PRODUCTI ON OF HI GH VI SCOSI TY | NDEX LUBRI CANTS This invention relates to the
production of high viscosity index |ubricants by hydrocracki ng m neral oi

f eedst ocks, especially petrol eum waxes. 5 M neral oil based

| ubricants are conventionally produced by a separative sequence carried out
in the petroleumrefinery which conprises fractionation of a paraffinic
crude oi |l under atnospheric pressure follbwed by fractionation under vacuum
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in order to reach the tar%et gour poi nt since <E)ro uct romt
15 omponents are convent1 nally 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 pressure in the presence of
a bifunctional catalyst which effects partial
saturation and ring opening of the aromatic components -
which are present in the feed. The hydrocracked

35 - product is then subjected to dewaxing in order to
reach the target pour point since the products from the



-2- initial hydrocracking step which are paraffinic in character include
conponent s with a relatively high pour point which need to be renoved in

t he dewaxi ng step. 5 Current trends in the design of autonotive
engi nes are associated with higher operating tenperatures as the efficiency
of the engines increases and these higher operating tenperatures require
successively higher quality lubricants. One of the requirenments is 10

for higher viscosity indices (V.I.) ipzo[der to reduce the effects of the
hi gher operating tenperatures on the vi'scosity of the engine Iubricants
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improvers e.g. polyacrylates, but there is a limit to-

15 the degree of improvement which may be effected in this
way; in addition, V.I. improvers tend to undergo
degradation under the effects of high temperatures and
high shear rates encountered in the engine, the more
stressing conditions encountered in high efficiency |

20 engines result in even faster degradation of oils which
employ significant amounts of V.I. improvers. Thus,
there is a continuing need for automotive lubricants
which are based on fluids of high viscosity index and
which are stable to the high temperature, high shear

25 rate conditions encountered in modern engines.

Synthetic lubricants produced by the

polymerization of olefins in the presence of certain
catalysts have been shown to possess excellent V.TI.
values, but they are expensive to produce by the

30 conventional synthetic procedures and usually require

' expensive starting materials. There is therefore a

‘need for the production of high V.I. lubricants from
mineral oil stocks which may be produced by techniques .
comparable to those presently employed in petroleum

35 refineries.



35 N refineries. -3- In theory, as well as in practice, |ubricants
shoul d be highly paraffinic in nature since paraffins possess the desirable
cofrbi nation of |ow viscosity and high viscosity index. Normal paraffins and
slightly 5 branched paraffins e.g. n-nmethyl paraffins, are waxy
materials which confer an unacceptably high pour point on the |ube stock
and are therefore renoved during the dewaxi ng operations in the
conventional refining process described above: It is, however, possible to
10 process waxy feeds in order t@ retain many of the benefits of
their paraffinic character_while overconm ng the undesirabl e pour point
characteristic. A severe HydtBEPEat RigWplbdss dnf BFagkifs - adubFigaptisube oil s
of _high viscosity indskoull hesbigisiod panafEirdlcognenasude) sihce paraffins
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redist | 11ation step SPEartygs of YU BRRLIAAE cRleadily US| Brarenafiyace
oil is controlled by HRBARSIFARLE POLT PRI RRRFAGEENERiEe| UomEvernit. The
sl ack waxes renoved fhpardtreatingxerocray fer mpLdsetRtithy lube oils of
high viscosity index is disclosed in Developments in
15 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
two-stage hydroprocessing operation in which an initial
hydrotreating unit processes the feeds in blocked
20 - operation with the first stage operating under higher
temperature conditions to effect selective removal of
the undesirable aromatic compounds by hydrocracking and
hydrogenation. The second stage operates under
relatively milder conditions of reduced'temperature at
25 which hydrogenation predominates, to adjust the total
aromatic content and influence the distribution of
aromatic types in the final product. The viscosity and
flash point of the base oil are then controlled by
topping in a subsequent redistillation step after which
30 the pour point of the final base oil is controlled by
dewaxing in a solvent dewaxing (MEK-toluene) unit. The
‘slack waxes removed from the dewaXer may be reprocessed
to produce a base oil of high viscosity index.
Processes of this type, employing a waxy feed
35 which is subjected to hydrocracking over an amorphous
bifunctional catalyst such as nickel-tungsten on
alumina or silica-alumina are disclosed, for examplé,



to produce a base oil of high viscosity index. Processes of this type,

enpl oyi ng a waxy feed 35 whi ch is subjected to hydrocracki ng over an
andr phous bi functional catal yst such as nickel -tungsten on al uni na or
silica-alum na are disclosed, for exanple, -4- in British Patents Nos.

1,429,494, 1,429,291 and 1,493,620 and U. S. Patents Nos. 3,830, 273,
3,776,839, 3,794,580, and 3,682,813. In the process described in GB
1,429,494, a slack wax produced by the dewaxing of a 5 waxy feed is

subj ected to hydrocragki r ' i gn hydr ogr [ catal yst at
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in GB 1,440, 230. The @t ki tie Aydriersatalgy stepBY be 25 I ncreased by
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- containing a metal hydrogenation component on an

15 amorphous acidic support. The metal component is
usually a combination_of base metals, with one netal
selected from the iron group (Group VIII) and one metal
from Group VIB of the Periodic Table, for example,
nickel in combination with molybdenum or tungsten.

20 Mcdifiers such as phosphorus or boron may be present,
as described in GB 1,350,257, GB 1,342,499, GB
1,440,230, FR 2,123,235, FR 2,124,138 and EP 199,394.
Boron may also be used as a modifier as described in GB
1,440,230. The activity of the catalyst may be

25 increased by the use of fluorine, either by
incorporation into the catalyst during its preparation
in the form of a suitable fluorine compound or by in
situ fluoriding during the operation of the process, as

" disclosed in GB 1,390,359.

30 : Although the process using an amorphous catalyst
for the treatment of the waxy feeds has shown itself to
be capable of producing high V.I.- lubricants, it is not
without its limitations. At best, the technique
requires a significant dewaxing capability, both in

35 order to produce the feed as well as to dewax the
hydrocracked product to the desired pour point. The
reason for this is that although the amorphous



di sclosed in GB 1, 390, 359. 30 Al t hough the process using an
anor phous catal yst for the treatnent of the waxy feeds has shown itself to -

be capabl e of producing high V..- lubricants, it is not without its
limtations. At best, the technique requires a significant dewaxing
capability, both in 35 order to produce the feed as well as to dewax
t he hydrocracked product to the desired pour point. The reason for this is
t hat al t hough t he anor phous -5- catal ysts are effective for the
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restricted isomerization activity of the amorphous

15 catalysts also limits the single-pass yields to a value
below about S0 percent, with the corresponding wax
conversion being about 30 to 60 %, even though higher
yields would obviously enhance the efficiency of the
process. The product VI is also limited by the

20 isomerization activity, typically to about 145 at O°F.
pour point in single pass operation. The temperature
requirement of the amorphous catalysts is also
relatively high, at least in comparison to zeolite
catalysts, typically being about 700° - 800°F.

25 Another approach to the upgrading of waxy feeds to
high V.I. lubricant basestocks is disclosed in U.S.
Patents Nos. 4,919,788 and 4,975,177. 1In this process,
a waxy feed, typically a waxy gas oil, a slack wax, or
a deoiled wax, is hydroprocessed over a highly

30 siliceous zeolite beta catalyst. Zeolite beta is known
to be highly effective for the isomerization of
paraffins in the presence of aromatics, as reported in
U.S. 4,419,220, and its capabilities are effectively
exploited in the process of U.S. 4,919,788 and

35 4,975,177 in a manner which optimizes the yield and
viscometric properties of the products. The zeolite
beta catalyst isomerizes the high molecular weight



25 ¥ Anot her approach to the upgradi ng of waxy feeds to high V.I

| ubricant basestocks is disclosed in U S. Patents Nos. 4,919, 788 and
4,975,177. In this process, a waxy feed, typically a waxy gas oil, a slack
wax, or a deoiled wax, is hydroprocessed over a highly 30 siliceous
zeolite beta catalyst. Zeolite beta is known to be highly effective for
the isonerization of paraffins in the presence of aromatics, as reported in
U 'S 4,419,220, and its capabilities are effectively exploited in the
process of U S. 4,919, 788 and 35 - 4.975,177 in a manner which
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While this zeolite-catalyzed process has shown
15 itself to be highly effective for dealing with highly
paraffinic feeds, the high isomerization 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 procass to
20 feeds which contain relatively low quantities of
aromatics: the aromatics as well as other polycyclic
materials are less readily attacked by the zeolite with
the result that they pass through the process and
remain in the product with a consequent reduction in
25 V.I. The lube yield also tends to be constrained by
the low wax isomerisation selectivity at low
conversions and by wax cracking out of the lube boiling
range at high conversions: maximum lube yields are
typically obtained in the 20 to 30 weight percent
30 conversion range (650°F+ caonversion). It would
therefore be desirable to increase isomerization
selectivity and simultaneously to- reduce hydrocracking
selectivity in order to improve lube yield while
retaining the high VI numbers in the product.
35 ' In summary, therefore, the processes using
amorphous catalysts can be regarded as inferior in
terms of single pass conversion and overall yield



aromatti cs: the aromatics as well as other polycyclic materials are | ess
readi |y attacked by the zeolite with the result that they pass through the
process and remain in the product with a consequent reduction in 25

V.1. The lube yield also tends to be constrained by the | ow wax

| somerisation selectivity at | ow conversions and by wax cracking out of the
| ube boiling range at high conversions: maxi num |l ube yields are typically
obtained in the 20 to 30 wei ght percent 30 conversi on range
(650[err] + conversion). It would therefore-be-desirable to increase
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selectivity factors of the zeolite at different
conversion levels.
We have now devised a process for producing high
15 quality, high viscosity index (V.I.) lubricants by a
two-stage wax hydrocracking-hydroisomerization process.
The process is capable of producing products with high
viscosity indices above 110 and typically above about
140, usually in the range of'i40 to'155. with the
20 preferred high wax content feeds (more than 50 percent
wax), products with VI values of 143 to 147 may readily
be obtained. Lube product yields are high and the
dewaxing requirement for the product is markedly lower
due to the effectiveness of the process in converting
25 the waxy paraffins, mainly linear and near linear
pafaffins, to less waxy isoparaffins of high viscosity
index. Compared to the zeolite-catalyzed
hydroisomerization process, it has the advantage of
being able to accommodate a wider range of feeds at
30 constant product quality since it is more effective for
the removal of the low quality aromatic components from
the feed:; it also provides a yield advantage in the
range where maximum lube yield is obtained (about
20-30% conversion) as well as providing a higher
35 product VI across a wide conversion range from 5 to 40
percent conversion (to non-lube range products,
typically 343°C (650°F-) products).



The process is capable of producing products with high viscosity indices
above 110 and typically above about 140, usually in the range of 140 to
185. with the 20 - preferred high wax content feeds (nore than 50
percent wax), products with VI values of 143 to 147 may readily be
obt ai ned. Lube product yields are high and the dewaxi ng requirenent for the
product is markedly |lower due to the effectiveness of the process in
converting 25 the waxy paraffins, mainly linear and near |inear
paraffins, to | ess waxy isoparaf fins—-ef—-ki-gh-viscosity index. Conpared to
the zeolite-catal yzed hydroi sonmeri zati on process, it has the advantage of
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material of unique Stré?ﬁéé&?xﬁ@ mé%%@?al of unique structure and pore
geometry. The stages may be operated separately with
interstage light gas and naphtha separation or,

15 alternatively, in direct cascade mode. The process is
particularly well suited to the upgrading of high
boiling point slack waxes such as heavy neutral waxes
and petrolatum slack waxes, with oil contents greatex
than about 10 weight percent, for example, about 15

20 weight percent or greater. The products include high
viscosity, very high viscosity index lubricating oils.

In the first stage of the process, the feed is
subjected to mild hydrocracking over a lube
hydrocracking catalyst. In this step, the low quality

25 - aromatic components of the feed are subjected to
hydrocracking reactions which result in complete or
partial saturation of aromatic rings accompanied by
ring opening reactions to form products which are
relatively more paratfinic; the limited conversion in

30 the first stage, however, enables these products to be
retained without undergoing further cracking to
products boiling below the lube boiling range,
typically below 650°F (345°C) .. The catalyst used in
this step is typically an amorphous lube hydrocracking

35 catalyst but it may also be based on the mescporous
crystalline materials described below for the second
stage catalyst, preferably with a high base metals



geonetry. The stages may be operated separately with interstage |ight gas
and napht ha separation or, 15 alternatively, in direct cascade node.
The process is particularly well suited to the upgradi ng of high boiling
poi nt sl ack waxes such as heavy neutral waxes and petrol atum sl ack waxes,
with oil contents greater than about 10 wei ght percent, for exanple, about
15 20 wei ght percent or greater. The products include high
viscosity, very high viscosity index lubricating oils. In the first stage
of the process, the feed is subjected to mld-hydrocracki ng over a | ube
hydrocracking catalyst. In this step, the |low quality 25 aromatic
conponents of the feed are subjected toohydrocracking reactions which
result in conplete or rti.al .saturation of. aromptic rings acconpani ed by
ring opening reacti ongsl"[?toe'*toﬁrlr{‘%erp ﬁéﬁsc%?‘é’ﬁtsfgwﬁbﬁ%swnmbe
paraffinic; the |im tBigklbhesfereive fogoprocessinghbulie ranget fagsls however,
enabl es these product $n¢Tuditigr eaxesied Twbidwilly ,URHEr tivagsh bk t 18 %enal acki ng

to products boiling b u Is b vii-cal lky bel ow 650F
(345[err]).. g’he cat a?héo%é ttﬁggglﬁ;tlh%%?gtg ?{sagtﬁgﬁléctgh y4(§1h EHB& | ube

P 0 oe
hydr ocr acki ng” 35 nd pap= tHRR Hir YREINRPSICERTHRE e ariginade faedopor ous
crystalline material s descin lshd $Rdap@d Fbage hdheecomdiitsiongearataptifized

preferably with a hi gbobasmregbohérizatin SOhANbaSi G s! Qa‘?ﬁfixfa%.?' ysts .
have been found to be pﬁ;g],]tyiﬁf{:ﬂ;tfe\ég LQ«#}etﬁ{e%Cﬁ%' _rggl ube ¢ q%g eeds
i ncl udi ng waxes. Typi BalT1y.  the conversiop 11t e Ti etpgfﬁﬁg] linmited to
no more than 40, prefBFe@igedsby hydrocggckind imhsRe sbirskesdge peFounthid t he
original feed9 I'n thepsxpuedastatplysttheitinridighi dasnarizatfbh daRdtioity
hydr oi someri zati on of j§hangiakahf i &1 26bOLRed InarBb8SeN chlaifge agdatgoet her
with the paraffins the crystalline mesoporous materials has been found to

give excellent results. A noble metal, preferably

platinum, is used to provide hydrogenation-

15 dehydrogenation functionality in this catalyst in order

to promote the desired hydroisomerization reactions.

The mesoporous silicecus materials used for the
second stage catalyst have a novel and unique pore
geometry and, in a preferred form described below, are

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

25 material identified as MCM-41 which is usually
synthesized as a metallosilicate with Bronsted acid
sites by incorporating a tetrahedrally coordinated
trivalent element such as Al, Ga, B, or Fe within the
silicate framework. MCM-41 is characterized by a

30 - microstructure with a uniform, hexagonal arrangement of
pores with diameters of at least about 13 A, after
calcination it exhibits an X-ray diffraction'pattern
with at least one d-spacing greater than about 18 A and
a hexagonal electron diffraction pattern that can be

35 indexed with a d,,, Value greater than about 18 A which
corresponds to at least one peak in the X-ray
diffraction pattern. The preferred catalytic form is



produced by hydrocracking in the first stage. For this 10 pur pose a
catalyst with high isonerization selectivity is enployed, and for this

ptr pose, a catal yst based on the crystalline nmesoporous materials has been
found to give excellent results. A noble netal, preferably platinum is
used to provide hydrogenation- 15 : dehydr ogenation functionality in
this catalyst in order to pronote the desired hydroi sonerization reactions.
The nesoporous siliceous materials used for the second stage catal yst have
a novel and uni que pore geonetry-and,--i-n a -preferred form described bel ow,
are 20 characterized by a substantially uniform hexagonal honeyconb
m crostructure with uniform pores having a cell dianeter greater than 1.3nm

(13 A) and typical | ythe é:]hﬂuhaﬁlﬂﬁdaﬁ:eZaltrﬂ&ghm:ﬁRFb&ﬁalﬂﬁit@siliwﬁﬁé
promi nent anong thes&mgeégo' 8bSud %onsawénLesggaLé'g@od%Qe des Lgrial
esl| ze S a net

Identified as MCM 41 1.S us s%/ : SiTrcate with
Bronsted acid sites b§¥iIRIGLSEr R Ris SREALEFE WSGSOH’JWM #§cPrt val ent
el enent such as A, &bagd, oﬁ)thE@mstehtnptmssi licate framework. MCM41.is

characterized by a 30  pne p%ééé%swa cwr@ewat:adawm Eam:.&a&aﬂ%&'
arrangenent of pores with di anet | east. _about Ler

cal cination it exhi bPEEEHR- +3 t%ﬁ ffflfgct?%aﬁ paft %? e%%hm%ﬁn}léést one

d- spaci ng greater thaﬁm‘a‘bﬂupflsrw% ﬁ°%ﬁalmeﬂa:tfﬁeﬂ and ffoxcthim
pattern that can be Bhrpose pressifecdfwat Nlarsteb630 veHalabgr eadceipsigpp about
18 A whi Ch CorresDO”%uéﬂyatfrbﬁa%od)'ﬁﬁ PEPYS il stﬁlw b1 It 1 on

pattern. gopreferred catal tIth rmi ,gg g | um nosi | i cate
al t hough t h&%bor oal uRPHBLi 35S SRS e ReSER dSEFL IR NP FPEFERR oduce
the desired | ow aci deiphénhys ca$cadwn9 éb@afwt gtage iefflhent atioedtiyage of

the present process. into the second stage without a pressure reduction or,

alternatively, by passing the first stage products
through an interstage separator to remove light ends

15 and inorganic heteroatoms. The cascade process without
interstage separation, represents a preferred mode of
operation because of its simplicity.

In the accompanying drawings, Figures 1 and 2 are

-graphs illustrating the results of wax hydroprocessing
20 experiments reported in the Examples.

In the pfesent process waxy feeds are converted to
high V.I. lubricants in a two-stage hydrocracking-
hydroisomerization process. The products are
characterized by good viscometric properties including

25 ' high viscosity index of at least 110, typically at’
least 140 and usually in the range 143 to 147 with
feeds of low o0il content. The two stages of the
process are carried out in the presence of hydrogen
using catalysts which are optimized for selective

30 - removal of the low quality aromatic components in the
first stage by hydrocracking reactions and selective
paraffin isomerization in the second stage to form low
pour point, high V.I. products.

The feed to the process comprises a petroleum wax

35 which contains at least 20 and preferably higher wax
content, for example, at least 50 weight percent wax,
as determined by ASTM test D-3235. In these feeds of



5 > The process may be operated with relatively high pressures in
the first stage in order to maxi m ze renoval of aromatic conponents in the
feed and for this purpose pressures of at |east 5620 kPa abs (800 psig),
usually from 7000 to 20785 kPa abs (1000 to 3,000 10 psig) are
suitable. The second stage may be operated either by cascading the first
stage effluent directly into the seconq stage without a pressure reduction
or, alternatively, by passing the first stage products through an

i nter st age separator ﬁﬂ(;jéz%'p&e.’lléﬁ@ﬁnenﬁ?e laxes are A1 LA G of
het eroatons. - The cas rocess .\ thout. i.nter e separation, represents
Bl P o

a preferred node of o Ho8R B%Ehtusgmﬁ?r’ist"?gsfs ajn 3ngyslightly
acconpanyi ng dr awi ngsbr&ichedeshdimpgratfins gughhasipethylparaffijnshe results
-OL wax hydroprocessing 20 petgcleuxxemeéwemas: B8pOwARSE ioR iabﬁab@iaﬁel es. In
the present pgocess eds_are r ubricants in a
t wo- st age hydé ocrackm%é/raf'nc& aé‘é de@% (? Eﬁq‘ ttﬂe i-é:‘]‘i']l'"\léﬁg °£ cPcﬁI’EPg WP e

characterized by goodand s“é’@ﬁﬁt %-‘f-‘&‘%sobﬁrlfrfyés‘-cPﬁcFﬁEﬁ??d’l?B from a hi gh
viscosity index of atwasasintaifing yeiféaely sirehmastsdailyahy asilaihy tie t he

range 143 to 147 W the{pgds «afa '%&rhtﬁwtﬁﬁhmznecﬁmaﬁe&;&a% the
process are carried Ogé‘ﬁ]&é't géj PrEsenc e‘(')ath drg Sn mgaﬁ%tr}ael[ iﬁgﬁ@é ch
are optimzed for sel o] he iC
conponents i A%t he firor By agansyoh A e&F%&mgeFea'emmsanw%laect ive
paraffin isonerizati opropardedeseeinfl sTragse twaxker NaveomigAULniant , hi gh
Vol products. The fepdsithd B8iRLOCRRYeCOIPI %%%%p%ﬁheyéﬂa%tﬁém

whi ch contains at |eas r ef er abl er wax cantent exanp
at |east 50 weight peP¥EFRRSiNxUSEE Y &erﬁf?ﬁ%sﬁ?gA tlé‘é’Fl‘E?‘?‘?BBm?% these
f eeds of m neral oalsorreguiretaw indkésl hradlingt bgipackf &t nieagk 345°C
15 (650°F). The presence of lower boiling components is
not to be excluded since they will be removed together
with products of similar boiling range produced during
the processing during the separation steps which follow
the characteristic processing steps. Since these
20 components will, however, load up the process units
they are preferably excluded by suitable choice of feed
cut point. The end point of wax feeds derived from the
solvent dewaxing of neutral oils i.e. distillate
fractions produced by the vacuum distillation of long
25 or atmospheric resids will usually be not more than
595°C (1100°F) so that they'may normally be classified
as distillate rather than residual streams but high
.boiling wax feeds such as petrolatum waxes i.e. the
waxes separated from bright stock dewaxing, which may
30 typically have an end point of up to 705°C (1300°F),
" may also be employed, as may Fischer-Tropsch waxes.

The wax content of the feed is at least 20 weight
percent and, for the highest VI products with
reasonably good yield patterns, should be at least S50

35 weight percent, usually at least 60 to 80, weight
percent with the balance from occluded cil comprising
iso-paraffins, aromatics and naphthenics. The non-waxl



hi gh pour point, conprising straight chain and,slightly branched chain
paraffins such as nethyl paraffins. Petrol eum waxes, that is, waxes of .

paraffinic 5 character are derived fromthe refining of petroleum
and ot her |iquids by-phystcal separation froma wax-containing refinery
stream wusually by chilling the streamto a tenperature at which the wax

separates, usually by solvent dewaxing,,£.9., MEK/toluene dewaxing 10

or by nmeans of an autorefrigerant process such as propane dewaxi ng. These

waxes have hi gh initicahtémt |[dfngrpudtics, abelnaphthened frmdSAfignly) which

render them extrenel yruseidd nagﬁtﬁxm@esui\mdza{aqlk;UJ%ﬁCé;&kad\'\éu 638[ n.
err

require an initial b |I| Qi_nt . of Ieast err

The presence of |0V\er368€€|‘£ cent %fnen Bs¥TS % %ab]e’%cf’bﬁjed‘%‘ﬁ nce they
wi |l be renoved togeteﬁéﬁe%%%tﬁr?) (Haighsf pergantar Baese vaxy arkjehlyoduced
during the pbBocessi ngagaffitgct ex serakat usuwalye havehiewh vigbboyy fdae

characteristic processkiges diPineft Nelatlbesy 4y conrend AFPORGALS M ||
however, | oad up theagr oce units hﬁ}é gr e%é (if; ra XCl U Ssui t abl e
choi ce of feed cut p8nflt PaPRTReBAY 981 SRd @eagn%%’ﬁ PEIYIFOm t he
sol vent dewaxi ng of mpexaffinsoghiyes. @emdmsl-tiﬂ%tmlhtacand)psuprxmﬁmd by the

vacuum di stillation @hib@nnder them un@bcapraaRhaEi fukSadss Witnagual |y be

not nore thay 595[er kL that they may normally be classified
as distillate rather tﬁ&} glrgﬁua% l"th)reams ‘but_ high boiling wax feeds such

as petrol atum waxes i.e. Q%é“‘\ﬁﬁﬂest’?eﬁﬁﬁé{'@ﬂ St SheblakmProduets ddddxi ng,
whi ch may 30 Wypycad:dq,tdliaqet:arthendapocmeni: op the EQE{iprvfﬂtn the

(1300[err]), may al stﬁefrw 9!'85&1&.355 b@&Mng@Al%aTE%%e Iﬂe wax
content of the feed |§s %a %F ercoent r@_lo% for est VI
products with reason SF? yodd Ty 3?%5 at c%’l’f&ﬂ 3 M 5Pe‘é"s‘t‘3

wei ght percéft, usualPeycent, é&fi—t twqad 860‘1‘&@? JFt podermormalh t he baI ance

from occl uded oi |l compebeasdihg senperaintsnsis apprekiastalyd agaghdieni cs. The
non- wax below:

Feed Wax Content Product VI
20 110
20 35 130
S0 _ 140

Thus, for lube products with a VI of at least 140, the
feed should have a wax content of at least 50 weight
percent, although lower quality'products may be

25 obtained with feeds of lower wax content.

The feeds will normally be slack waxes, that is,

the waxy product obtained directly from a solvent
Qewaxing process, e.g. an MEK or propane dewaxing
process, operating on a neutral (distillate) or a

30 residual type feed, for example, bright stock

' (petrolatum slack wax).. 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

35 first step of the present processing sequence as
described below without the requirement for any initial
preparation, for example, by hydrotreating.



- 12 = content of aromatics, polynaphthenes and hi ghly branched napht henes
wll normally not exceed about 40 wei ght percent of the wax and preferably
will not exceed 25 to 30 wei ght percent. These waxy, highly 5

paraffinic wax stocks usually have | ow viscosities because of their
relatively | ow content of .aromatics and napht henes al t hough the high
content of waxy paraffins gives themnelting points and pour points which
render them unacceptable as |ubricants w thout 10 further
processing. As noted, the quality -of--the-lube_products wll vary according
to the wax content of the feed, with the higher VI products being obtained
fromthe nore waxy feeds. For feedS\MJfgmax contents bel ow 50 wei ght 15

percent, the typical prodyct VI. _un processm Qonstral nts, is
approxi mately as shown be Tt \’/é%{‘scg%@rﬂ) Some ‘typical ."’a’ﬁso&ﬁEt Vi

20 given in Table1} (beipw. 35 .

130 50 : 140 Toasce fior | ube products with a Vi

of at |east 140, the feed sho ,gqg;g aé Ieast 50 wei ght
Halt 104 E'i&;t 86t ai ned with

per cent, alagough | ower quality pro cts
feeds of |ower wax content. The feeds wi II norma® y be Bl ack $axes, Dt hat
is, the waxy product Rawaéfired ditkeptty from a sdl4uent gliewaxi ng.Procass,

e.g. an MEK or propam@ngeggpﬂﬁmgnggpqa§s,cgperatlagson f peutr
(distillate) or a 30 23S dga]wéyég feed, for exgpple ﬁrlght s?ock

(petrol atum sl ack waxflyT?ﬁP§§ SR @ﬁlch is 4%l o sehi?sol Pd?
product, conpri sing r’r‘ﬁ‘ﬁ’?ﬂ}l‘?ﬁrgl"ﬂty Rﬁ's&y par af fi ns Y-Aost 1440n- 3Hd3 norze~Ret hyl

paraffins) ti®gether with Acgipided sidck way beed ersdtfi€ ddmpok@tidte shown
in Table 2 below. This slack wax is obtained from the
solvent (MEK) dewaxing of a 300 SUS (65 cST) neutral
oil obtained from an Arab Light crude.

IABLE 2
15 Slack Wax Properties
API 39
Hydrogen, wt. pct. 15.14
Sulfur, wt. pct. 0.18
Nitrogen, ppmw 11
20 Melting point, °*C (°F) 57 (135)
KV at 100°C, mm’/s- 5.168
PNA, wt pct: ' .
Paraffins 70.3
Naphthenes _ 13.6
25 Aromatics . 16.3
Simulated Distillation:
3 -< LF)
5 375 (710)
10 413 (775) -
30 30 440 (825)
50 460 (860)
70 482 - (900)
20 ' 500 (932)

95 507 (945)



35 « first step of the present processing sequence as described bel ow
wi thout the requirenent for any initial preparation, for exanple, by

hydr ot reati ng. - 13 - The conpositions (P/NA) of sone typical waxes are
given in Table 1 bel ow. Wax Conposition - Arab Light Crude 5
A C Paraffins, w. pct. 94. 2 81.8 70.5 51. 4
Mono- napht henes, wt. pct. 2.6 11.0 6.3 16.5 Pol y- napht henes,

" Wwt. pct. 2.2 3.2 7.9 9.9 Aromatics, w. pct.
1.0 4.0 15.3 22.2 10 o e At ypi-cal sl ack wax feed has the

conposition shown in Table 2 below. This slack wax is obtained fromthe

sol vent (MEK) dewaxing of a 300 SUS (é? CST) neutral oil obtained from an
ﬁlr:,?b Light crude. TABLE %n%‘?.her slac§9w7_1§/ &L}}&gﬁlemfo.r &EFS}LSI Ctlier\%)r(:esPér?’g erties
15.14 Sul fur, wt. pcprocess has the propertiqy S8tN\Pet dgefablpiyvbelow.

11 20 ' Mehid R@xPOE Nrepheed ]| by éhie] solvent dewaxily dfl35is&KV at

100[err], [err] SUS (100 "M2/5f5“%@é%ﬁ%ﬁ?af@&nggéé Par af fi ns

70. 3 Napht henes Aromati cs
16.3 Sinulat®d Distillation: 5 IABLES2S | (710) 10
413 (775) 30 Slack Wax P¥pperties 440
(825) .50 BoiY{}¢§ range, °F(°c) (860) 768-1053 (375-567) 482
(900) API 35.2
Nitrogen, basic, ppmw 23
10 Nitrogen, total, ppmw 28
Sulfur, wt. pct. 0.115
Hydrogen, wt. pct. 14.04
Pour point, °F (°C) 120 (50)
KV (100°C) 7.025
15 KV (300°F, 150°C) 3.227
oil (D 3235) s
Molecular wt. 539
P/N/A:
Paraffins -
20 _ Naphthenes -
Aromatics 10

The waxy feed is subjected to a two-step
hydrocracking-hydroisomerization process in which both
steps are carried out in the presence of hydrogen. In

2S the first step, a bifunctional caﬁalyst is used to
promote the saturation and ring opening of the low
quality aromatic components in the feed to produce
hydrocracked products which are relatively more
paraffinic. This stage is carried out under high

30 pressure to. favor arocmatics saturation but the
conversion is maintained at a relatively low level in
order to minimize cracking of the paraffinic components
of the feed and of the products obtained from the
saturation and ring opening of the aromatic materials.

35 Consistent with these process objectives, the hydrogen
pressure in the first stage is at least 800 psig (5620
kPa abs.) and usually is in the range of 1,000 to 3,000

AT rat g+ e bt P s e ades mm s



90 - 500 (932) 95 507

(945) - 14 - Another slack wax suitable for use in the present process
has the properties set out in Table 3 below. This wax is prepared by the
sol vent dewaxing of a 450 SUS (100 [err] /s) neutral raffinate: 5

TABLE 3 Sl ack Wax Properties Boiling range, [err] 708- 1053 (375-567)
AP 35.2 Nitrogen, basic, ppnmw 23 10

Ni trogen, total, ppmw 28 Sul fur, w. pct. 0.115
Hydrogen, wt. pct. 14. 04-RPouk-.polnt.,_[err] 120 (50) KV
(100[err]) 7.025 15 " KV (300[err], 150[err])
3.227 G| (D 3235) 35 1R61 ecul ar wt . 539

PN A: Paraffins psig (7000 to 20285 kPa abs). NI¥RRADLPENERrogen

- Aromatics waxy e %btbl d t,Q-a,1LWwo-st
hydr ocr acki ng- hydr0|pscfr1r:er| zél%s}%gerocestst ?% \%\ﬁ bgﬁig Es 5P Wi ed
out in the presence ¥® F??ﬁFo’gfbh"rdFﬁ %, obtain ahgh lpvel Qfogropatic |

bi functi onal cat al ystatuzratied wichppoessuereshén stiieirangenofindoni 8¢ axponi ng of

the Iow qualgty aror?éfgc eI LAY S40 mﬁah«abéﬁesieix@ ew%ra gl padacked
products which are reI |vel%‘_{ eﬁu%raffl .S _carried out
0 °f3

under hi gh 30 PEfF mené:r‘ongwﬁ%c _{al‘:ﬂlfﬁ‘?lraotﬁ'°ﬂufaﬁfe°
conversion i s mai nt A%hdgagt WQeSEF/ Y (188wt kel -} preferably in the
range of 5,000 to 10,000 SCF/Bbl (900 to 1800 n.l.17})

are suitable.

10 In this stage of the process, the conversion of
the feed to products boiling below the lube boiling
range, typically toc 650°'F- (about 345°C-~) products is
limited to no more than 50 weight percent of the feed
and will usually be not more than 40 weight percent of

15 the feed in order to maintain the desired high single
pass yields which are characteristic of the process
while preparing the feed for the second stage of the
processing; an initial VI for the first stage product

_ of at least about 130 is normally desirable for the

20 final product to have the desired VI of 140 or higher.
The actual conversion is, for this reason, dependant on
the quality of the feed with the o0il content of the
feed being a significant factor in the conversion:
feeds of higher oil content should be hydrocracked

25 under higher conversion conditions than those of lower
oil content in order to remove the less desirable
materials associated with the oil components of the
feed. Thus, the feeds with the minimum wax contaent of
about 20 weight percent should be run at a conversion

30 of up to about 40 weight percent (to 650°F- products)
while lower conversions are appropriate for the |
preferred feeds with at least 50 percent wax, for
example, from 10 to. 30 percent conversion. The
composition of the wax feed is also significant: slack

35 wax feeds from neutral (distillate) stocks will not
require as high a conversion to achieve the target VI
values since they contain lower levels of the low VI



order™to mnimze cracking of the paraffinic conponents of the feed and of
the products obtained fromthe saturation and ring opening of the aromatic

materials. 35 Consi stent with these process objectives, the hydrogen
pressure in the first stage is at |east 800 psig (5620 kPa abs.) and
usually is in the range of 1,000 to 3,000 - 15 - psig (7000 to 20785 kPa

abs). Normally, hydrogen partial. pressures of at |east 1500 psig (1435 kPa
abs.) are best in order to obtain a high level of aromatic saturation with
pressures in the range of 1500 to 2500.5 ... _ _psig (1435 to 17340 kPa
abs) being suitable for nost high pressure equi pnent. Hydrogen circul ation.
rates of at |east 1000 SCF/ Bbl (180 [ert4.-), preferably in the range of
5,000 to 10, 000 SCF/ Bbl é900 to 1800 [ e&:“rj‘% are suitable. 10 In
this stage of the pr &8¢ THPUTEATE! R ptyms, Mo gopErRFodWdll boil i ng
bel ow t he | ube boil i rRequingehigheyi converstioncE9| xemdve fabeuif T4b[ Bov ] - )

products is linited tqual@tFosdlychenidtompoabhts féaahtOintél&sLegQ and will
usual 'y be not nore tyx

e lals I n order
to maintain \t%e desi re&ﬁhégﬁgf WQEH fQS%%S&%&-;Q%%S il é:ﬁ‘ea?% PHRTa8Feri stic of
the process while prdlF3Fa %"Fﬂé”ﬁseeﬁh? cﬁ°nf'ﬁ55é‘é%o(rﬁ9 spagtuks, mgvally

processing; an initi &50VF-{ opraduetE) retllst &ge PrOAakctdéaRipurases afeut 130

is normal Iy desirabl g q&-eif'@r Q:(Kan 10 to fz'onﬁélﬁi@%ege AR EQ%“ EI?dred

VI of 140 or higher. The actual or this feason ant

on the quality of the&'Sd8% BFYGEY ge’om'f té’é’ﬁf’% Ui heAxy: RerFusdi Alp
significant factor i rivaxes.cohidy §ﬁ§ﬁ°1¢fé@d§eeﬁsh|f§1¢erfivst smmeent shoul d be

hydr ocr ackedt®@5 convageiomivghar tesivMngi B8 LOdid reAge IdBot BYSE Of
| ower oil content in \FH@EE &ée%@?é@ tlﬂ%h' %Sppﬁﬁl&t%b' eT@tc%glk’glz_glon

associated with the oil onent
nay b azntalne at the desired value by control of

the temperature in this stage which will normally be in
the range 600° to 800°F (315° to 430°C) and more

15 usually in the range of 650° ta 750°'F (345° to 400°C).
Space velocity variations may also be used to control
. severity although this will be less common in practice
in view of mechanical constraints on the systen.

The exact témpe:ature selected to achieve the

20 desired conversion will depend on the characteristics
of the feed and of the catalyst as well as upon the
extent to which it is necessary to remove the low
quality aromatic components from the feed. In general
terms, higher severity conditions are required for

25 processing the more aromatic feeds up to the usual
maximum of about 30 percent aromatics, than with the
more paraffinic feeds. Thus, the properties of the
feed should be correlated with the activity of the
selected catalyst in order to arrive at the required

30 operating temperature for the first stage in order to
achieve the desired product properties, with the .
objective at this stage being toc remove the
undesirable, low quality aromatic components by
hydrocracking while minimizing conversion of the more

35 desirable paraffinic components to products boiling
below the lube boiling range. In order to achieve the
desired severity in this stage, temperature may also be



feed. *Thus, the feeds with the mni rum wax contaent of about 20 wei ght
percent should be run at a conversion 30 of up to about 40 wei ght
percent (to 650[err]- products) while | ower conversions are appropriate for
the preferred feeds with at | east 50 percent wax, for exanple, from10 to
30 percent conversion. The conposition of the wax feed is also significant:
slack 35 wax feeds fromneutral (distillate) stocks will not require
as high a conversion to achieve the taryet VI values since they contain

| ower | evels of the | ow VI - cyclic conponents; petrolatuns, by

- .16
contrast, will requi riPTRPLRERD EdtHetRE GR2EE YelRRicynBithasiaht fer| ow quality
pol ycycl i c. conponent Praciexlt rieasthes chiecedace Wellvcitpokillanotaerhs, ¢ari ved
fromthe dewaxing of Held at a f1REHT 1Y 96KSccdRANCANYALS HARRLLL.J100: s UbE,
usual ly 650[err]-, pr %Légt%%ns rlalintf Uy | 1 SPract I.cal purposes Hot- bé
greater than 10 to 20 Vel gnt parcent, wt i a’f)’orﬁtm'f%nﬁe?ﬁ%suﬁ@r@é?ﬂ- bei ng
typical for Reavy nefi@ngraklickthfasRace WelAChHiEt iildt ben freddle, ramee fafr st

stage 10 conver.g50to vi- IIHSVy puedlY wnbeusuni1ie 15400 rahgdOod @ .35
wei ght percent for "high,Vk ?,fgq,ducts. The conversion may be maintained at
the desired value by contro ‘tenperature in this stage which wl|l

normal Iy be in the range 680 f(%%s%g%fa&er 1S $35¥ 84 putovitiopePifynctiomadre 15
usual ly in the range lybechydracyagiiie qatalg«s[wich hay 460based )on Space
\t;el Ioci ty vardoations ra?z_na_i-s.a_cn h@wouprsus @rcan&ﬁétaﬁ.fi\iﬂéit%dbp%tﬁh%fﬁgss‘tf\ﬂéu
The exact temper at i ook SFEctibell BULGY, TRRRAR SR, RBRLS Yyt pive & foekel on
wi |l depend on the cFRMSEEEFSt £8S IFoMATLCF RYARATFagking aeagtivystinas wel |
.as upon the extent terdercto itempye ngveSoar Fuali tiye dvusatite cotpotaids t Y
aromatic components fgom the fet@J. I f2R0eL8lterms, these catalysts
15 include a metal component for promoting the desired
aromatics saturation reactions and ﬁsually a
combination of base metals is used since the feeds may
often have a relatively high level of sulfur or other
contaminants. The preferred base metal combinations
20 are with one metal from the iron group (Group VIIIA) in
combination with a metal of Group VIA. Thus, the base
metal such as nickel or cobalt is used in combination
with molybdenum or tungsten. The preférred combination
- is nickel/tungsten since it has been found to be highly
25 effective for promoting the desired aromatics
hydrocracking reaction. Noble metals such as platinum
or palladium may be used since they have good
hydrogenation activity in the absence of sulfur but
they will normally not be preferred. The amounts of
30 the metals present on the catalyst are chosen to
achieve good hydrogenation activity and it generally
will range from 1 to 10 weight percent of the Group
VIIIA metal and 10 to 30 weight percent of the Group
VIA metal, based on the total weight of the catalyst.
35 If a2 noble metal component such as platinum or
palladium is used instead of a base metal such as
nickel or cobalt, relatively lower amounts are in order



terms, higher severity conditions are required for 25 processing the
nore aromati c feeds up to the usual nmaxi mum of about 30 percent aromatics,
than with the nore paraffinic feeds. Thus, the properties of the feed
shoul d be correlated with the activity of the selected catalyst in order to
arrive at the required 30 operating tenperature for the first stage
in order to achieve the desired product properties, with the objective at
this stage being to renove the undesirable, fow quality aromatic conponents
by hydrocracking while nininizing convéfsi on of the nore 35

desirabl e paraffinicy téné ‘?uBﬁQQLlﬁ}d%oEQh&tﬂ&z l&%lt%éﬂfs 'o‘éb€n£’£’é ling

range. In order to ac |evet f 1 a%rlté in th enper at ur e
may also be  -17 cBPRER FEER-M ttﬁpt"ﬁ@ g‘b 8™, BPBEF 1 aF?h% Lan;
practical reasons, thercsnicbeiry cuttycigny. né‘hnawfsallﬁemhnlldeat a fixed

val ue in accordance phédrgorebadiviflangnsuiidiie et8dd dneltasmgh as

m ni m zi ng pgessure %&Eﬁé‘gu B o toG% o‘%l’l&s %Q&é&?%%dgl [eity will be i

n
the range of 0.25 to of 0.5to 1.5
LHSV. The first stagé"?%e%d-F‘F?eEP%F ﬁft‘f*ﬁ Fhsi PBﬁ%’c’?"oﬁ&Fel%@Yhydr ocr acki ng
catal yst which may baddiisizsh ta d@el of theisupporamatexiphsysrier o

crystalline support pgRi&ffaAlionas Aﬁ%&%ibb% RaleO¥e: A @ ¥§E1§nﬂfuet QhSch yPe
have a high select|V|t¥for ar.o r%lsgdrocrac g reacti o I n_order to
n

remove the | ow qual i P§Y FOREER %o RATALIRR: fe Yheg7e %EVB? t erns,
these catal ¥8ts 15 catalystgcvier r2latively igbnaneurttsy ofr trmmietglt he
desired aromatics. Satumpdrientsr £o€ ttoobe addkdiual | ypdveC QODWERIHD PelEeRBiSE
metals is used sinceoknehd eadip Wil heal'BR dpbel Hd WeLdnd kLS, Of

sul fur or other contapni nants. 1Jore erre ase i‘nat 1 ons
the Group VIA metal, althoug subsequent processing

steps including calcination may adversely affect the
1s uniformity of the distribution of the metal.

The support for the metal component of the
hydrocracking catalyst may be an amorphdus material
since these possess a pore size distribution which is
satisfactory for'dealing with the high molecular weight

20 materials in lube range feeds including waxes. In

' 'these amorphous catalysts, the metal component is

supported on a porous, amorphous metal oxide support
and alumina is preferred for this purpose although
silica-alumina may also be employed. Other metal oxide

25 components may also be present in the support although
their presence is less desirable. Consistent with the
requirements of a lube hydrocracking catalyst, the
support should have a pore size and distribution which
is adequate to permit the relatively bulky components

30 of the high boiling feeds to enter the interior pore
structure of the catalyst where the desired
hydrocracking reactions occur. To this extent, the
catalyst will normally have a minimum pore size of
Snm (50 A) i.e with no less than about 5 percent of the

35 pores having a pore size less than Snm (50 A) pore
size, with the majority of the pores having a pore size
in the range of 5 - 40 nm (50-400 i), no more than 5



20 ¢ are with one netal fromthe iron group (Goup VIIIA) in
conbination with a netal of Goup VIA Thus, the base netal such as nickel
or cobalt is used in conbination with nolybdenum or tungsten. The preferred
conmbi nation is nickel/tungsten since it has been found to be highly 25
effective for pronoting the desired aromati cs hydrocracki ng reaction. Noble
nmetal s such as platinumor palladium my be used since they have good

hydr ogenati on activity in the absence of sulfur but they will normally not
be preferred. The amounts of 30 - —.—_the. netals present on the catalyst
are chosen to achi eve good hydrogenatiop activity and it generally wll
range from1 to 10 wei ght .percent of the Group VIII A nmetal and 10 to 30

wei glht percent of th?‘eﬁé?i%ph%ﬁnd@ pbre hsisRd a88vé heo triad QhoM\BA)Q,ht of the
cat al yst.

t m Q!
pal | adi um | s used i ng’feeéd"ag? rr%?{%)qgsﬁ%ghagg&@ ﬁi@% Al
relatively | ower anpPP¥e Sd@esi h“ dh@eFange 0£130_-j 40 \H‘bv(IZSP %% AHl -gher
hydrogenation acti vi preferdiedt betssl ysth| torsihel Sirsypstmjd fatecar deast 0.5 to

5 wei ght pergent bei gg Mctehe' 88 tenel BEré@tfﬂ %nan-?&‘ ngn%@tﬁd by any
sui tabl e net hod includin r:r? des% gn onto t tgorouspségg ort
after it is forned i htRF ar?f‘%l%%r HF LER TS PRE 2R AR PEBST KA %0 a
gel of the support nefesdme Sypi¢ak lubechydnasarrbing /ertiallyshs tanitablgel is a
t echni que which nay ber usgd ihothdé i rptepeddd iage shoibaimMapplibeliype 10
catal ysts when relatively high anounts of the netal conponents are to be
added e.g. above 10 wei ght percent of the Goup VIIIA netal and above 20
wei ght percent of the Goup VIA netal, although subsequent processing steps
i ncluding cal cination may adversely affect the 15 uniformty of the
di stribution of the netal. '



The stpport for the netal conponent of the hydrocracking catalyst may be an
anor phous material since these possess a pore size distribution which is
satlsfactory for dealing with the high nol ecul ar wei ght 20 materi al s
in lube range feeds including waxes. In these anorphous catal ysts, the
metal conponent is supported on a porous, anorphous netal oxide support and
alumna is preferred for this purpose although silica-alumna my al so be
enpl oyed. OQther netal oxide 25 .conponents nay al so be present in the
support although their presence is | ess2desirable. Consistent with the
requirements of a [ube hydrocracking catalyst, the support should have a
pore size and di stributiom which is adequate to permt the relatively bulky
conmponents 30 of tRe hi gh boiling feeds to enter the interior pore
structure of the catalystsmhere the deS|rednhydrocrack|ng reactions occur.
To this extent, the catalyusk wile Qofmal ly Bade & ni ni num pore size of 5nm
(50 A i.e mnth no | ess tHae abouthS«pe¢oen& ef dhe 35 pores havi ng
a pore size less than 5nm (50=\) pBre siz® with the mpjority of the pores
having a pore size in the range of 5 - 40 nm (50-400 A), no nore than 5

- 19 - percent having a pore size above 40 nm (400 A), preferably with no
nore than about 30 percent having pore sizes in the range of 20 - 40 nm
(200-400 A). Preferred catal ysts for the first stage have at least 5

60 percent of the pores i the 5-20 nm (50-200 A) range. The pore size

di stribution and other pr8perties of sone typical |ube hydrocracking

catal ysts suitable for usfl in the first stage.are shown in Table 4 bel ow
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- 20~ [err] - 21 - If necessary in order to obtain the desired
conversion, the catalyst may be pronoted with fluorine, either by
incorporating fluorine into the catalyst during its preparation or by
operating the hydro- 5 cracking in the presence of a fluorine
conmpound which is added to the feed. This will normally not be required
with the processing of slack wax feeds but petrol atum feeds requiring

hi gher | evel s of conversion, as discussed above, may necessitate the use of
a 10 hal ogenat ed catal yst as welJ); as the use of higher tenperatures
during the hydrocracking. Fluorine conpounds nmay be incorporated into the
catal yst by inpregnation mfimeegssdry inepadert itwn obithhn atteuideabted f | uori ne
conpound such as anmmuaLym-Lidior khe Jéﬁléi‘}%totﬁaﬁ;%e promot&d W2 RA UM [ fiheor i de
(NH4F. HF) of which the latter |i sﬂ%rﬂef %r.red e armuEt %}Oflgogl e used in
catal ysts which cont SLtHERiRY SPERERATASERE, BHISSIRS, 1AFO iR §8F34YSD 10

wei ght percent, basedughinghitst prepanediight onfby peratiny the hydwd+y from
agg_ut 2 L 0 ?lsvvei ght ReReRitg i#0the prese?ibe &t Lwrﬂllrmerm &b&pbﬂﬁ@rvﬂg&ﬂ ed b%
addi ng the uorine c¢Q nd .to 0 A 0 uring the
.preparation of the ca’tsggg‘g? o B@e?%ﬁrdégngﬁf%n%a@t é‘?é’%‘%@";g‘%% es of the

catal yst have been fgiemares Yt RRe ATOCEFEIRT Mf SHackerax feedsPWat al yst
contains 25 a petiralatmet Yebdg hregguirhng diidheyolevel o fvebhvassiongh

amount s OL the fret al Sg aise@ééaadaia@w&,, xﬂﬁS{ héc@élﬂtﬁﬁ:geéhé Iczlsim_eeraor ag e the
and cal oi ni 8 t he geGSPBTTRY RECH IS AZIVRLE o1 SPourt of Bedheg® ©1Y1 N0
The catal yst acti vit ycemppratuxesy upinc tenBydsrcrarkingsi riidgordnel by in
situ fluoriding in VW&dﬂ@oﬁnds may be incorporated into the catalyst by
impregnation during its preparation with a suitable
fluorine compound such as ammonium fluoride (NH,F) or

15 ammonium bifluoride (NH,F.HF) of which the latter is
preferred. The amount of fluorine used in catalysts
which contain this element is preferably from about 1
to 10 weight percent, based on the total weight of the
catalyst, usually from about 2 to 6 weight percent.

20 The fluorine may be incorporated by adding the fluorine
compound to a gel of the metal oxide support during the
preparation of the catalyst or by impregnation after
the particles of the catalyst have been formed by
drying'or calcining the gel. If the catalyst contains

25 a relatively high amount of fluorine as well as high
amounts of the metals, as noted above, it is preferred
to incorporate the metals and the fluorine compound
into the metal oxide gel prior to drying and calcining
the gel to form the finished catalyst particles.

30 The catalyst activity may alsoc be maintained at
the desired level by in situ fluoriding in which a
fluorine compound is added to the stream which passes

~ over the catalyst in this stage of the operation. The
fluorine compound may be added continuously or

35 intermittently to the feed or, alternatively, an
initial activatiOn'step may be carried out in which
the fluorine compound is passed over the catalyst in



fluortne compound is added to the stream which passes over the catalyst in
this stage of the operation. The fluorine conpound nmay be added
continuously or 35 intermttently to the feed or, alternatively, an
inttial activation step may be carried out in which the fluorine conpound
I s passed over the catalyst in - 22 - the absence of the feed e.g. in a
stream of hydrogen in order to increase the fluorine content of the
catalyst prior to initiation of the aetarat hydrocracking. In situ
fluoriding of the catalyst inthis way is 5 preferably carried out
to induce a fluorine epstaaeneé @d)(tuts fedd el§. PehCLHerbhd 06 ¢ MyaRby&h i

operation, after whi cﬁun%%e %I Eﬂéf C@ﬂe bﬁuo‘i- ngg%ljitenqa thﬁgn?éﬁ/ﬁl zl 0

sufficient to maintai e5|re actl
fluoriding are ortho-Pa¥pr to m”?‘lal}c}f’ﬁt?ﬁ L%ﬁeaaﬁ’aaﬁmdaaﬁmm It hough
t he het er oat om cont engitnf flheridiowy of thavoatalightnid thisreapiise renoval of

het er oat oms (s0 that péefaa-xbw eassed SMQ:@ li%ah8L O %o%liétcaaﬁ;gﬁfséf st ep.
Wi t hout the necessity r ot r.eat rrent

of a.pre Y,
of sulfur (usually gr B L ﬁgni‘g](?eﬁcé?t FO5ERE P %A AegRaLipg! hi gh
enough to require thatftete whiech|thefpuerine ernt he ¥adncedr be kiaigteatmtey St
shoul d be a base net alewslsbaaerimient tonimaianthd kpsieadi i@ ®Aky,in this

step of the process, gfsigCbifiiodlls for in &4 éﬁgﬁdar&agg?d%ﬁq ggg%f &=

saturation O{ aronmat i conponent’s, wever

re
hydr ogenati o f uncti o ’nﬁpj:"é'r’lﬁ"? g, g?‘#"t"lﬁ"ﬁ EhaRey j es a h| gh netal content
when working with base netAditbougth tﬂhsught'-‘rmartloy togtentebd| the \faled fBYIAE

achi eved with 25 enouddht n88DEP YR f& I rAdmeeh S, of me%elfsaeéﬁy (sd fhat he
gﬁgﬁgfgrowgtha' ytie ftlflrnIa Cfe a%sﬁsase%nﬁlyééw XnBECERS 13L Spéo@%s‘éssté’p, a
without the necessxty of a preliminary hydrotreatment),
15 the level of sulfur (usually greater than 30 ppm) and
other contaminants is high enough to require that the
metal component of the hydrocracking catalyst should be
a base metal or base metal combination. The
requirement, in this step of the process, of effecting
20 a significant degree of saturation of aromatic
components, requires, however, a high level of
hydrogenation functionality and this, in turn, implies
a high metal content when working with base metals.
Although fairly high metal levels may be achieved with
25 ' the amorphous catalysts, this usually is at the expense

of catalytic surface area and usually necessitates the
use of a promoter which, as mentioned above, is
metallurgically and environmentally undesirable. For
these reasons, the use of non-promoted crystalline

30 catalysts is particularly useful in this step of the
process. The crystalline catalysts which have been
found to be highly effective for lube hydrocracking are
thqse based on the mesoporous crystalline materials,
especially the catalysts containing a high level of the

35 base metal or base metal combinations as the
hydrogenation component. Thus, as an alternative to
the amorphous type, lube hydrocracking catalysts, the



metal turgically and environnental |y undesirable. For these reasons, the use
of. non-pronoted crystalline 30 catalysts is particularly useful in
this step of the process. The crystalline catal ysts which have been found
to be highly effective for |ube hydrocracking are those based on the
mesoporous crystalline nmaterials, especially the catalysts containing a

hi gh | evel of the 35 base netal or base netal conbinations as the
hydr ogenati on conponent. Thus, as an alternative to the anorphous type,
| ube hydrocracking catal ysts, the = Z3-- first stage catal yst may be

based on a nmesoporous support material as described below. The preferred
crystal l i ne hydrocr ackrstg stagal ystasiyst ndw det ppsed oorpra sesapdrasis net al

conbi nation of a G O_HG%MH faPerial as GBIHivkHOBRi&R, | TR SHOrLHrRUP,
preferably nickel, wt sten, on the

a _G.oup VIA netal. preferably
MESOPOr OUS SUpPpoOrt . T’W*@&ﬁiﬂ? ?%Jerqcﬁﬁcégw&fgg?‘&ﬁ%sng"%gp‘gfy?f%ejusi ng the
mesopor ous mat eri al scewBrigeser bawrl NeEpy\Fompinagion of a &¥PRRrYELIA | | have
met gl hcgnt enss abovendtaP fiomgbhe Pfonesib{draned Hhefdiabant hiacaa,lt ahg&t)zog or
good hydrogenation agt i et r as,0f,at | east
[err]. Hi gher net gl 'b%%‘%iv\r%shgtr%l' gggf%%g&?m}%l gs%%ﬂle'l I%nr éxtlgi- ni ng '
sufficient catalyticR¢8OPOrous SUBPRYyce area to enable the use of pronoters
to be dispensed with. Thurypitellexdinel dube dtvsirperackind cagadystoadings of
25dpteL cetnttand a?o?/etﬁéltdléstdyawa@ngat?rmwt@lw taser&n rabewp 200 ([jeg B ] 20
an eto metal conte . € .0 onen exc
wei ght per cght , €e.g. sgiﬁpc-’rq"fo("\i’éfe' ﬁvepg‘rgggﬁt%ng%gg%eggon‘ﬁ rlgq%a ea’ﬁ?’ whi | e
still retaining a squ—'H@%ﬂ*{ar(@&SBg et theasrtinsp capadystle £or gaed[err] or
even higher. At | owayasejarlatdiont astivityhehiler rateinimen surifthc®eareas of

at least 200 mz.g‘l. Higher metal loadings are
possible, while still retaining sufficient catalytic
15 surface area to enable the use of promoters to be

dispensed with. Thus, for example, catalysts with
metal loadings of 25 percent and above still maintain a
high surface area above 200 m? g~! and the total metal
content (i.e of the metal component) may exceed 30

20 weight percent, e.g. 30 - 40 weight percent, of the
entire catalyst while still retaining a surface area of
at least 200 m> g~ ', e.g. 240 m2g"* or even higher. At
lower metal contents, the surface area will be
correspondingly higher so that, for example, at a total

25 metal content of 20 weight percent of the entire
catalyst, the surface area will be at least 400 ng-l
or higher, larger by a factor of about three or more
compared to conventional amorphous catalysts with
similar metal loadings. At 12 to 15 percent total

30 metal, e.g. 13 percent, the surface area will be at
least 500 m2g *. Catalysts containing at least 25
weight percent total metal with a- retained surface area
of at least 300 m>g ' comstitute a highly useful class
of hydrocracking catalysts. :

3s Another advantage accruing from the use of the
mesoporous supports is that in spite of the high metal
loadings which may be accommodated, the density of the



correspondi ngly higher so that, for exanple, at a total 25 nmet al
content of 20 weight percent of the entire catalyst, the surface area wll
be at |east 400 [err] or higher, larger by a factor of about three or nore
conpared to conventional anorphous catalysts with simlar netal | oadings.
At 12 to 15 percent total 30 netal, e.g. 13 percent, the surface
area wll be at least 500 [err] . Catalysts containing at |east 25 weight
percent total netal with a retained surface area of at |east 300 [err]
constitute a highly useful class of hydmocracki ng catal ysts. 35

Anot her advantage accruing fromthe use of the mesoporous supports is that
in spite of the hi ghcabakyst ssuains sRRREAVERY 19¥. ace®RARSIat®d, the density
of the - 24 - cat abyséntidNal Nsatalystiyel At |Dwotabmstadd contednent | onal

catal ysts. At a total ,ngfals ¢ ggﬁﬁgtlﬁ%eﬁ@ t@ogg%bggt epirﬁcggtle,;ég_r

exanple, e.g. at Ievé’lzs excee or.mal m.ni of 12
percent, 5 th@xFE&‘Fl%ﬁEFt’S‘/‘“B"falt [i=mor: =] ?Hu 1 qa% ZP%r‘feé\;r'] as
conpar ed to Gonventi dhal resi dlepsity Wif G‘-neha%'%aeréé'l igeahauti @8s809-98 least 4

at these | oadings. Atashbgﬁ'ﬁ‘&rehoéglé&ﬁren%z.ﬁhﬂl|ﬁtaa§¥ﬁ§ltvﬂﬁ.e:hph8¢/@lﬂdil the
present catalysts ar %Seoglf_ about %hfeeaestf Qu f_ ;dLSQ lﬂt hJ.gher
t

conventional catalys | 'e" et al

| oadi ngs of 20 to 25 knesighqs.p@r ééﬁ%l%ﬁ aFFfénE?ﬁ‘F rPé'e(‘fa'E']a’rystPe gﬁ%s?’é:al
density will be in thathapges afre3chDP dboud. Rbed-choukths as cdenparasl to 4. 00

to 4.2 for &Qi""e“t'O'lﬁJnv‘éatffdé& 5atﬂy§9‘ét ak éémparame h&adi ﬂgﬁdﬂi}fye about
30 weight percent, the rea ens

[err] Particle densiti9¥s SKERRE f IF%nﬁ“%%&utlggdLé’gggp a e11(21-’ft et %EO y 3
percent nmetal to 1.0 percabbrf Xdet enbixrsusagalyper 6§ﬁt r%’t ;geng.z,aylv@lat 30
to 40 wei ght percent.g@tial the range of 3.000 to 3.300 g.cc ~, as compared
to 4.00 to 4.2 for conventional catalysts. At metal
15 loadings above about 30 weight percent, the real
density will be in the range of 4.1 to 4.3 g.cc_l.
‘Particle densities range from about 0.88 at about 12 to
15 weight percent metal to 1.0 at about 20 to 25 weight
percent metal and 1.1 at 30 to 40 weight percent metal.
20 Real densities are determined by measuring the volume
of mercury displaced by a given weight of catalyst.
' The pore volumes of the catalysts based on the

nmet al

mesoporous supports are commensurately high: a pore
volume of at least 0.55 cc.g © and usually higher,

25 typically at least 0.6 ce.g~ ! at metal loadings as high
as. 20 weight percent is typical. Pore volumes are
determined by subtracting the inverse of the real
density from the inverse of the particle density.

The hydrogenation component can be exchanged onto

30 the mesoporous support material, impregnated into it or
physically admixed with it, or any combination of these
methods. If the metal is to be impregnated into or
exchanged onto the mesoporous support, it may be done,

- for example, by treating the calcined material with a

35 metal~containing cation. A preferred exchange
technique involves competitive exchange in the presence
of ammonium cations (which are converted intc hydrogen



20 -~ Real densities are determned by neasuring the volune of nercury
di spl aced by a given weight of catalyst. The pore volunes of the catal ysts
based on the mesoporous supports are commensurately high: a pore vol une of
at least 0.55 cc.g and usual 'y higher, 25 typically at least 0.6
"cc.g at netal |oadings as high as 20 wei ght percent is typical. Pore

vol unmes are determ ned by subtracting the inverse of the real density from
the inverse of the particle density. dR2e -hydrogenati on conponent can be
exchanged onto 30 t he nesoporous support material, inpregnated into
it or physically adm xed with it, or any conbination of these methods. If
the netal is to be i¥prevgpsageent FRACEHRAtEaM andkdidihoushle thasosBisus
support, it may be dmmtqaé ffispersy thecattal datdonalmirecdvenleri al

Fvol ves compet i ¢ Pstealéxc B e
are converted into gl"h f°f§ s %&B&B&ﬁe?ﬁe E&F‘E? 85) it is

t hought thatSthis tetﬂmmmeanagn diys papxegnatdonet Bypicadi énsom e evenly
t hroughout the pore §$ﬂ§l€‘et,géges&£h talde tRe slybdaBt préatadadetades which form

stabl e.ani ons are sui tal%ungucﬁt%sl%nﬁem%l sggr@gll Qigoi.ggg egnati on;

typi cal anionic corrp'f'%? vanadat e and et atungstate
i ons may be used to RAERASSMEL evﬁﬁﬂdﬂ'ﬂﬁeﬂ%]t%ﬁgﬂ‘i‘umoﬁ'ﬁﬂrt“éﬁﬁféﬁ RaY Giher
netal s nay be i ncor piicddrasedoussingt sbitalde eniconimmrphpkeses rint hkel0

same way. {gtionic éQ&éT%a‘}f @A@iﬁlexebﬂ@%& RBEL1 4 hachaNgdfldnaenat eri al
or inpregnated into It.

dvani age of .t resent catal ysts is
that the high | oadi n§S¥%% lﬁ'\?ﬂBeoTé%rﬁfr"éﬁnefa s‘g ae eécpl ng'orbgrat ed by a
singl e i npregnati on patrbiedlarcafvantage1gf the Preﬁﬁ'c“’er‘-‘@&ﬂlﬁ%?ﬁg-st faat
i nci pi ent wetness teehai kiigh nohdfigs of two or more metals may be

incorporated by a single impregnation onto the calcined

15 material using the incipient wetness technique rather
than successive impregnations with the different
'metals: this produces a more uniform distribution of
the two or more metals in the catalyst. It is an
additional advantage that the high metals levels, above

20 25 weight percent total metal may be incorporated by
impregnation into the calcined material as distinct
from the conventional techniques requiring incorpora-
tion of a solution of the metal components(s) into a
hydrogel prior to calcination. The fact that the

25 present catalysts have good bifunctional activity
without the necessity for halogen promoter also enables
the halogen promoter to be dispensed with.

' The metals present on the hydrocracking catalyst

are preferably used in their sulfide form and to this

30 purpose pre-sulfiding of the catalyst should be carried
out prior to initiation of the hydrocracking.
Sulfiding is an established technique and it is
typically carried out by contacting the catalyst with a
sulfur-containing gas, usually in the presence of

35 hydrogen. The mixture of hydrogen and hydrogen

' sulfide, carbon disulfide or a mercaptan such as butol
mercaptan is conventional for this purpose.



t han 'successi ve inpregnations with the different netals; this produces a
nmore uni formdistribution of the two or nore netals in the catalyst. It is
an additional advantage that the high netals |evels, above 20 25

wei ght percent total metal may be incorporated by inpregnation into the
calcined material as distinct fromthe conventional techniques requiring——
i ncorpora- tion of a solution of the netal conponents(s) into a hydrogel
prior to calcination. The fact that thee25 present catal ysts have
good bifunctional activity without the necessity for hal ogen pronoter also
enabl es the hal ogen preswifiding bay Gilspensethrmiield. odb coyrebatactimgsehe on

the hydrocracking CaE&Eé(ﬁs@%tHrkﬂfﬁfoeghYaﬂ@eadshﬂfh?%énti‘ihih&'e formand to
this 30 purpo§ d? *a&l?g L he cat a%ﬁst shoul d be carried out
prior to initiation ¥ %}?&ﬁt nd° BAd §°?‘§near?re§?§bcf’1 hed
technique and it is typi ceuaijpgchhe i &gsgustage fnthet PrrFesse tBe diopst with a
sul fur-cont abni Nng gaguaustsp| Irelatitdly pEeRELIE cRimpdhents of thydfdegcdre The

m xture of hydrogen ?:Bgvg'é‘&r&)%9”hf&§§drﬁ@¥1ﬂ@r%o%r@hﬁ&§ L8R a &émarcapt an

such as butol nercaptan I's conventi ona
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hydrogen and a sul f uandoning wpegihydr Gbear barrffiiinicuphtesiad sspuesdmdr daene or

gas oil. During the fthésétﬁéaﬁgﬁtoéhié"'%tﬁég(?@ﬁ%het Reokayy %ossess gddddkirt v,
relatively gpomatic eRT ”111%1:9 trﬂ& f.eed fa %Q,str%f% 2% ydro racking

to products-which are re F\ ?‘:{ araf Inic inc %m gtﬁ?atlon
and ring opening. Thé 58?‘&1‘-? |°r¥| nﬁ'h‘f W&FE’-‘E&%M’H tThe §Pae<a?ﬁva iphi s
stage of the process thessesmdjstdged/lofl@he processhdsatd esfifeckcs but have

rgl atively high pour Lot fvdhylrbsdilerifheidifide RARAL fidtageRaisre. The
obj ective in components to iso-paraffins which, while possessing

15 good viscometric properties, also have lower pour
points. This enables the pour point of the final
product to be obtained without an excessive degree of
dewaxing following the hydroisomerization. For this
stage of the process, hydrogen pressures typically over'

20 1000 psig (about 7000 kPa) are preferred with the
second stage operated in cascade with the first stage,
at an inlet pressure equal to the outlet pressure of
the first stage. Pressures are normally in the range
of 1000 to 3000 psig, usually 1500-2500 psig (1435 to

25 17340 kPa) with hydrogen circulation rates are
comparable to those used in the first stage.

The catalyst used in the second stége is one which
has a high selectivity for the isomerization of waxy,
linear or near linear paraffins to less waxy,

30 isoparaffinic products. The catalysts are bifunctional
in character, comprising a metal hydrogenation-
dehydrogenation component on a mescporous Support which
provides the desired acidic functionality for the
desired isomerization reactions while minimizing

35 conversion to products boiling ocutside the lube boiling -
range during this stage of the operation.



the second stage of the process is to effect a sel ective hydroi sonerization
of ,these paraffinic conponents to iso-paraffins which, while possessing 15
good visconetric properties, also have |lower pour points. This enables the
pour point of the final product to be obtained w thout an excessive degree
of dewaxing follow ng the hydroisonerization. For this stage of the
process, hydrogen pressures typically over 20 - 1000 psig (about 7000
kPa) are preferred with the second stagg; operated in cascade with the first
stage, at an inlet pressure equal to the outlet pressure of the first
stage Pressures are nor Mahkynkeal R@mpani: e 1AB0:{nd000aRe idkeatiual |y
1500- 2500 psig (1435 9 25:: uded nlo7x%e0 gg’a o E:h Qgegro%en Cl chTaa I on
rates are conparable 10 ]trh&sgeusied et he filrr?f’ 8t aeBiEeRat al yst used in
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of waxy],c f! i near o(r:I neaisdtutradéd prralsitiondn d_p@&iey\lpxi;éf.ﬁuiige mediation by
i sopar af fi ni cgproducts. t char act.er,
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conprising a netal nation-, de rogenat 1 on corponent
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i soneri zation reacti onetaiisi havimqianstragg 3fydrogenat on\fanetion tagepr oduct s

boi ling outside the |prerdiokli A8l rfvz0endsiridagohhi s1 54346 Qxftd ttj.?fe gggé@t I on.
- 27 - The metal conp St mgt__ igesusc%cggd?gf 398,52 alyst is includedn
order to proppte the Gasit AT RYArorSonery Zat ohtr 2t i3dRE MRTAFeTBRER e di ng
t hr ough unsatlrated tTBhIPErBRaPE Specnelle medals bydnqyenntdeon Inomponent  a
hydr ogenat i on- dehydr o natpicaltyniporbrt randen cosdes 8 aeligkt parehniBCor '

i someri zat | on acti vi t ¥hdfe el e @@éaalyyéit’ , ug@gﬁlys fpgﬁ{idlg 20Sh r»?&%ht :
hydr ogenati on function are _preferred _and ffor t his reason, platinumand the
ot her percent. e content of the metal component will vary

_ according to its catalytic activity. Thus, the highly

15 active noble metals may be used in smaller amounts than
the less active base metals. For example, 1 wt.
percent or less platinum will be effective and in a
preferred base metal combination, 7 wt. percent nickel
and 2.1 to 21 wt. percent tungsten, expressed as metal.

20 - “Since the content of the metal is smaller in this stage
using the noble metal component, the determination of
the X-ray pattern of the support material will present
no problem but it has been found that the presence of
high metal loadings may obscure the X-ray pattern and

25 for this reason the X~-ray pattern should be detrmined
on the metal-free support.

rous

The hydrogenation component can be exchanged onto
the support material, impregnated into it or physically
admixed with it, as described above. If the metal is

30 - to be impregnated into or exchanged onto the mescoporous
support, it may be done, for example, by treating the
zeolite with a platinum metal-containing ion. Suitable
platinum compounds include chloroplatinic acid,
platinous chloride and various compounds containing the

35 platinum ammine complex. The meﬁal compounds may bhe
either compounds in which the metal is present in the
cation of the compound and compounds in which it ig



nobl e nmetal s such as pall adium are given a preference. 10 The amount
of the noble netal hydrogenation conponent is typically in the range 0.5 to
5 wei ght percent of the total catalyst, usually fromO0.5 to 2 wei ght
percent. The content of the metal conponent will vary according to its

catalytic activity. Thus, the highly 15 active noble netals may be
used in smaller ambunts than the |less active base netals. For exanple, 1
wt. percent or less platinumw |l be_ejfective and in a preferred base

netal conbination, 7 w. percent nickel and 2.1 to 21 wt. percent tungsten,
expressed as netal. gfesent in thdGRibhcof GNecbmpburidie Botmltypessenl ler -in
this stage using thec&)bé 2 aTeL HRRRENtpy AR Qufd et oouRaL | fi chhene< ray
pattern of the suppor ?m"t.erl.a w | present ng probl'embuf It S been
found that the pr eseﬁﬁ'@abflshi’-@ht%tf&Fgl 8§1cﬁ ﬁ@§lﬁgy°%k?§5&f’%1‘f IfEPBRAPYRy
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vari ous conpounds containing the 35 | at.1 num, anm ne.co ex, The
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the cation of the corpouexk e vebpohedshe oxideciforn dngd to copfer theesent
in the gni on 3;1_ t Ee E:Q&E%éuli-xquamiéaape&reﬁgﬁormouﬂdscaaﬁnybe. usmflorPkat i num
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conplex, e.g., [err], uset ul~,
described above for the first stage catalyst.

15 The support material used for the second stage
catalyst is a mesoporous crystalline material which is
described in detail below. When it is used in the
present catalysts, the mesoporus crystalline material
is at least partly in the decationized or hydrogen form

20 in order to provide the desired low degree of acidic
functionality for the reactions which are to take place
in this stage of the operation. _

The catalytic material used in the present
invention includes a novel synthetic composition of

25 matter comprising an ultra-large pore size crystalline
phase. This material is an inorganic, porous, '
non-layered crystalline phase material which can be
characterized (in its calcined form) by an X-ray
diffraction pattern with at least one peak having a

30 realtive intensity of 100 at a d-spacing greater than
about 18 A and a benzene sorption capacity of greater
than 15 grams of benzene per 100 grams of the the
material at 50 torr and 25°C.

The preferred form of the crystalline material is

35 an inorganic, porous, non-layered ﬁaterial-having a
hexagonal arrangement of uniformly-sized pores with a
maximum perpendicular cross-section pore dimension of



5 v ani oni ¢ conpl exes such as the vanadate and netatungstate ions.
Cationic forns of other nmetals are also very useful since they may be
eXchanged onto the zeolite or inpregnated into it. The catalyst may be
subjected to a final 10 cal cinati on under conventional conditions in
order to convert the netal to the oxide formand to confer the required
mechani cal strength on the catalyst. Prior to use the catal yst nay be
subjected to presul fiding as described 2above for the first stage catalyst.
15 The support material used for the second stage catalyst is a
mesopor ous crystal | i ¥e yf@ssr iainmtilendl s aResEYPheallvh vashin |thserange Wien it
is used in the presestf mmmalysttn 20he (ESdpesusocri)st ahl prefapriear Ifahnl s at
| east partly in the {is0 f 0
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provi de the desired aci nctlona the reac |ons
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conposi tion of 25  1east MBt AedifmREL SiMisARadbtist |e8:hﬂ8:.’99ra€ si ze
crystalline phase. T, &a%%tﬁr Lf‘%cﬂr%nagiff%r&%b ?a,gggé%u%h ropa er ed
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crystalline phase materi In 1ts calcined
form by an X-ray di idexad yAtha thoo ¥RiYE &FeFE%tt’@l‘i’eaﬁ@é‘R ¥adi WEigh 30
realtive intensity ofchfidspanda th sgradeast gmeapeakt frarthab®utad8 A and a

benzene sorpgi on capag r 6dt@hnt hafh 155 ndeapd _pf ndengs grans
of the the materi al atf%ﬁoéc?féig and Zg err : mhe p%a Y reﬁ %on?rrﬁ%lf&?gn
crystal line material P4 PREppercies are ﬁ%?!ldf}?d h Y’Bt{i’se Bh2

mat eri al havi ng a hekepjoiratianr ehf@FeAds of%ﬁgﬁo?ﬁiﬂ- -9i Eédwﬁdr@@ with a

maxi mum per pendi cul apeLdwss- section pore di nension of - 29 -
The inorganic, non-layered mesoporous crystalline
15 material used as the support component of the

hydroisomerization catalyst has the following
compositions:
M. q(Fa Xp Yo Zg Op)

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
gallium, preferably aluminum; Y is a tetravalent
element such as silicon and/or germanium, preferably

25 silicon; Z is a pentavalent element, such as
phosphorus; M is one or more ions, such as, for
example, ammonium, Group IA, IIA and VIIB ions, usually
_hydrogen, sodium and/or fluoride ions; n is the charge
of the composition excluding M expressed as oxides: g

30 is the weighted molar average valence of M; n/q is the
number of moles or mole fraction of M; a, b, ¢, and 4
are mole fractions of W, X, ¥ andfz, respectively; h is
a number of from 1 to 2.5; and (atb+ctd) =

A preferred embodiment of the above crystalline

35 material is when (a+b+c) is greater than d, and h = 2,
A further embodiment is when a and d = 0, and h = 2.
The preferred materials for use in making the present



at least 1-3nm (13 A), and typically within the range of from1-3 to 20nm
(13 Ato 200 A). A preferred formof this hexagonal crystalline
conposition, identified as having the structure of MCM 41, has a structure
with 5 a hexagonal arrangenent of uniformy-sized pores of at |east
13 A dianmeter. This material exhibits a hexagonal electron diffraction
pattern that can be indexed with a [err# val ue greater than about 18 A

whi ch corresponds to at |east one peak %"t he X—ray 10 diffraction
pattern. This material and its preparation and Ero perties are described in
further detail in ApfRFalnstsnape/ s 2iyBinqggidigates ajithpugh the Pthsrpel ow.
The inorgani c, non-| agebsiticpns suchrysttie boroduminsilicatiscmhgl used

as the support conpog sz..fugas &y dirhspnedd a%&aeadcwla&&albfésthe
foll owi ng conposition: [err t el ement, such as a

di val ent 20 first %#Fr%ﬁ'ﬁyﬂ%shﬁﬁl °r§‘ ‘T‘reﬁ’l’@ RAEE Pa%egpatt and
iron, and/or3nagnesiba$ proskerabticmobal 21 %hyslrauﬁrbwsﬂgmwm such
as aI um num boron, éﬁp{bﬁ&dﬂ,gragafdlllbﬁk preferably alumnum Y is a
tetraval ent el enent such as s congan / r ium preferably 25
silicon; Z is a pentaval ent ek @asgbﬁi%%egoﬁgz horus; Mis one or nore
i ons, such as, for e¥a®Fg &K 1§nﬁ5ﬁ|'iﬂﬁa GPEIR AmaFFK"%l]nd“’\‘?l frclyded ipstal |y
hydr ogen, sodi um andasrad licmy,i dedioOris the| eoafifdcibat gRoR,t hee camposi ti on

excl uding Mxpr esSeguse0nigsied duole eradsioknaeye) ohied miar aver age
val ence o n/qis the er 19) Laction .0

and d are nole fractions 'Ig?en&l 5?8 %comggfﬁﬁ%%ﬁgc frve %eﬁ Y'%é\% 1:%lﬁfnber of
from1l to 2.5, and (®3bexiad) as 3. r%%‘e?ér?*&ﬂ}%ﬁﬁéﬁﬁm@%ﬁnﬁhe above
crystalline 35 cry@tulizhtionwher aaebeasilys ranevdceior!, him tthe a2adeh
2. A further enbodi ”EEtzﬁ' SrémQBeé @;Pq:o‘lt-cﬂfs@a!lqlgangn nbi2folL ef erred

materi al s f% use in resen

descrl ed bel
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
20 replacing ions include metal ions, hydrogen ions,
hydrogen precursor, e.g. ammonium, ions and mixtures of
these ions. Particularly preferred ions are those
which provide the desired metal functionality in the
final catalyst. These include hydrogen, rare earth
25 metals and metals of Groups VIIA (e.g. Mn), 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
30 X-ray, electron or neutron diffraction, following
calcination with at least one peak) mesopofous material
may be characterized by its structure, which includes
. extremely large pore windows as well as by its high
sorption capacity. The term "mesoporous" is used here
35 to indicate crystals having uniform pores within the
range of from 13 A to 200 A. The mesoporous materials
have uniform pores within the range of from 13 4 to 200



- 30> catalysts are the alum nosilicates although the other
netall osilicates such as the boroalumnsilicates may al so be used to obtain
the desired low acidities. In the as-synthesized form the support material

5 has a composition, on an anhydrous basis, expressed enpirically as
follows: rRM[err] [err] where Ris the total organic material not
included in Mas an ion, and r is the coefficient for R i.e. the 10

nunber of noles or nole fraction of "R 3Fhe M and R conmponents are
associated with the Hat erial as result_of thei regresence durin
a

crystallization, andfar®PXadFR$ +%rﬁﬁ?§‘d15r 5% 1PReAcasnge M‘eﬁ"e%"éﬁéd by
post-crystallizati onanetsicugfigantly 1ardesctmah1e@hbe¢m otberhe extent

desired, the origi nakrbe19neSpLkdrNads, CIt Qlg dﬁprbﬁﬂﬁat@f tbhfefer to

as-synt heS|zed mat erl of t vent i can be ced in cordance
wi th conventi onal 28X Atan ??ec%rr?eqﬁgpe reef]é‘rre a?'(f kB aﬁfe | aci ng

i ons i ncl ude3met aI i §H§P°#ﬁﬁdl°§g‘élhlﬁ APPLifgkhTgen ﬁ?é‘é&ﬂ%éﬁfl@'@’-‘-’ﬂaﬁﬁom um
ions and m xtures of "popass" assa rReyeriall ehdty agseties rat leass Argramhege

whi ch provide the degi c Ha ét iy t hga %,% atalyst. These
I ncl ude hydrogen, rargegﬁa&rﬁt’%‘:&w o A AR R |ngGr s VIIA

Sfa net
(e.g. M), VITIA (e §YI§5S%AR%( PYF ’(9.9)‘3”?% te%‘?ﬁ ®di ¢
Tabl e of the El enent poaesl im fherpressnt; hé%lxtm»smafrhmaﬂwsnahh rhef te.
havi ng suf fizei ent or deeodmbdateviePeculdisl Fiae HkyPadianilaguch as, for

exampl e, bY 30 v eRtifbaribegt A0 g e o ogtgaéuﬁaecst'i@gefol | owi ng

calcination with at rreso orous materia
characterized by i ts%??kﬁﬁtﬁ’r érevd:lti‘%‘ﬁa PRE| BRI WA RFRYEISE I §8% pore wi ndows
as well as by its hi processing high boiling feeds such as those obtained

from high boiling slack waxes, for example, heavy
15 neutral slack wax or petrolatum slack wax. _

The catalytic material can be distinguished from
other porous inorganic solids by the regularity of its
large open pores, whose pore size more nearly résembles
that of amorphaus or paracrystalline materials, but

20 whose regular arrangement and uniformity of size (pore
size 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
crystalline framework materials such as zeolites. The

25 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 only materials
-that exhibit mathematically perfect hexagonal symmetry

30 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
most channels in the material would be surrounded by

3is six nearest neighbor channels at roughly the same
distance. Defects and imperfections will cause
significant numbers of channels to violate this



sorption capacity. The term "nmesoporous" is used here 35 to indicate
crystals having uniformpores within the range of from13 Ato 200 A The
nesoporous nmaterials have uniform pores within the range of from13 Ato
200 - 31 - A nore usually from15 Ato 100 A. Since these pores are
significantly larger than those of other crystalline materials, it is
appropriate to refer to them as -uItrq-gzar_ge pore size materials. For the 5
pur poses of this application, a working definition of "porous" is a
material that adsorbs.at least 1 gramof a small nol ecule, such as Ar,
[err], n-hexane or cy&iberben&e YRAYIRGOIETFERAS oePARIY °8. tHRTMIALE pores
in the present cat al pfi ehémdaterbds’ £ pabparatiem.t oSdfples whichcexhibidat e

ol ecul es wi th bul ky g0k a3 CoN |1ahBhi QEPLAIRn! 85 UM Buskdgibt LI s,
The catal ysts are therefore particul arI§ us‘fful ftor pr oqi_esssltmg h‘%e’%%ﬁgm l'ing
feeds such as those GBPSRHEHSERBR? MEHeEBi FTIRFSCaERATRRSs SCH61 Ye, .
heavy 15 5 neut rvestamigniazbley igages| of ihespresenultraclazgen ytic
matelri al canf be di Ist igogdi ghad-ihiam (ﬁ#&r&ﬁl@uﬁaﬁl&eiwi&éatfds by ';rtr;le
regularity of its large opepn .poLes, 0 y resenbl es
RPRIT JP FE A ggar G LT oo Ty g0 oot ron

t hat of anor phous or I nelaPat er | whose regul ar
arrangenent and uni f HFEEICHONS P2ELRINS e size distribution within a single
phase of, for exanple, 27Re mistarégulagr pFepdLatuionseef e masemiak afe pore
Si Zﬁ of thaltl.ophase)Thr&%eBPéé‘er@&ﬁvéx?% gfivéré@bﬁ]lrlabﬂ@iffﬁﬂﬁ\i@ﬁkpé@éle&hi al's
such 8 zeol oS, 1138, . rom, AsPLELGL SRTE: Xl olRiEa NEXaaate)
internal dianeters freegi®s. A The positionmefi Erefe W@i‘&@o?ﬂiﬂr°’qi§aF‘hflérfdéd to
enconpass not only ned pakstidhat o€ xttidinkomee hbamtional fyomper hegagdreadagonal
symetry lattice. The X-ray diffraction pattern, however, is
15 not always a sufficient indicator of the presence of
these materials, as the degree of regularity in the
microstructure and the extent of repetition of the
structure within individual particles affect the number
of peaks that will be observed. Indeed, preparations
20 with only one distinct peak in the low angle region of
the X-ray diffraction pattern have been found to
contain substantial amounts of the material in them.
Oother techniques to illustrate the microstructure of
this material are transmission electron microscopy and
25 electron diffraction. Properly oriented specimens of
the material show a hexagonal arrangement of large
channels and the corresponding electron diffraction
pattern gives an approximately hexagonal arrangement of
_ diffraction maxima. The d100 spacing of the electron
30 diffraction patterns is the distance between adjacent
spots on the hkO projection of the hexagonal lattice
and is related to the repeat distance a, between
channels cbserved in the electron micrographs through
the formula d,,, = a0J3/2. This dloo_spacing observed
35 in the electron diffraction patterns corresponds to the -
d-spacing of a low angle peak in the X-ray diffraction
pattern of the material. The most highly ordered



30 within the limts of experinental neasurenent, but also those
wi th significant observable deviations fromthat ideal state. A working
definition as applied to the mcrostructure of the present .invention would

be that nost channels in the material would be surrounded by 35 Si X
near est nei ghbor channels at roughly the sane di stance. Defects and
I nperfections wll cause significant n_ugbers of channels to violate this

- 32 - criterion to varying degrees, dep3eﬁdi ng on the quality of the
material's preparation. Sanp|les which exhibit_as much as [err] 25% random
devi ation fromthe aRFCRFEFENEACLIFR? AAFeThat WP iderate A hanRed &4k i | |
clearly 5 gi veliisgdonghi spaitisc obsampgablef ihheheredeentonllditdrhet sh por e
{rﬁter: al s Cogp?][ abl ?qa%ékﬁ%l O%eéé%ﬂt‘iﬁ-nt%béSﬁVll?éj indekbs Jit%r tha} ues from

e electron diffractjQn patternns. regul ar_.preparations o e
material of 10 he?‘ﬁggﬁ?%glé%t Sl“ﬁ?/egtnt%%?gﬁnég‘g% %?fl??g?/“"di"fff 98¢ i 1P
pattern with?3a few di20inl0mpdcra 24 tHheisy sYRpeLtyowedated nedeckionEhe
positions of these peaks appitxicaatehed fidrmt, henpostystansimd rakerfdOnay
reflections froma hgyxaggpahel %Ekﬁ@tegi%dxb?a ngkafaﬁraﬁif#i%%%ﬁer n,

| ndi cat or

however, is 15 0 € presence of

not al ways ufficien | C: of’.
these naterials, as tq?é"%ﬁﬁﬁr‘é’ee‘bﬁgr gﬁiﬁ%ﬂ“?y"?ﬁ"t"ﬁéﬁrPE?b"s’t%&Fﬁ?‘éeland t he
extent of repetition Wfant hbowt rigcAngetngm Wnats nditspachial porddac| es s ect
t _hehnun‘})er afo g_eak_s tdak-Wibha Q&a@bammed;hlihnde@ﬁhe%ﬁQQL@J itaQSdIZgo
with only one distin ak_.in Qn the X-r
diffraction pattern ﬁ;g\}ggbégn{l}eogﬁakg%&ggﬁfgrégg% S %%Flegf cémsﬁ%t s of the
material in them O F&terizhniafitednt MY IHSERRt Renarnepdsymtiant ure of this
materi al are transm s®pagity ecrf geabtec rusophoandi P yrams benzéhagidmn

diffraction. Properlgragii epfch1SRECEIRIBTOhnd 25°C (basis: crystal

15 material having been treated in an attempt to insure no
pore blockage by incidental contaminants, if
necessary) .

The equilibrium benzene adsorption capaéity
characteristic of this material is measured on the

20 basis of no pore blockage by incidéntal 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.
Water may be removed by dehydration techniques, e.q.

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

30 More particularly, the calcined crystalline
non-layered méterial may be characterized by an X-ray
diffraction pattern with at least- two peaks at
positions greater than about 10 A d-spacing (8.842°_
for Cu K-alpha radiation), at least one of which is at

35 a position greater than about 18 Angstrom Units
d-spacing, and no peaks at positions less than about 10
A d-spacing with relative intensity greatér than about



the vaterial show a hexagonal arrangenent of |arge channels and the
correspondi ng electron diffraction pattern gives an approxi mately hexagonal
arrangenment of diffraction maxima. The [err] spacing of the electron 30
diffraction patterns is the distance between adjacent spots on the hkO
projection of the hexagonal lattice and is related to the repeat distance a
bet ween channel s observed in the el ectron m crographs through the formula
[err] = [err]. This [err] spacing obsétved 35 in the electron

diffraction patterns_corresponds_to the d-spagj I eak in
the X-ray diffracti of®pdth %Bﬁ %tfmt"ﬁgfg eearkls'al .gkg?'%]éq;r?or%t bﬁ%ﬁi ya%g'gér ed

33 - preparations of theX-rayediffirashian RAFteEnf af he sa3eines MEEFARY spots
observable in the el ggtniz dhfénmicin ehlpdtaver no. pddics atppostrimmscinsde

| ndexed with the heXéﬁQﬁ‘aa!bonls%tmeg ptidnhaes refdecle ensemditd00, 110, 5
200, 210, etc., and therr symetr -rer%e rt?lflegtlons.t I nakts aIaC| ned
form the cr¥stallingTeRlss CBRR ARPYe 1P T ThdPecR FEE T 288 vy an ¥ r ay
diffraction pattern ewéentatatl daast ome pealk i@ thepdsray @&if§raakian t han about
18 Angstrom Units d- gpged wid1 998l ar B-Spddiingl @hat correSpolidslyzh&he

radi ati on) which correspan set gf_t X eg_ﬁé&oﬁ/qgiﬁﬁg%dg}?pglt@g“%

. . va he .
diffraction pattern 800 he terial, an equi riumbenzene a&sorpt I on
capacity of greater mAEfr¥dout 15 grans benzene/ 100 grams crystal at 50
torr and 2516 (basis: crymielcalbined inorgatiss, alonhiayerpderystalddned i n an
attempt 1o nsure noeLeidl GRkalLsdYd BRAEARRIG ANAHAARGSa ddre
necessary). e equilibriu enzen or [ eristic o
this material is neaSdf&d° r11"t3h8“'2§]‘3a(1§ oF %%%ts%ggggn%gaﬁg{%agﬁ%ckage by
i nci dental cont ani naphysiferptiest aersureppatsodasceabed felgw.| PrSddtct ed

on is considered a maximum perpendicular cross-section

15 pore dimension of the crystal. _
X-ray diffraction data were collected on a Scintag

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

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

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

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

The diffraction data were recorded by

step-scanning at 0.04 degrees of 2_, where _ is the
Bragg angle, and a counting time of 10 seconds for each

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



the crystalline material phase having any pore bl ockage contam nants and
wat er renoved by ordinary nmethods. Water may be renoved by dehydration

t &chni ques, e.g. 25 thermal treatnment. Pore bl ocking inorganic
anor phous materials, e.g. silica, and organics nay be renoved by contact
with acid or base or other chem cal agents such that the detrital material
will be renmoved without detrinmental effwct on the crystal. 30

More particularly, the calcined crystalline non-layered material may be

characteri zed by an if faact i | . at
posi tions greatgr théﬁggﬁ%géé 1B8) BLE bhek 8#8%1% ahré%wa%?g?lﬁg

ut 10 _A_d- cing [ er far K

radi ation), at |east ¥fe”bf2 \Bﬁ°@ﬁl1as?§t[acl§ routine., E%%i’trf S3Fd ®han
about 18 Angstrom Uniuncodregkesi fgr bewent@ padkeclarigatien mffectss tThan
gggut f 10hA d- spaci ng ﬂ@leiﬂi£|j§iﬂe)ﬁ§iﬁﬁ£m‘i'bt yi’girei’itxﬁltei:hﬁl’bﬁltﬁlég Slﬂlbdls?’df -

Yo of the stg ongest pea [ r lyigh CUL AL €, 5 | ffraction
pattern of thstra cal ci ﬁ%dfn% ’§ i%ﬁrog? ﬁ]ﬁogolr)]\'/e%]t i oér%rv?ﬁ PI ( av._@xr'loing?aaks at
positions |ess than ASGEER12r4d)spaRi*hG WRRK (L128i-veThetHfsragtipn
greater than about 1Q0¥taflismedshsoaimsie jdaks mdy congisvert muatipbast one

peak in the X-ray di vareQ-QEbﬁS’ﬂxgoﬁtihéé Nuidhl uha¥e dbrda3Rachitfitibat, such
corresponds to the [err]v val uge  of thgilgn%%rlrggsgi fJ-rQ%C},' on pattern of the
material . 10 as vexry high) erReH TN gant oo Hontt 85ered crystal | ine
mat eri al mayt%l so be eHystatiegraphdcaShigfsngmay RARSas| 28 pAsolvsdnexr (13 A)

or greater as neasur gshritiaphy Steselped Orinesas uTepRnilly , desystidiadgbapiois Por e

size is considered a ‘—{Hai?{k;gg([‘&é}?rj,%:é?g&&%ﬂ{orcéﬂéﬁqése(‘ihi Qﬂf%%ell por e

di mrension of the crys ray raction data were_collected on a
Scintag PAD X aut onatRaFaBrEEFS @NGYAT s TARIENHI oSAvTRL Symmetry,

without a substantial change in structure. These minor

15 effects, including changes in relative intensities, can
also occur as a result of differences in cation
content, framework composition, nature and degree of
pore filling, thermal and/or hydrothermal history, and
peak width/shape variations due to particle size/shape

20 effects, structural disorder or other factors known to
those skilled in the art of X-ray diffraction.

The equilibrium benzene adsorption capacity is
determined by contacting the material of the invention,
after dehydration or calcination at, for example, 540°C

25 for at least about one hour and other treatment, if
necessary, in an attempt to remove any pore blocking
contaminants, at 25°C and 6.7 kPa (50 torr) benzene
until equilibrium is reached. The weight of benzene
sorbed is then determined as described below.

30 The ammonium form of the catalytic material may be
readily converted to the hydrogen form by thermal
treatment (calcination). This thermal treatment is
generally performed by heating one of these forms at a
temperature of at least 400°C for at least 1 minute and

35 generally not 1oﬁger than 20 hours, preferably from
about 1 to about 10 hours. While subatmospheric
pressure can be employed for the thermal treatment,



theta-theta geonetry, Cu K-al pha radiation, and an energy di spersive X-ray
detector. Use of the energy 20 di spersive X-ray detector elimnated
tthe need for incident or diffracted beam nonochronmators. Both the incident
and diffracted X-ray beanms were collinmated by double slit incident and
diffracted collimation systens. The slit sizes used, starting fromthe
X-ray 25 t ube source, were 0.5, ,1.0, 0.3 and 0.2 nm respectively.
Different slit systens may produce differing intensities for the peaks. The

materials of the presgnt (nvention_ that., have. re. sizes may
require more highly %‘ﬂﬂﬁphﬁft‘a ‘?rr?glsalé%tf %r'_a%;%;%gaér?? %§§LOR§’ & in order to
resol ve the | ow angl eopiesiienemsusE 25 abfs Hift eBLFFRISFnPIRMA, BESM The

diffracti on data werehd aterfiel tneathept Swanbengentorhedsat cyreaperhtire
where  is the Bragg,angl §poRfdsd -eQUnthddrdiR1 o} hQatea0BAudAr s8ach 35
step. The interplanar spaci nf}?], d's vvertq‘ﬁ({:]al gu{at.ed y Aﬁ‘(eA%{L and the
rel ative int®nsiti esPRFEIREAFFHIMSIRE T P& ETT s°Bhertfundredt h of
the intensity of thehydrocagbon canvexgéser ydasEioppove background, were
derived with the use of amnarefydwilfiihei Ageardali B&n P @reparasivy @heVsE e
uncorrected for Loregls. and,pehaid 2ahbhM il Fakicdll &%ﬁéz?gigztensities
€ synpol's '5 v§ =

are given in terns of*TH . ver ,strong -10Q), s =
strong (50-74), m = medi dnfaFst MPthedqipyalyss,R ("Ba-“é'i?)qn PLECYES MaYdPFon
data |istedias singl anlxz(uasw ymalensasioodf rfixiom pl o abeutapps ndouti s whi ch

under certain conditp9ng, ,s36cindfe Ak ohoBherdmner taBdlal, nesol ution or 10
crystal | ographi ¢ changes? ; eqr._as rggolv £l pq)rtultahljycr Sqbve

| i nes. Typically, cr?gY%ﬁ'aflgS 3%%?% changes can i ncrude mndr chandes in
unit cell paraneters288tforrafernitye frARCIRNGLISOSG kR abput 175°C, and

an organic directing agent, hereinafter more

15 particularly described, or, 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

20 (M), e.g. sodium or potassium, cation if desired, ocne
or a combination of oxides selected from the group
consisting of divalent element W, e.g. cobalt,
trivalent element X, e.g. aluminum, tetravalent element
Y, e.g. silicon, and pentavalent element Z, e.g.

25 phosphorus, an organic (R) directing agent, described
below, and a solvent or solvent mixture, such as, for
example, C,-Cg4 alcohols, C,;-Cg diols and/or water,
especially water. The reaction mixture has a
composition, in terms of mole ratios of oxides, within

30 the following ranges:



wi t hout a substantial change in structure. These mnor 15 effects,
i ncluding changes in relative intensities, can also occur as a result of
di'fferences in cation content, franmework conposition, nature and degree of
pore filling, thermal and/or hydrothernal hi story, and peak w dt h/ shape
variations due to particle sizel/shape 20 effects, structural

di sorder or other factors known to thesg skilled in the art of X-ray
diffraction. The equilibrium benzene adsorption capacity is determ ned by

contacting the materi f Jthe invention, aft dehydratiQn gr_cal ci nation
at, for exanple, 540§§$?j0-a—“§§ for . atfﬁ-éét about ong-:ﬁ'g%?t%m ot her
treatment, if necess#p93/¥%% an attenpt tH redSve abyd por 8:PPBHCYAI ng 0.5

cont am nants at 25[an.5¢ ,€B‘i(d> 6.7 kPa (500tormp benacowe untobiegdlilioQpiumis
reached. The wei ght Qf b)a(g@qu oy bed i sqthergdeygsm nedyag desgrihed

bel ow. 30 rfh'rg %mform f_the catal ytic naterJal may be -
readily converted to nﬂxfﬂ& %sdr m bY* t héPraloPr eat m@nt (c%ﬂ cifati on).
.This thermal treat rreﬁPlemzjeneral |y perfor rred by heating one of these forns

at a tenperature of at (t@a.sroq.ég%afro yfor at docasbol m nwte angy 3o
general Iy not |onger 4 20 h refgrably fr9g1 abou;0 lto abou|t5 10
hours. Wil e subat m)s her|2: pressure can be errpl oyed for the t er na

t reat ment, - 36 - (M pg¥iheePl/ pressure is desired for reasons of
conveni encelosuch as i N¥@)¥Ho+aL,0L800n) atnainita, e2e. Theotbsrmed treat ment
can be perforned at g_t erature up to about 750[err] The thernal Iy

treated product is 5 2/e ar.t rly_ useful i t al ysrs of certern
hydr ocar bon conver si ot ¥P2% W(H%Ghslfzﬁé rglstaﬁ | neg?rater § can*be pF’epar ed

by one of several nmeRhpg?®/ each with particular linmitations. A first nethod
i nvol ves a reaction m xw{mdmgogr@(zoa) 0.01 to 2.0 0.03 to 1.0

15 wherein 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

20 W oxides are present in the reaction mixture, the pH is

'not narrowly important for synthesis of the present

crystalline material. In this, as well as the
following methods for synthesis of the present material
the Rz/fO/(Y02+W0+Zzos+X 03) ratio is important. When

25 this ratio is less than 0. 01 or greater than 2.0,
impurity products tend to be synthesized at the expense
of the desired crystalline material.

A second method for synthesis of the crystalline
material involves a reaction mixture having an x203/YO2

30 mole ratio of from 0 to 0.5, a crystallization
temperature of from 25°C to 250°C, preferably from
50°C to.l75'c, and two separate organic directing
agents, i.e. the organic and additional organic

~ directing agents, described below. This second method

35 comprises preparing a reaction mixture containing

sources of, for example, alkali or alkaline earth metal



10 an [err] nmole ratio of fromO to about 0.5, but an [err] nole
ratio of fromO to 0.01, a crystallization tenperature of from about
25[err] to about 250[err], preferably from about 50[err] to about 175[err],
and an organic directing agent, hereinafter nore 15 particularly
described, or, preferably a conbination of that organic directing agent
plus an additional organic directing agent, descri bed below. This first

met hod conprises prepari ng a reaction m&ture cont ai ni ng sources of , for
exanpl e, alkali or alkaline earth netal M, . sodi um or
potassi um cation if @B<iPed IHLRW°H P(?&ﬁﬁ?h‘é‘i"l G nok?d&tﬁ%@ﬁec‘!’tﬁj from
‘the group consi sting af adcmwlehemrérquﬁsesglemldalfmmttrna/qlreﬁ@ el ement
X, e.g. alunminum tetdonkakeiMg leeHwale\ﬁt @18mert |4 ,CQN %nt aval ent

element Z, e.g. 25 S rg g ectl ent

descri bed bel ow, and tnvaf‘g%?\ta%% =35I v’e % 2-1[‘ ’g{um)s ﬁ£ g&%ﬂ?ﬁ!“e
[err] al cohols, [err]¥rdRefs HidCoRn mcbrpenésmxm |e}eman'erz ’Ehe-react i on
m xture has a conposmhospnomternsmnina‘uﬂoa cAto¥fanik eﬁd&ﬁﬁ.ng%géﬁ@ 30

the follow ng ranges:ang a@ﬁ%@_ta anic a
Preferred [err] ane @ P& ie gipecting ggent, Fo Yy 058%Ferr]

0 to 0.01 0. §§FSFiPed d“edf"’ e?’?“] a s°§"e‘“‘b oF SPEJ"e%Guxture CF‘IPh to

20 5 [err] as, for example, 1% 2leekpls 0@, -C, diold and/éw 20
Sol vent/ [er¥q water, especlaliy watle®.1508e reactlon mzxﬂd%elggg)é;err]
8'01 tg %8 0. OSOmPongL lke éimslgf mole ratiok® BE oxides, wifhin
to 5 the followxng ra
Eeactants Useful Preferred
3/3[0 0 to 0.5 0.001 to 0.5
15 xo3/(Yo +2,0;) 0.1 to 100 0.1 to 20
505/ (Y0, +wo+z Og) 0.1 to 100 0.1 to 20
Solvent/
- (YO0 -l-WO+Z2 5~§-X203) 1 to 1500 S to 1000
OH /YO 0 to 10 0o to 5
20 M, eo+R2 ,£0)/.
(Y02+WO+Z 05+X203) 0.01 to 20 0.05 to ]
Myre%/
(Y0,+WO+Z,0,+X,0,) 0 to 10 0  to 5
Ry 9%/
25 (Y02+WO+Z205+X o] ) 0.1 to 2.0 0.12 ¢to 1.0

wherein e and f are the weighted average valences
of M and R, respectively.
In this second method, when no Z and/or W oxides
are added to the reaction mixture, the pH is important
30 and must be maintained at from about 9 to about 14.
When 2 and/or W oxides are present in the reaction -
mixture, the precise value of the-pH is not important
for crystallization.
A third method for synthesis of the crystalline
35 ~ material is where X ccmprlses aluminum and v comprises
silicon, the crystallization temperature must be from
25°'C to 175°C, preferably from 50°C to 150*C, and



Jerry [err] 0.01 to 2.0 0.03 to 1.0 15

wherein e and f are the weighted average val ences of Mand R respectively.
I'n this first nmethod, when no Z and/or Woxides are added to the reaction
m xture, the pHis inportant and nust be maintained at from9 to 14. Wen Z
and/ or 20° W oxides are present in the reaction mxture, the pHis
not narrowy inportant for synthesis of the present crystalline material.
In this, as well as the foll owi ng nmeth#tls for synt hesis of the present
rraterlal the [err] ratio is,i ort {1 ratio is |less
than 0.01 or great er®® REH33iQ ﬁrﬁﬁgfﬁ fgﬁf‘gdu TR POIPE it hesi zed at
t he expense of the cmsaﬂecdbbYﬁmum@m efi that prgapdadRacrdags or
synthesis of the crysgdet pm@sraiaaaatmmobmaﬂc ra@at| odegtrilbege havi ng an

[err] 30 nol e ratj o, of ature
of from25[err] to %ﬁ[er’r 2 pgre era%#g rlg?n gii" E%h%i:%@é g} . an t wo
separate organic di r%dﬁ%laﬁéﬁ"ﬂt’@mrtg nttaﬁ'élﬂ? e%n8%a mple, gani ¢
directing agents, desIkaliedrbzliaiingheartiemenal néhoe .85 Sodllm ogonpri ses
plrﬁp?“ ng a {ﬁaCt'tolnp Seadsiif, COiRnNE P oadltea P Sod \oxf aar@wcml&st akkal:c or
al kal i ne ear met a sqQdi ion i
desired, one or a coWoﬁn?éJ\%)?f'gjégd%e%gc?% 3\? éﬂJgg()tugﬁ%con5| sting
of divalent el ement Welﬁ'-.ghel-féi-ibﬁﬁtertP?\'Palpéﬁ'f‘léﬂ‘%ﬁ‘@m dgscpibed.gRadi Aum
tetraval entiel enent Solvent or YsoBrelrit fiktwren, sacil enifarateaiplel egeal Z,

e.g. phosphorus, a cgf%)é%tsl og 9‘?15 glgi\glgnd}log_.eggﬁ&g %gggglgm ARdetL onal

organlc dlrectlng age escrib vent %r sol vent

m xture, such as, 'F’*%)C’%ﬁ?ﬁl’té‘m[‘%’r"r 8l l&f‘n@i §°“‘F‘é$’r‘il°d‘voﬁ§ \aisiael

mole ratios of oxides, within the following ranges:

Reactants Useful ' Preferred
15 A1203/SiO2 0 to 0.5 0.001 to . 0.5
Solvent/sio2 1 to 1500 5 to 1000
oa'/sio2 0 te 10 0 to 5
( 2/eo+R2/f°) /
(SiO +A1 ) 0.01 to 20 ' 0.05 to 5
20 M, o0/ '
(SiOZ+A1203) 0 to 5 0 te 3
R, /£%/ :
(SiOz+A1203) 0.01 to 2 0.03 to 1
wherein e and f£f are the weighted average valences of M
25 and R, respectively.

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

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

30 solvent or solvent mixture such that the mole
. ratio of solvent/Rz/fo is within the range of from
about 50 to about 800, preferably from about 50 to

500. This mixture constitutes the "primary

template" for the synthesis method.



10 -~ water, especially water. The reaction m xture has a conposition,
in terns of nole ratios of oxides, within the follow ng ranges: Reactants

Usef ul Preferred [err] 0 to . 0.5 0.001 to
0.5 15 [err] 0.1 to 100 0.1 to 20 [err] 0.1 to
100 0.1 to 20 Sol vent/ [err] 1 ‘to 1500 5
to 1000 [err] 0O . to 10 . 0 to 5 20 [err]
/ [err] 0.01 to 20 0.05 to -485qerr] [err] O to 10 0
to 5 [err] 25 [err] 0.1 to 2.0 0.12 to 1.0 wherein e

and f are the wei ghted avenageovet€peanasy $émyldtR miespecbifvetep (1) this
second nmethod, when no Z apdhgp %%e@egfaéﬁ&%deg go éz!l‘ic&e %}dln m xture,

the pHis inportant 30 e mal nt gi ne 9 to
about 14. \Wen Z and/or Wld%lﬁéss‘é‘?‘btﬁ'?&*é?ﬁ 53tiPn8 M/gﬁ ﬂﬁ&tﬁm"e) t he

preci se value of the-pH iss mtthnnpma aangé ot cinpmt QL P} At 2R A third

nmet hod f or Isgnt hesi s Sf Yt cmléi{;aié Iﬁh@ ﬁ5xture rersun{-_ﬁfg aﬁro?sst@;er(e)xr S ure

mist be from a5l err] to 1WSPLEPReSTRuRs: OB A 2 éof%‘r%jp%?obﬁﬁfﬁ%ﬂ?? and

- 39 - an organic di rect|W§§éﬁtab%ér}“b%ﬂt%ﬁﬁ/vab8’1‘t PeREFably a

conbi nati on of that organ(c) diargewi thge adentre| s skanddelith orawithqeni c

agent, described bel ow ?ﬂ_sa%q.on-rhﬂ:fefel}hﬁﬂynﬁ @Qeﬁﬁgﬂﬁzﬁ%sol?r%' ng 5

a reaction q]Xture contai § 20%58%3 %Bd Lreferégqg %br from about 10

minutes to about 24 hours.

(5) Cryétallize the product from step (4) at a

temperature of from S0°C to 175°C, preferably for

from about 1 hour to about 72 hours.

15 Crystallization temperatures higher in the given
ranges are most preferred.

A fourth method for the present synthesis involves
the reaction mixture used for the third method, but the
following specific procedure with tetraethyl-

20 orthosilicate the source of silicon oxide: .
(1) Mix the organic (R) directing agent with the
solvent or sclvent mixture such that the mole
ratio of solvent/Rz/fo is within the range of from
50 to 800, preferably from 50 to 500. This

25 mixture constitutes the "primary template” for the

synthesis method.

(2) Mix the primary template mixture of step (1)
with tetraethylorthosilicate and a source of
aluminum oxide, if desired, such that the
R2/f°/Si°2 mole ratio is in the range of from
about 0.5 to about 2.0. _

(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

35 0°C to 25°C, and a pH of less than 12. This step

permits hydrolysis/polymerization to take place

30
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gxample, polypropylene jars or teflon lined or
stainless steel autoclaves. Crystallization may also
be conducted continuously in suitable equipment. The
total useful range of temperatures for crystallization
is noted above for each method for a time sufficient
for crystallization to occur at the temperature used,
e.g. from 5 minutes to 14 days. The crystals are then
separated from the liquid and recovered. Following the
synthesis,the crystalline material should be subjected
to treatment to remove part or all of any organic
constituent.

When a source of silicon is used in the synthesis
method, it is preferred to use at least in part an
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 reactlon
for each method, like temperature, pH and time of
reaction, etc., within the above limits, various
embodiments of the present non-layered crystalline
material with a desired average pere size may be
prepared. In particular, changing the pH, the
temperature or the reaction time may promote formation
of product crystals with different average pore size.



5 - (3) Agitate the mxture resulting fromstep (2) at a
tenperature of from20[err] to 40[err], preferably for fromabout 5 m nutes
t'o about 3 hours. (4) Allow the mxture to stand with or wi thout agitation,
preferably at a tenperature of from10 - 20[err] to 100[err], and
preferably for fromabout 10 m nutes to about 24 hours. (5) Crystallize the
product fromstep (4) at a tenperature of fromb50[err] to 175[err],
preferably for fromabout 1 hour to abeait- 72 hours. 15

Crystal lization tenperatures higher in the given ranges are nost preferred.
A fourth method for the prepskinitipngt eeanplesnos| VaRiquse cPERERIONS RFur e
used for the third nmgjhody baé % hentehprutiedgfepetid ifirstoand zeronit h
tetraet hyl - 20 t L LGdes § irce of silicon oxide: (1) Mx
the organic (R dire%Yég?éggéé%% mnthigﬁgﬁgglvent or solvept m xture such
that the nole ratio of s vent/[erﬁ is wthin the rangezof fromb50 to
800, preferadbly from50 te 500. Thiad 25 si m xture constitutes the
"primary tenplate" for the synthesipg nethod. ¢2) Mx the primary tenpl ate

m xture of step (1) with tetraethqurthosilicg&e and a soyr ce of al um num
oxide, if desired, such that the 3¢ [err] nolé ratio is in the
range of from about 0.5 t% about 223 (3) Agifate the m xPure resulting
fromstep (2) for from 1lQgn nutes tad 6 hours, spreferably from 30 m nutes to
2 hours, at,g tenperature_of from 3L si [err] to 25[err], and a pH

of less than 12. Thiis step permts hydrol ysi olypmerization_to.take, place
- 41 - and the resul t‘&ﬁ%u‘?'ﬁ’%pﬁpﬁ W“fql}/‘ﬁéjp °§‘JI guéé’?ng 9, or an element

selected from the divalent first row transition metals,
e.g. Mn, Co and Fe; X being B, Ga or Fe; and Y being
Ge. .

15 An organic directing agent for use in each of the
above methods for synthesizing the present material
from the respective reaction mixtures is an ammonium or
phosphonium ion of the formula R1R2R3R4Q+, i.e.:

R

20 |
R, - Q" - R,
l
R, .
where Q is nitrogen or phosphorus and wherein at least
25 one of Rys R,, R, and R, is aryl or alkyl of from 6 to
about 36 carbon atoms, e.g. -C_H -C. H

613 ¢ “CioHay ¢ ~Ci6fls;

and -c18H37, or combinations thereof, the remainder of

Rys Ry, R, and R, being selected from hydrogen, alkyl
of from 1 to 5 carbon atoms and combinations of these.

1

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

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

35 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



(4) Crystallize the product fromstep (3) at a tenperature from25[err] to
150[ err], preferably from95[err] to 110[err], for from4 to 72 hours,
preferably 5 from16 to 48 hours. In each of the above nethods,
batch crystalliza- tion of the crystalline material can be carried out
under either static or agitated, e.g. stirred, condi- tions in a suitable
reactor vessel, such as for 10 exanpl e, pol ypropylene jars or teflon
| ined or stainless steel autoclaves. Cr4astallization may al so be conducted
continuously in suitable equipnent.. The total useful range of tenpperatures
for crystallization i%%ﬁgddglﬁecﬁfén?o?geégcﬁsnﬁlﬁomwuﬂ ¥ r@?ﬁggi‘b%nt 15
for crystallization t¥mefuthetahdye fErgRtinguprgent ciprraly. wiensdnsRyi nut es
to 14 days. The crystrl,s rar énd len togptlicd &t Geparitsly agei sbrittencepyer ed.
Fol | owing the synt hesigy, (HGugraciabbing JPtGakaLnald dibp spliegted Lo

t r eat ment tosirermve part “or all of any” orgafi c o onstitUent. Wen
a source of sllicon | ®EREBJaFIRY r?é‘dsﬁﬁ‘ﬂ"??éﬁtspﬁﬁt'ﬁweqft' i AN BBr red to use
at least in part an occamuinetien icfabegasiciirecting ayeatpl go @ qareedmary

amTFnijumt sit N cat e Nowgel it mlgu_ e AR ﬁ‘&lét%f trauﬁltah@f %%toél t_:?_o.%itl',/h?gt e
i ncl ude tetramethyl angmnium sili.cate.and tetrae orthosilicate.
adj usting conditions of Thé ?%t%‘éts’i?‘s"?e T Jicoglf% “E% RIRRY ,"%I"PR%]'
tenperature, pH and tP¥ERN3F AEERINIHA, 2E8RE- within the above linits,
various 30 10 enbodi NnEReSpaftidudapr effitinenesa sl eHe Cramiialehi Ne

material with a desi r&ﬂe@é‘iﬁ?gé‘gé?&r,ewﬁ.éﬂecdﬂxrgﬁ P{EPILREr 4&@3@&#&#' ar,

changing the pH, the teoﬁgaera %re Qr the reaction tine may prono Or mati on
of product crystals v P ARERT SYBFIRRIS 8FcORE /F more other crystal

structures, is believed due to its ability to function
as a template in the above reaction mixture in the

15 ' nucleation and growth of the desired ultra-large pore
crystals with the limitations discussed above.
Non-limiting examples of these directing agents include
ceﬁyltrimethylammonium, cetyltrimethylphosphonium,
benzyltrimethylammonium, cetylpyridinium,

20 myristyltrimethylammonium, decyltrimethylammonium,
dodecyltrimethylammonium and dimethyldidodecylammonium.

The reaction mixture ccmponents can be supplied by
more than one source. The reaction mixture can be
prepared either batchwise or continuously. 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 (Tylef) screen and be retained on a
400 mésh (Tyler) screen. In cases where the catalyst

3s is molded, such as by extrusion, the crystals can be
extruded before drying or partially dried and then

- _ extruded.



Non-1%imting exanples of various conbinations of W X, Y and Z contenpl at ed
far the first and second synthesis nethods include: W X

Yoo z 5 -- Al Si -- --

Al -- : P -- Al Si _ p Co

Al -- - ._.p Co Al Si p 10

- - - - Si -- including the conbinations of W

~being My, or an element selected fromthe divalent first rowtransition
netals, e.g. Mh, Co and Fe; X being B, ¢ "or Fe; and Y being Ge. 15

An organic directingpggenf,d Qe loeS2eh % bove met hods for
N z e : ,
synt hesi zi ng the present nateri aFE{rdom t he resep %?ls%% rEacE 0N i xtures is
an anmmoni um or phosph&AFFHESiGhm8FeT33d St 6F niA%dq &PPRIh §hag theerr] 20 where
Qis nitrogen or phosphatinspecd ihetadientivitieadith2bespect tootgaritliepr] and
[err] is aryl or al kyktgte fdge@ibsth FRAUEiSE GRIRORs A Ring & [€71]
[err] ; and [srr] or gonbl natd gpéethe%;ggf, Jde regatnde,r OP err], and [err]
bei ng sel ected from h{él?b’&’é%_, Vi Ot 3t om PG St YR SRt SHfd in
conbi nati ons of theseindgstrial Apglicardapslinds CHRMIPAL INDUSTRIRS e pgaIDNI UM
or phosphoni umion isadesivadsepytdahithr refergice, is haadaydbpxi de, hali de,
silicate, of mXturesagloldios o Nedd@abtbal AMckihd LAIRENOIR. AL, (! TS
preferred to have an aqgdLtiona ](?rlgianlc | recting agt nﬁ i afd? t n
the second method it PEEFRARPEII T RAENE Tohifilgt PHHIdEedhes abaesustgani ¢
directing agéft and amfathe Meswalaxgeg@aresdirecting agent. That additional
The crystals of the mesoporcus support material
will be composited with a matrix material to form the
finished catalyst and for this purpose conventional
non-acidic matrix materials such as alumina,
is silica-alumina and silica are suitable with preference
given to silica as a non-acidic binder, although '
non-acidic aluminas such as alpha boehmite (alpha
alumina monohydrate) may also be used, provided that
they do not confer any substantial degree of acidic
20 activity on the matrixed catalyst. The use of silica
as a binder is preferred since alumina, even if
non-acidic in character, may tend to react with the
zeolite under hydrothermal reaction conditions to
enhance its acidity. The mesoporous material is
25 usually composited with the matrix in amounts from
80:20 to 20:80 by weight, typically from 80:20 to 50:50
mesoporous material:matrix. Compositing may be done by
conventional means including mulling the materials
together followed by extrusion of pelletizing into the
30 desired finished catalyst particles. A preferred
method for extrusion with silica as a binder is
disclosed in U.S. 4,582,815. If the catalyst is to be
steamed in order to achieve the desired low acidity, it
is performed after the catalyst has been formulated
35 with the binder, as is conventional.
' The catalyst may be treated by conventional
pre-sulfiding treatments, e.g. by heating in the



- 43+~- organic directing agent is the ammoni um or phosphoniumion of the
above directing agent fornula wherein [err] R2, R3 and R4 together or
stparately are selected fromthe group consisting of hydrogen and al kyl of
1to55 carbon atonms and conbi nations thereof. Any such

conbi nati on of organic directing agents go to nake up "R' and will be in
nol ar ratio of 100/1 to 0.01/1, first above |listed organic directing
agent/ addi ti onal organic directing agen#5 -10 - The particul ar
effectiveness of the required directing agent, when conpared wi th other
such agents known t o pheseatesyhthydsegerofsudfiédes tmrenveheroxidesfatms of

structures, is believath ddeai Ccdrponahid iday theif WitlreapoAsiny tRIRkade, i n the
above reaction mxture in

he 15 .. . I [ O or h.of the
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by nore than one souratjusted teasthieve nbisueadcerilse minépiziow eit her
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of the new cyystallin | v t tur t.he reagction
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ni xt ure enployed and the cr i zaton c ons. Thé cr rehar ed

by the synthesis procEtif StagR 1S ShABERTIHLEY a FRNNSEFAPREY IWeBarticl e
sizes. 30 Genesailings peadiiaty, ishesyadlyi et es mdatheeln ldwe lévein of a

powder, a granule, orag By degréfadeet se flithofSoA kel bflat SadddMl Blage
particle size sufficient screen and” be

t Q _pass through a sh, (Tyl er
retai ned on a 400 nns?lp?rﬂﬁlgg)m%rbtfeﬁ? Tcheésgng\h%q%rf'ﬁ B3 VP&t 35
i s ol ded, st®h as bycxsaekimgi onAt tasavenryiangls spaee pelegitieR dhabort Hrying
or partially dried angsifded platinum-containing catalyst, temperatures in
the second stage will typically be in the range of
550°* to 700°F (290° to 370°C), usually not more than
685°F (363°C), with 650°F+ conversion typically being
20 from 10 to 30 weight percent, more usually 12 to 20
weight percent, of the second stage feed. However,
temperatures may be used outside this range, for
example, as low as S00°F (260°C) up to 750°F (400°C)
although the higher temperatures will usually not be
25 preferred since they will be associated with a lower
isomerization selectivity and the production of less
stable lube products as a result of the hydrogenation
reactions being thermodynamically less favored at
progressively higher operating temperatures. With the
30 increased activity resulting from the use of high
hydrogen pressures temperatures in the second stage
from 550° to 700°F (290° to 370°C) wWill be preferred.
Space velocities will typically be in the range of 0.5
to 2 LHSV (hr.”Y) although in most cases a space
35 velocity of about 1 LHSV will be most favorable.
Hydrogen'circulation rates are comparable to those used
in the first step, as described above but since there



ext r uded. - 44 - The size of the pores in the present nesoporous
catalytic materials is |arge enough that the spatiospecific selectivity

W th respect to transition state species in reactions such as cracking |s 5
m nimzed (Chen et al., "Shape Selective Catalysis in Industrial
Applications", 36 CHEM CAL | NDUSTRI ES, pgs. 41-61 (1989) to which reference
is made for a discussion of the factors affecting shape selectivity).
Diffusional limtations are also m niméted as a result 10 of the
very large pores. The crystals of the mesoporous support material wll be
conposited wth a nmaisino mdygelfitarto hirdregarheohsnnpticth (aatalzyeﬂulamdff or.

t hi s purpose convent hgg@lhygggggﬁlgylgnggt {h )Q;H_{%t ggba,lmﬁ stéphofser@d um na, 15
silica-alumna and sjlica ar enc;glveﬂto silica as a
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materi a i X. Siti 0 pal oeans including
mul |'i ng theE'mat erials ?o %‘{;%é °q’ g‘i S x%%%éggoélgofremﬁ‘gf’? Y ng into

t he 30 desi reErP'F‘?ﬁ% Wédsé*a‘ﬁ%?r%ﬂ Wt#’age§PenWi)W@§éFrw%tlﬁB§ for
extrusion with silicotasidh hiredeure amdi selasiokliynhibls. tehpbbatdidh. bBff t he

catalyst is to be  cgontrast, the second stage is intended to maximize the

content of iso-paraffins in the product and because the

15 low VI materials have been dealt with in the first
stage, can be optimized to effect a selective
isomerization of the paraffinic materials. The low
temperature conditions which are appropriate for the
paraffin isomerization limit the cracking reactions as

20 noted above but are thermodynamically favorable for the
saturation of any lube range olefins which may be
formed by cracking reactions, particularly in the
presence of the highly active hydrogenation components
on the catalyst. In this way, the second stage is also

25 effective for hydrofinishing the product so that
product stability is improved, especially stability to
ultraviolet radiation, a property which is frequently
lacking in conventional hydrocracked lube products.
The isomerized product may therefore be subjected

o - simply to a final dewaxing step in order to achieve the
desired target pour point and usually there will be no
need for any further finishing steps since a low
unsaturates content, both of arcmatics and of lube
range olefins, results from the optimized processing in

35 the two functionally separated steps of the process.
The product may therefore be subjected to a final
fractionation to remove lower boiling materials,



steamed in order to achieve the desired low acidity, it is perforned after

the catal yst has been formul ated 35 with the binder, as is
conventional. The catalyst nay be treated by conventional pre-sulfiding
treatments e.g. by heating in the -45- presence of -hydrogen sulfide, to

convert oxide forms of the netal conponents to their corresponding

sul fides. The objective in the second stage is to isonerize the waxy,

| i near and near-linear paraffinic conpgpents 5 in the first stage
-effluent to | ess waxy but high VI isoparaffinic materials of relatively

| ower pour point. Theofpsfld b@na finanheeeacnml stepgin arderhes efavievadj ust ed
to achieve this end non-| ube boiling range
products (usually 10¥§’hrge rgogg Ei fi err E?rat er.al s% ﬁ‘xg e the
catal yst used in this stAfEhRye aa iﬁ éc? 3 cﬁﬁ%r‘é’r‘@ 73 ®boi | i ng
products is usually aecessadyatinvetded ¢ aelvnéveamdebgreﬂmdopm@i@: pohect i on
of severity, gsecond [,gg@ q&eﬁgth%my_ebgegm{ﬁerrbzedné q{reggﬁee@oarsgon over

15 cr acki ng. ggﬁ QIR EO0ale SUALENCIAGKLEES A 390U vdy UST N0 2

pl ati num cont ai ni ng eratures nd s
typically be in the rsahgb of TYP3GpLIY| HhE FORF &uTfingothe tfd-nS#O‘{l?f"%"Jl)“g
usual 'y not nore thagt@854£1Y be( 363harer thanwii t£c620[ veight penventsicin

typically being 20 4po geddsUP ﬁgeaoax@mﬁ?'ﬂ@tld?ﬁ&cenéitﬂy atiSiAlsley 12 to
20 wei ght percent of Fhe- secon ures . be

Goed outsi H80 hi's 1 agHREIRT T ARDTEE ASTPEIPAPHOBr HH PECopLt HIED 1o
750[ err] (400[err]) andhoeigh adi&ehtgclﬂﬂax@Enp%r%%%e?th#qm%rséa‘}’#’yWm be 25
preferred since they yy kboper &5 £0CtRé erirett br asdddn@r stafEL biez ahé ON

selectivity and the prr%gggst_‘lg& (}(‘r &%y%gng ub@ig Q0Ue! $a3Sr %Krvee%ul t of

t he hydrogenation, rea"tlons ein nam cal ess, fayore
in a solvent ewaxer 1s highly p afflnlc, it may b
15 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

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

25 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
pore openings which result in the the possession of

30 defined sorption properties set out in the patent,

" namely, (1) a ratio of sorption of n-hexane to
o-xylene, on a voiume percent basis, of greater than
about 3, which sorption is determined at a P/P, of 0.1
and at a temperature of 50°C for n-hexane and 80°C for

35 o-xylene and (2) by the ability of selectively cracking
3-methylpentane (3MP) in preference to the doubly
branched 2,3-dimethylbutane (DMB) at 1000°F and 1



progressively higher operating tenperatures. Wth the 30 I ncreased
activity resulting fromthe use of high hydrogen pressures tenperatures in
the second stage from550[err] to 700[err] (290[err] to 370[err]) wll be
preferred. Space velocities will typically be in the range of 0.5 to 2 LHSV

([err]) although in nobst cases a space 35 vel ocity of about 1 LHSV
w || be nost favorable. Hydrogen circulation rates are conparable to those
used in the first step, as described ab¥#e but since there - 46 - is no

significant hydrogen consunption as a result of near hydrogen bal ance in
this second step of atwogphecessredsawer fxon @UlLALY Drwaiaihes ravio heixeapboyed i f

feasible. In the casgadeaaeng i%%@hdﬂ%tahﬁ? £X§58metny butand)) d0geN

fromthe first stage w

equat second sta e operatlon
A particul ar advant afRe Jatife° grr&t@nf q? BHP’?’FIMB it af a
functional separati ohenpedagugef el t1OQ0T Fn lzeﬁéi%mll excesse oft thu%cmenﬁ‘hel n the
first stage,s10 exp{eéﬁluade@p/rpabl eis Qwtcdrdeanped ai¥ualas egiiuade by a

pracess of satural ogsapdlide et haglmtuegndkaf%agﬁeh'gb--%zssure

and rel atively high er at stage i s ntended
to maximze the cont Eﬁ?a’b‘fcailssh%‘é?ﬁi‘ﬂ" RS AYFRELIBRO R - §ndd%%‘teaﬁjsé“9he 15
| ow VI material s haveédbeim,deaftrdilnivernsitye Presst (E368)e andabs Bheopt i i zed

to effect a sel ecth%eis‘»qw beakiie atafixkusa ra«%r ahb| Pa&mtfeehélp%rtia@ | ow
t enperat ure,gondi tions_ which gr e%%oaQr opLi gt vaor t he éoara | Soneri zation
limt the ciracking r BRETTHs O&s ot 68 °ApRVE DI 8? gserbata’ at

t her nodynanmi cal | y faVb‘Fa‘EﬂnmeP-'éFuﬁ]@fs&PHP‘a’qubnTBF ERSiq @hetharkptenl ef i ns
whi ch may be forned kgnstands, ng, PNss Jefelrmdnedrtaon Astherdguresence of
the highly active hysifmg@ﬂ_aglqn %ﬂ%&ﬁ&ﬂt&aﬂﬁﬂhﬁycﬂé'%ﬁowiﬁbthi S way,
the second stage is a
equation:
15 = (1/Tc) In (1/1-¢ )
where k is the rate constant for each component, Tc is
the contact time and ¢ is the fractional conversion of
each conmponent.
Zeolites confaorming to these sorption requirements
20 include the naturally occurring zeolite ferrierite as
well as the known synthetic zeolites ZSM-22, 2SM-23 and
ZSM~35. - These zeolites are at least partly in the acid
or hydrogen form when they are used in the dewaxing
process and a metal hydrogenation component, preferably
25 a noble metal such as platinum is preferable used.
Excellent results have been obtained with a Pt/ZsSM-23
dewaxing catalyst.
The preparation and properties of zeolites ZSM-22,
: ZSM-23 and ZSM-35 are described respectively in
30 U.S.Patents Nos. 4,810,357 (2sM-22); 4,076,842 and
4,104,151 (ZSM-23) and 4,016,245 (ZSM-35), to which
reference is made for a description of this zeolite and
its preparation. Ferrierite is a naturally-occurring
mineral, described in the literature, see, e.g., D.W.
38 Breck, ZEOLITE MOLECULAR SIEVES, John Wiley and Sons
(1974), pages 125-127, 146, 219 and 625, to which
reference is made for a description of this zeolite.



25 effective for hydrofinishing the product so that product
stability is inproved, especially stability to ultraviolet radiation, a
property which is frequently |acking in conventional hydrocracked | ube
products. The isonerized product may therefore be subjected 30

sinply to a final dewaxing.step in order to achieve the desired target pour
point and usually there will be no need for any further finishing steps
since a | ow unsaturates content, both efasaromati cs and of | ube range
olefins, results fromthe optim zed processing in 35 the two

functionally separated steﬂ% Lfy Lbsn@r%%seﬁ%eorgﬂg s wtgﬁeé&{a%%gbe

subjected to a final fra tonalon t‘g renove ovver |ng

-47- followed by a fi M3 PEPRYFY ﬁrSr’a%Jra*i’tYe&éfh?‘%‘(/é‘“Fall@e?mfﬁ)ur
poi nt for the product regpetn ine ar¢$¢ra4 PaORAR$ Irytidpsva |dignd f irednty be
necessary in order to iaphbestfericheveestie $rpeoski ng1oying solely it

is a notable feature r e_ex X1 ng
rteqw refjI [ E rel ativel ﬁiﬂ%ﬁﬁ %ié% +)|£%%§1§§{ms ra%:iél@teﬁ?@aﬁﬁ?};zswaxhng
step wi € no nore -o r TR henhareaket an
may be |ower. Either pzbatysienable higher déngke nmnsar wagl adiviers Coves ivad pERY
Ee used ?t dtpl stﬁm ]pt ae§§e+éd,at§9ha§my %Wééeéo% %é"éSﬂgafi%ae‘tBe efd wax may
reatment - Since the iR PERERACH", FECAAat, BRC HRAARoERE qﬂ%hpgrms. i e,
it may be 1519 rééyﬁww@clae‘éuyer#@npﬁé Wit Féspeeyetd thehis i s
feasible, for exanpl econvehtiorarbpdbcesy. WaAktitoudie coneaRsl onkadsveSs oper at ed

at a relatively | ow pLgsesr$ Llﬂ%eﬂéentaﬁf Lede ﬁﬁiﬂ}e&zéﬁ/}%@%&ng prpcesses .
utilize an internediate pore size zeollte suc b - the
nmost preferred dewaxi ﬁg FUAXRT; 45 Fe5edadthR RERdUCt VI and yield
decrease at the same time and generally, the final
15 dewaxing stage cannot be completely eliminated unless
products with a VI below about 135 are accepted.

The products from the process are high VI, low
pour point materials which are obtained in excellent
yield. Besides having excellent viscometric properties

20 they are also highly stable, both oxidatively and
thermally and to ultraviolet light. VI values in the
range of 140 to 155 are typically obtained with high
wax feeds, with values of 143 to 147 being readily

_ achievable with product yields of at least 50 weight

25 percent, usually at least 60 weight percent, on
wax feed, corresponding to wax conversion values of
almost 80 and 90 percent, respectively. Another
notable feature of the process is that the products
retain desirable viscosity values as a result of the

30 limited boiling range conversions which are inherent in
the process: conversely, higher yields are obtained at
constant product viscosity.

Examples 1 to 19 below illustrate the preparation
of the mesoporous crystalline materials used to prepare

35 the catalysts. In these examples, the sorption data
for water, cyclohexane, benzene and/or n-hexane, they



hi gy constrained intermedi 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. 25
Dewaxi ng 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 sanme way as described in U S 4,222,855, i.e. as zeolites having pore
openi ngs which result in the the possessi-on of 30 defi ned sorption
properties set out in the patent, nanely, (1) a ratio of sorption of

n-hexane to 0- Xyl engre GiipA 148k Adsbeptiorhaailaes odetgradned dhan about 3,

whi ch sorption is dggg%m ned at a [err] of 0.1 and at a tenperature of
50[err] for n-hexan

d'Bo[err] for 35 o-xyl ene _and_(2) by the
ability of selectively cka{ﬁighg‘gﬁﬁ?@}ﬁy?ﬁeﬁﬁ%ﬁgsfﬁm i %g?’éf erence to the
doubl y branched 2, 3cdlebidtiobustnitq"OVEPr ;aat 1@ASkek rjoumand other 43 .
at HDSphe/rg Br?ﬁsrret;tggeg, t%/ %ééga&'ts@a&yraﬁd QefioXk Uty q:foret plocx?ing t
n- hexane/ 3- et hyl - pentane/ 2, 3-di ne . rate
constants [err] det EPRERBAPATS4 %%ﬁ%g?gé@%ﬁ%g[%” Ire%e#ﬁﬁ?i n excess of
about 2. The 5 adsexipatss yapAr irpap: adsrptdary ghemhers | IHe | 1RGRFRSRI cance

as described in the jh {y8iqiti e, theradscxbphe, is walthitaWyhausi thé Character of
Adsorption” by J. H dgBogtyoPRdpkdidy ok tE¥T huthadiix CEdina ofr g8nd/4968) and
is the relative pressiare e?lnea S the ratio of tthe ar |%I 0
pressure oft%or bat e FIRELBASLESP D %%%upé’ %‘#S%r 1 Bat ‘e’eg? 1-Itﬁ‘etf:‘ré'rrpe,r ature of
sorption. The ratio wficihatict @tcbs@t@nt Fhe[Fegent] somRAtPReIPR KBRSt
order kinetics, in tfifodasfiniRiANBEenzdne aisotptimiicagaetiataitos: 7 itPa
k = [err] where ki S(éoh%og-%t €238t 8N fRkallf e :RENGAIns /180! §rams,
particularly greater than 17.5 g/100 g and more
15 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 1.6 kPa
(12 Torr) of water vapor, 40 Torr of n-hexane or
20 cyclohexane vapor, or 6.7 kPa (50 Torr) of benzene
vapor, at 25°C. The pressure is kept constant (within
about + 0.5 mm) by addition of adsorbate vapor
controlled by a manostat during the adsorption period.
As adsorbate is adsorbed by the new crystal, the
25 decrease in pressure causes the manostat to open a
valve which admits more adsorbate vapor to the chamber
to restore the above control pressures. Sorption is
complete when the pressure change is not sufficient to
activate the manostat.
30 Another way of doing this for benzene adsorption
data is on a suitable thermogravimetric analysis
system, such as a computer-controlled 990/951 duPont
TGA system. The adsorbent sample is dehydrated
(physically sorbed water removed) by heating at, for
35 example, 350°C or 500°C to constant weight in flowing
helium. If the sample is in as-synthesized form, e.g.
containing organic directing agents, it is calcined at



the tontact tinme and e is the fractional conversion of each conponent.
Zeolites conforimng to these sorption requirenents 20 I ncl ude the
natural ly occurring zeolite ferrierite as well as the known synthetic
zeolites ZSM 22, ZSM 23 and ZSM 35. These zeolites are at |least partly in
the acid or hydrogen formwhen they are used in the dewaxing process and a
nmet al hydrogenati on conponent, preferably 25 a noble netal such as
platinumis preferable used. Excellent™ Pesults have been obtained with a
Pt/ ZSM 23 dewaxing catalyst. The pre argtion and properties of zeoljtes
ZSM 22, ZSM 23 and ZSRESE dmeddks B@EI r’é%p?@é‘r"i"éng $ightglinstead of the

U. S. Patents Nos. 4, 810r8bivusIgMiesribad0TE B 2rafd02C tpatBent ZSWengrnand
4, 0|1'6i 245 é Z_S{V* 35), tea%&ﬁloéei%msi Sréftasheeddatlesori B{r!mrm;‘int;hals
zeolite and its prepagation. I V= QG CUr ral,
described in the |i teg’a ﬁernee, sgﬁ%&%{dg?{él%%%%?s‘&?ﬁ w%&e%k?ﬁ%éﬁ"?‘
MOLECULAR S| EVES, JohHa%V$tepa@nin Sdifs PrepeR ) prapegédonp o) shtajnsther19 and
625, to which referendesiredrhdazéms mpardéstrpydssmreof THe valeel ofethe - 49

- In any event, homvgaso%oqegen@.% Bat PEo GRNa| BY bildenkOl st 0l Oduct
are relatively lowand 1nthis, .re ptg{et t.he present g%ocess provi des a

si gnificant i rrproverreﬁf%vaerplf’ﬁeo%r eé?@ﬁ%ﬁ’b‘iﬂ 5588ty anor phous 5
catal ysts where a si gAhftherexagplese REXCEBLRSGS GriesbY cvpiighddunless

functi onal separati onochbesidd indiddwedur ocess enabl e hi gher single pass wax
conversions to be achieved, typically 70 t%@ compared to 50% for the

anor phous catal yst process so that unit throu &u 10 _ IS
significantly enhanced wi t?Pe SSpEERS (F2aPFe°E HFoReFRYRgmerium (GIMAY gh

conversions | evel s abaydrd@fidepeptentonvaprbparerlyy edntacttingt at A2 wtodd on
N,N,N- trimethyl-l-hexadecanaminium chloride solution

15 with a hydroxide~for-halide exchange resin, was
combined with 100 grams of an agqueous solution of
tetramethylammonium (TMA) silicate (10% silica) with
stirring. Twenty~five grams of HiSil, a precipitated
hydrated silica containing 6 wt.% free water and 4.5

20 wt.% bound water of hydration and having an ultimate
particle size of 0.02 um, was added. The resulting
mixture was placed in a polypropylene bottle, which was
placed in a steam box at 95°C overnight. The mixture
had a composition in terms of moles per mole Alzo

25 2.7 moles Nazo

392 moles Sio2
35.7 moles (CTnA)ZO
61.7 moles (TMA),O

6231 moles Hzo

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

The product was then calcined at 540°'C for 1 hour in
nitrogen, followed by 6 hours in air.
The calcined product proved to have a surface area

35 of 475 mzlg and the following equilibrium adsorpticn
capacities in grams/100 granms:

3!



the dewaxer is reduced, the product VI and yield decrease at the sane tine
and generally, the final 15 dewaxi ng stage cannot be conpletely
el i m nated unl ess products with a VI bel ow about 135 are accepted. The
products fromthe process are high VI, |ow pour point materials which are
obt ai ned in excellent yield. Besides having excellent visconetric
properties 20 they are also highly stable, both oxidatively and
thermally and to ultraviolet light. VI-sgal-ues in the range of 140 to 155
are typically obtained with high wax feeds, with values of 143 to 147 being
readi ly achi evable with produ#Oyields of at |é&ast 50 weight 25
percent, usually at |east 60 wtotesdd@ecent, aip.wax feed, corresponding to
wax conversion val ues of al noggﬁg,g?@d 90 perclgantz, respectively. Another
at

not abl e feature of the processS I'S the products retain desirable

viscosity values as a result SENEgRe 30 3%+%i ted boiling range
conversi ons @hi ch are i nhitempirodtct hef hdsessamplenneay Sitd \chabagberidgel ds

are obtained at consggng pLOWGkYiSRSLEY inEXARIGEE JeliP stRohS! OW
illustrate the preparati ystalléx%ater als used to

on of, the mesqporous ¢
prepare 35 t h&® ﬁ‘fh‘ﬁﬁ%@“s’rw ﬁﬁ@?eagxsanﬁ ds2- GPPELYr @8da for
wat er, cycl ohexane, Meakehinesnd@to?lf Hetafeand H®s2 * 1.®A.- are Equiljbrium

A]gsor pti ?)n val ues detrewaf@m EDédttrem micreseyd (98P rodlicbd eindRar bent ,
after calcingtion at .340[& : I
treatment, if necessg? Q l?%ﬂrgg;ﬁg\i/e%rr#%%%%g&b{%g{gl%ég%%H%r% gg%t S, IS

contacted with the dBEKRERPIIuLELCTHEN IHEETISHIAT IPREEATR IS DRI Srpchanber .

The increase in weighaloé d¢the9adsorbent is calcul ated as the adsorption
capacity of the sanple in ternms of grans/ Qfmerre 2
One hundred grams of cetyltrimethylammonium (CTMA)
15 hydroxide solution prepared as in Example 1 was
combined with 100 grams of an aqueous solution of
tetramethylammonium (TMA) hydroxide (25%) with
stirring. Twenty-five grams of HiSil, a precipitated
hydrated silica containing about 6 wt.% free water and
20 _ 4.5 wt.% bound water of hydration and having an
ultimate particle size of about 0.02 um was added. The
resulting mixture was placed in a static autoclave at
150°C overnight. The mixture had a composition in
terms of moles per mole A1203:
25 2.7 moles Nazo
' 291 moles SioO,
35.7 moles (CTMA)ZO
102  moles (TMA)ZO
6120 moles Hzo
30 .The resulting solid product was recovered by
filtration and dried in air at ambient temperatures.
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
35 of 993-m2/g and the following equilibrium adsorption
capacities in grams/100 grams:



10 ° granms adsorbent based on adsorbent weight after cal cination at
540[err]. The present conposition exhibits an equilibrium benzene
adsorption capacity at 6.7 kPa (50 Torr) and 25[err] of greater than 15
grans/ 100 grans, particularly greater than 17.5 g/100 g and nore 15
particularly greater than 20 g/ 100 g. A preferred way to do this is to
contact the desired pure adsorbate vapor in an adsorption chanber evacuated
to less than 1 mmat conditions of 1.6 ¥Pa (12 Torr) of water vapor, 40
.Torr of n-hexane or 20 cycl ohexane vapor or 6.7 kPa (50 Torr) of
benzene vapor, at 25[err]. Thédig%essure is kept’chbnstant (within about +
0.5 mm by addition of adsorbatylwhpraneontrol &2d2 by a nmanostat during the
adsorption period. As adsorbatggdessagdsorbed bysghe new crystal, the 25
decrease in pressure causes the manostat to opg € val ve which adnits nore
adsor bate vapor to the chanberP®¥®P&store the &Bove control pressures.
Sorption is c®npl ete when TheeXprass daffragriegerattenn ofuthecéalnined acti vate

the manostat. 30 product mégwehawéﬁzzdal 8¢ iddiudifng HerEgnetrong

adsorption data is on a I r S ch as
a conputer-controll ed” %9%;%% on%%é\gtn% 8 Z'p?ldxoérlbe %Iéltn?r?p al
dehydr at ed (physi cal | Y& i8S @k &2- ? Rrgyl ﬂe‘ht-r H'g°af‘" fHM 35

exanpl e, 350[err] or Gfdicatefl thatdhetprpduckercghtaimed fthei nitiwetliasge | f the

sanple is inggs-synt geﬁtgp{g\i e.g. containing organic directing agents

it is calcined at eld to st ant ght

the previously descri bed %58%5#1’ c’rf gg%[%’rr PF@%‘E#@F&E‘S ’2e‘f’1°é‘t§8§8$pt| on
i sot hernms are neasur edith 199fes¥qamhprthT @ rld480HEhZE9% tyat bewrsed ABEI um
gas streamw th a pureubfeddelarba of the gesamsid eanetrial Raspheasirdd @pokéi ONs

to obtain the desired,pgngene padidAling" G55 a@outNBsy Alade rata il
15 following severe steaming.

Another portion of the calcined product of this
example was contacted with 100% steam at 677°C (1250°F)
for two hours. The surface area of this material was
measured to be 718 mz/g, indicating that 72% was

20 retained after steaming at these conditions.
EXAMPLE 3

Water, cetyltrimethylammonium hydroxide solution
prepared as in Example 1, aluminum sulfate, HiSil and
an aqueous solution of tetrapropylammonium (TPA)

25 bromide (35%) were combined to produce a mixture
having a composition in terms of moles per mole Al,0,:
0.65 moles Na,0Q

2
65 moles SioO

2

8.8 moles (CTMA)ZO

30 1.22 moles (TPA) 20
1336 moles Hzo

The resulting mixture was placed in a
polypropylene bottle, which was kept in a steam box at
95°C for 192 hours. The sample was then cooled to room

35 ' 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



adsorption at 6.7 kPa (50 Torr) of benzene is taken froma plot of the
adsorption isotherm -In the exanpl es, percentages are by weight unless 10
ot herwi se indicated. EXAMPLE 1 One hundred grans of cetyltrinethyl anmoni um
(CTMA) hydroxi de solution, prepared by contacting a 29 w.% N, N, N-

trimet hyl - 1- hexadecanam ni um chl ori de solution 15 wth a

hydr oxi de-for-hal i de exchange resin, Wwa% conbined with 100 grans of an
aqueous sol ution of tetranethylammonium (TMA) silicate (10%silica) with
stirring. Twenty-fi veTrMk arysrofiddé Sink, 2 apaartesc ITMAt Aydrbiyids at vise dombiAed
containing 6 wt.%frggMileeladtheh B12fd in a pYiygh %‘iQQe &1k
hydrati on and having,an ultimte rticle 7€ of D..0Z [err], was added.
The resul ting m xt ur]ée’\g/\l'hsmp?aﬁ‘é%mp%"ﬁ Blgfproﬁyf’éﬂ’egtt‘dtt%,e GFRetas

pl aced in a steam boRisturgshadrg copepaliginn iphsermpxtafr @ojad pex cwiesiti on
in terns of %woles pengm:ln:g [err]: 25 : 2.7 noles [err]
392 noles J[err] 35. | es [darr_,,]mg%eg npl gs [err] 6231 noles [err]
30 The resul ting solfé product Was recovered by filtration and
dried in air at anbient tenperatdire. ™2 prPfact was then cal cined at
540[err] for 1 hour in nitrogems5fol mokesl bicT®Ahgars in air. The cal cined
product proved to have a surface, gzegoBés (rpa). 8f 475 n/g and the

follow ng egyilibrium adsorptiol. capacitles. grams/ 1 00 grans: - 52 -
[err] 8.3 Cycl oh%('e?ﬁemgies %2{3 Hexane 18.2
2927 moles HZO

_ The resulting solid product was recovered by
filtration and dried in air at ambient temperature.
The product was then calcined at 540°C for 1 hour in
15 nitrogen, followed by 6 hours in air.
The calcined product proved to have a surface area
of 108§ mz/g.and the following equilibrium adsorption
capacities in grams/100 grams:

HZO 11.5
20 Cyclohexane > 50

n-Hexane 39.8

Benzene 62

The X-ray diffraction pattern of the calcined

product of this example may be characterized as

25 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
ultra-large pore material.

E LE 4

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

35 silica) with stirring. Twenty-five grams of Hisil, a
precipitated hydrated silica containing about 6 wt.%
free water and about 4.5 wt.% bound water of hydratioh



Benzé&ne 21.5 5 The product of this exanple may be
characterized by X-ray diffraction as including a very strong relative
intensity line at 37.8 [err] 2.0 A d-spacing, and weak |lines at 21.6 [err]
1.0 and 19.2 [err] 1.0 A Transm ssion electron mcroscopy (TEM produced

| mages 10 of a hexagonal arrangenent of uniform pores and hexagonal
electron diffraction pattern with a d-vsd ve of 39 AL EXAVMPLE 2 One hundred
grans of cetyltrinmethylamoni um (CTMA) 15 hydr oxi de sol ution
prepared as in Exanpl@nd haxingombiulédraté pak®Acleagbzeofofaabontieanw® sol ution
of tetramet hyl amont U detht) iy iaiade 425 Bestitlingdfith8d yalRIGKL! ve
grans of HI Sil, a pregi |ttat ed *{,h%f,ir at ed Sfb%d'%a confgl ni ng about w.% free
wat er and 20 Vil 16, BT AN 3F ydPEL TOPORRT - hathsh Jixture
ultimate particle sizkadbfa goopesikign LBr{qrmgaLatiebes PRrenebe AL, 0ng ni xture
was placed insa static autoclave m.tzslﬁaiégr]uagmerni ght. The m xture had a

conposition in terms of noles pejf, EDI ﬁoi%r]s:io% 2.7
noles [err] 291 ‘moles [err]” 35 .7 noles err] 102 ‘moles [err]
6120 noles [err] 30 6.1 TH%l?%sdICFF‘ﬁbzéol i d product was

recovered by filtration and dried.2n metesit (IMB)gadt tenperature. The

product was then cal ci ned at SM@rr]mgpéslpg@ur in nitrogen, followed by 6

hours in air,s The cal ci ne roduct, .pr.oved. have,a surface area 35

10 § ; :

of 993 [err] and the foll %vt\’ngnﬁese‘%iﬁ Lb?lgﬁ# %55?%?5&‘6?15 8’5583??’?%3’15 n

grans/ 100 grams: - _filktration 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

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 4. TEM

25 indicated that the product contained the ultra-large
pore material.
EXAMPLE S
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
35 water and 200 grams of cetyltrimethylammonium hydroxide
solution prepared as in Example 1. Four hundred grams
of an aqueous solution of tetraethyl;mmonium silicate



[err] ) 7.1 Cycl ohexane 47.2 n- Hexane 36. 2
Benzene 49.5 5 The X-ray diffraction pattern of the
cal cined 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 TEMindicated that the product contained the ultra-large 10
pore material. A portion of the above ps®duct was then contacted with 100%
steam at 788[err] (1450[err]) for two hours. The surface area of the
steaned material was (xeassikitalowie vhéd hdded to HerMasisubdndahirbotd 45%
was retained 15 s kol ' 1e\g 1Q- [ f. the .
wnibR ANREcSP R § 55 BATAG1 AA0bUG P ANl Rfbglat 1° |

cal ci ned product of this exarrgtl €. Was, _con Wit 0% st eam a

(1250[err]) for two RofiF%2® RFE 8hrIHEe CUPEALDI® t hfBenbtEFs ALxHEEe hassdr ed
to be 718 [err]/g, | sompesitipnt hattam afsngies per motetAli0qd after

steam ng at ®hese conditions. EXﬂ\E’LlﬁoSey\atpzrq cetyltrinmethyl amoni um

hydr oxi de sol ution prepared as i B Q(qﬂlmle 1 urgi num sul fate, Hi Sil and an
aqueous sol ution of tetrapropyl anoni um ( TP 2 brom de (35% were
conbi ned to produce a mxture h&¥thg™@le8ng&Qtion in terms of noles per
nmole [err]; 0.65 noles [The Jre8Eltingisbedd fryductBwls radcvereflicky] 30

1.22 moles [err] 133§)1tratfirfandl&Fics TheaiLSH Lhidgeft Xé%{g r r#).l aced in

a pol ypropyll%ne bottgl,ﬁF vvhlcgh was k§{)t N, a, stdeartr:] gox.at err or 192

hours. The sanpl e wad ThBFOEEH ¥3% GG GEIed at 34 s famatupaus nin

conbi ned wi th CTMA hydtsegers Fokdevesh byr 6pkowns 40 rarExanple 1 and TMA

hydr oxi de (25% by wei ght ) Then daheingéd groduat i grafed3 tpahive I SubESce Ldeal t
of 707 mz/g and the following equilibrium adsorption
capadities in grams/100 grams:

15 H,0 33.2
Cyclohexane 19.7
n-Hexane 20.1
Benzene 23.3
The X-ray diffraction pattern of the calcined
20 product may be characterized as including a very strong

relative intensity line at 25.4 + 1.5 A d-spacing. TEM
indicated the product contained the present ultra-large
pore material. . )
EXAMPIE 6
25 A solution of 1.35 grams of NaAlo, (43.5% Al,0,,
30% Nazo) dissolved in 45.2 grams of water was mixed
with 17.3 grams of NaOH, 125.3 grams of colloidal
silica (40%, Ludox HS—-40) and 42.6 grams of 40% agqueous
solution of tetraethylammonium (TEA) hydroxide. After
30 stirring overnight, the mixture was heated for 7 days
in a steam box (95°C). Following filtration, 151 grams
of this solution was mixed with 31 grams of
cetyltrimethylammonium hydroxide solution prepared as
in Example 1 and stored in the steam box at 95°C for 13
35 days. The mixture had the following relative molar
composition:



- 54 - CTMA hydroxide and 2 parts TMA hydroxide. The conbined mi xture was
then placed in a polypropylene bottle and kept in a steambox at 95 C
overnight. The conbined m xture had a conposition in terns of noles per
nole 5 [err]: 0.65 noles [err] 65 noles [err] 15 nol es
[err] 1.22 noles [err] 10 35.6 noles [err] 2927

nol es H20 The resulting solid product was recovered by filtration and
dried in air at anbient tenperature. The product was then cal ci ned at
540[err] for 1 hour in 15 nitrogen, followed by 6 hours in air. The
cal cined product proved to have a-surface-area of 1085 [err]/g and the
follow ng equilibriumadsorption capacities in grans/ 100 grans: [err]

11.5 20 Cycl ohexane - 37 - > 50 n-Hexane 39.8
Benzene 62 The X-ray diffraction pattern of the cal cined
product of this exanple may be cHaRfcPetesedlaf,25 - including a very

strong relative intensity line an)38.ﬁolesr]ua%oo A d-spaci ng, and weak
lines at 22.2 + 1.0 and 19.4 [erqd 1.Q.fes TENQ ndicated the product

contained the ultra-large pore material, E BE 4 30 Two
hundred grans of cetyltrinethylaﬁhﬁﬁiﬂﬁ+?i§f&§ﬁﬁid?oxide sol ution prepared
as. in Exanpl e31 was conbi ned wi t .3 grakes of (A gPal al umi na (al pha-al uni na
nmonohydrate, 74% alum na) and 1§45 gr ane164 afcaqueous

The resulting solid preduct was recovered by
filtration and washed with water and ethanol. The
product was then calcined at 540°C for 1 hour in

10 '_ nitrogen, followed by 6 hours in air.

The calcined product compasition included 0.14
wt.% Na, 68.5 wt.% Sio2 and 5.1 wt.3 A1203, and proved
to have a benzene equilibrium adsorption capacity of
58.6 grams/100 grams.

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

20 E L.E 7

A mixture of 300 grams of cetyltrimethylammonium
(CTMA) hydroxide solution prepared as in Example 1 and
41'grams of colloidal silica (40%, Ludox HS-40) was
heated in a 600 cc autoclave at 150°C for 48 hours with

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

0.5 mole (CTMA)ZO
46.5 moles Hzo

The resulting solid product was recovered by

30 filtration, washed with water, then calcined at 540°C
for 1 hour in nitrogen, followed by 10 hours in air.
| The calcined product composition included less
than 0.01 wt.3% Na, about 98.7 wt.$% Sio2 and about 0.01
wt.% Al,0;, and proved to have a surface area of 896

35 mz/g. The calcined product had the following

equilibrium adsorption capacities in grams/100 grams:



sol ution of t et ramet hyl ammoni um (TMA) silicate (lot 35 silica) with

stirring. Twenty-five grans of H Sil, a precipitated hydrated silica
contai ning about 6 wt.%free water and about 4.5 wt.% bound wat er of
hydr ati on - 55 - and having an ultinmate particle size of about 0.02

m cron, was added. The resulting m xture was placed in a static autoclave
at 150[err] for 48 hours. The m xture had a conposition in terns of noles
per nmole [err]: 5 0.23 noles J[err] 33.2 nmoles  [err]
6.1 noles J[err] 5.2 noles J[err] 780 - noles H20 10 The
resulting solid product was recovered bysfiltration and dried in air at
anbi ent tenperature. The product was then cal cined at 540[err] for 1 hour
in nitrogen, followed by 6 hoyfgp in air. The cajcjned product proved to

have a surface area 15 A 1g43 err] and the follow ng equilibrium
adsor ption capacities in gransPfO0RF¥NE: [errf®:® 6.3

Cycl ohexane > 50 n- Hexanrdiexane 49243 20

Benzene 66. 7 The Berdzawnedi ffracti opspattern of the cal ci ned

i he-at 4078 err] 2.0 n diy oy uLEbt ! Bke il Behd| Aldathen” C00 'Y
20.1 [err] 1.0 A TEX®Zesuct of thig exaRRf MYt benehasasiaEizedmsai ned t he
ultra-large pore nateincludifgAdV/RieEySsiranchurdatilvei dtenglapsl infe aat £6.0Vas
combi ned with 77 grang Dfy Rh@sfhRiing amd G REY 1146 4 3452 o Gt apal pey
_ indicated that the product of this example contained at
10 least three separate phases, one of which was the
ultra-large pore material.
EXAMPLE 8 _
A mixture of 150 grams of cetyltrimethylammonium
(CTMA) hydroxide solution prepared as in Example 1 and
15 21 grams of colloidal silica (40%, Ludox HS-40) with an
initial pH of 12.64 was heated in a 300 cc autoclave at
150°C for 48 hours with stirring at 200 rﬁm. The
mixture had a composition in terms of moles per mole
sioz:
20 0.5 mole (CTMA)ZO
46.5 moles Hzo
The resulting solid product was recovered by
filtration, washed with water, then calcined at 540°C.
for 6 hours in air.
25 ' The calcined product composition was measured to
include 0.01 wt.% Na, 93.2 wt.% Sio2 and 0.016 wt.%
Alzo3, and proved to have a surface area of 992 mz/g
and the following equilibrium adsorption capacities in

grams/100 grams:

30 H,0 4.6
Cyclochexane > 50
n-Hexane > 50 °
Benzene 62.7
The X-ray diffraction pattern of the calcined
35 product may.be characterized as including a very strong

relative intensity line at 43.6 * 2.0 A d-spacing ang
weak lines at 25.1 + 1.5 and 21.7 £ 1.0 A. TEM



30 alumna (74% alum na), and 24 grans of pyrrolidine (Pyr) with
stirring. This first mixture was placed in a stirred autoclave and heat ed
to-150[err] for six days. The material was filtered, washed and air-dried.
Fifty granms of this product was slurried with 200 grans of 35 wat er
and 200 granms of cetyltrinethyl amoni um hydroxi de sol ution prepared as in
Exanpl e 1. Four hundred grans of an aqueous sol ution of tetraethylamoni um
silicate -56- (10%.silica) was then added to forma second m xture which
was placed in a polypropylene bottle ‘and kept in a steam box at 95[err]
overnight. The first mixture had a conpo®ition in terns of noles per nole

Al 0235 1.0 noles [err] 0.51 noles [err] 47.2
moles [err] The r estirdicagedothar Fhederadusss ceptdingd dhpyuittarlazigen and
dried in air at anbi ptite magpeis.ure. 10 The product was then
calcined at 540[err] for 1 hour in nitro | Lowed by 6 hours in air.

The cal cined product proved.to have a surrace area of 707 n2/g and the

f ol | owi ng eqU| li bri um adSGPHER GHUBIPAES t (4ed58h YRuAdIdedosyPwhi intg a
[err] _ seBitiolycontiedndng 169 of h9r¥styMecdamthylammonium20. 1
Benzene 2 3pRofidR gcranm@ﬂfmcltdoqnoﬁa&&@éfl Ofretbémé?élﬁ' ned 20
product may be chara r|ze 51 1da% #%b&ﬁq' ré fthgg Z t|ve i ntensity
line at 25.4 [err] 1] paci ng. ndi-cateal 8}0 ted) &t ai ned the
present ultra-large ERﬁ%?ﬁ?ﬁFé%?qﬂOn1E9@9xﬂﬂex6de (14.29-25% s°1ut1°n) were
then added to the mixture. The mixture was
10 crystallized in an autaclave at 120°C with stirring for
24 hours.
The product was filtered, washed and air dried.
Elemental analysis showed the product contained 53.3
wtg SiO2 3.2 wt% A1203, 15.0 wt% C, 1.88 wt% N, 0.11
15 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 A
d-spacing and weak lines at 20.4 + 1.0 and 17.7 + 1.0 A
20 d-spacing. TEM indicated that the product contained
the ultra-large pore material.
The washed product, having been exchanged with 1N
ammonium nitrate solution at room temperature, then

calcined, proved to have a surface area of 827 mz/g and

25 the following equilibrium adsorptlon capacities in
g/100g anhydrous sorbent:
HZO 30.8
Cyclchexane 33.0
n-Hexane 27.9
30 Benzene 40.7
EXAMPT.E 10 -

Sodium aluminate (8.3g) was added slowly into a
solution containing 184g of dodecyltrimethylammonium
hydroxide (CIZTMAOH, 503) solution diluted with 480g of

35 water. Ultrasil (50g) and an aqueous solution of
tetramethylammonium silicate (200g9-10% sioz)'and"
tetramethylammonium hydroxide (26.38g-25% solution)



25 7 A solution of 1.35 granms of [err] (43.5%([err] 30% [err])"
diissolved in 45.2 granms of water was mxed with 17.3 grans of NaCH, 125.3
grans of colloidal silica (40% Ludox HS-40) and 42.6 grans of 40% agueous
sol ution of tetraethyl anmoni um (TEA) hydroxi de. After 30 stirring
overnight, the mxture was heated for 7 days in a steambox (95[err]).
Follow ng filtration, 151 grans of this solution was m xed with 31 grans of
cetyl trinmethyl amoni um hydroxi de sol ution prepared as in Exanple 1 and

stored in the steam box at 95[err] for 13 35 days. The m xture had
the followi ng relative nolar conpositioR, . - 57 - 0.25 noles [err] 10
noles J[err] 36 nmoles [err] 0.95 noles [err] 5 ° 2.5

noles [err] 445 MR2RS £nbT ddaelheor @i ilikBEre | ithedn@deste WAS I ecover ed

by filtration and washed with t.er _and._.et | .. The. .product was .t he

cal cined at 540[err] .cf'xafrsejg.ﬁ%bﬁ%@ilﬁ' Tg aut°°r1%@%i tr:oi(;bgonl,%r Vﬁﬁoﬁ@ﬁrwgg%urs
in air. The cal ci ned % &®¥&8- conposition included 0.14 w.% Na, 68.5 wt.%
[err] and 5.1 wt.% [err], rhadpsducedwas tidteradperysied efdidibdarieyg.
adsorption capacity ANE/1 580,91 ; T -
diffraction gﬁt tern gént%%e@gg%m né%gp?gd%gcrréérble r%:%gr égt%? ithgd)éaégwrs
including a very strotfy ar’él'-a’f’i‘?/ex'lrﬁﬁ’eﬂ%‘ﬁﬁ?clti"ﬁé BRttprny ingludes @ ¥BBY ng.
TEM i ndi cated t hat thetymgduelattiont ahhemsittye lpnesatnt3ult tarlsrige pore

material . 20 _ d-spacing and weak lines B¥AMPLE & 1Aonhxd W= 305 309
grams of cetyltri ”EthX‘éﬂgﬁ%Q&kﬁn TEM indicated that the product contained
10 the ultra-large pore material.

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

15 sorbent:
H,0 32.6
Cyclohexane 38.1
n—-Hexane 33.3
Benzene 42.9
20 EXAMPLE 11

A solutidn of 4.9 grams of NaAlo, (43.5 % Al,0,,
30% Naoz) in 37.5 grams of water was mixed with 46.32 cc
of 40% aqueous tetraethylammonium hydroxide solution
and 96 grams of colloidal silica (40%, Ludox HS-40).

25 The gel was stirred vigorously for 0.5 hour, mixed with
an equal volume (150 ml) of cetyltrimethylammonium
hydroxide solution prepared as in Example 1 and reacted
at 100°C for 168 hours. The mixture had the following
composition in terms of moles per mole Al,0,:

30 ’ 1.1 moles Nazo

30.6 moles Sioz
3.0 moles (TEA)20 -
3.25 moles (CTMA)ZO
609 moles H2°

35 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



(CTXA). hydr oxi de sol ution prepared as in Exanple 1 and 41 grans of
colloidal silica (40% Ludox HS-40) was heated in a 600 cc autocl ave at

150[ err] for 48 hours with 25 stirring at 200 rpm The m xture has
a conposition in terns of noles per nole [err] 0.5 nole [err] 46.5 noles
[err] The resulting solid product was recovered by 30 filtration,

washed with water, then calcined at 540[err] for 1 hour in- nitrogen,

foll owed by 10 hours in air. The cal ci ned product conposition included |ess
than 0.01 wt.% Na, about 98.7 wt.% [err] and-about 0.01 wt.%[err], and
proved to have a surface area of 896 351 - [err]. The cal cined product
had the foll ow ng equilibriumadsorption capaC| ties in grans/ 100 grans:

- 58 - [err] have a sudfdcEystaNexanss: n?/g 4AdSthe Me1a6®ing

42. 3 Benzene fﬁru.um ads??tlon EQ’ Qélegylg <%zfaré‘@sztlblgn .ern of |

t he cal ci ned product egrt S exa har acterl I'ng a
very strong rel ative |ntenS|t9‘2P| ne at 40 0 + 2. 33A8d- spaci ng and a weak
line at 21.2 + 1.0 AL TEM i ndiyeadrekanzat t he prdduct of this exanple
cont ai ned at 510 | east thgggaseparate phasqs, one of which was the
ultra-large pore material. EXAVPLE 8 A m xture of 150 grans of

cetyl trimet hyl anmoni um (CTMY) BR8PBXi de sol uti on r8pared as in Exanple 1
and 15 21 grams of Twel|¥-sedafitinaction ALtarndes He salcined an
initial pH of 12.64 yasaheetes; be ehafitrecised ond dneladinb @ eery ftrondS

hours with stirring gt,;200. L Aieenlify MoHeUne $8% 3 GOBPLU AR IKG &1 % Of
moles per nDle weak line at 20.3 # 1.0 -A. TEM indicated that the
product contained the ultra-large pore material.
EXAMPYIE 12
Two hundred grams of cetyltrimethylammonium (CTMA)
hydroxide solution prepared as in Example 1 was
15 combined with 4.15 grams of sodium aluminate and 100
grams of aqueous tetramethylammonium (TMA) silicate
solution (10% silica) with stirring. Twenty-five grams
of Hisil, a precipitated hydrated silica containing
about 6 wt.% free water and about 4.5 wt.% bound water
20 of hydration and having an ultimate particle size of
about 0.02 micron, was added. The resulting mixture
was placed in a static autoclave at 150°C for 24 hours.
The mixture had a composition in terms of moles per
mole A1203:
25 1.25 moles Nazo
' 27.8 moles sio2
5.1 moles (CTMA)ZO
4.40 moles (TMA)ZO
650 moles Hzo
30 The resulting solid product was recovered by
filtration and dried in air at ambient temperature.
The product was then calcined at 540°C for 1 hour in
nitrogen, followed by 6 hours in air. TEM indicated
that this product contained the ultra-large pore
35 *  material. The X-ray diffraction pattern of
the calcined product of this example can be
characterized as including a very strong relative



[err]‘ 20 0.5 nole [err]. 46.5 noles H 20 The resulting
solid product was recovered by filtration, washed with water, then calcined
at 540 [err] for 6 hours in air. 25 The cal ci ned product
conposi tion was measured to include 0.01 wt.%Na, 93.2 wt.%/[err] and 0.016
Wt . % A1203, and proved to have a surface area of 992 [err] and the

follow ng equilibriumadsorption capacities in grans/ 100 grans: 30

H20 4.6 Cycl ohexane ~ > 50 n-Hexane > 50
Benzene . 62.7 The X-ray diffrgction pattern of the calcined 35
product may be characterized as |nclud|ng a very strong relatlve intensity
line at 43.6 2.0 A d:spaci. ngﬁ Z;n_'_esz at s 2(2 acm mSIlea 71 1.0 A
TEM - 59 - indicat® roduc corftai fed ihe uPt?a "5 e EJB?%

mat erial . EXAMPLE 9 S%%il%ﬁmzaitukn%ét"é 2%.95y)L-Rad- added slowy into a 5

sol ution containing 169 ofrhayeabditedr pradiud @maduﬂ:b vavei aiesn(ﬁh@él\/&Béa

100g of water.. Tetr t 2 S ( e ki,
(25g9) and tet#namat hyﬁggmogyr?: um i/réro;%lﬂ’(hj fiiﬁﬁjla: ; %@%n?égv\?ergl E

added to the T xture. SAPRFIRARE uF 2 IRFBSAHOC crystal lized in an
autoclave at 120[err] with sti#g@ng for 24 hour82.3he product was filtered,
washed and air dried. El ement aty@lra{e)eshs showed4khe product contained 53.3
w%l[err], 3.2 % [err], 15. O Wi H-Ge 1-88 W% DB, 0.11

Benzene 50
w0 EXAMPLE 13
Two hundred grams of cetyltrimethylammonium (CTMA)
hydroxide solution prepared as in Example 1 was
combined with 4.15 grams of sodium aluminate and 100
grams of agqueous tetramethylammonium (TMA) silicate
15 solution (10% silica) with stirring. Twenty-five grams
of Hisil, a precipitated hydrated silica containing
about 6 wt.% free water and about 4.5 wt.% bound water
of hydration and having an ultimate particle size of
about 0.02 pm, was added. The resulting mixture was
20 placed in a steam box at 100°C for 48 hours. The
mixture had a composition in terms of moles per moie A1293=
1.25 moles Nazo
27.8 moles Sio2
5.1 moles (CTMA)ZO
25 4.4 moles (TMA)zo
650 moles Hzo
The resulting solid product was recovered by
filtration and dried in air at ambient temperature.
The product was then calcined at 540°C for 1 hour in
30 - nitrogen, followed by 6 hours in air. The calcined
product proved to have the following equilibrium
adsorption capacities in grams/100 granms:

Hzo 35.2
Cyclohexane > 50
35 n-Hexane 40.8

Benzene . 53.5



15 wt % Na and 53.5 wt % ash at 1000[err]. The X-ray diffraction
pattern of the material after calcination at 540[err] for 1 hour in [err]
and 6 hours in air includes a very strong relative intensity line at 35.3 +
2.0 A d-spacing and weak lines at 20.4 1.0 and 17.7 + 1.0 A 20

d-spacing. TEMindicated that the product contained the ultra-|arge pore
mat eri al. The washed product, having been exchanged with 1N ammoni um
nitrate solution at roomtenperature, then cal cined, proved to have a

surface area of 827 [err]and 25 - dg3he follow ng equilibrium
adsorption capacities in g/100g anhydrous sorbent: [err]
30. 8 Cycl ohexane The %ﬁymtﬁﬂiﬁl&e:.on pattern 3f. &é@alexned product

Benzene . Ly g as added
slowy into a soluti gx{r;l) 1Zont al ni ng %éggg #gnd'%gecy | et FF? gtrﬁ%ﬁ um

hydr oxi de ([err] SO%r%’tﬂt&f'Fohn"cﬁ"is&FKleq }t488gt ot BY A d-spagizgeand
UtraSil (50g) and arnwesjuddnes sat (22i.n+of.d endanet sy anoohi uroem | i cat e

(200g-10% [ers]) and iﬁfca%eahﬁ/ﬁmmgug_&mozsw&i&@ 3Ra- @Mﬂa&%gggon)

- 60 - were then adde L Lo %@e mxture he m xture was crystallized™in an
autocl ave at 100[err] Tl Fl%?lng for 24 hours. The product was filtered,
washed and air dried. 5 After cal H¥LEQLEt 540[err] for 1 hour in
[err] and 6 hours in air, a héxtareawfdiss raeimsonsp2ds emNAl 8gldrdee a very

strong relative inten i 0. ng nes at
(5pie gyl fod kel £095, 19 QS

17.7 [err] l%é) and 1 err% acin
product contal ned 10 3luminat hé"’hlsto 8“? goré NS 9F Ultrasii,
amorphous precipitated szllca available from PQ

Corporation, and 21 grams NaOH (in 50 grams H,0) was
stirred thoroughly and crystallized at 150°C for 168
hours. The reaction mixture had the following relative
15 molar composition in terms of moles per mole silica:
0.10 moles (CTMA)20
21.89 moles HZO
0.036 moles NaAlO2
0.53 moles NaoOH
20 , The solid product was isolated by filtration,
washed with water, dried for 16 hours at room
temperature and calcined at 540°C for 10 hours in air.
The calcined product proved to have a surface area of
840 mz/g, and the following equilibrium adsorption

25 - capacities in grams/100 grams:
H,0 15.2
Cyclahexane 42.0
n-Hexane 26.5
Benzene 62
30 The X-ray diffraction pattern of the calcined

product may be characterized as including a very strong
relative intensity line at 40.5 +'2.0 A d-spacing. TEM
indicated that the product contalned the ultra-large
pore material.



The washed- product, having been exchanged with 1IN amonium nitrate sol ution
at roomtenperature, then calcined, proved to have a surface area of 1078
m?/ g and the follow ng equilibrium adsorption capacities in g/100[err] 15
sorbent: [err] 32. 6 Cycl ohexane 38. 1 n- Hexane

33. 3 Benzene 42.9 20 EXAMPLE 11 A
solution of 4.9 grans of [err] (43.5 %[err] 30%[err]) in 37.5 grans of
wat er was m xed with 46.3 cc of 40% aqueous tetraethyl amoni um hydroxi de
solution and 96 grans of colloidal silica £40% Ludox HS-40). 25 The
gel was stirred vigorously for 0.5 hour, mxed with an equal vol une (150

m ) of cetyltrinethyl ammoni um hydroxi de FSREBXEBALIrepared as in Exanple 1
and reacted at 100[err] fos wfie I&hur@:m'ﬁh-e mmqﬁwt& migttie forl knis ng

conposition in terns ors HR gg,rarg._],A dded t 92 1.1
noles [err] 30.6 rmesg?éa 95 & a2§ rm?aql%err 609

moles [err] 35 S°1ut1°“‘|‘?fe5r° sBP cﬁété) &9 r Py
filtration, Vlashed wiisopwapel aleohotadnd id& u%tSﬂG{U@hr Fhartheomhders in

air. The calcined pr 43k afcs/&drem/n 0 &hs- 188 e Mhestbi@@aabeas of 1352
[err]/g and the foll Cﬁ/\llo?% eqbujligl%él %y q,rep%grh@g%(al ‘Ljé%s%hr}ngrags/ 100

granms: [err] 2/£ 2/f
n- Hexane mq@; gakreas 6. To the prfﬂaqy template mixture was
added 4.15 grams of sodium aluminate, 25 grams of
10 Hisil, 100 grams of aqueous tetramethylammonium

silicate solution (10% Si0,) and 13.2 grams of 25%
aqueous tetramethylammonium hydroxide solution. The
mole ratic of Rz/fO/(sioz+A1203) was 0.28 for the
mixture.

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

20 0.05 mole Nazo

0.036 mole A1203
0.18 nmole (clzTMA)2°-
0.12 mole (TMA)ZO
36.0 moles Hzo
25 1.0 mele IPA
The resulﬁing solid product was recovered by
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

30 air.

The calcined product proved to have a surface area
"of 1223 m2/g and the following equilibrium adsorption
capacities in grams/100 grams:

Hzo 25.5
35 Cyclohexane 41.1
n-Hexane 35.1

Benzene 51



The X-ray diffraction pattern of the cal cined product nmay be characterized
as including a very strong relative intensity line at 38.5 [err] 2.0 A
d-'spacing and a 10 weak line at 20.3 1.0 A TEMindicated that the
product contained the ultra-large pore material. EXAMPLE 12 Two hundred
grans of cetyltrinmethylamoni um (CTMA) hydroxi de solution prepared as in
Exanple 1 was 15 conbined with 4.15 grans of sodium alum nate and
100 grans of aqueous tetranethyl anmonium (TMA) silicate solution (10%
silica) with stirring. Twenty-five gramséof H Sil, a precipitated hydrated
silica containing about 6 wt.%free water and about 4.5 wt. % bound water 20
of hydration and havi ng amhal X+rayt dipfrddtclon pakeemyi ofbthe €rl@dngdcron, was

added. The resul ting gﬁu&%&pwhas@mammaﬁlg@.uaeﬁ&aa/e,@y 465405 1]
X

for 24 hours. The m conposition.igat f I
[err]: 25 V8% W?r& St gﬂg‘%}‘lmgs QGBAl
mol es [err] 4.40 noleeak lénes ®537.9 m&an[ieﬁjsgol -0 A The

resul ting solgd produgidivates cEone peddbyt fid coataim tmaduaitra-el!.a'nqeabbrat
anbi ent terrperature.d‘;[%teezg_%%duct was then cal cined at 540[err] for 1 hour
in nitrogen, followe ours in air. TEMindicated that this product
contained the ultra-large pore 35 EXSLELLS  The X-ray diffraction

pattern of the cal ci ned pmo#&acts aframhguariitivpiod desywrispthnbammoniuy as
including a very stropgyfddiabl Vﬁre ared0By ddiiteREihy 4 idae ad w2 + 2.0 A
d- spaci ng angomeak Ilgg ué%énzgf dééyl%Llﬁeéhfﬂyimgglgﬁ[3¥Uﬁhdé &hé% a
hydroxide-for-~halide exchange resin) was combined with
8.75 grams of tetraethylorthosilicate. The mixture was
stirred for about 1 hour and then transferred to a
polypropylene jar which was then placed in a steambox
s for about 24 hours. The mixture had a composition in
' terms of moles per mole Sioz:
0.81 mole (ClOTMA) 20
47.6 moles Hzo
The resulting solid product was filtered and
20 washed several times with warm (60-70°C) distilled
water and with acetone. The final product was calcined
to 538°C in Nz/air mixture and then held in air for
abaout 8 hours. The calcined product proved to have a
surface area of 915 mz/g and an equilibrium benzene
25 adsorption capacity of 35 grams/100 grams. Argon
physisorption data indicated an argon dptake of 0.34
cc/gram, and a pore size of 1.5nmm (15 4).
The X-ray diffraction pattern of the calcined
product of this example may be characterized as
30 including a very strong relative intensity line at 27.5
+ 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.



The cal ci ned product proved to have a surface area of 932 [err] and the

foll ow ng equilibriumadsorption 5 capacities in grans/ 100 grans:
[err] 39. 3 Cycl ohexane 46. 6 n- Hexane 37.5
Benzene 50 10 EXAMPLE 13 Two

hundred grans of cetyltrinmethyl amoni um (CTMA) hydroxi de sol ution prepared
as in Exanple 1 was conbined with 4.15 grans of sodi um alum nate and 100
grans of aqueous tetranethyl ammonium (TMA) silicate 15 solution (10%
silica) with stirring. Twenty-five granssoef H Sil, a precipitated hydrated -
silica containing about 6 wt.%free water and about 4.5 wt.% bound water of

hydrati on and having an ultimte particle fr7about 0.02 [err], was
added. The resulting m'xtu{. )| %g '

0 L n.a steam box at
100[err] for 48 hours, The?erﬁ\ég?ﬁfegﬂagé gfc(gr%&f"%ngﬁh\”ﬁmf@f’ﬁﬁmof nol es per
nol e [err] 1.25 nol es BYREP¥ider fCEMAQH)| golubiny prspireduisedn Fxrmglers
4.4 moles [err] 65.0@as addess 1.p8rgdamShefrimAla,i.ngTe iktREatud Was

recovered by &iltrati gianch it @doh tedpbratudThin®dl LEIMARILUr §ag THE
product was then cal ci;ned fl‘;ed?m&,err 2 nlﬁrogen,
: he

a %1 orll hour in %‘g"é’d
fol l owed by 6 hours i A EF? RartEn8a prtt ¢aspr 40o9FaM® tthe
fol | owi ng equi | i bri umkadseRpitesrarevdrnperiym (FMANssIDiCageasslutien (10

35. 2 Cycl ohexane wt.?-éib235 10 grams of HiSil, Boblege¥M® of water and
Benzene 98- Grams of 1,3,5-trimethylbenzene (mesitylene). The
10 resulting mixture was stirred at room temperature for

several minutes. The gel was then loaded into a 600 cc
autoclave and heated at 105°C for sixty-eight hours
with stirring at 150 rpm. The mixture had a
composition in terms of moles per mole A1203:
15 1.25 moles Nazo .
27.8 moles 5102
5.1 moles (CTMA)ZO
2.24 moles (TMA)ZO
2256 moles Hzo
20 _ 80.53 moles 1,3,5-trimethylbenzene
The resulting product was filtered and washed
several times with warm (60-70°C) distilled water and
with acetone. The final product was calcined to 538°C
in Nz/air mixture and then held in air for 10 hours.
25 The calcined product 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 about 102 A
30 d-spacing, but accurate positions of lines in the
. extreme low angle region of the X-ray diffraction
pattern are very difficult to detérmine with
conventional X-ray diffractometers. - Furthermore, finer
collimating slits were required to resolve a peak at
35 this low 2-theta 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



- 63 ° The X-ray diffraction pattern of the cal cined product may be
characterized as including a very strong relative intensity line at 39.1
[err] 2.0 A d-spacing and weak lines at 22.4 [err] 1.0 and 19.4 [err] 1.0

A. TEM 5 i ndicated that this product contained the ultra-Ilarge pore
material. EXAMPLE 14 A m xture of 125 grams of 29% CTMA chl ori de aqueous

sol ution, 200 grans of water, 3 grans of sodium 10 alum nate (in 50
grans H20), 65 grams of U trasil, anorphous precipitated silica available

from PQ Corporation, and 21 granms NaOH-(a7n-50 grans [err]) was stirred
thoroughly and crystallized at 150[err] for 168 hours. The reaction mxture
had the fol |l owi ng rel XPgecyf this exapple coptpinad saverrt Maverdtlspl es
per nole silica: 0.10witbl ésfedrent]dyl 88lues|®s ofserkkd i Hhetel es [err]
0.53 noles NaOH 20 ejectron difeFheei bdeREANRICt MRS SAlA8T s

: : b?ere '
filtration, washed w 1 ours at roomtenperature and

t ter, d d 6. h
cal ci ned at 540[ err] fgép\ﬁ\gog%cﬁffélegﬂ %ﬂlcc)xro VhEeR Hehusel pPIfud® Broved to

have a surfac® area ofi-smacing gpd apept H20f 8| dvsBargngqui | i bri um adsor ption

25 capacities in granms/ 100 grans: ERAWPIE 18 15.2

Cycl ohexane 42,0 npllex . e . 62 30
The X-ray diffraction _pat '??ar n %@é?”n SR &fn?a?j r% l?%?ﬁﬁg?m%oéu@ﬁar acterized
as including a very st¥GRE*IS dCTVRCH SOALELn | PrRPAFRd RS Sin  Exguple 1

d-spaci ng. TEM i ndi catwes added t1h6Spyrahs efc¥adld ned Theemisture wasge pore
mat eri al . 10 stirred at room temperature until the NaAlo, was

dissolved. To this solution was added 40 grams of
aqueous tetramethylammonium (TMA) silicate solution (10
wt.% sioz), 10 grams of HiSil, 200 grams of water and
120 grams of 1,3,5-trimethylbenzene (mesitylene). The

15 resulting mixture was stirred at room temperature for
several minutes. The gel was then loaded into a 600 cc
autoclave and heated at 105°C for ninety hours with
stirring at 150 rpm. The mixture had a composition in

. terms of moles per mole Alzo3: ‘
20 : 1.25 moles Nazo
27.8 moles Sio2
5.1 moles (CTMA)ZO
2.24 moles (TMA)20
2256 moles H,0
25 132.7 moles 1,3,5~trimethylbenzene
The resulting product was filtered and washed

several times with warm (60-70°C) distilled water and
with acetone. The final product was calcinéd to 538°C
in Nz/air mixture and then held in air for about 10

30 hours. The calcined product proved to have a surface
area of 915 mz/g and an equilbrium benzene adsorption
capacity of >25'qrams/100 gramns. -Argon physisorption
data indicated an argon uptake of 0.95 cc/gram, and a
pore size centered on 78 A (Dollimore~Heal Method, see .

35 Example 22(b)), but running from 70 to greater than 105
Angstoms. The X-ray diffraction pattern of the '
calcined product of this example may be characterized



- 64 - EXAMPLE 15 To nake the primary tenplate m xture for this exanple,
240 grans of water was added to a 92 gram sol ution of 50%

dodecyl t ri net hyl ammoni um hydr oxi de, 36% 5 i sopropyl al cohol and 14%
wat er such that the nole ratio of Solvent/R 0 was 155. The nole ratio of
2/f [err] inthis mxture was 149 and the IPA/ARerr] nole ratio was 6. To
the primary tenplate m xture was added 4.15 grans of sodi um al um nate, 25
grans of 10 H Sil, 100 grams of %%ueous t et ramet hyl ammoni um silicate
solution (10%[err]) and 13.2 grans of 25% aqueous tetranet hyl anmoni um
hydr oxi de solution. The nole ratio o!;h(#err] was 0.28 for the mxture. 15
This mixture was stirP8daWingspPRiY |entgnced rrnattered intansitynin kha yesywas
then placed in an aut devaarglat régiddreraf] thedi-stayr AéffeactliCn, r phefor 24

hours. The m xture iniht&naA0etay celtr@rhhonfttedoVhatudrit! JLENE KBRS
conposition in terns gf 0. 05

l.es. per |l e rrl.; c o ae
nole [err] 0_.036 nol es?%%lﬁ °B.ET§Y%'I eHL[?'%‘flrﬁ' %%i‘zlm%'f%efeﬁﬁt C{oim0) nol es
[err] 25 3 product cenpaingfsevergl mpferiats | tithgddsrenentr ddygt
was recovered by filtwraltes aswablerived tih tidir ededtdonr etl fiffraatioit anbi ent

tenperature. .The prodygirdas t NeResdinaitaedafd Wil ebidg 't pbsBOW 4 N
nitrogen, followed by_6_ hours in 30b 8 ‘gl#_. The cal c ngd grodu%[%proved
to have a surface areX2bies PEEVEEP P W q®Ph (ﬁpIaSVM‘?lgaré]& PRBr 1

adsor ption capacitiesdrgpagings/ 100 grans: [err] 25.5
10 EXAMPLE 19

To eighty grams of cetyltrimethylammonium
hydroxide (CTMAOH) solution prepared as in Example 1
. was added 1.65 grams of NaAlO,. The nixture was
stirred at room temperature until the NaAlo2 was
is5 dissolved. To this solution was added 40 grams of
aqueocus tetramethylammonium (TMA) silicate solution (10
wt.% Sioz), 10 grams of HiSil, and 18 grams of
1,3,5~trimethylbenzene (mesitylene). The resulting
mixture was stirred at room temperature for several
20 minutes. The gel was then loaded into a 300 cc
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
25 - 27.8 moles Sio2
5.1 moles (CTMA)ZO
2.24 moles (TMA)ZO
650 ‘ moles HZO
19.9 moles 1,3,5-trimethylbenzene
30 The resulting product was filtered and washed
' several times with warm (60-70°C) distilled water and
with acetone. The final product was calcined to 538°C
in Nz/air mixture and then held in air for about 8
hours. .
35 The calcined product proved-to have a surface area '
of 975 mz/q and an equilbrium benzene adsorption
capacity of >40 grams/l00 grams. Argon physisorption



-

35 Cycl ohexane 41. 1 n- Hexane 35.1
Benzene 51 - 65 - The X-ray diffraction pattern of the

cal cined product may be characterized as including a very strong relative
intensity line at 30.8 [err] 1.5 A d-spacing and weak lines at 17.9 [err]
1.0 and 15.5 [err] 1.0 AL TEM 5 I ndicated this product to contain
the ultra-large pore material. EXAMPLE 16 A 50.75 gram quantity of

decyl tri net hyl ammoni um hydr oxi de (prepared by contacting a ca. 29 w. % 10
solution of decyltrinethyl anmoni um brom de with a hydroxi de-for-halide
exchange resin) was conbined with 8.75 %rans of tetraethylorthosilicate.
The mixture was stirred for about 1 hoUrP’?and then transferred to a

4 hour s, The' m xt oS R AEaacef MGk uBhad BE B Rt apam, i o orr )

24 hours. The m xture
0.81 nmole [err] 47.@°K8|#q eufrf3141e<0r°é§a¥?¥we§é| Methpdduedtheshd i | t er ed
and 20 was hed peakesaturtring Satv B/AP mrm(GO 70[err]) distilled water

and with acetone. The fingle g‘r_gg&lcalyﬁgc@%ﬁlﬂm q 38l eh 1l E'n%frr] [air
€ u

m xture and then held_in air fgg bout hour’s. e calcrn ct proved
to have a 2 Surface RFEAUTF F150¢8 439 ﬁn’ﬁa%rPeed:ﬁFFFBF?%eﬂeﬁiene 25
adsorption capacity dhclsdipmigsredy shreng. relgtjoe phyensidyplline slates +

i ndi cated an argon upt Ake-ffadingdand i@agknLinedl & BELE £i2Q,051]13 Epr’q 615 A).
The X-ray diffraction gagtern 9f 1186 GALELORL Pr MCE ndfcdddisS (EXETRIE MY

be characterized as
product of this example contained the ultra-large pore

10 material.
EXAMPLE 20
Argon Physisorption Determination
To determine the pore diameters of the mesoparous

products with pores up to énm (60 A) in diameter, 0.2
15 gram samples of the products of Examples 1 through 17

were placed in glass sample tubes and attached to a

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

4,762,010.
The samples were heated to 300°C for 3 hours in
20 vacuc to remove adsorbed water. Thereafter, the

samples were cooled to 87°K by immersion of the sample
tubes in ligquid argon. Metered amounts of gaseous
argon were then admitted to the samples in stepwise
manner as described in U.S. Patent No. 4,762,016,

25 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 he
calculated. For this calculation, the ideal gas law
and the calibréted sample volumes were used. {See also

30 S.J. Gregg et al., Adsorption, Surface Area an
Porosity, 2nd ed., Academic Press, 1982). In each
instance, a graph of the amount adsorbed versus the
relative pressure above the sample, at equilibrium,
constitutes the adsorption isotherm. It is common to

35 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



30 ° including a very strong relative intensity line at 27.5 [err] 1.5
A d-spacing and weak lines at 15.8 1.0 and 13.7 1.0 AL TEM i ndicated that
t he product of this exanple contained the ultra-large pore nmaterial. -
66 - EXAMPLE 17 To eighty. grans of cetyltrinmethyl ammoni um hydroxi de
(CTMAOH) solution prepared as in Exanple 1 was added 1.65 granms of [err].
The m xture was 5 stirred at roomtenperature until the [err] was

di ssol ved. To this solution was added 40 grans of aqueous

t et ranet hyl ammoni um (TMA) silicate solution (10 wt.% [err]), 10 grans of

H Sil, 200 granms of water and 70 grans of 1, 3,5-trinethyl benzene
(nmesitylene). The 10 resul ting -m7rxt-ure was stirred at room
tenperature for several mnutes. The gel was then | oaded into a 600 cc

aut ocl ave and heat ed the igotkern isomeasuxef-ci §RELHRANELY) spalk amebnts at 150
rpm The m xture had é&f cagpASwdredRdnittal NMh ehchDsEs Ror gaéndratecnsd: 15

1.25 | 27.
Soee Mo ﬁgleger{grr] éﬁ}iﬂgkgﬁts[fﬂ'Ehe5réiaﬂﬁahgﬁr%£§ﬂﬁg randéd WLy {571

1, 3, 5-t ri met hyl benzen®: Sthe AFekAsh AGOPT R P PORAES 1374 51388"5% tRadrtipe
several timesSwith wathe (isothefewith smEfidilend datail.and with acetone. The

final product was cal ci nedhbos&iB[(@hkledtidy/ @hrtﬂéxifé&ﬁeﬁ@ﬂ if@eabesd in
air for 10 hours.

equi | bri um benzene ads"'(')rlb“tngo-rll_ ga%g’i:rlglt gy&r&ggg%ﬁg Q£ (5% L’Re &/e%rﬁg X-ray
di ffraction pattern ofndifates| thheRoprbAAtOT 'b‘éh%sagP%rﬁ’%&-"-% of
including a broad, vetle sttepnin radmasi o8 PAR peiflycts hheatizdnt the2 A
1o pores in which the adsorption takes place. Larger
pores are filled at higher P/Po. In order to better
locate the position of the step in the isotherm, the
derivative with respect to log (P/Po) is formed. The
adsorption peak (stated in terms of log (P/Pc)) may be
15 related to the physical pore diameter (A) by the

following formula:

— —
K | s4 le s4 le I

log(P/P,)= L - = +
20 a-0.38|3(L-0/2)3 9(r-n/2)? 3(p/2)3 9(n/2)°
| I meed

where d = pore diameter in nanometers, K = 32.17, S =
0.2446, L. = 4da + 0.19, and D = 0.57.
This formula is derived from the method of Horvath
25 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.
This method is particularly useful for microporous
30 materials having pores of up to about 6 nm (60 A) in
diameter.
The results of this procedure for the samples from
Examples 1 through 17 are tabulated below. The samples -
from Examples 10, 13 and 15 gave two separate peaks,
35 believed to be the result of two sSeparate ultra-large
- pore phases in the products.



30 d- spaci ng, but accurate positions of lines in the extrene | ow
angle region of the X-ray diffraction pattern are very difficult to
determ ne with conventional X-ray diffractoneters. Furthernore, finer

collimating slits were required to resolve a peak at 35 this | ow
2-theta angle. The slits used in this exanple, starting at the X-ray tube,
were 0.1, 0.3, 0.5 and 0.2 nmm respectively. TEMindicated that the - 67

- product of this exanple contained several materials with different [err]
val ues as observed inm their electron diffraction patterns. These materials
were found to possess [err] values between about 85 A5 d- spaci ng
and about 120 A d-spacing. EXAMPLE 18 Tdleighty grans of

cetyl trinmethyl amoni um hydroxi de (CTMAOH) sol ution prepared as in Exanple 1
was added 1.65 grans ExBmbpker]. The mixture was 10 Pore Djamtieif,efl at room
tenperature until the [err] was 2 dissolved. To this sol44ion was added 40
grans of aqueous tetrangthylannnniun1(TNA) silicate solution (10 w. %
[err]), 10 granms of Hi Si'l, 200 grams of water and 120 gréﬁ%“of
1,3,5-trimethyl benzene @nesitylene). The 15 resul t4h@ m xture was
stirred at rdom tenperagure for several mnutes. The gel 3|mg then | oaded
into a 600 cc autoclavegand heated at 105[err] for ninet ylgu%urs wth
stirring at 150 rpm Thg m xture had a conposition in terfis of noles per
nole [err]: 20 1.25 nmoles [err] 27.4-3noles [err]

5.1 noles [err] 2.24 #oles J[err] 2256 noles [err] 36.6
' 8 42.6
10 9 28.3
10 - 22.8, 30.8
11 ' 36.8
12 36.1
13 35.0, 42.1
.15 14 - 40.0
15 22.4, 30.4
16 15.0

The above method of Horvath and Kawazoe for
determining pore size from physisorption isotherms was
20 intended to be applied to pore systems of up to 2 unm
(20 A) diameter; but with some care as above detailed,
its use can be extended to pores of up to 6mm (60 A)

diameter. ' _
In the pore regime above 6 nm (60 A) diameter, the
25 Kelvin equation can be applied. It is usually given
as:
-2 Vv
in(P/P;) = cos _
rkRT
30 where: '

= surface tension of sorbate
v = molar volume of sarbate
= contact angle (usually taken for practical
reasons to be 0)
35 R = gas constant
) T = absolute temperature
Ty = capillary condensate (pore) radius



-

25 132.7 noles 1,3,5-trinethyl benzene The resulting
prfoduct was filtered and washed several tines with warm (60-70[err])
distilled water and with acetone. The final product was calcined to
538[err] in [err]/air mxture and then held in air for about 10 30

hours. The cal ci ned product proved to have a surface area of 915 [err] and
an equil brium benzene adsorption capacity of >25 grans/ 100 grans. Argon
physi sorption data indicated an argon uptake of 0.95 cc/gram and a pore
size centered on 78 A (Dol linore-Heal M4 hod, see 35 Exanpl e 22(b)),
but running from70 to greater than 105 Angstons. The X-ray diffraction
pattern of the cal ci ned prpduct of, ' l.e _be characterized -
68 - as having only enhanc%osEa?%lear.eggi ﬁ%ens.l tey??%k?%éfcr\? rgh? ow angl e
region of the X-ray diffraction, PR¥FSETPRIEhdiSPFRer®In t he transnitted

i nci dent X-ray beamis usumbel Rebiieregadtidiovwmears ddddrprtdonatedpddaat the 5

product contai ned sevg?géen{pggrgaéagpi\@lggydéd‘,;d%;lgg{:fS Fggégﬁ%ac%%%erved in

their el ect rog diffrac %on %%hterns. These "fr%l‘t grlg ) O possess
[err] val ues Detween ABbHEBERA FFESFHELNYE A RoBUTOPIHR Hakpmqlnge 10
EXAMPLE 19 To ei ghty $hareensf diamstan ithuergh Sineoanufade deoside {rdl MAOH)

sol ution prepared as cénticiahgld o@xnadd@sbrba®® YIRS ch8é! largoh)e

e o o' (52 Sopb PIIRGE T T, ol B T oB8137 o ane
t et r anet hyl anmoni um ( ¥RR)vadiidi £9F PYESULR oY B3 26/t FaBge5r P, 190 ngy 4A8 of
Hi Sil, and 180grans otoli®dAngstedn)yldiengene ( Below WiERe randdecHeesul ting
mxture was stirred abghHBn BPESRfs SebPictCPRYELcAD reality, M Hdbes. The
gel was then | oaded 'Q%&Eféé§991§§y condensation cannot occur in smaller
' pores; above this range the logarithmic nature of the
equation precludes obtaining sufficient accuracy for
15 pore size 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
20 method corrects for the effects of the surface layer of
adsorbate on the pore wall, of which the Kelvin
equation proper does not take account, and thus
provides a more accurate measurement of pore diameter.
While the method of Dollimore and Heal was derived for

25 use on desorption isotherms, it can be applied equally
well to adsorption isotherms by simply inverting the
data set.

In order to illuminate the microstructure of the

materials by transmission electromicroscopy (TEM),

30 samples must be thin enough for an electron beam to

' pass through them, generally 50 to 100 nm (500-1000 A)
or so thick. The crystal morphology of the present
materials usually required that they be prepared for
study by ultramicrotomy. While time consuming, this

35 technique of sample preparation is conventional. The
materials are embedded in a resin, in this case a
commercially available low viscosity acrylic resin L.R.



autotl ave and heated at 105[err] for four hours with stirring at 150 rpm
The m xture had a conposition in terns of noles per nole [err]: 1.25 noles
[err] 25 27.8 noles [err] 5.1 noles [err] 2.24 noles
[err] 650 noles [err] 19.9 nmoles 1,3,5-trinethylbenzene 30

The resulting product was filtered and washed several tines with warm
(60-70[err]) distilled water and wth acetone. The final product was
calcined to 538[err] in [err]/air mxture and.-then held in air for about 8

hours. 35 The cal ci ned prod ft prooved to have a surface area of
975 [err] and an eqU|Ibr|un1benzene adsorptlon capacity of >40 grans/ 100
grans. Argon physisorption - data indicated an azgon uPtake of 0.97
cc/gram and a pore YHFEE dfhaGQ’A"(‘B(‘}F‘I FAOFREHSHFeRER R © RPER tHE peak

occurring at P/[err] néufd. Théndsechiodsl 6f dittd blopkt axs Pudf ophancal ci ned 5
prlodUCt of this exalrrnhermhheo&@am%eal dfshada kAgke i s&c‘!ﬁcﬁﬂs gtnzl ong N
relative intensity || a e

31.3 15 A and 23, 8th¢. %"ﬁ?‘&eiia’éﬁ’}?e SRAEL bRl YEFG1dddCh) % product of
this exanpl eScont ai nedlierteg PFafiQﬁwﬁ@sBoF%FqRF°n microsaans SYPPOEXAMPLE 20
Argon Physisorption Qeigsm ek theso mekelalsie anhaXponaiel avetretenef the

gram sambi e5 of 1he SLERUECE S I e e S i, o) ass
ganple Pﬁbes and attgﬁﬁéﬂ were, 400 me copper qrfgé ther e poratlon %

a thin carbon coating on the sample to prevent charging

10 in the 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 resclution TEM micrographs show projections

of structure along the direction that the sample is

15 viewed. For this reason, it is necessary to have a
sample in specific orientations to see certain details
of the microstructure of the material. For crystalline
materials, these orientations are most easily chosen by
observing the electron diffraction pattern (EDP) that

20 is produced simultaneously with the electron microscope
image. Such EDPs are readily produced on modern TEM
instruments using, e.g. the selected area field
limiting aperture technique familiar to those skilled
in the art of electron microscopy. When an EDP with .

25 the desired arrangement of diffraction spots is
observed, the corresponding image of the crystal giving
that EDP will reveal details of the microstructure
along the direction of projection indicated by'the EDP.
In this way, different projections of a crystal’s

30 structure can be observed and identified using TEM.

In order to observe the salient features of the
crystalline product of the present invention, it is
necessary to view the material in an orientation
wherein the corresponding EDP gives a hexagonal

35 arrangement of diffraction spots from a single
individual crystal. If multiple crystals are present
within the field limiting aperture, overlapping



physi'sorption apparatus as described in U S. Patent No. 4,762,010. The
sanpl es were heated to 300[err] for 3 hours in 20 vacuo to renove
adsorbed water. Thereafter, the sanples were cooled to 87[err] by

i mmersion of the sanple tubes in liquid argon. Metered anounts of gaseous
argon were then admtted to the sanples in stepw se nmanner as described in
U S. Patent No. 4,762,010, 25 colum 20. Fromthe anount of argon
admtted to the sanpl es and the amount of argon left in the gas space above
the sanples, the anpunt of argon adsorbed,can be cal cul ated. For this

cal cul ati on, the ideal gas Iamrand t he calibrated sanpl e vol unmes were used.

(See also 30 dé. %LI' %ptron Surface Area and
Porosity, 2nd ed., Aca éfr#f‘, ‘g’sé’a BETH iHetarit® Py Wisph of the
amount adsor bed ver sugiiffdcutt Mg \iétHMUr eThﬁduunneh'eOSadﬁﬂﬁr,acaicn

equi librium constitutsgetshepssiseaptepsndss @bhgrdagdde U o&QEHH)'}eB? §221ty
use rel ative pressuresof\/\/r&%‘%e @&aﬁﬁﬁé ndg:q:apt Lgﬁﬁn 1 t%‘ﬁem%‘get 1},%62'[ ABORG ¢ e

equi i brium pressure and ressure err
t enperat ure V\/r?ere Hg S-sofhetift VeTHebRdfte fhesimnen irdngl g£ smal |
amounts of argon merebauighttambtm%aclﬂ Stee pbserysnaoabtbtd B Agbaa Pohdles | N

the relative pressure mmagge ,ja{pre tord.HGn Ak g,@ﬁ},, t I nt r
required to define 5 e e |r28 her vr\lrriu'ft1 h%%{ré?lg%? k(’i%%%eﬁg stjg't
|

(inflection) in the i S&?Hg‘ﬁ?ﬁ", “hdca OpbPREALIONeA® The si ze
of the step indicates ﬂqﬁée‘&%unt“ma&sﬁ% ifht? epsieetposike advahtddee St ep
in terns of RO err] reffl enestddie thazetlnd spheidéh contain® Ok B ndbthiGH the

adsorption takes plac [
or der IOt 0 better | gcat %;ngé&eéry%&ffq;ﬁ:e tgliﬁfli:egff'eé}rﬁu%ﬁ] Lr}?‘l
red EDP (and
hence orientation) is located. -
. Microtomed samples of materials from the Examples
15 were examined by the techniques described above in a
JEOL 200 CX transmission electron microscope operated
at 200,000 volts with an effective 2 A objective
aperture in place. The insﬁrument has a point-to-point
resolution of 4.5 A. Other conventional experimental
20 arrangements in high resolution (phase contrast) TEM
could be used to produce equivalent images provided
care is taken to keep the objective lens on the
underfocus (weak leans) side of the minimum contrast
lens current setting. - '
25 EXAMPLES 21 to 25
The following examples illustrate the coupled two
stage process utilizing ultra-large pore size

catalysts.
: _ EXAMPLE 21
30 Two slack waxes were subjected to mild

hydroc¢racking over an amorphous catalyst. The waxes
were a heavy neutral (450 SUS at 100°C) slack wax and a
high boiling point petrolatum slack wax. The proper-
ties of the waxes are shown in Table 5 below (proper-
35 ties of theée solvent dewaxed oil also shown). the
hydrocracking was carried out over a NiW/fluorided
alumina catalyst with the properties shown in Table 6,



derivative with respect to log (P/[err]) is forned. The adsorption peak
(stated in terms of log (P/[err])) may be 15 related to the physical
pore diameter (A) by the following . fornula: [err] 20

[err] where d = pore dianeter in nanoneters, K= 32.17, S =0.2446, L =d +
0.19, and D = 0.57. This formula is derived fromthe nethod of Horvath 25
and Kawazoe (G Horvath et al., J. Chem Eng. Japan, 16 (6) 470(1983)). The
constants required for the inplenentation of this formula were determ ned
froma neasured isothermof ALPO-5 and its known pore size. This nmethod is
particularly useful for mcroporous 30 mat eri al s having pores of up
to about 6 nm (60 A in dianmeter. The r@sults of this procedure for the
sanpl es from Exanples 1 through 17 are tabul ated bel ow. The sanpl es from
Exanpl es 10, 13 and L% gan€ t waseepoy,abe pealkshs 32,000 psidielandvesbto be

the result of two sepgrate t,g'torog-gaﬂ;%&g?ﬁe-megﬁiign%herﬂ QaAkei st - 71

- Exanpl e 2D anet,
32.2 2 : was sulfided and fluorided ins-sity using
42.5 5 4  o-fluorotoluene at a level of 600ppm fluowZigies £6r one
16.9 6 5 week at a temperature of 728F .386°C) before
gg:g ?0 introducing the petrolatum 6%5?8%Q§0y§dﬁﬂFrackigg was
36.8 carried out with fluorine maintenance at 25 ppm F using
o-flucrotoluene.
TABLE 5
10 Wax Feed Properties
450N Slack Wa Bright Stock
Petrolatum
Nitrogen, ppm 32 120
Sulfur, wt% | 0.10 0.32
15 XKV @ 100°C, mm’/s 7.3 | 18.8
0il Content, wt. pct. 34 25
(D3235)
SIMDIST, wt$
IBP 736 885
20 5 805 955
' 50 916 1088
95 1037 1232
EP 1085 1290
Solvent Dewaxed Oil
25 KV €100°C, mm>/s 10.53 28.42
VI 96 99
Pour Point, °C(F°) -18(0) . -1 (30)
Nitrogen, ppm 95 270
Sulfur, wt% 0.22 0.64
30 IBP/S% 388(731)/ 395(743)/
426(799) 485 (905)
TABLE 6 '
Properties Of Amorphous HDC Catalyst
Size/Shape 1.59mm (1/16 inch) Trilcbe
35 Nickel, wt. pct. 4.0
Tungsten, wt. pct. 19.0

Surface Area, mz/gm 171



12 ° 36.1 13

35.0, 42.1 15 14 40.0 15
22.4, 30.4 16 15.0 The above net hod
of Horvath and Kawazoe for determ ning pore size from physisorption

| sot herns was 20 I ntended to be applied to pore systens of up to 2

[err] (20 A) dianeter; but with sonme care as above detailed, its use can be
extended to pores of up to 6nm (60 A) dianmeter. In the pore regi ne above 6
nm (60 A) dianeter, the 25 Kel vin equation _can be applied. It is
usually given as: [err] 30 . wher e:96=. surface tension of sorbate V.
= mol ar volunme of sorbate = contact angle (usual ly taken for practical
reasons to be 0) 35 nstant. T (o]
tenperature [err] = capifl 5??/°t’bndgﬁ‘s'e (P %rge; FaRhegs Y var’?‘f‘g %tgrr =
rel ati ve pressure (takmmmmmmqﬂwm E’Eﬁ“bt 834 £ 0¥ HERAY 7 TREF Kaihie

equation treats adsorgddiied Hnpede coyistesioras of saptd |78 ywedghtd pexaenon

phenonenon and 5 = g,y Jo%aksm e R@sdey Gelieolibplt adsorption takes
pl ace to the_pore dianeter t w he.syrf d

rou
the adsorbat@ (in thFx ewersi g :

equation are based are valid for pores in thewﬁqyéfﬁﬁhge 5 to 100 nm (50 10
to 1000 Angstron) di anet efhe pBepeVEidd S£r B dthd liquid products (TLP)

from the hydrocracking are shown in Table. 7 below.

IABLE 7
10 Properties of Hydrocracked Waxes
BN Slack Wax Petrolatun
Hydrogen, wt% 14.63 14.76
Nitrogen, ppm 5.0 3.0
Sulfur, wt% 0.002 0.002
15 APT ° 38.2 36.8
SIMDIST, wt%
IBP,°C(°'F) 103 (217) 59(138)
5 228 (443) 197(386)
50 471(879) 526 (979)
20 95 546 (1015) 608(1127)
EP 572 (1061) 643(1190)
EXAMP 2

NiWw/MCM-41 Catalyst Preparation
A NiWw/MCM-41 catalyst was prepared as described
25 below.

A sample of MCM-41 (40 A) was prepared by
crystallizing the following mixture (parts by weight -
pbw) in an autoclave:

61 pbw Cetyltrimethylammonium (CTMA) hydroxide,

30 prepared by contacting a 29wt.%
N,N,N-trimethyl-l-hexadecylammonium
chloride solution with a hydroxide~for-
_ halide exchange resin
l.pﬁw Sodium aluminate,
35 30 pbw Tetramethylammonim silicate (10% agqueous soluti
8 pbw - Precipitated hydrated silica (Hisil, ¢).



equafion no |l onger reflects physical reality, since true capillary
condensati on cannot occur in smaller pores; above this range the

| ogarithm c nature of the equation precludes obtaining sufficient accuracy
for 15 pore size determ nation. The particular inplenentation of the
Kel vin equation often chosen for neasurenent of pore size is that reported
by Dollinore and Heal (D. Dollinore and GR Heal, J. Applied Chem 14, 108
(1964)). This 20 met hod corrects for the effects of the surface

| ayer of adsorbate on the pore wall, of which the Kelvin equation proper
does not take account, and thus providessa -nore accurate neasurenent of
pore dianeter. While the nethod of Dol linore and Heal was derived for 25

use on desorption isother mpei hivRiredQadpdiys2d 180684 |t W@b"ctﬁna(}ioﬁgé' on
i sothernms by sinply iny rf SQQFH% %ﬁgrsﬁtcéegeguggéﬁtg% Ll ate t

m crostructure of the ransm ssi on e HE8r os y (TEM, 30
sanpl es nust be thin eFRﬁ}t}r?lFBrP%ﬁii"&"eHﬁ OFEAWERPE P £id traktrmendh dried
generally 50 t.o 100 nnif (06 2608mkentr tempdratnite . Thesxupilet aF tHY Prekaey of

the present negerials t hat I r d
ul t rgm crotony. Wile ;fjrgaééﬁéﬁn%rg o1 he f@?yhbﬁ‘r pineplgm q%érp ff%tl"ﬂ ;;?%y
I

preparation is- convent hourgin erlgtfes cgﬁaé Fr%’é’(ﬁ}(?&cﬁn°% %Pﬁ'wﬁlﬂt
this case a conmerci al ¥§reagansigtent yithi tkoddeptity \ds McMesin L. R -73-

\/\]lﬁl TE (h?r d%( which is therrnleunad-al wd8|[ exdtaniyen &idd Z:oBQUEémpJJHtﬂrEeCt I ons
cections it et hi ckraiidbub SORRR! gECabiicifytn it AR dnd NS dilenery
col lected on 19 ne neshd ’é’reé’cPP’gﬁni'ﬁ"tFr 3&cbpt S #pPoF - gt (?91":%? ehébe
mat eri al s, an LKB nodetesildtaotoexystals was comblned with Al o to form a
mixture of 65 parts, by weight MCM-41 and 35 parts
alumina. Water was added to this mixture to allow the
resulting catalyst to be formed into extrudates. The
15 catalyst was activated by calcination at 510°C (950°F)
in 5v/v/min of nitrogen for 6 hours followed by the
replacement of the nitrogen with Sv/v/min of air. The
calcination was completed by raising the temperature to
'538°C (1000°F) and maintaining that temperature in
20 Sv/v/min air for 18 hours. Nickel and tungsten were
incorporated by incipient wetness coimpregnation using
solutions of Ni(N03) -6H,0 and (NH 4) gH 2 lzo.40H20.
After drying for 12 hours at 121°C (250°F), the
extrudate was calcined in 5v/v/min air at 5$38°C
25 _ (1000°F) for 3 hours.
The physical and chemical properties of the
NiW’/MCM—41/A1203 catalyst are set out below:

Nickel, wt% 5.8

Tungsten, wt% 29.1
30 Sodlum, ppm 200

Surface Area, m /q 242

Packing Density, g/cc - 0.749

EXAMPLE 23
This example shows the use of the MCM-41 and

35 amorphous catalysts in the hydrocracking of a wax feed.

The feed used in this Example was a heavy neutral (HN)
slack wax whose properties are listed in Table 8 below.



with a 45[err] dianmond knife edge was used; the support grids were 400 nesh
copper grids. After evaporation of a thin carbon coating on the sanple to
prevent chargi ng 10 in the mcroscope (light gray color on a white
sheet of paper next to the sanple in the evaporator), the sanples are ready
for examnation in the TEM Hi gh resolution TEM m crographs show
projections of structure along the direction that the sanple is 15

viewed. For this reason, it is necessary to have a sanple in specific
orientations to see certain details of the mcrostriucture of the material.
For crystalline materials, these orientagyans are nost easily chosen by
observing the electron diffraction pattern (EDP) that 20 i's produced
simul taneously with the-electron mcroscopeIRBRBe8 Such EDPs are readily
produced on nodern TEM i nstr unprigerties hf Begvyt ReutRllcstiadkapa field
limting aperture techgy amJdg ar to those skilled in the art ,o

el ectron m croscopy. Wéﬁ"s ﬁLEBAMV\,ith 25 the desired arr&‘ﬁggﬁent of
diffraction spots is JU&EPFER: B% corresponding i mage of the cBfst al
giving that EDP will r3aidar,det®ils of the microstructure al ong whaoz
direction of projecti ofpr kethoptyed by the EDP. In this way, diffgyegt
projections of a cryst!?(} '@s 1§9'c m2sgStructure can be observed and
identified using TEM Th ordér-to o6serve the salient features of -thé
crystal line product ofSelyengrestiactphlesv 5, (P323%) necessary t 34v08w t he
material in an orient sdinwlavke rEistitbhatixar,r egporyi ng EDP gi ves a hexagonal

35 arrgpngenent of diggpaction spots froma singl e hndiyi '
crystal. If multiple cryst aF;}; are present within the fi efsgfﬁ:}r’ré])%%b(aos)
aperture, overl apping - 19429 giffraction patterns wil F4BER3/)/#AR(8%% be

quite difficult to interpré&®/4dhe nunber of diffraction 471(879)/481(898)

50/60 491(916)/502(936)
' 70/80 514 (957)/528(982)
15 90/EP 546(1014)/591(1095)
Dewaxed 0il Properties
Nitrogen, ppm 95
Sulfur, wt$ | 0.220
Pour point, °C(°F) -18(0)
20 KV @ 40°C, mm2/s 92.04
| KV @ 100°C, mm2/s 10.53
VI 96.2
Composition, wt% Paraffins
23.2 Mononaphthenes 19.4
25 Polynaphthenes ' 37.1
Aromatics L 20.3

The feed was processed over a fixed bed reactor
containing NiW/alumina fluorided catalyst that was
sulfided and then fluorided in-situ by adding 600 ppm

30 of fluorine as ortho-fluorotoluene in the slack wax
feed for approximately one week to target a fluorine
level of 2-4 wt% on catalyst. The operating conditions
for the run were 2000 psig hydrogen pressure 1 LHSV and .
the reactor temperature was vé;ied from 374° to 402°C

35 (705° to 755°F) to cover a wide conversion range. The



spot§ observed depends to a degree upon the regularity of the crystalline
asyrangenent in the material, anong 5 other things. At the very

| east. the inner ring of bright spots should be observed to obtain a good

i mge. Individual crystals can be mani pul ated by specinmen tilt adjustnents
on the TEMuntil this orientation is achieved. Mre often, it is easier to
t ake advantage 10 of the fact that the specinen contains many
randomy oriented crystals and to sinply search through the sanple until a
crystal giving the desired EDP (and hencg,or4entat|on) is | ocated.

M crotoned sanples of materials fromthe Exanples 15 wer e exam ned
by the techni ques descri bed above in a JEOL 200 CX transm ssion el ectron
m croscope operat ed attoxad, boguifprodust freR Ehe dandrpsrachingjstepi vas
aperture in place. ThetenstistEilledh@s £ rpmifhlt D4 PWNY 650SPHUIduRRpeint. 5 A
O her conventi onal expﬁrl ggg% useg’ms was t (A nghﬁwhﬂe&] & ggg% él on

(phase contrast) TEM coul uce ul val ent |nages provr ded
care is taken to keep e Cobf ok |P\?é‘rI% n F?I% oBHstRSRERUNE %S
si de of the m%i num cawmasizédriny Fablert kedpWing. 25 EXAMPLES 21 to
25 The followi ng exanples illustrate the coupled two stage process
utilizing ultra-large pore size catal ysts. EXAMPLE 21 30 Two
sl ack waxes were subjected to m|d hydrocracki ng over an anor phous

catal yst. The waxes were a heavy neutral (450 SUS at 100[err]) slack wax
and a high boiling point petrolatum slack wax. The proper- ties of the
waxes are shown in Table 5 bel ow (proper- 35 ties of the sol vent
dewaxed oil also shown). the hydrocracking was carried out over a

Ni Wfluorided alumna catalyst with the properties shown in Table 6,



- 75 at 1 [err] LHSV, 13,890 kPa abs (2,000 psig) and 890 [err] (5,000
SCF/Bbl) [err] circulation. The catal yst was sulfided and fluori ded
fn-situ using o-fluorotoluene at a | evel of 600ppm fluorine for one 5

week at a tenperature of 725[err] (385[err]) before introducing the

petrol at um wax. The hydrocracki ng was carried out wth fluorine maintenance

at 25 ppm F using o-fluorotol uene. TABLE 5 10 - Wax
Feed Properties 450N Sl ack Wax Bri goht St ock Petrol atum Nitrogen, ppm
32 120 Sul fur, wt% -~ °°.° 0.10
0.32 15 KV @100[err], ferr] ~ 7.3 18.8
Ol Content, wt. pct. — - 25 (D3235) SIMDI ST, W%
| BP 736 g B8 20 T < 5
805 955 50 T ¥16 Y4 T & A1088 95 1037
1232 EP 1095 ® 1290 SolVent Dewaxed Q| 25 KV
@OO[err], [err] ~ 10.53 —_ 28.42 VI
99 Pour P&nt, [err] . -18(0) ' -1
(30) Nltrogen ppm 5 = 95 < - 270 Sul fur, w%
0.22 0.64 80 2 2 IBP"S% & 3 a9 388(731)/
395(743)/ 426(799) " 485(905) TABEE'G"Propertles O Anor phous HDC
Cat al yst Si ze/ Shape - 1.59mm (1/16 inch) Tril obe 35
Ni ckel, wt. pct. @0 a :
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Tungsten, wt. pct. 19.0 Surface Area, [err] 171 - 76-
The reaction severity was adjusted by varying the .reaction tenperature from
382-410[err] (720-770[err]) which resulted in wax conversions of 40 to 75
wei ght percent. Wax conversion is defined as follows: 5 Wax
conver si on=100x(Wax i n Feed-Wax obtai ned by Sol vent Dewaxi ng) Wax in Feed
The properties of the total liquid products (TLP) from the hydrocracking -

are shown in Table 7 below. TABLE 7 10 : Properties of
Hydr ocracked Waxes HN Sl ack \Wax - #etrol at um Hydr ogen, wt %

14. 63 14.76 Ni-trq%en ppm 5.0

3.0 Sul fur, w% The Ni /M@{l-m};.z catalyst of Exez_nm 235 was used [for
38.2 | 36. 8rasl MpixsEravkhg BR, Lo, 894 [l |(R000 H£i3f)2 hylirogen
59(138) 5 2%36déde, 1335 n.1.17Y197668BcHBb1) hydrogen?’1(879)

526(979) 20 . ' 95 546( 1015) ., 608( 1127)
EP 572(1061) Sirculation ang L LY. é}é\meg)aiznn ’iﬁ%‘&?&&rt&faa yst
Prepar ati on ASNi W MCMadjugted|from 3R QrtopaPeic a Weser 74&F)2%0 span a

]pe: Iow. A sanple of(lvwaﬁa;e(d@ 3A) * BAG6 FU TPl BEiDihe ppihal d:d'uﬁiéi:&ighg. The
ol l owi ng m xture (par < t.qc , pbw
Cetyl tri met hyl ammoni un#?&#ﬁ\)@h%g%%%%%@ §3Q Floar’sd niife . prepared by
contacting a 29wt. % N, N, N-trinethyl-I-hexadecyl anmoni um



chl dride solution with a hydroxide-for- halide exchange resin 1 pbw Sodi um
alum nate, 35 30 pbw Tetranethyl amonimsilicate (10% agueous
soluti 8 pbw Precipitated hydrated silica (Hisil, [err]). - 77 - The

m xture was crystallized at 100[err] for 24 hrs. with stirring under

aut ogeneous pressure. The resulting pr odycsg was recovered by filtration and
dried in air at anbient tenperature. A sanple of the product 5 was
calcined at 540[err] for 1 hour in nitrogen, followed by 6 hours in air.
The characterisitics of the product were consistent with its identity as
MCM 41. The MCM 41 was exchanggd with room tenperature aqueous sol utions of

ammoni um nitrate and subsequengly 10 S Jrred overnjpght at
121[err](250[err]). A por}ionmzof the resyl tang grystal 3 was conmbined with
[err] to forma mxture ofs 65 garts1 by wei ght! 4= and 35 parts al um na.
Water was added to this mixture to allow the resulting catalyst to be
formed into extrudates. The 15~ cat al ystewas activated by cal cination

at 510 [err] (950[err]) in 5v/ ¥/ nin. of ni g ogen I_’or 6 _hours followed by the
repl acenent of the nitrogen wi £h 5V} v/ min o samr The ¢l ci nati on was

conpl eted by raising the tenpenatue to 538[«r7]a(100®[&rr]) and

mai ntai ning that tenperature ifl 20 5vivinin air for 18 hours. :
Ni ckel and tungsten were incorporated by incipkent wetness coi npregnation
usi ng solutions of [err] and [glr)r] After arying for 12 hours at 121[err]
(250[err]), the extrudate was €al cithed i nB\Vl vdnin ai'® Gt 538[err] 25
(1000[err]) for 3 hours. Bhe pRysi &l and~ctni'cq prdp@rties of the [err]
catal yst are set out below. N Bkel, W% - - 5.8
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Tungsten, w % 29.1 30 Sodi um ppm

200 Surface Area, [err] 242 Packing Density, g/cc 0. 749
EXAMPLE 23 This exanpl e shows the use of the MCM 41 and 35 anor phous
catalysts in the hydrocracking of a wax feed. The feed used in this Exanple
was a heavy neutral (HN) slack wax whose properties are listed in Table 8 -

bel ow. - 78 - TABLE 8 Properties—-of Heavy Neutral .Sl ack Wax Hydrogen,
wt % - $4..56 Nitrogen, ppm

54 5 Sul fur, W% 0.102 API
Gavity 34.9 KV @100[err], [err]

7.117 Sol vent Extract abl esTRARtEBAR5)E the NiW/MCM-41 ig/himhes) khamite
Distillation, [err] l@ctivity of the| BRidrided NJ.W/alum:.na catatlyst. For

391(736) / 429(805) 10/ ample, at 30 wt: 343° ¢ (650°% -g) %&2@:/ 48R 858)

30/ 40 . 470(879)1 281
491(916) / 502( 436) 70/ §guorided catalyst'x bl Y- °5§Z11395F7’) F838tem2) 15
90/ EP temperature wheveam thp BOM4DIBEaDesk asiudrkd Ruapar 1 | es
Ni trogen, ppm 10°F lower temperature of 394°-OJ734kFyr, 1 Ynhe
910[2§?r Four | 2?:’ ]nt , [ertbiling point conversion rangs, o&laag‘%@@ %80{“9? r:143- L r]
10. 53 Vi (650°F~) conversion or greater, this gﬁy%yyggnﬁggqqqqg¢
W % Par affi ns is beneficial in terms of lower start-of-cycle

10 temperature and potentlally longer catalyst life.

EXAMPLE 24

~ Pt/MCM-41 Catalyst Preparation
A sample of MCM-41 (40 A) was prepared in
accordance with the method described in Example 22
15 above but using (parts by weight) 48 parts ¢TMA
hydroxide, 1 part sodium aluminate, 2.4 parts
tetramethylammonim silicate (10% aqueous solution), and
6 parts precipitated hydrated silica (HiSil ¢). The
calcined product had a surface area of 1120 m2/g and

20 the following equilibrium absorption capacities in
grams/100 grams:
H20 10.8
Cyclohexane >50
n-hexane >50
25 Benzene 67

The product was identified as MCM-41 with an X-ray
diffraction pattern which included a very strong
relative intensity line at 38.4 + 2.0 A d-spacing, and
‘weak lines at 22.6 *+ 1.0, 20.0 + 1.0, and 15.2 + 1.0 A.

30 The calcined MCM-41 product was exchanged with
room temperature aqueous solutions of ammonium nitrate
and was subsequently dried overnight at 121°C (250°F).

A portion of the resultant crystals was combined
with A1203 to form a mixture of 65 parts by weigﬁt

35 MCM-41 and 35 parts alumina. Water was added to this
mixture to allow the resulting catalyst to be formed
into extrudates. The catalyst was activated by



23.72 Mononapht henes 19.4 25
.Pol ynapht henes _ 37.1 Aromati cs
"20.3 The feed was processed over a fixed bed reactor containing N Walun na
fluorided catal yst that was sulfided and then fluorided in-situ by adding
600 ppm 30 of fluorine as ortho-fluorotoluene in the slack wax feed
for approxinmately one week to target a fluorine |level of 2-4 w% on
catal yst. The operating conditions forghhe run were 2000 psi g hydrogen
pressure 1 LHSV and the reactor tenperature was varied from 374 to 402[err]
‘;’S ol _(70_556”1 dEQlc?fﬁé[t@.Bﬁ]th tsageevesse i da seoyvalis ﬁﬁltf@;_‘lﬂﬁ_fofhg

total liquid product _fr t he r | p t i to a
nom nal 343 [err]+ (ggﬁserff ?Y%%%%ﬁ%t _9&&%%&\%&% %ﬁgnggg\g%t efrhibgol vent
dewaxed to a target wibhSwW/piare] )alﬁourTrb%i"l’?tl.‘”'%E“?‘b?&Ft CompLetRdshY r uns
are 5 summar i zafisiny takl eefpdraltowe to BVE@ *Lel(r§00°F)ThRdN W MCM 41
catal yst of Exanple agi){%éﬁdtﬁﬁ e By EEAc IrRek L B thdilrs] 3, 8P #da (2000
psi g) hydrogen pressure,, %eg%\ﬁé{? Og aSCFe/ %bl,%‘ Qédr&%%ﬂ CLLG l.ation and
1 LHSV. The oper at i n§2¢ e EC6P & SRR SRS T fo‘gﬁfferr]
(720 to 746[err]) toofparplrtiangetefiragpihersily-c50her eFsrusdei yRp Jfoent
conversions. The resWrlisqind kageifiedniatrgatvexnsi*e (640 'F)1@or three

hours. The physical and chemical properties of the

10 Pt/MCM-41 catalyst are provided in Table 11 below:
TABIE 11
Pt/MCM-41 Catalyst Properties
Platinum, wt. pct. ~ 0.60
Surface Area, mz/g 690
15 Particle Density, g/cc 0.706
Real Density, g/cc 2.514
Pore Volume, cc/g ' 1.019
. ' EXAMPLE 25
The total liquid products (TLP) from the slack wax
20 hydrocracking processes described in Example 21 were

processed in the presence of hydrogen over the
Pt/MCM-41 catalyst of Example 24 at 1.0 LHSV, 13,890
kPa (2000 psig), and 890 n.1.17t (5000 scFB) H,. The
waxy products were then distilled to a nominal 343°C

25 (650°F+) cut-point. The distilled materials were
subsequently dewaxed to -18°C (0°F) pour point using a

'~ conventional MEK/Toluene dewdxing process. Table 12

below summarizes the yield and product property data.
vield is determined by the amount of lube material

30 remaining after solvent dewaxing and is based on the
feed to the first hydrocracking reactor.



-82- [err] - 83 - The activity of the NWMM41 is higher than the
activity of the fluorided NNWalumna catatlyst. For exanple, at 30 Wt %
343[err] (650[err]) conversion, the fluorided catalyst required a 394[err]
(742[err]) reactor 5 t enperature whereas the MCM 41 cat al yst

requi red about 10[err] lower tenperature of 394[err] (732[err]). In the -
boi | i ng point conversion range of about 3860 wt % 343[err] (650[err]-)
conversion or greater, this activity advantage is beneficial in terns of

| ower start-of-cycle 10 _ tenperature and potentially |onger catalyst
life. EXAMPLE 24 Pt/ MCM 41 Catal yst Preparation A sanple of MCM 41 (40 A
was prepared in accordance with the nethod described in Exanple 22 15 -
above but using (parts by weRght 3 48 garts CTMA hydroxide, 1 part sodium
alum nate, 2.4 parts tetqdgamefhifl amontnfisilicate (10% aqueous sol ution),
and 6 parts precipitated, hydfae® sFI1%c& (H Sil [err]). The cal cined

product had a surface arta of 1120 m2fg and 20 the foll ow ng

equi li brium absorption capacities in grans/ 100 granms: [err]

10. 8 Cycl ohexane : >50 n- hexane >50 25

Benzene 67 The product was identified as MCM41 with an X-ray

diffraction pattern which ingluded a very strong relative intensity line at
38.4 [err] 2.0 A d-spacing, gnd weak fipes at 22.6 + 1.0, 20.0 + 1.0, and
b .
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30* The cal cined MCM 41 product was exchanged wi th room
tenperature aqueous solutions of ammopniumnitrate and was subsequently
“dried overnight at 121[err] (250[err]). A portion of the resultant crystals
was conbined with [err] to forma mxture of 65 parts by weight 35

MCM 41 and 35 parts alumna. Wter was added to this mxture to allow the
resulting catalyst to be fornmed into extrudates. The catal yst was acti vated
by - 84 - calcination at 510[err] (950[err]) in 5v/v/imn nitrogen for 6
hours foll owed by the replacenment of tbe-nitrogen flowwth 5v/v/mn of

air. The calcination was conpleted by raising the tenperature to 538[err]
(1000[err]) and 5 FIgLPé al doi@ateattiee muirayeri fvar wald daversion

Pl ati num was i ncor pogat ed q?ﬁcgéx{kraogxggo%t&@@ﬁg}ggf%ﬁhga fké?:fkl

pl ati num t etraam ne ate was C|ne |n air
at 349[err] (660[ er r [Fxampiet A bealio FWE-SHIRR Srpat Eﬁ?“%n@xéﬁg?ﬁc?aﬁ
properties of the 10the petrobPhtifCMdlatkcudel ySFheaydepd cafi dow pouzl albllatll

bel ow. TABLE;1l Pt/ 2, Lot gbys! rBneReL] ivisddsaty NMuBri¥antPLs -
0.60 Surface Area, err

Particl e EEnsify, g/ oi2a ed by the comblne% %ﬁﬂ?mEEaF6%£?¥§ie 25 Vhen
2.514 Pore Vol ume, cepmgpared to the single stage sghensg WEElQSZIFheT%‘Bt al
| i qui d products (TLP)laj‘gﬁﬁm yhela! ardn wae Cémbined schemis dor Eghmple [2S0desses

descri bed in Exanpl e e & A Byd ¢ the
PL/NCM 41 catal yst of B%g&&%%lbﬁ 10000980 08 HoHHALOISILAKE

d’(ag’g sig), and
890 n.1.11 #8000 SCFBj'x%nve?ﬁé%axf“p}Foa%?%r’xﬁe 8r¥h R 10 a
nom nal 343[err] 25 maximum (3@50fcpefdcentciubpdrinld fyneths ﬁlPBFECBﬁmeerl al's
wer e scheme of Example 21 with the same wax.

Figure 2 compares the lube yield vs wax conversion
for products from both the single stage hydrocracking
15 (Example 21) and two-stage treatment (Example 25) for
the heavy neutral slack wax. The target viscosity for
the heavy neutral slack wax feed is 5 mmz/s {100°C).
At high wax conversions, i.e. greater than 50 wt%, the
yield of low pour point, 5 mmz/s (100°C) viscosity lube
20 is improved by the combined scheme of Example 25 when
compared to the single stage scheme of Example 21: the
lube yield for the combined scheme in Example 25 is 45
wt. percent obtained at 71 percent wax conversion.
This compares very favorably to the 36 wt. percent lube
25 yield obtained for the single stage scheme of Ekample
21 at 68 wt. percent wax conversion. High wax
conversion is very desirable in this process since
unconverted wax places additional load on a typically
highly loaded commercial MEK dewaxing unit.



subflsequent |y dewaxed to -18[err] ([err]) pour point using a conventional
MEK/ Tol uene dewaxi ng process. Table 12 bel ow sunmari zes the yield and
product property data. Yield is determ ned by the anount of |ube material
30 remai ning after solvent dewaxing and is bas II [ t he
first hydr ocracking reactor. 85 [err] - 86 - ;[“I"H"I Immn I“L

| ube yield vs wax conversion for products from both théF sfngte %t ay

hydrocracki ng (Exanple 21) and two-stage treatenent (Exanple 25) for t he
petrol atum sl ack wax. The yield of |ow pour point, 5 8 [err]
(100[err],- nom nal) viscosity lubricant is inproved by the conbined schene
of Exanple 25 when c% to the single stage schene of Exanple 21. The
maxi nrum yi el d fromthe conbined schenme in Exanple 25 is 42-45 wt. percent

which is obtained at 160- 70 pMocResCedd pkdducing a WdghCeisuisditgnindebi s

conpares very :favorably tg%ﬁlr;g& %%J \éﬁvpg‘égﬁmg HH%& >efegg {Qsd hgq

singl e stage schene of EXx ur.e conpares the

| ube yield vs wax conver sFEAR ﬁoPY‘BF?ﬁﬂR?P§ F?%‘?’n%f“ﬁn? QitgPEiginge
hydrocracking 15 - (ﬂ«armi e @4y comtentooStadtydeastahwstighExanpl e 25)
for the- heavygneutral sI Jhfct @roa tigescosity for the heavy neutral
slack wax feed is 5 [err] greater
than 50 wt% the yield of( )o (§ cl:%%ck:,tng kS-HQ rr|%?% SAJ'(}]'?CS#%@O]’SI ty

| ube 20 i s inproved by lube BYRHASTES éﬂ%e’-??é'-a&ﬁfs L‘%ﬂ}l’ rosTaflie

conpared to the single stage sareseiofcdmpanphes Zireseht inbkheyifeed dtora t he
cormbi ned scheme in Exanpl e 255§é%e4§ty which results in a conversion of not

10 more than 50 weight percent of the feed to
products boiling outside the lube boiling

range;
(ii) isomerizing waxy paraffins present in the
effluent from the hydrocracking step in the
15 '~ presence of an isomerization catalyst
comprising a hydrogenation component on a
porous support material comprising an ‘
inorganic, non-layered, porous, crystalline
phase material which has an arrangement of
20 uniformly-sized pores with diameters of at
least 1.3pm (13 A), and, after calcination,
exhibits a benzene adsorption capacity of
greater than 15 grams benzene per 100 grams
at 6.7 kPa (50 torr) and 25°C. and an X-ray
25 diffraction pattern with at least one peak
having a relative intensity of 100 at a
i d-spacing greater than 1.8um (18 i), to
isomerize waxy paraffins to less waxy
‘isoparaffins.

2. A process according to claim 1 in which the
petroleum wax comprises a slack wax having a wax
content of at least 50 weight percent.



wt .Y percent obtained at 71 percent wax conversion. This conpares very
favorably to the 36 wt. percent |ube 25 yi el tai ned for the

singl e stage schenme of Exanple 21 at 68 wt. percentdm—gh
wax conversion is very desirable in this process si ngm

pl aces additional |oad on a typically highly | oaded m’"lm @am ng
uH t . -1- CLAIMS: 1. A process for producing a hi'gh®vi §cosity i

| ubri cant having a viscosity index of -ak 1east 110 from a hydrocarbon feed

of mineral oil origin having a wax content of at |east 20 weight 5
percent, which conprixes: a(procebgdaceimiihignto tdimiredinvtiich Rhkupedd onal

|ube hydr oor acking catal yatl0 Jasd G5bercl o O HaviBGPOME N, RGREERE 1 1

the feed at a severity which results l(;‘gnverm on

more than 50 weight percefif 3t lteﬁétf%%d'etlg B BBRI M PrETRSE8e t he
| ube boiling range; (ii) rewrant pEnframdy tpatafvweightppereent. n the ef f | uent
fromthe hydrocracking step in the 15 presence of an

i someri zation catal ys4t COEDI’I Sées% gcggzdc{l%geggt{:fﬁmcgnggnw {Ohorl a por ous

support material conpri si organi ¢, “non-Tayer éd crystal l'ine
phase material which has Hﬁt’a‘?lrealﬁ'gﬁﬁ’érﬁ“@fr’-iﬁs a’slack wax havisgr 8Rnd y- si zed
pores with dianeters of aartmstsic toBtent Jof( £8om\)§ tand2 wéigit ealreen®l i on,

exhi bits a benzene adsorption capacity of greater than 15 granms benzene per

R Rk o
catalyst in the hydrocracking step comprises, as
the metal component, at least one metal of Group
VIII and at least one metél of Group VI of the

5 Periodic Table.

6. A process according to claim 5 in which the
hydrocracking catalyst is an amorphous
hydrocracking catalyst.

7. A process according to claim 5 in which the
hydrocracking catalyst comprises a hydrogenation
component on a porous support material coﬁprising
an inorganic, non-layered, porous, crystalline

5 phase material which, after calcination, exhibits
a benzene adsorption capacity of greater than
about 15 grams benzene per 100 grams at 6.7 kPa
(50 torr) and 25°C. and an X-ray diffraction
pattern with at least one peak having a relative
intensity of at least 100 at a d-spacing greater
than 1.8nm (18 A).

10



havi‘ng a relative intensity of 100 at a d-spacing greater than 1.8[err] (18
A), to isonerize waxy paraffins to | ess waxy i soparaffns- A-process
according to claim1l in which the petrol eum wax conprl sI ack wax

having a wax content of at |east 50 weight percent.: Ij@ili", ﬂmmmcess
according to claim2 in which the feed conprises a: p ng the
wax content of at |east 60 weight percent and an aronatlc content of from5s

to 20 wei ght percent. 4. A process according to claim3 in which the
petrol eum wax corrpri ses a sl ack wax havi ng an aromatic content of from8 to
12 wei ght percent. 5. 2 al. m n_whi ch t he
catalyst in the hydrocrackl %988%&% ga{%s ° §5?ﬁ‘g ‘&E't"a nt at

| east one metal of G oup \ﬂrNFtaHeF-% PPEﬁ%thﬁ‘Pé'lﬁét of tire @ydnpctﬂclnhgt he 5
Periodic Table. 6. A preatadystdasdi agtén cllzimbion), Wﬂhéﬁa&&?al

hydrocracking catalyst is aaga Eg{{._og% Qﬂfifd}qlﬁ@.(ggig A
di | d "’é
process according to clai p (ﬂfh % gﬁ/’i r]%cérac‘ cata t_conprises
a hydrogenation conponent a}ﬁ‘mﬁ ot Ny t8r (13 oﬁfiﬁ%’%‘@’laﬁ a
i norgani c, non-layered, pdesagonak edegtremealiffraction pattphasehatnicani Bé

whi ch, after calcination, imhé@iﬁﬁhaaba{l%%nﬁmdsgf@gﬁé}ntﬁagapg% Qhg
greater than about 15 gra;xﬁ benzene per grans at 6 kPa (50 torr) and
25[err]. and an X-ray diffraction pattern with at |east one peak havi ng a
relative 10 intensity of at |least 100 at a d-spacing greater than
1.8nm (18 A). 9. A process according to claim 8 in which the

crystalline phase has an X-ray diffraction pattern
following calcination with at least one peak whose
d-spacing corresponds to the dloo value from the

5 electron diffraction pattern.

10. A process according to claim 1 in which the
hydrocracking catalyst comprises a hydrogenatioh
component comprising a base metal of Group VIA
metal in combination with a base metal of Group

5 VIIIA on the crystalline support.

11. A process according to claim 16 in which the
hydrogenation component comprises nickel and
tungsten.

12. A process according to claim 1 in which the
hydrocracking is carried out at a hydrogen partial
pressure of at least 5,620 kPa.

13. A process according to claim 1 in which the
conversion during the hydrocracking step to 343°C-
(650°F-) material is from 10- to 40 weight percent
of the feed.



-3% 8. A process acccording to claim7 in which Wse

mat eri al of the hydrocracking catal yst has, after i 'on, a hexagonal
*arrangenent of uniform y-sized pores with 5 ' R‘“ﬁt
least 1.3[err] (13 A) and exhibits a hexagonal el ect\n‘! &‘ﬂm“‘“ attern
that can be indexed with a [err] value greater than? me18rA)S . A
process according to claim8 in which the crystalline phase has an X-ray -
diffraction pattern follow ng cal ci natison with at | east one peak whose
d-spacing corresponds to the [err] value fromthe 5 el ectron
diffraction pattern.140. AAppbessas aceeerditigngot olaimiimih viicthithle t he

nhydr ocracking catal yst cQupLLapsf BHALOGRRICLEN 6PTRYEBLmbAERELSHNO 2

base netal of G oup VIA ne I'n _conblpation.w.th e netal of Goup 5

as t al
VITTA on the crystalline @ppsFt Bagr 2R 53&§§n35€?5}'dianbe’f?)q°&a im10 in
whi ch the hydrogenati on errppgemsntcofprhtformiyckizedimereangtten. 12. A
process according to cl aigiahetérsichtt Deadtydr.oahacid By afdcaibadsoyt at a

hydrogen partial pressur O%F%%a%eeq%tcé};ﬁ?g&h&g?m&& t%gﬁeé&ttg%%ﬁ;féng to

claim1 in which the conv urin ocracki n stef err]-
(650[err]-) material is findexed Yo fepgitELyer EEPRTEH PAR Fbdm (184
14. A process acccordi ngjt.o claim1l in which the

15. A process according to claim 14 in which the
crystalline phase of the isomerization catalyst
has an X~ray diffraction pattern following
calcination with at least one peak whose d-spacing

5 corresponds to the d100 value from the electron
diffraction pattern.

16. A process according to claim 1 in which the
crystalline phase of the isomerization catalyst
comprises an aluminosilicate.

17. A process according to claim 1 in which the
isomerization catalyst comprises a noble metal of
Group VIIIA as the metal component on the
mesoporous support.

18. A process according to claim 17 in which the
isomerization catalyst comprises from 0.3 to 2
‘weight percent platinum on the mesoporous support
material. '



creystal l'ine phase material of the isonerization catalyst has, after
cal ci nation, a hexagonal arrangenent of uniform y-sized pores with 5

* diameters of at least 1.3nm (13 A) and exhibits a hex
diffraction pattern that can be indexed with a [err].

nm (18 A) . 15. A process according to claim 14 in which the'crystélline
phase of the isonerization catalyst has _an X-ray diffraction pattern
following calcination with at | east one” peak whose d-spacing 5
corresponds to the [err] value fromthe electron diffraction pattern.
process accordi ng tol%l aknprodessiarerrding EPysiain Indnplaieh Jhet he

i soneri zation catal yst cesphésiatdbnastey nesthrridd out’in/Atlpr gresence

according to claim1l1 in
metal of Goup VIIIA as

t he t

conponent on _t nesopar Qus, support .
A process according to cI"an’F‘if'Q'ﬁoﬂhnﬁ‘)%l atQ=n§ FRBRETT R ?Bnggt% yst
conprises from 0.3 to 2 WESBGhT-)pdrednet RarekuReH? e ABsWeFMuUs support
A pege6ss, ¥aseadomheo fakai to kthen ivbheki ddtdon
| sonmerization step is cars;ci d out in the presence of hydrogen at a hydrogen

mat eri al . -5- 109.

partial pressure of 70007°K
(650[ err]-) product of not nore than 40 wei ght percent,

“to 20,800 kPa at a conversion to 343[err]

16.

W&i &,Fb%.é{%%ni SeEHyatbien %agé@a‘isbrﬁé?éﬁl‘é $@S780¢10D0! e

18.

-5
based on the feed

to the isomerization2ei e p2becessh aocoresng decoldinge2 dnciwhieh Zhe n whi ch
the isonerization step isgpRblifhiont s@ép ad eapeiéd Wyt at a temperature

10

15

20

21.

not greater than 363°C (685°F).

A process according to claim 1 wherein the high
viscosity index lubricant has a visceosity index of
at least 140; the feed comprises a petroleum wax
feed having a wax content of at least 50 weight
percent;

| the hydrocracking step is conducted in the
presence of hydrogen at a pressure of at least
7000 kPa in the presence of a hydrocracking
catalyst comprising a metal hydrogenatiocn
component of at least one metal of Group VIIIA of
the Periodic Table and at least one metal of Groué
VIA of the Periodic Table on support at a
temperature of at least 343°C (650°F) and at a
severity which results in a conversion to 343°C-
(650°F~) products of not more than 40 weight
percent based on the petroleum wax feed; and

the prbduct of the hydrocracking step is

hydroisomerized in the presence of hydrogen at a
hydrogen partial pressure of at least 7000kPa at a
temperature from 288° to 371°C, the isomerization
catalyst comprising a noble metal hydrogenation
component, the crystalline phase material having a
uniform, hexagonal arrangement of pores and a
hexagonal electron diffraction pattern that can be

A URAEREAAAL, .

A



nofigreater t han 363[err] (685[err]). 21. A process according to claim1
wherein the high viscosity index |ubricant has aviscosity index of at
| east 140; the feed conprises a petrol eumwax feed havin wax content of

a
at | east 50 weight 5 percent; the hydr'oﬂmum’"’ lmmm Iﬂlfonduct ed
in the presence of hydrogen at a pressure of at 'l dé ‘he

presence of a hydrocracking catal yst co 3

nErising_a met al yd?og%ndiion 10
conponent of at |east one netal of Goup VIIIA of the Periodic Table and at
| east one nmetal of Group VIA of the Periodic Table on support at a
tenperature of at |east 3499eXeEHARY @) £1amd BhUe, IFRIERT tthaphakout ds@l ts in
a conversion to 343 [err] nmk5 (650[ err]-) products of not nore
t han 40 wei ght percent based on the petrol eum wax feed; and the product of
t he hydrocracki ng steﬁ)zi SAh g_roiessorg%rciozgd ilr}attjfﬁ presence of hydrogen at a
hydrogen partial presstite 0P ar-Teast rO00KPE &-2aTo9t in which'$hamperature
from 288[err] to 371[err] SaRéYFSoieithealydrrarackingt staneomprigess, asbl e
metal hydrogenation conpornt metdle compdhaht) N NRAGE &R Gelkah HAELGHD
uni form hexagonal arrange ) opgl...el ec n

VIR Sha Y 339300 0r AERAIOPE oo ES o ateer

diffraction pagtern that an.g. é@gl exe

than about 1.8 nm 22. A prr§d8%8ic Bding to claim 21 in which the

catal yst in the hydrocracking step conprises, as the netal conponent, at

| east one netal of Gamp W bkbcassl Aicokaasd @188ha%2 Ofy _@hﬁeﬂhéﬂé“\ of the 5
t he

PerdeiC Table. 23. A prO%@ﬁ?o&&&ﬂﬁ%&h@o&ﬁbﬁéﬁ% %EzghéQu%ﬁ%gracking

catalyst comprises nickel and tungsten.

24. A process according to claim 21 in which the
hydrocracking catalyst is an amorphous
hydrocracking catalyst.

25. A process according to claim 21 in which the
hydrocracking catalyst comprises a hydrogenation
component on a porous support material comprising
an inorganic, non-layered, porous, crystalline

5 phase material which has, after calcination, a
hexagonal arrangement of uniformly-sized pores of
at least 1.3nm diameter and which exhibits a
benzene adsorption capacity of greater than about
15 grams benzene per 100 gréms at 6.7 kPa and

10 25°C. and an X-ray diffraction pattern with at
least one peak having a relative intensity of 100
.at a d-spacing greater than about 1.8mm and a
hexagonal electron diffraction pattern that can be
indexed with a d100 value greater than 1.8nm.



hydr ogenati on conponent of the hydrocracking catalyst conprises nickel and
. tungsten. 24. A process according to claim21 in_which-the-hydrocracking
“catal yst is an anorphous hydrocracki ng catal yst. - 25. A pra rding to
claim21l in which the hydrocracking catal yst corrpr @\mﬁ ‘ﬂ:‘m)l on
conponent on a porous support nmaterial conprisi ng

non-tayered, porous, crystalline 5 ; phase mat er 1 al V\/m ch has,
after calcination, a hexagonal arrangenent of unifornly-sized pores of at

| east 1.3nm di ameter and whi ch exhi bit enzeng or pt. acity of
greater than about 1?35-grénﬁr‘b%?f"z'5eﬁ8°‘b’é "%8 g a%sén ka%’g‘ %ﬁg

25[err] and an X-ray dif forgstaldingaphase ofi £ e ghydrasrackieg Mlﬁaﬂ?l ng a
relative intensity of 10QaataR flr@pogiffragtdohepattan gbDLbwingBnm and a

hexagonal el ectron di ffracalcgn 1pa},t‘,‘t Si&ti@tleﬁég Qﬁe rf;;qt@égg _Ega[._.gﬁ

val ue greater than 1. 8nm°® ocess acco c alm

the crystallihe phase of @WEBWFQCH%GJ.@N ¥piNe fFeR theelegfron
diffraction pattern fol | @icogacttion patt@mwith at | east one peak whose
d-spacing 5 corresponds to the [err] value fromthe el ectron

diffraction pattern. rocess ac I 25 b i ch the
crystal line phase of 2‘fhe %FHBB%?%&?CH g%’é‘? 1:lré'g ?’glé 2Zgnr?a %6\@1 | cate. 28.
A process according to clepscailine \EhFEﬁ & Vgﬁmqqﬁﬁlﬁﬁa@%ﬂsﬁ‘hés

i somerization catalyst hagm aluinewildchteaction pattern fol | owi ng

ich

calcination with at | east one peak whose d-spacing 5 I's greater
t han about 18 A which corresponds to the &e r] . value fromthe el ectron
diffraction 28. A process according to ‘claim 21 in which the

crystalline phase of the isomerization catalyst
has an X-ray diffraction pattern following
calcination with at least one peak whose d-spacing

5 is greater than about 18 A which corresponds to
the d,,, value from the electron diffraction
pattern.

29. A process according to claim 25 in which the
effluent from the hydrocracking step is cascaded
directly to the hydroisomerization step.

30. A process according to claim 25 in which the
343°C+ conversion in the hydrocracking step is
from 10 to 40 weight percent based on the
petroleum wax feed.

31. A process according to claim 21 in which the
343°C+ conversion during the isomerization step is
from 10 to 30 weight percent based on the feed to
the isomerization step.
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having a viscosity index of at |east 140 from aﬁget'rol eum wax feed having a

wax content of at |e38t SoPREFEIR IFSPTBMY SFhiStRLB 21 in which Hhify ses:

isomerization step is carried out at a temperature
from 316° to 343°C.

35. A process according to claim 21 in which the
hydroisomerized product is subjected to a dewaxing
to achieve a target pour point, with a loss during
the dewaxing of not more than 20 weight percent.

36. A process according to claim 21 in which the
product has a VI of 143 to 147.

37. A process according to claim 21 wherein a high
viscosity index lubricant having a viscosity index
of at least 140 from a petroleum wax feed having a
wax content of at least 50 weight percent, which
5 comprises:
in the hydrocracking step, the support
comprises an amorphous, porous alumina and the
hydrocracking is conducted in the presence of a
halogen promoter, which results in a conversion to
10 343°C- products of not more than 30 weight percent
based on the petroleum wax feed.
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38. A process according to claim37 in®which the 343[err] + conversion in
the hydrocracking step is from 10 to 30 weight percent based on the
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~conversion to 343 C prod nor e wei ght
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conprising an inorganic, non-layered, porous, crystalline phase

al umi nosilicate materigl whigecBegadiRichsdandaity @1818059 ieirainCa@ci ty of
greater than about 15 gra

10 . b A4 e 0] t 7kPa and
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diffraction pattern that can be Indexe Wltgl a Eﬁﬁrr% value greater than 1.8
nm whi ch corresponds to t HeIGhERRFIRISPAgES | W P RE RGNS Hafhg ' ay
diffraction pattern. 40. Ahe ceystakiciaer shpeeTto natgrirBranpriaing athe
343[err]+ conversion in thhdpsdhos) aidn-ngystep, ipprbusm dfysitaldneaiigize
percent based on the aluminosilicate material which exhibits a benzene
adsorption capacity of greater than about 15 grams
10 benzene per 100 grams at 6.7kPa and 25°C and which
has a uniform, hexagonal arrangement of pores with
" diameters of at least 1.3nm and exhibiting, after
calcination, an X-ray diffraction pattern with at
least one peak having a relative intensity of 100
15 " at a d-spacing greater than 1.8 nm and a hexagonal
electron diffraction pattern that can be indexed
with a dloo value greater than 1.8 nm which
corresponds to the d-spacing of at least one peak
in the X-ray diffraction pattern.

40. A process according to claim 39 in which the
343°C+ conversion in the hydrocracking step is
from 10 to 30 weight percent based on the
petroleum wax feed.
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