] value
greater than 18f§A 3. A process according to aim1l1l in which
- the crysfal line phase has an X-ray diffraction pattefn

follow ng calcipation with at | east one peak whose a‘c%

n'pdt

corresponds to fhe dferr] value fromthe 5 el ectron di ac n
pattern,. ’ 4. A process according to Claimghin ftb?ue
crystalline phape exhibits a benzene adsorption &papaitylitégreater
than 15 grans bgnzene per 100 grans at 6.7 kPa a5 ).

5. A process according to Cai mg

25[err] C.
e has a conposition expressed as

crystalline ph
[err]
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YA wherein Mis one or nore ions; n4is the charge of the
conposi tion excluding Mexpressed as oxides; g is the wei-ght ed
mol ar average val ence of M n/q is t’he nunber ~of -nol es ori m)l e
fraction of M Wis one or nore 5 di val ent el enent: )
trival ent elenents; Y is one or nore tetraval ent BEMQEMEETiSHEETe ‘
or nore pentaval ent el ements3 @ gb, c, and d are éns !
of W X Y, and Z, respectively; h 1's a nunber of from ate

(atb+c+d) = 1. 6. A process according to ClaimZ wner BT 1T W
conprises a divalent first rowtransition nmetal or magnesi um X
conprises alum num boron, gallium or ' iron; Y conprises silicon or
germani um and Z conprises 5 - phosphor us. 7.0A process
accor di NQ L0l el Gl e s “Yeo)

A process faccording to claim7 wherein X conpri ses &wom num boron,
galliumorgiron and Y conprises silicon or germaniu 9.
A process Jaccording to Claim1 in which the cat al yst§ conpri ses at

| east” one jretal of Goups VIA, VITA or VIII A of the4friodic Table.
10. A progess accogding to Caim1 in which the cat giyst conpri ses
at | east dne netal=of G oup VIA and at | east one netygl of G oup
VI11A of thhe Periagdic 'I:?aBDe 11. A prodgess according to
Claim1l i which tfke #dedjis contacted with the catgd@st at a
pressure Ofrom 8,400it 030, 000 kPa (hydrogen parti§f pressure,
reactor irget), a rrperaturegfréim 288 to 441ferr]C, and a
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55 % spéce velocity fromO0.2 to 2.0 LHSV. - 12. A process -

according to Cagim1l in which the feed is contacted with. the .
catal yst at a priessure of - - 88 - ° from 10,Q0Q to 18, 000 kPa
(hydrogen partial pressure, reactor inlet), a tenpera 372

to 427[err]C, and a space velocity fromO0.5 to 2.0 L

process according to C-aim1 in which Kh hydr ocr ack

in the absence of any pronot er which I ncreases the acltd-—

catal yst. 14. A process according to daim1l in whi

hydrocracking is carried out in the absence of fluorine or any fluorine
conpound pronoter. 15. A process according to Caiml in which the
hydrocarbon feed conprises a distillate feed having an initial boiling
poi nt of at |east 343[err . E%ccording to
Caim15 in e
distillation of petrol eum 17. A process accordingjto Caim1l in

hydr ocracked product has a viscosity index of at}l east 90.
according to Caim1l in which the hydr ocr ackg@ pr oduct has -
ndex from95 to 140. . 19. A process acg¢@ding to

i ch the hydr ocr acked product is dewaxed: 20. A

ding to any one of Clalgs 1 to 14 wherein thejfeedgtock
etrol eum wax feed h is subjected to hydro E?cking and

which the .
. 18. A proces
a vi.scosity
LCaim1lin
process..acc
conprises a
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hydrdisodérization 21. A process according to Caim20 in which

t he feed is contacted with the catalyst at a pressure-of “from 7000 to
20800 kPa {1,000 to 3,000 psig) (hydrogen partial: pressure, reactor
inlet), a tenperature from - 89 - k- 28&erﬂ
to 441[err]C (550[err] to 825[err]F), and a space velocit ' Stit 2

to 4.0 LHSV. . 22. A process according to da
feed is contacted with the catal yst a§ gressure of
18030 kPa (1,450 to 2,600 psig) (hydr gg

inlet), a tenperature from5 343 to 427[err]C (650[err] toO

800[err]F), and -a space velocity from0.5 to 2.0 LHSV.

23. A process according to.Claim21 in which the hydr ocar bon feed
- conprises a petrol eum wax havi ng a wax content of at least 50 wt.%

24. A process according to Caim23 in which the feed cogprises a

sl ack wax havig
25. A process

- o
hydr ocj acked

ccording to Claim20 in which the

product has a fviscosity index of at |east 135. 1 26. A
procgss’accor ing to Caim20 in which the hydr ocr acked oduct has
a-:¥iscosity ifjdex from140 to 147. -27. A ess
” accordlng to @ aim20 in which the hydr ocr acked/ hydr oi poner itfRd
product i s deyaxed. . [ .
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