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LpBRI CANT HYB \CKI NG PROCESS This invention relates to the

refining of petrol eum hydr ocarbons and nore particularly to a
hydr opr ocessi ng met hod in which a high boiling petrol eum feedst ock of
a 5 fuels hydrocracking process is hydrotreated over an ultra | ar ge
pore crystalline material to produce a |ubka=-oil. _ M neral  oil based

| ubricants are conventionally produced by a separative sequence
carried out in the  pet r GUBRACARY | IVDROCRACKENG oPROCESE fractionation of
a 10 paraffinic crude oil. under atnnspherlc pressure foll owed by
fractionation under yacuumto d distillate fract neut r al
oils) and a resi dual aaits] tgﬂ]lq e,?lea Se tto L{i‘ é\%’bﬁ'ﬂ'ﬂo Segﬁai?éﬁ vent
treat nent may af¥drinanpong apdgmore pqu;rcpéamy b%e%t@@?%@&?ﬁ?lmef erred

to as bright stfethodlin whichNeUAigH H¥ilingapéeFoBdln GHed®tbERCEEQD O

renove | ow g Ity index o} ts are convention

subj ect ed to devvaxllsﬁﬁ dé"ﬁﬁ%‘r'ﬁ 9:93%11'?/%%5,[5 g‘? §§€5?t§?aet doovea'evxﬁxainbg
processes, to th@rqmmr@dcp'watabbim maa:feg:éplv\npcproduce 2hdufewakkd

| ubest ock may be hydm;férellstseg taesédrrmstecaﬁts ﬁ@t&ddaeﬁt%aamyvve col or

bodi es. This convent |do% i que reli es?ﬁg)on th sel ﬁtlon and use
of crude. BYgtiaee fdud P §p3+-a%1 argﬂleﬂfﬁ ¢ ec"} §8duce t he
desired | ube fr%@ﬂmt@xfhet‘@ﬁsﬁmw FoEPFises frﬁ%ﬁi&ﬂmlen of aanpunts.

25 The r ap&exﬁfmaer eire8bbb €1 Gindla: &Qﬁ6§§ﬁeﬂi9d/ pHHBARNRN ,foncwedoeby

extended by thel %ﬁ;é?é O%;?é éngvgmﬁﬁp%% pro&u%f qxﬁtllla%% ?Fﬁc%&?qe

utilizing crude !ﬁ usua
hi gher aromati c(eifinadt oifgn ?h@ a res%ﬂ- ﬁaﬁeﬁqmu@mwﬁerhe | ube

hydrocracki ng pdéxsﬁmtiiexq %aCBolﬁewldreaahabtlﬁipchlsb tolee uBelr £ em
eTining e un bR GRSLOLLY COIANSER AN A1 dd Ao LRE Eking step
carried out _under pressure [3' ?1

bi functi ond? cat al yé%eqwaéhoéiﬁec@fst%ﬁqlaﬁnt GXt%%thtir‘-’at iten r&nﬁ"?—l]ﬁg’

openi ng of the aiofaity GaaR’Newt 5. Bonpehkfibs adfe hRfAMitichalbe feed.
The el ocr ackedupl el o abligls RYPI AEhER bp JEPRGr cataleREIOr 1O

reach the targe I Nt “since
dewaxlng processes, to the desired pour point, after which

the dewaxed lubestock may be hydrofinished to improve

20 stability and remcove color bodies. This conventional
technique relies upon the selection and use of crude.
stocks, usually of a paraffinic character, to produce the
desired lube fractions of the desired qualities in adequate
amounts. '

25 The range of permissible crude sources may, however,
be extended by 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,

30 which is well established in the petroleum refining
industry, generally compriseslan initial hydrocracking step
carried out under high pressure in the presence of an
amorphous bifunctiocnal catalyst which effects partial
saturation and ring opening of the aromatic components .

35 which are present in the feed.

The hydrocracked product is then subjected to dewaxing
‘in order to reach the target pour point since the products



N u '
£2- *tromthe initial hydrocracking step which are paraffinic in

<Lharacter include conponents with a relatively high pour poi nt whi ch
need to be renoved in the dewaxi ng step. In theory, as well as in
practice, lubricants should 5 be highly paraffinic in nature since

paraf fins possess the desirabl e conbi nation of: low volatility and high
Vi scosity I ndex. Conventi onal hydrocracking catal ysts conbi ne
an acidic function and a hydrogenatitr function and are considered 10
bi functional. The acidic function in the catalyst is provi ded by a
porous solid carrier such as alum na or silica-al um na. Anorphous

mat eri al s have significant advant ages for processing very high boiling

feeds whi ch goe{,glfhseﬁg&l hi§ p@g&: r}{g Ts't@? 9&&9'&9@ RRIMEEchiE de

materi al s (arorratlcs as we t henes) si nce t}v‘ . anor phous
material s usualcf‘?r%E%%s%“ﬁ‘Gr gemp ’E%‘E‘iﬁ 1ty 8r relatively Bdah REEr o i zes
and the | arger ppeheswhidleqiesd ky ba removddidnskkze dewmpeirsf st@p-.40 nm (100

Lo 400 Angstroms (A gy, asl BLOP SDAUHNLACRLOY! A AObnblEa U Ky

conponents of 20 e intericor structure, he materi al
wher e 5t he bgchdglhby aH'%anécflPéSc%Poﬁ‘%t‘fﬁPy sigge a?aé%fms posSels the®
Crystalline nmaidesighble esperiinaltlipnt 82 lew golaaizisyzend highzedlksicbsstypuch as
zeolites X and, ave been found to be useful for a nunber of

hydr ocr acki ng appFI cations since 25 they have the advant age, as cé)[@ar ed

to the amor phous C°nm‘é’rqf’éllsh1’6?°'|55%%’%’§§ F3taLlyTEs  mRishy 88 gFidl
activity, fifcelof Naid es Hyldeofgdatismciunegibn and care iauhsiderad | ower

temperat urgs at, Wﬁh‘%@lm} ACoAIARYLIg AKAZEN3h Blle catalyBACHLONS are

t her nodynam cal avor e In ad 1tron crystalline catalysts tend
to be nore stalﬂré’vllﬁeép'@YaﬁlR%'C’“S s°%h‘5rF4’FFé-e§nﬁPﬁhoﬁ§ HHENRCE such as
alum na. The silieayala@hinae mmbephahs manerikdeekave significsmitt abl e for

all appl i g adt‘"r’?%g%* nf&o%\_j%lgetsgg tm.%r So§i§ﬁ‘t§ #dedS8ch

materials, typica (i Y 51 zeolites,.
are too small nﬁé#m figpificanty & PFbE% "’blﬂq<§’“ Ky P°1Y°Y° c

15 nmaterials (aromatics as well as polynaphthenes) since the
amorphous materials usually possesses pores extending over
a wide ranée of sizes and the larger pores, frequently in
the size range of 10 -40 nm (100 to 400 Angstroms (4)) are
large énough'to provide entry of the bulky components of
20 the feed into the interior structure of the material where
the acid-catalyzed reactions may take place.

Crystalline materials, especially the large pore size
zeolites such as zeolites X and Y, have been found to be
useful for a number of hydrocradkinq applications since

25 they have the advantage, as gompared to the amorphous
materials, of possessing a greater degree of activity,
which enables the hydrocracking to be carried out at lower
temperatures at which the accompanying hydrogenation
reactions are thermodynamically favored. In addition, the

30 crystalline catalysts tend to be more stable in operation
than the amorphous materials such as alumina. The
crystalline materials may, however, not be suitable for all
applications since even the largest pore sizes in these
materials, typically about 0.74 nm (7.4 A) in the X and ¥

35 zeolites, are tooc small to permit access by various bulky
species in the feed. For this reason, hydrocracking of
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S@em es in the feed. For this reason, hydrocracking of

~3- residual fractions and hlgh boiling feeds has generally

requi red an.anor phous catal yst of rather |ower activity. The

bi functional catalyst also conprises a netal conponent whi ch provi des
t he. hydrogenat|on/dehydrogenatlon 5 functionality. The netal conponent
typically conprises a conbi nation of agtals from G oups IVA VIA and

VIITA of the Periodi ¢ Tabl e (I UPAC Tabl e) although single nmetals may

al so be encountered. Conbinations of nmetals from G oups VIA and VII1 A
are especially preferred, such as nickel 10 nol ybdenum

cobal t - nol ybdenum .ni ckel -tungst en, ni ckel - nnlybdenun1and

ni ckel -t ungst en-GSigvRdErREHIQNS and” Pré‘?%l@’&f”@r FE599 haa ApEEY v
pl ati num or pal Ixzaa:l;uﬂneﬂayn amorpheusncatalgstedhitather bovet yyittiality.used

for treating high - mnebgh ks %QS % i:?slg endd o QRQ&%ori Zhi cant

quantities 15 of heteroatons on_as pol ons ese net al s.
In U.S. Patent GFEESNERE UQHCEé?ﬂ"i"tléeﬁeF%el hydragenagdgn/ dehYdaE"%natl‘m
hydr ocr acki iy catuctiionhai tieavihehpetal acdmporedrts tybh.cally mpmes a

contrast ed it h ddifhsSARNBR! bENALLANIROGRAGKIG v, RACNEFLiIOC RS B!

denonstrat es abi ar a erence to

the aromatics. PAfigdic TableycdPACHLaBhehi3hthaugh él‘rf‘gﬁ? %@F%Werted
hydr ocr acker alsef beuentotntetddon Chsb iyt iansedgethks phirom @riowpsof t he

product. VIA 'é%Wel\??hAt&ee s @ES.éffy a;?ré/ﬂb:lreﬁs %ﬁ@k‘?ra@ﬂ 34.?}:)&‘1' ¢ 25

naterialsaﬁ:_alless readi 'y attacke gzeom
par af fini ¢ at eMCHYLAFNER.  fRPFIEs l’J’Pﬂ'Y AeRuR h At Gieds tungstem, FRRRltTe
process and renmitkel-inbdypdemiin tandc ohskelieningsten-titadinmng Ndbd epr oduct

VI Vhile zeol i et QfCéI:@lL[yZ@&IA espBE LEARSGH RAKERSHP h A At %8pess

for dealing with hig paraffinic 8 | soneri zation
selectivity of tife e“°°““f@6?‘i‘t‘§“b€‘F& Eafa’l"%’t%ané’ob‘ﬁﬁ dE9F tFreayidgs Bigh
capability to boillimmpfeeldswitich itepdatonaintaicorignéfisant encetittdeki m t

the apR | Cyd YeRlrohPEnP AERES thct 888 A MY AR RENESE: athse metals.
In U.S. Patent No. 5,128,024 zeolite beta is described
as a hydrocracking catalyst for heavy hydrocarbon oils. It
can be contrasted with the conventional hydrocracking
catalysts because it demonstrates ability to attack
20 paraffins in the feed in preference to the aromatics. This
reduces the paraffin content of an unconverted hydrocracker
effluent fraction thereby lowering the pour point of the
product.
However, the aromatics as well as other polycyclic
25 materials are less readily attacked by zeolite beta than
the paraffinic materials with the result that they pass
through the process and remain in the product, consequéntly
reduchng the product V.I. While zeolite beta-catalyzed
processes have shown effectiveness for dealing with highly
30 paraffinic feeds, the high isomerization selectivity of the
zeolite beta catalysts, coupled with a lesser capability to
remove low quality aromatic components, tended to limit the
application of the process to feeds which contained
relatively low quantities of aromatics.
35 In contrast to zeolite beta, amorphous catalysts used
in lube hydrocracking are relatively non-selective for
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regtatively low quantities of -aromatics. 35 In contrast to zeolite

beta, anorphous catal ysts used I n | ube hydrocracking are relatively
non-sel ective for -4-

paraffin isomerization in the presence of polycyclic conponent s but
have a high activity for cracking resulting in alowoverall yield and
hi gh dewaxi ng demands. Wil e, as nmentjgoned above, the zeolite

bet a- cat al yzed processes 5 are capabl e of achi eving higher yields, since
the zeolite has a nmuch higher selectivity for paraffin isonerization,
the aromatics are not always effectively dealt with in | ower quality

f eeds. In addition to the | ube hydrocracking processes. 10

.descri bed aboveRanpffisciserenizateiehdanthaprrgaangs ath@olycychieducti on of
fuel s such as gﬁﬁﬁﬂdd&htanﬂuﬁ1ﬁkﬂéia highdastivittt efor cracking redwiling

hydr ooracki ng 1, & ARCESEANN IR0 36N EYE hewors i USRALERT UBRUIL)

petrol eum r ef i hil iy dohver t g VAT T ous Sam 1 ractio
| i ghter and noras mmpnedpam,t sthe zeolb‘@@éﬁ%ﬂa@lﬂzeﬂl Brecessash as j et

fuels, diesgl oits c%@ﬂme ofh@@uéﬁn@ hsgnéi«d;m&a:klsmcesmeneé&mﬂaé
carrled out in “ﬁb ﬁ Lon Wit h £°$' h treatln .st.ep in which
a |es it HE

t he heteroé? ﬁ%rlﬁﬁiﬁﬁt e a%5°?8 zﬁ?ﬁ?Bgenated

Wit hout a S|gn|$thﬁnpmségFéea€# IMf lalways %%ﬁﬁ&#kﬁQ*Y deadtnyithin initi al
step, t he heter:auéyn@uallty péedie) pal |y nltrogen and sul fur, are converted

to inorganic dr n nd th ases may be
renmoved pr| or to th(cakr suésequen?t?'ur%lr ogrggck%?:cs ‘fdregc Ilr}gngrgﬁgﬁg S the two
stages maylbe cipmnmided abewse forpsking has |1=mee1r m@eyeépw &heon as,

for exanple, i rpi&lﬁxdﬂlloﬁr dekrigrs such dEiGgPpsSrass iy diadlBe noderate
pressure hydroc process described in U S. Patent No. 4,435, 275.
In the second s age o tﬁe operation, the hydrotreated 30 feedstock S
contacted with a bif FeLEoR¥Ere@ragiiog whi 2 processsdishs bashathiavsaddi ¢ and

hydr ogenat i on/ detyebipr@aaatis@nin petroleum refining for converting various
15 petroleum fractions to lighter and more valuable products,
especially distillates such as jet fuels, diesel oils and
heating oils. Hydrocracking is generally carried out in
conjunction with an initial hydrotreating step in which the
hetercatom-containing impurities in the feed are
20 hydrogenated without a significant degree of bulk
conversion. During this initial step, the heteroatoms,
principally nitrogen and sulfur, are converted to inorganic
form (ammonia, hydrogen-sulfide) and these gases may be
‘removed prior to the sﬁbsequent hydrocracking step although
25 the two stages may'be combined in cascade without
interstage separation as, for example, in the Unicracking-
JHC process and in the moderate pressure hydrocracking
procese described in U.S. Patent No. 4,435,27S.
In the second stage of the operation, the hydrotreated
30 feedstock is contacted with a bifunctional catalyst which
possesses both acidic and hydrogenation/dehydrogenation
functionality. In this step, the characteristic
hydrocracking reactions occur in the presence of the
catalyst. Polycyclic aromatics in the feed are _
35 hydrogenated, and ring opening of aromatic and naphthenic
rings takes place together with dealkylation. Further
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fgnctionality. In this step, the characteristic hydr ocr acki ng

reacti ons occur in the presence of the catal yst. Polycyclic aromatics
in the feed are 35 hydrogenated, and ring opening of aronmatic and -
napht heni c rings takes place together with deal kyl ati on. Further

hydr ogenati on may take place upon opening of the aromatic rings.
Dependi ng upon the severity of the reaction conditions, the polycyclic
aromatics in the feed will be hydr ocr a6ked t o parafflnlc mat eri al s or,
under | ess severe 5 conditions, to nonocyclic aromatics as well as
paraffins. Napht heni ¢ and aromatic rings may be present in the
product, for exanple, as substituted naphthenes and substituted

pol ycyclic aromg %&]_sodéél:ettgg hfng{?e{alpé) tx#a'agoup%% %&ﬁqg Sfel a? aég'qxatlc

hydr ocracker bot pen i Ng” upon i ona
severity. rings ndQePeRdiRg pan Jhe SFV?E?E‘F% Hy FhGc reRREAGD t he
crystal l'i ne hydreenididdonsg, cehal yslﬁc}gﬂier akrbyat sl D the £fepPEOWLLE be

signi ficant quanﬁ#& éﬁ%égkega§8| Q%?ncezfgﬁa%gpggis o ESEI Lés severe .

(approximately [€ oduct” drocr acKed gasolrnes
be of relatléelyc? Q%ﬂﬂﬁnet° m°n%ﬁﬁF%k9qGFPEaF£ﬁﬁrﬂ§'Wﬁiéa?ﬁeﬁ?regfinﬁ
reforning befor eNdftethenic Rha@dseémetit hdnhbense e iredene naf tpery gasoline

pool , hydr o g f t he
productlon of ga é£ €1 5ﬁ§ %§y&%%%qu ngBS§§£&é54 e ht%%kgﬁ Qﬁdto t he
production of d|§¥P$#%ﬁﬂ§eﬁrE@%Y@ﬂ§1ME§ﬁ@@P5FF§ }Qﬂthe highgg| Boikinging oil s
and di esel fuel spedditfrd,hé.e. théyifddcrakkeg psoeass KegeAdingheon the

heteroaton1|@pura%é X ﬂﬁagpgp?%?8§§%;e S%SE%y present in these fractions to

t he | ow | ev eS| cts. The selectivity
of crystalline al um fsier GBFeC°“dlt¥9ﬂﬁaP§sF§e¥%wh!ﬂ§ﬂﬁan§F§9pr%Rﬁun| on may
be inproved by tégeystallineengdrbeoidiing khteDysts epindradilyf eenéxedpl e, the

ety e o f SRR LR, SRl il 80 B e
materials (approx1mately 3J0°F~-, 65 c-) as product. Since

15 hydrocracked gasclines tend to be of relatively low octane
and require further treatment as by reforming before the
product can be blended into the refinery gasoline pool,
hydrocracking is usually not an attractive route for the
production of gasoline. On the other hand, it is favorable

20 to the production of distillate fractions, especially jet
fuels, heating oils and diesel fuels since the
hydrocracking process reduces the hetercatom impurities
characteristically present in these fractions to the low
level desirable for these products.

25 The selectivity of crystalline aluminosilicate
catalysts for distillate production may be improved by the
use of highly siliceous zeolites, for example, the zeolites
possessing a silica: alumina ratio of S50:1 or more as
described in U.S. Patent No. 4,820,402 (Partridge et al).

30 In conventional hydrocracking processes for producing
niddle distillates, especially jet fuels, from aromatic
refinery streams such as catalytic cracking cycle oils, it
has generally been necessary to saturate the aromatics
present in the feed to promote cracking and to ensure that

35 a predominantly paraffinic/naphthenic product is obtained.

' The hydrocracked bottoms fraction is usually recycled to



T

. ®
3@ I n conventional hydrocracking processes for producing - mddle

distillates, especially jet fuels, fromaromatic refinery streans such
as catalytic cracking cycle oils, it has generally been necessary to
saturate the aromatics present in the feed to pronote cracking and to

ensure that 35 a predom nantly paraffinic/naphthenic product is obtained.
The hydrocracked bottons fraction is usual‘1‘37 recycled to ‘

extinction or blended with the distillate product even though it is
hi ghly paraffinic, because of the aromatic- sel ective character of the
catal yst, and could formthe basis for a paraffinic |ube stock of

hi gher val ue thagtihetfon o Blliehiiad evidrodnecdibyi LI MEKigi®dudt even
U S. Patent No. ﬁ

851, 109. describes_ i ratign of jet fuel .and m ddl e

i ot | tat o proddtpiah 5 taishrl Grtitl' Bleghal He ne axtBastEs Dl i c
| ube productionsg@dpagive charageriofithhe caéadyrhg andrecaulshiforpstheased on
zeoljite 10 bﬁt dasidhisr P{j g?&&g:ﬂiﬁ_&}: lmhw slafwdkpaﬁnnmll m&tlh@ntw_h?hl Q%e
produci ng napht has_and_.m i gt tes . ai.gh quality. The bottons
fraction frgm rr%é‘g}:é?ga‘ber é’§§u?§e$uﬂ’e¥scara%§ugﬁyg#()cyacki_ng is processed in a
hydr oi soneri zati on/ U.S. Bar@nscNackt P18 fespribes cintagratibnapt jet
fraction ordanI Jfgelgmar&iimﬁr ueBeirpadd @iro\_ahbellﬂoﬂaw bodezede! prase@ree a
preni um gr ade ase stock usin ventiaonal processin
t echnol ogy. Eve%’ygﬁ%ﬁﬁc’élﬁq ﬁﬂ?oﬁ%ﬁ%wcnq%ﬁep ?g‘ﬂﬁ%’t?rbr‘f‘sqng is offered
by the use of zdsPReripation deyaxitpdmyen ggesatalyst based on zeolite _
hydr oi sonerigzat ibaiahy ofRLd Frleceds Shipimilzee ﬁ?&ﬂfiéﬁscoﬁiﬂtp%qon eapeei al |y

L
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bresent _pr ocess FERARFELS (TAPAEPPRTS (B ddbe Ahdbn EAces of, high gualdfres
| ube basestock flhenPetieons diractéonnfrom modgzaief PReSsSURR tIed sfracti on of
fuel s hydrocr ackiy8goc2icking is pfbessuriin anhiyaréis&wdeickadtion/process for
pr.oduci ng -3 'dEQrLgéﬁ d rg%atgy Rfdacked; 0k 511 1L at& Rl LG, " gRoe
product contai ni Xg at - feast? 0 .Yoaronati cs conprisring
)\ aromatics-rich fraction which may be used to produce a
premium grade lube base stock using conventional processing
technology. Even though an improvement in lube production
is offered by the use of zeolite beta in a second stage
hydroisomerization/hydrocracking step, the aromatics, and
20 especially the polycyclic aromatics, still pose a
challenge.
The present process enables the refiner to manufacture
a low aromatics lube basestock from the aromatic and
paraffinic bottoms fraction of fuels hydrocracking.
25 The invention is directed to a process for producing
a lubricant from a hydrocracked distillate boiling range
product containing at least 10 wt.% aromatics comprising
hydrotreating the feed over a catalyst comprising a
synthetic ultra-large pore crystalline material in the
30 presence of hydrogen and conditions sufficient to convert
said hydrocracked distillate boiling range product to a
lubricant of reduced aromatics content.
The present_proéessing scheme can also be considered
an effective integration of middle distillate production by
35 fuels hydrocracking and catalytic lube production by lube
hydrocracking which maximiZes the production of both types



_®
hydrotreating the feed over a catal yst conprising a synt hetic
W tra-large pore crystalline material in the 30 presence of hydrogen and
conditions sufficient to convert sai d hydrocracked distillate boiling
range product to a | ubri cant of reduced aronmatics content.
The present processing schenme can al so be considered an effective
integration of middle distillate producti on?by 35 fuel s hydrocracki ng and
catal ytic | ube production by | ube hydrocracki ng whi ch nmaxi m zes the
production of both types ' -7-
of product and exploits nost effectively the characteristics of both

processes by usid rdauke and e:?ﬁllq{ﬂ%rﬁéét r@ffé&ﬁd{e‘iﬁ( kaged on a synthetic
ultra-1large An i nportant advant age

ore crystallin
of the inventior® §§§FE¥§FF6ﬁ °é§b°tgfpfﬂﬁfiﬁ?ﬁnﬂy<H§188nPa YR% in the
hydr ocr acked prdiidxotreatingi cataplystebased tdre a/isyoodiettiicantitrt Idrmgens t he
yield of trsbﬁgwgyyggalllne materiane feed for the Iube hydr opr ocessi ng
i s made by %p subjectln% ; drocarbon fraction l.d h drocrackln
(under roderate presdfy SBPSRERRY ANRIEIET AF s s"nve"tlﬂ?d DFHHG
catal yst. In thist sthep aroheticsy cprtiaiingd in the drmdrocreckpdarmduayf t he
feed are subj ectfi dif preserP¥d Hd 355ELBLi EL A WSinMAIIRE ERS Wield ozONPI et e
or partial 15 saturation of aromatic rings acconpanied by ri'ng opening
reactions to for ‘iﬁHEHBF§'mh|ch are relatively nore paraffinic; the
limted conversion i rl‘htehéeédrﬁcbr snhagé;-lbe hydimmencess iegabs esadéd dye product s

to be retaied vg i &%aa ErddhEdn Gioa%maghyar&é%ﬁt:@ boi | i ng
bel'ow t he 20 rbe b0|I gﬁran Elcalég below1about g (about

345 C). The cata Weru?@&e A PYER 2 r phous
nmoder at e pr essurhydupsirackidgocatakisty cinatlyss step, thet low qnadiﬂyso be
based on the nespRAQUS %Bﬁé}zﬁéﬁﬁé‘%f the FRdLTdAl Suigeetbiet, bel ow for the
: iuﬁiet Qéd{ gpagpesﬁl&z%crackln eac 10¥1S wﬂfcr? Ornevseurlsé erI]‘l Icgm%.ll..”etse Sc;[ra%%rltslal

15 saturation of aromatic rings accompanied by ring opening

reactions to form products which are relatively more
paraffinic; the limited conversion in the first stage,
however, enables these products to be retained without
undergoing further cracking to products boiling below the

20 lube boiling range, typically below about 650°F (about
345°C). The catalyst used in this step is typically an
amorphous moderate pressure fuels hydrocracking catalyst,
but it may also be based on the mesoporous crystalliﬁe
materials described below for the lube hydroprocessing.

25 Typically, the conversion in this stage is limited to no
more than 80%, preferably no more than 45% to 60% by weight
of the original feed.

The highest boiling aromatics effluent from the fuels
hydrocracking stage is subjected to'high pressure

30 hydrotreating over a lube hydrotreating catalyst based on a
mesoporous siliceous material.

The hydrotreating catalyst comprising a crystalline
material which has an inorganic non—piliared phase
indicating a maximum perpendicular cross-section pore

35 dimension of at least about 1.3 nm (13 Angstroms). This
crystalline composition exhibits an X-ray diffraction



npresthan 80% preferably no nore than 45%to 60% by wei ght
original feed.

fuel s

hydrotreati ng over a |ube hydrotreating catal yst based on a
siliceous material.

hydr ocracki ng stage is subjected to high pressure 30

crystalline

i ndi cati ng a nmaxi mum per pendi cul ar cross-sastion pore 35

The hydrotreating catal yst conprising a
mat eri al which has an inorganic non-pillared phase

| east about 1.3 nm (13 Angstrons). This crystalline conposition
exhibits an X-ray diffraction

- 8- pattern and a benzene adsorption capaC|ty of greater than
about 15 grams benzene/ 100 gr.ans anhx?rou crystal torr and 25 C.
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separator to remove products boiling below the lube boiling

range, i.e. 345°C-(650°'F-). The higher boiling bottoms
fraction is then subjected to dewaxing to lower the pour
point and then subjected to high pressure hydroprocessing
over an ultra large pore crystalline material.

FIG. 1 illustrates a simplified schematic
representation of the moderate pressure hydrocracking -
high pressure hydroprocessing scheme used to make gasoline,
distillate and low aromatics lube basestock.

The bottoms fraction of the moderate pressure fuels
hydrocracker effluent is subjected to high pressure lube
hydrotreating over a mescporous catalet. Solvent or
catalytic dewaxing will typically be necessary to reduce
pour point to the desirable range either before or after
the hydrotreating. The lube hydrotreating is carried out
under high pressure conditions, typically at hydrogen
pressures of at least about 800 psig (about 5620 kPa abs.)
and usually in the range of about 1,000 to 3,000 psig
(about 7000 to 20785 kPa abs.)

Feedstock

The feedstock for the moderate pressure fuels
hydrocracking process is usually a heavy oil fraction
having an initial boiling point of 200°C (about 400°F) and

of the
The hi ghest boiling aromatics effluent fromthe
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The bottons fraction of the noderate pressure fuels hydr ocr acker

effluent is subjected to high pressure | ube hydrotreating over a
nmesopor ous catal yst. Solvent or 25 catal ytic dewaxing will typically be
necessary to reduce pour point to the desirable range either before or
after the hydrotreating. The | ube hydrotreating is carried out

under high pressure conditions, typically at hydrogen pressures of at
| east about 800 psig (about 5620 kPa abs.)=%0 and usually in the range of
about 1,000 to 3,000 psig (about 7000 to 20785 kPa abs.)

Feedstock The feedstock for the noderate pressure fuels

hydr ocracki ng process is usually a heavy oil fraction 35 havi ng an
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contain a residual, fractions. The hetercatom is not critical: the
nitrogen content will generally be in the range 200 to 1500
ppmw. Likewise, the sulfur content is not critical and

15 typically may range as high as 5 percent by weight. Sulfur
contents of 2.0 to 3.0 percent by weight are common. The
heavy hydrocarbon oil feedstock will normally contain a
substantial amount boiling above 230°C (450°F) and will
normally have an initialiboiling peint of at least about

20 290°C (about 550°F), more usually about 345°C (about
650°F). Typical boiling ranges will be about 345° to 565°C
(about 650° to 1050°F) or about 345° to 510°C (650° to
950°F) but oils with a narrower boiling range may, of
course, be processed, for example, those with a boiling

25 range of about 345° to 455°C (about 650° to 850°F). Heavy
gas oils are often of this kind as are heavy cycle cils and
other non-residual materials. It is possible to co-process
materials boiling below 260°C (about SQ0°F) but the degree
of conversion will be lower for such components.

30 Feedstocks containing lighter ends of this kind will
normally have an initial boiling point above 150°C (about
300°F).

The heavy oil feeds will comprise high molecular
weight long chain paraffins and high molecular weight

35 aromatics with a large proportion of fused ring aromatics.
During the processing, the fused ring aromatics are
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MODERATE PRESSURE FUELS HYDROCRACKING STAGE
GeneraL

The feedstock is heated to an elevated temperature and

is then subjected to moderate pressure fuels hydrocracking.

15 Typically, in fuels hydrocracking, the feed is passed over
the hydrotreating and hydrocracking catalysts in the
presence of hydrogen. Because the thermodynamics of
hydrocracking become unfavorable at temperatures above
about 450°C (about 850°F) temperatﬁres above this value

20 will not normally be used. In addition, because the
hydrotreating and hydrocracking reactions are exothermic,
the feedstock need not be heated to the temperature desired
' in the catalyst bed which is normally in the range 290°,
usually 360°C to 440°C (about 550°, usually 675°F to

25 825°F). At the beginning of the process cycle, the
temperature employed will be at the lower end of this range
but as the catalyst ages, the temperature may be increased
in order to maintain the desired degree of activity.

The heavy oil feedstock is passed over the catalysts

30 in the presence of hydrogen. The space velocity of the oil
-is usually in the range 0.1 to 10 LHSV, preférably 0.2 to
2.0 LHSV and the hydrogen circulation rate from 250 to 1000
n.1.1"1. (about 1400 to 5600 SCF/bbl) and more usually from
300 to 800 (about 1685 to 4500 SCF/bbl). Hydrogen partial

35 pressure is usually at least 75 percent of the total system



The feedstock is heated to an el evated tenperature and I's then
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1S 4930 to 8375 kPa abs) are satisfactory. Low conversion may
be obtained by suitable selection of other reaction
parameters, e.g., temperature, space velocity, choice of
catalyst, and even lower pressures may be used. Low
pressures are desirable from the point of view of equipment
20 design since less massive and conSequently cheaper
equipment will be adequate. Similarly, lower pressures
usually influence-less aromatic saturation and thereby
permit economy in the total amount of hydrogen consumed in
the process.
25 A preliminary hydrotreating, as mentioned above, may
be employed, in which case, the relative proportions of the
hydrocracking and the hydrotreating catalysts may be varied
according to the feedstock in order to convert the nitrogen
in the feedstock to ammonia before the charge passes to the
30 = hydrocracking step; the object is to reduce the nitrogen
level of the charge to a point where the desired degree of
conversion by the hydrocracking catalyst is attained with
the optimum combination of space velocity and reaction
temperature. The greater the amount of nitrogen in the
35 feed, the greater then will be the proportion of
| hydrotreating (denitrogenation) catalyst relative to the
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to operate 15 or 40 percent by weight. The degree of cracking to gas

(C4—) which occurs at these low conversion fiqures is
correspondingly low and so is the conversion to naphtha
(200°C~, 400°F-); the distillate selectivity of the process
is accordingly high and overcracking to lighter and less

20 desired products is minimized. It is believed that in
cascade operation this effect is procured, in part, by the
effect of the ammonia carried over from the first stage.
Control of conversion may be effected by conventional
expedients such as control of temperature, pressure, space

25 velocity and other reaction parameters.

Hydraotreatin
‘The feed is preferably passed over a hydrotreating

catalyst'before the moderate pressure hydrocracking
catalyst in order to convert nitrogen and sulfur containing

30 compounds to gaseous ammonia and hydrogen sulfide. At this
stage, hydrocracking is minimized but partial hydrogenation
of polycyclic aromatics proceeds, together with a limited
degree of conversion to lower boiling (345°C-, 650°F-)
producﬁs. The catalyst used in this stage may be a

35 conventional denitrogenation (denitrification) catalyst.
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carrier such asTsblessddicas aickeha,cahalitcachiomivms, \arnaslllhmca nmagnesi a.
molybdenum, tungsten, or a combination of metals such as
nickel-molybdenum, cobalt-nickel-molybdenum; cobalt-~
molybdenum, nickel-tungsten or nickel-tungsten-titanium.

15 Generally, the metal component will be selected for good
hydrogen transfer activity:; the catalyst as a whole will
have good hydrogen transfer and minimal cracking
characteristics. The catalyst should be pre-sulfided in
the normal way in order to convert the metal component

20 (usually impregnated into the carrier and converted to
oxide) to the corresponding sulfide.

' In the hydrotreating (denitrogenation) stage, the
nitrogen and sulfur impurities are converted to ammonia and
hydrogen sulfide. At the same time, the polycyclic

25 aromatics are partially hydrogenated to form naphthenes and
hydroaromatics which are more readily cracked in the lube
hydrocracking stage. The effluent from the first stage may
be passed directly to the second or hydrocracking stage
without the conventional interstage separation of ammonia

30 or hydrogen sulfide. Hydrogen quenching may be carried out
in order'té control the effluent temperature and to control
the catalyst temperature in the second stage. However,
interstage separation of ammonia and hydrogen sulfide and
light fractions may be carried out, especially with the

35 noble metal hydrocracking catalysts which are more
sensitive to the impurities.



Because extensive cracking is not desired in this stage of t he
process, the acidic functionality of the carrier may be relatively | ow
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The hydrogenation-dehydrogenation component is
provided by a metal or combination of metals. Noble metals
of Group VIIIA, especially palladium, platinum, or base
metals of Groups IVA, VIA and VIIIA, especially chromium,

20 molybdenum, tungsten, cobalt and nickel, may be used. The
combination of at least one Group VIA metal such as
tungsten with at least one Group VIIA metal such as nickel
is particularly preferred for many applications, for
example, combinations such as nickel-molybdenum, cobalt-

25 nickel, nickel-tungsten, cobalt-nickel-molybdenum and
nickel-tungsten~-titanium. For certain applications
pallacdium or platinum is preferred.

The content of the metal component will vary accordlng
to its-catalytic activity. Thus, the highly active ncble

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

35 metal. The hydrogenation component can be exchanged onto



characteristic reactions which take place over the hydr ocr acki ng
catal yst. : Moder at e Pressure Fuel s Hydrocracki ng Catal yst

The noderate pressure hydrocracking catal yst may be a conventi onal

bi functional catal yst which conprises an 10 anorphous material together
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n'Cke"tUngStenplé%ﬁﬁﬁdﬁm@tﬁkehoﬁ%ﬁﬂﬂl@@”Hahﬁﬂﬂhultable platlnum compounds
ni ckel -t ungst en t| I U Faor.certain a um_ar

pli
platinumis pre chloroplating, a&’jﬁ fa%ﬁn?‘ﬁse '::rxilcg'togrl’)'8 o?r?) N W |
vary accordi ng COMPOWS pgntaanamwtﬁr@ adatinumy amphine complekghlTheacti ve
noble 30  net a:hécammea%ouaas hi\y Haldiehe ANEsidSuridiin! RAiERSEhAGIdrad
base netal s. For exae abgge ca‘é’!(on g?r é}t ol cluesds and . c aclulmcfj' um or
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tungsten, expresgssk ¥ TompoliRédl can Hecubyd! ogeilAlddiunC oFPADLEimERN be
exchanged onto compounds in which the metal is in the form of a cation of
3)4Cl2 or Pt(NH3)4

‘particularly useful, as are anionic complexes such as the

cationic complex, e.g., Pd(NH Cl2 are

15 vanadate and metatungstate ions. cCationic forms of other
metals are also very useful since they may be exchanged
onto the crystalline material or impregnated into it.

Interstage Separation
Interstage separation may be employed to separate the

20 high boiling bottoms fraction, which is a most appropriate
feed for the high pressure lube hydrotreating stage, from
the gasoline and distillage fraction. This may be
accomplished by passing the fuels hydrocracked effluent
through a fractionator, e.g., an atmospheric distillation

25 and/or vacuum distillation tower, to isolate the 316°C+
(600°F+), more specifically 343°C+ (650°'F+) bottoms
fractiqn.

LUBE lO ROCESSING STAG
The hydrocracked feed is subjected to a subsequent

30 high pressure lube hydroprocessing over a catalyst based on
a composition of matter comprising an inorganic non-
pillared crystélline phase exhibiting, after calcination,
‘an X-ray diffraction pattern with at least one peak at a
position greater than about 1.8 nm (18 Angstrom Units)



the support material, inpregnated into it or physically adm xed with
kt. If the metal is to be inpregnated into or exchanged onto the
nmesopor ous support, it rmay be done, for exanple, by treating the
zeolite with a palladiumor 5 pl ati num netal -containi'ng ion. Suitable

pl ati num conpounds i ncl ude chloroplatinic acid, platinous chloride and
vari ous conpounds cont.ai ning the pIaLEgun1ann1ne conpl ex. The

nmet al compounds may be either compounds in which the netal i s present
in the cation of the conpound and conpounds in 10 which it is present in
the ani on of the conpound. Both types of conpounds can be used.
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i npregnat ed i nt @5°€- | nt er st age Separation | nterstage
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hydr ot reati ng slpgﬁgot?r?ﬁﬁm 1CS; R ‘éﬁ%%’ﬁ'h@ 24f 8871 T €tion. This
may be accémpricart groduetsi Whlicheaare glorehparatfiriedans f | uent

through a fract haaa{-.@ém@. J.-I1n @NspbDEIY ¥mbeadnsht!, | eiké Wil ystand/ or
vacuumdlstlllatlonto te th l[oe

err] nore
speci fical | 1§ [ efrIP b??%rﬁs e’ ?‘V%ﬁ???ﬂ? n'dlahyfﬂéﬁé ROPESBPRIG STAGE
The hydr ocrickednf the Resandicist suppert Whilsheguevides the glesiredsacidiqibe
hydr opr ocessi ng r@wetidnLpita.y st based on a conposition of rratter
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at a poSi ti Gwogaba@%rsatﬂmtabaubuq @%mopysrmgstmm@mqasped at a
' relatively low level in order to minimize cracking of the
15 aromatic and paraffinic components of the feed and of the
products obtained from saturation of the aromatic
materials. Consistent with these process objectives, the
- hydrogen pressure is at least 800 psig (about 5620 kPa
abs.) and usually is in the range of 1,000 to 3,000 psig
20 (about 7000 to 20785 kPa abs). Normally, hydrogen partial
pressures of at least 1500 psig (about 1435 kPa abs.) are
best in order to obtain a high level of aromatic saturation
with pressures in the range of 1500 to 2500 psig (about
1435 to 17340 kPa abs) being suitable for most high
25 pressure equipment. Hydrogen circulation rates of at least
about 1000 SCF/Bbl (about 180 n.l.1”Y.), preferably in the
range of 5,000 to 10,000 SCF/Bbl (about 900 to 1800 n.l.l”
l) are.suitable. Total system pressures of at least 400
psig (2860 kPa abs), typically in the range of 1500 to 3000
30 psig (10450 to 20800 kPa). Normally, total system
pressures are between 2000 and 2500 psig (13900 to 17300
kPa abs) to obtain the desired results. Higher systen
pressures may be employed where cracking of the aromatics
is desired. _ . -
35 ~In thié stage of the process, maintaining the boiling
range of the feed to avoid production of products boiling



- d- spaC|ng with a relative intensity of 100, and a benzene adsor ption
.capaC|ty of greater than about 15 grans benzene per 100 grans
anhydrous crystal at 7 kPa (50 torr) and [err] 5 The cat al yst
is usually a bifunctional catalyst to pronote aromatics saturation .of
the feed to produce | ubri cant products which are nore paraffinic and
.naphthenic. In a specific enbodi nent, the-xzatal yst conprises a netal
hydr ogenat i on- dehydr ogenati on conponent 10 - on the mesoporous support

‘whi ch provides the desired acidic functionality. Thi s stage
is carried out under high pressure to favor aromati cs saturation but

the conversion s nmintained at, a rel ativel | o rder to '
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(about 900 60 1 n

Tot SysLeqypsessures of at
| east 400 iﬁ%|‘Qt'(*zgé'ﬁmﬁﬁécﬁbsﬁpect’%ﬁfzégﬁyfrf‘ﬂn the¥ a?iéeg]?)f qgﬁb‘ %0 3000
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bet ween 2000 angy 259&&3@19 ﬂaaosba@ 1273904 wt. % kPa mba) typiedtai n the
desired results

RILES s_nay_ b
cracki ng of thehﬁﬁ%ékﬁ?ﬁﬁi g pr°?%s%ks iTe gﬁng Yange chb%¥gg°¥wEHéaﬁd t he
process, mai nt abailrss Hdhapopbpnl 5%. ﬂﬁaﬁgéeﬁﬁe%rﬂf1h¥9§°963856Wﬂ ¥ oduction

of product 35b0i b}@ferred, the conversion should typically range from 5 to
25%. '

Thus, the exact temperature selected to achieve the
desired reactions depends on the characteristics of the
feed as well as upon the extent to which it is necessary to

20 remove the low quality aromatic components from the feed.
The conditions in the lube high preésure hydroprocessing
stage are adjusted to minimize conversion to non-lube
boiling range products (usually about 650°F-(345°C-)
materials). Since the catalyst used in this stage is of

25 low acidity, conversion to lower boiling products is
usually at a relatively low level and by appropriate
selection of severity, this stége of operation may be
optimized for isomerization over cracking. At conventicnal
space velocities of about 1, using a noble metal-containing

30 mesoporous catalyst, temperatures in this stage will
typically be in the range of about 500° to about 700°F
(about 245° to 370°C), usually not more than 685°F (363°C),
specifically about 650°F. However, temperatures may be
used outside this range, for example, below about 350°F

35 f176°C) up to about 750°F (about 400°C) although the higher

peratures will usually not be preferred since they will



=17- bel ow the | ube boiling range, typically to [err] (about

345 C-) products is advantageous. The actual conversion is dependent
on the quality of the feed, however. The feed fromthe fuels

hydr ocr acker usually cont ai ns- from about 25 5 to 55 wt.% paraffins,
specifically fromabout 35 to 45 w.% fromabout 10 to 25 wt. %
nononapht henes, specifically from 15-18-20 Wt % from about 10 to 40
wt . % pol ynapht henes, specifically fromabout 15 to 30 wt.% from at
| east about 10 wt.% aromatics rangi ng from about 10 to 10 30 wt. %
aromatics, specifically fromabout 15 to 20 w. and from about 1 to
10 wt.%polynulear ar onat eCJflcaII f.rom a t 2.t0 4 w.

In a typical ¢ AFFHFLRTE ‘%\t’f‘ﬁ:& Br 68‘% 5, IS5 t"ﬁ’ﬁ g ﬁ ’tvd'rﬁYeFé’Fon
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Thus, the exact terrpté ure sel ect ﬂ% hlgq_g:e desi red reactions
t

depends on t he Y88 BFi BY9ES5HVE ?é’é’&r§§%| FeRRENATIR SFre ext ent
to which itSis Widheshar intre®d acthvity ttasuldinguienytke o1a® iof béghonent s

fromthe feed. nydroglhepféwu;téso%ambarm&ésut&dm qBoate§§¢H &o 700°F
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cat al yst used iwilthitgpically ike dh 2Be range o @i-Rp, teohvfeﬁ%*f dipxt-o0 D ower

boi I'i ng p: OdUCtuSs‘dailly in aw]?éédgeabfaorglttﬁs I1vejt asow(heyeh ta\n&nlamgn in
appropri a el éction of seve S.S perati.o

optim zed ﬁ)or I%F?fﬁ?l%f% v@ﬁgﬁiﬁh’% é %gg‘e%&ﬁgna i 'pe e é

vel ocities of aﬁmmableuslmylaiaroﬁbeamwe ('Rhﬁt aﬁ%sllﬁgd%evemoﬂm §l}ss
catal yst, terrpes’&t;w egehPetdtireSmageaybs |ve corztenarceal Lytibecrid) splaeer ange of

about 500 to aho t rr] about _24 erf, I re_than
[err] specﬁt Vy ab®Xf rc{"eernr flr?%ma/e%leor{ es a J:g%&o,}abf]% to used
outsi de this rdihpse ﬂéedexlarﬁfihie tiFskofLemolas [désﬂnysd pReYY tm& Sdngdout
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not be preferred SI CSrEQ&X g!lance in this stage of the process, lower

circulation rates may be employed if feasible.
As mentioned previously, this stage is carried out

with a bifunctional lube hydrotreating catalyst which is

20 based on a mesoporous crystalline support material,
‘described in more detail below. Noble metals such as
platinum or palladium may be used since they have good
hydrogenation activity in the absence of sulfur. Since the
feeds are, typically, hydrotreated prior to the fuels

25 hydrocracking step and they will normally not contain high
levels of sulfur, noble metals are preferred. The amounts
of the metals present on the catalyst are chosen to achieve
good hydrogenation activity and it generally will be at
least 0.1 wt.3 and will range from about 0.1 to 40 weight

30 percent of the noble metal. More specifically 0.3 to 25
wt.%¥. If a Group VIIIA and/or a Group IVA metal is used,
'reiatively higher amounts are in order in view of the lower
hydrogenation activities of these metals, typically from
about 0.3 to 5 weight percent being sufficient. The metals

35 may be incorporated by any suitable method including
impregnation onto the porous support after it is formed
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+18- be associated with a | ower isonerization selectivity and

the production of |ess stable |ube products as a result of t he

hydr ogenati on reacti ons being thernodynam cally | ess favored at
progressively higher operating tenperatures. 5 Wth the increased
activity resulting fromthe use of high hydr ogen pressures
tenperatures from about 550 to [err] (about [err] to [err] will be
preferred. Space velocities will typi¥ally be in the range of 0.25 to
2 LHSV [err] ) usually in the range of 0.5 to 1.5 LHSV [err] although
in 10 nost cases a spdce velocity of about 1 LHSV will be nost

favorable. In order to achieve the desired severity in this st age,
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activity in the sence of sul f Si cal I y,
hydrotreat ed prFor=t&$He pfrﬁgegsb%g 4%2 &ggé‘é in %el%ngq"gcnt%%
normal |y not copdeersedylrffect theopni bV T of, t%b?’é%P&F&"%r‘éf the
preferred. 10he gaeant s of the nmetals present on the catal yst are

chosen to achi eve h Y. e Il be
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t hese netal s, typi cﬁﬁe’ 1o percent being
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~ is added to the feed. Fluorine compounds may be
incorporated into the catalyst by impregnation during its
preparation with a suitable fluorine compound such as
4F.HF)
of which the latter is preferred. The amount of fluorine
used in catalysts which contain this element is preferably

20 ammonium fluoride (NH4F) or ammonium bifluoride (NH

from about 1 to 10 weight percent, based on the total
weight of the catalyst, usually from about 2 to 6 weight

25 percent. 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 a

30  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 ca1c1n1ng the gel to
form the finished catalyst particles.

35 The catalyst activity may also be maintained at the
desired level by in situ fluoriding in which a fluorine



-;19-' into particles of the desired size or by addition to a gel

of the support materials prior to calcination. Addition to the gel is
a techni que which may be used for the preparation of the anorphous
type catal ysts when relatively 5 hi gh amounts 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 G oup-2A-A netal, although

subsequent processing steps-including calcination may adversely affect
the uniformty of the distribution of the 10 netal. Al t hough
acceptabl e results are denonstrated over an unpronoted catal yst, if

necessary in Of gt dfa0dbaliadd'%a che UESLLRUAEQIVSLSLAU, olbE oRal St MRy

be pronoted wit é I ncor por & Plori Re into the
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in the presencecaipdund nayi be iigicodtifuclsly or iintadtedténtiped end.
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The advantage of the mesoporous crystalline materials
in these catalysts is that the catalysts are capable of
having high levels of metal, while still retaining high
surface areas: these catalysts are very effective for the

20 processing of feeds such as those used in the present
process where the objective is to achieve a high degree of
saturation. US Patent No. 5,227,353 describes high metal.
content catalysts based on the crystalline mesoporous
support materials and reference is made to this patent for

25 details of such catalysts and their preparation and use.

Typically, the lube hydrotreating catalysts using the
mesoporous materials (as described below) as supports will
have'base metal contents above 12.9 weight percent (based
on the entire catalyst) for good hydrogenation activity

30 while retaining surface areas of at least 200 mz.g-l, Lube
hydrotreating catalyst containing noble metals will have
contents typically at 1 wt% or below. Higher metal
loadings are possible, while still retaining sufficient
catalytic surface area to enable the use of promoters to be

35 dispensed with. Thus, for example, cataiysts with base
metal loadings of about 25 percent and above still maintain



20- conpound i s added to the stream whi ch passes over the
catalyst in this stage of the operation. The fluorine conpound may be
added continuously or intermttently to the feed or, alternatively, an
initial activation step may be 5 carried out in which the fluorine
conpound i s passed over the catalyst in the absence of the feed e.g.

I n a stream of hydrogen in order to increase the fluorine content of
t he catalyst prior to initiation of the actual hydrocracking. In
situ fluoriding of the catalyst in this wagi=s 10 preferably carried out
to induce a fluorine content of about 1 to 10 percent fluorine prior
to operation, after whi ch the fluorine can be reduced to mai ntenance
| evel s sufficient to naintain the desired activity. Suitable
conpounds for in sit qu r|d|n t | 1eOT ng,
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30 while retainin ace areas
hydrotreating catad téom-"a‘P il Jagb Ret b kpadinas. hAfeabout lt?orﬁ"eﬁﬁs
typically at 1 vgdécentbebesl ddtghisr engt al3 percdmpdichgssartaqosaidal @ildhil e

still retaining guffi gt 500 n%ftal YEbEaP{ARMATA1HG SOAMUR B MEE Of

pronoters to be
25 weight percent total metal with a retained surface area

15 of at least 300 ng-l constitute a highly useful class of
hydrocracking catalysts.

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

20 catalyst remains relatively low, compared to conventional
catalysts. At a total metal content of about 12 to 15
weight percent, for example, 2.g. at levels exceeding the
normal minimum loading of 12.9 percent, the real density of
the catalyst is about 2.8 g.ml™!

25 conventional catalysts which have real densities of at
least about 4 at these loadings. At higher locadings, a
similar advantage prevails: the present catalysts are only

, as compared to

about three-fourths as dense as conventional catalysts at
.comparable metal loadings. For example, at metal loadings
30 of about 20 to 25 weiéht percent of the entire catalyst,
the real density will be in the range of 3.000 to 3.300
g.ml—l, as compared to about 4.00 to 4.2 for conventional
catalysts. At metal loadings above about 30 weight
percent, the real density will be in the rangé of about 4.1
35 to 4.3 g.ml-l.
about 12 to 15 weight percent metal to about 1.0 at about

Particle densities range from about 0.88 at
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35 di spensed with. Thus, for exanple, catalysts with base nmet al

{ oadi ngs of about 25 percent and above still maintain

-21- a high surface area above 200 [err] [err] and the total neta
content (i.e of the metal conponent) may exceed about 30 wei ght

percent, e.g. 30 - 40 weight percent, of the entire catal yst while
still retaining a surface area of at |east b 200 [err] [err], e.g. 240
[err] or even higher. At |ower netal =22 ontents, the surface area will
“be correspondi ngly higher so that, for exanple, at a total netal
content of about 20 wei ght percent of the entire catal yst, the surface
ar ea will be at |east 400 [err] or higher, larger by a factor of 10

about three or JWre nggigmtp@mmeﬁét@naén&%munm at 36atal 4’@'[5 Wl th
simlar netal | oadi

per cent t al 13
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cont ai ni ng at measurabguthe volux@ wEi JArCRHEY c@*ﬁplm%\i byeragivien (weight
retained surfaq,ef *aea1$3¢. of at Ieast 300 [err] constitute a highly useful
cl ass of hydr ograc her advgﬂt age accruing

Ki n al
fromthe uSe of theT he p°ﬁgs‘6 S guﬁﬁﬁr?itzﬂsy?‘fﬁa 3989 8Pt E2%f the hi gh
met al | oadiesgpowbiushsnpyolles aceornDUSRSWa ey deirghi:t g pbre meolilne

catalyst remai g @l akbhyel y. é@vm Q;Gﬁ‘paa&dué@apwmﬂ&naltypmal ta’% ysts.
At a total metgl content of about <32 %o 2 r}ﬂgﬁ]tﬁﬁ* gnt

exanpl e, e.g. aist‘-frvépg"‘*éxee%d?h@ t h8% me a%olrcr‘&g FBadt e of 12.9
percent, the re@igténperygent is typical. Pore volumes are determinest ry

the catal ygt i cggp@ﬁgdré 25 B | catalysts
whi ch have real%'%h'ns%ttlggé g?@ jovetie |.east aboétj]t' 4%ﬁ%§e Igtg%ll ngs. At

hi gher | oadi ngdnvgrse °stH?I%ﬁ%§nFﬁﬁﬁ""pYEVal |'s: the present catalysts
are only about Ther agdtogendtsicns cdeperents cam\ientex@hahgedt ahtysttheant

conpar abl e et §ledRRYLALS subPErE AR Sa1 A ifBEMnd QA IS it or
physically admixed with it, or any combination of these
15 methods. If the metal is to be meregnated into or
exchanged onto the mesoporous support, it may be done, for
~example, by treating the calcined material with a metal-
containing cation. A preferred exchange technique involves
competitive exchange in the presence of ammonium cations
20 (which are converted into hydrogen on subsequent
calcination); it is thought that this technique may
disperse the metal cations more evenly throughout the pore
structure of the support material. Metals which form
stable anions are suitable for incorporation by
25 impregnation; typical anionic complexes such as the
molybdate, vanadate and metatungstate ions may be used to
incorporate molybdenum, vanadium and tungsten. Other
metals may be incorporated using suitable anionic complexes
in the same way. Cationic forms of metals exchanged onto
30 the crystalline material or impregnated into it. A
particular advantage of the present catalysts is that the
high loadings of two or more metals may be incorporated by
a single impregnation onto the calcined material using the
incipient wetness technique rather than successive
35 impregnations with the different metals; this produces a
more uniform distribution of the two or more metals in the
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30 of about 20 to 25 weight percent of the entire catalyst, t he real
density will be in the range of 3.000 to 3.300 g.m [err], as conpared
to about 4.00 to 4.2 for conventi onal catal ysts. At netal | oadings
above about 30 wei ght percent, the real density will be in the range
of about 4.1 35 to 4.3 g.mM . Particle densities range from about 0.88
at about 12 to 15 weight percent netal_ to about 1.0 at about

-22- 20 to 25 wei ght percent met#3Tand about 1.1 at 30 to 40

wei ght percent netal. Real densities are determ ned by measuring the
vol une of nercury displaced by a given weight of catalyst. 5

The pore volunmes of the catal ysts based on the MeSOopor ous supports are
. commensurately dat@hysa pore yelmddlnoﬁilaidxbmgé) tifatritheehighand

usual |y Dl oher mdfRICIELL1! avove LBREL 20Lidhe n@ko@%&alas{;%fd' ngs

as high as 20 er T8t rres are m ned
by 10  subt rad‘ﬁYn@et hemmerg‘ée@fbn H@PFE@PaM| ltlytq r¥ha 9adcined | nverse

of the particl Qnad:@”ﬁ.htLYas dlstlnct £k buér@&emftmhﬂommahuean be
exchanged anto the or ous, Suppor t rrgterlal ‘-'1§%a ed into it or

physical |y admSEHAFER FRCORPORTEItRE RaT? BRET (9o thods. I the
metal is to be danpongnisdd)i hnte * hydroqekcwax@edt@maiqmtmsepomqs

support, it nayeds d;ﬁa%, taerpresen@&%awstaynéwaéddm ﬂﬂﬁn%%hs&xaﬁd
material with a

t echni que i nvol3% 35"“1’ w&&ﬂﬁ'é? {:1%/31 : {"\ eg?ﬁ%%"%?e’g?%??@gx%?ag ni um
cations 20 ( winadlesr éheohadegen pmthydm)gm disprisswl sdth.
calcinatiom; it Isfrhaouqhalghﬁi-eséucs ohesﬂalﬂy@rwackmg datReyse Lhp et al
cations nore eyenl throu hout thqu tructure of the sugport
material . Met a\{’f £8h J‘f"o Rpir s §°5’H| %’i’é B e~ tpé’tfpé’sFoPr
I ncorporation tgulﬁdmgrrpfeghatq:mlytsgcppcal bancarwried oyl exdsrstich as t he
mol ybdat e, vanagahg a@i8nTBEALHE G HRralREnGRY &8I #R6thd Qs an
established technique and it is typically carried out by
15 contacting the catalyst with a sulfur-containing gas,
usually in the presence of hydrogen. The mixture of
hydrogen and hydrogen sulfide, carbon disulfide or a
mercaptan such as butyl mercaptan is conventional for this
purpose. Presulfiding may also be carried out by
20 contacting the catalyst with hydrogen and a sulfur-
containing hydrocarbon oil such as a sour kerosene or gas
oil. |
Dewaxiﬁé .
A dewaxing step will normally be necessary in order to
25 achieve the desired product pour point. Either catalytic
dewaxing or solvent dewaxing may be used and if a solvent
dewaxer is used, the removed wax may be recycled to either
the fuels hydrocracking stage or the lube hydrotreatlng
stage.-
30 Catalytic dewaxing processes are often preferred.
Catalytic dewaxing processes contemplated utilize a
crystalline inorganic oxide material, typically, a silicate
which includes an inorganic oxide. Usually, the process
utilizes an intermediate pore size zeolite such as a ZSM-5
35 zeoliﬁe which may include a hydrogenation-dehydrogenation
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i ncor porate nol ybdenum vanadi um and t'ungst en. Other nmetal s may be

I ncor porated using suitable anionic conpl exes I n the sane way.
Cationic forms of netals exchanged onto 30 the crystalline material or

i npregnated into it. A particul ar advantage of the present catal ysts
I's that the hi gh | oadi ngs of two or nore netals may be incorporated by
a single inpregnation onto the cal cined na%grl using the I nci pi ent
wet ness techni que rather than successive 3 i npregnations with the
different netals; this, produces a nore uni formdistribution of the two
or more metals in the -23-
catalyst. It is an additional advantage that the high netal s | evels,

above about 25 eemggrerier ceotstopatemeiNd. Re. zwygbedéé&m%t%@o@éss
i npregnation in t 1N rlal tinct_fromth

convent i onal te?: nl%}esi%gr eggw?ﬁ\%g r?]iét%r por 3??6%5 f G %‘Blrsuhrf%r?sgf"t he
met al corrp%ﬁ'éﬁfﬁlé'(%)ca‘tﬁﬁ-ﬁs*és h%R o J&P Lsrildl , t based comathieomighly

fatCE1 t[lat ht he ptﬁsﬁfﬁalgﬁﬁah)iﬁéﬁmédii/été(!?i'ebISEHECEEQI'.@‘J:es suctfGls ¥ Et{%ﬁzz

wi t hou nec or, hal ogen .oromot e al ogén

pr onot er tgbbe £ spzte3ynsedz\?n hQ ”rrpese ze‘?ﬁ'é%ﬁﬁt QF‘éept?%%’érflthWt e

hydr ocr acki ng cEEQN%Qﬁ hdghly Sel%ﬁ?kkﬁyﬁeanﬂnsbrgsnimq(ﬂawaxeﬂ @mddtatkhls
purpose pre-  of lS:N} § b@k-ngo%ttmqmg%' yat, Cé@walﬁé‘rﬁf&%é%:‘é% B%B.ﬁé
initiation of tg_r dr ocli gckl n % § est abl 1 she chni que
and it is typic ify G5Bt b e%l (of nt"ﬁc?rﬁg PHeenadias st - #Ren8 a5 -

sul fur-cont ai ni Fite gesurally ascedting repidtpr €senterfe mayr @ayen. béhe

m xture of 10 eﬁbmyygaen and hydrogen sul fide, carbon disulfide or a

mer capt an such as b rrerc tan I S %3: ;entlonal for, this pur pose.

Presul fi ding nay al eﬁ«? Eﬁ? 'é%ls oth® §ASTCBATHLY i HYy ¥¥fe 3G4daPyst with
hydrogen and a Ryfdfagen form \memat‘myngrhydsedamhoma)lden&lmhxga@racseyr

kerosene or gasand a m@khi hydrogenation component, preferably a noble
metal such as platinum is preferable used. Excellent
15 results have been obtained with a Pt/zZSM-23 dewaxing
catalyst.

The preparation and properties of zeolites 2zsSM~22,
2SM~-23 and ZSM-35 are described respectively in U.S.Patents
Nos. 4,810,357 (2ZSM-22); 4,076,842 and 4,104,151 (2SM~23)

20 and 4,016,245 (2SM=-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. Breck, ZEOLITE MOLECULAR
SIEVES, John Wiley and Sons (1974), pages 125-127, 146, 219
25 and 625, to which reference is made for a description of
this zeolite.

Dewaxing conditions of temperature are maintained to
achieve a target pour point of abcut -7°C (20°F),
preferably within the range of about 260°C to 357°C (500 °F

30 to 675 °F), and this is usually achieved, depending upon
the paraffinic character of the feed, at temperatures
within the range of about 400 °F to 800 °F (204 °C to 407
°C), specifically from about 500 °F to 675 °F (260 °C to
357 *C), without a loss of more than about 50 wt.%,
usually about 5 to 40 wt.%. Although high pressure
conditions are not necessary for dewaxing, the pressures

()]
(VA



Rewaxi ng A dewaxing step will normally be necessary in order to
25 achi eve the desired product pour point. Either catalytic

dewaxi ng or solvent dewaxing may be used and if a sol vent dewaxer- i s
used, the renoved wax may be recycled to either the fuels
hydrocracklng stage or the |ube hydrotreating stage. 30

Cat al yti ¢ dewaxi ng processes are often preﬁ%rred Catal yti c dewaxi ng
processes contenplated utilize a crystalline inorganic oxide material,
typically, a silicate . which includes -an inorgani c oxide. Usually, the
process utilizes an internedi ate pore size zeolite such as a ZSM5 35

zeolite which r@a\h ijac |r%‘iﬁt§v@l/§l kﬁ%@ﬂabl .gn- dehysiogeirdd &pa abs (about
- 24- nponent . 1%% gp Re. 28 3 Q§c5bggﬁe&£§rocess
for catalytic d‘é%aﬁ%’r&)w PAY t“&l%”#’ EBRpFrEFR L i ng

catal ysts are, absi(@®iol yo Basedwiy)t,h&okrghsysten prwmer-al gpace
i ntermedi ate pof&H cheaeamea{ﬂm 135 béShh22ne éange.Z%‘fr aBot é9bk3fo
These zeolites have een oyn

' vi de h| C ewaxi ng,
gi vi ng dewaxed prig@Yct(®r- fuﬁ"lﬂﬂllﬁo F‘tgéf’nf'h% é\/% %Qé\?/ag %/a
processes usi NGLHSV (Hrhesé)zemlsna;sa aedogétyr obell LHS\U (Br.Paf énbel&bg
4,222, 855. sulr}_eaﬂ?%turally occurring zeolite ferrierite may also be 10
enpl oyed ese zeoljtes are at Ieastagart i n th%eam d or

hydrogen form when O¥aXing GRRPS PAFETRERRF N Hr Y aRYOGeRRt al
hydrogenati on cosweweant uspatipgreid fuelsoblydrocracket dothamis Lrapkaonnisn i s

pref erabl ejgised;q ,J;fs&gt lpq.q_grléo lﬁ@éq{ﬁﬁo@@ggkgﬁen obtained with a Pt/ZSM 23

dewaxi ng cat %rpre parati on and operti,es of
zeolites ZSM 22, Th“-’ZSﬁP’Qﬁlﬁ‘ﬁd‘m BCEIBIGBRE PHTP PeFpsFade
U S. Patents - opd¥eftiohallfiod6 7w{@ENIED ef fAN6A6, SUdn aritk Aeb@kin§l (ZSM 23)

20 and 4101613¥E%éé§3¥b§§Ld &9r¥EEf§1EbeEﬁ&e@ﬁseiﬁyégﬁk%iéﬂiﬂ% process.

Mesoporous Crystalline Catalyst

15 The lube hydroprocessing catalyst and, optionally, the
fuels hydrocracking catalyst, is a mesoporous crystalline
material which is described in greater detail below. The
mesoporus crystalline material is,'typically, at least
partly in the decationized or hydrogen form in order to

20 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 matter an

25 inorganic, non-pillared crystalline material which has the
follow1ng composition:
) MrsqiVa ¥ Yo Zg On!

wherein W is a divalent element, such as a divalent first
30 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; ¥ is a tetravalent element such as
silicon and/or germanium, preferably silicon; Z is a

(73]
[V

pentavalent element, such as phosphorus; M is one or more
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description of this zeolite and its preparation. Ferrierite is a

natural l y-occurring mneral, described in the literature, see, e.g.,
D.W Breck, ZEOLI TE MOLECULAR SI EVES, John W/l ey and Sons (1974),
pages 125-127, 146, 219 25 and 625, to which reference is made for a
description of this zeolite. Dewaxi ng conditions of
tenperature are nmaintained to achi eve a target pour point of about -7
C (20[err]F), preferably wthin the T3fme of about 260[err]C to
357[err] C (500 [err]F 30 to 675 [err] F), and this is usually achieved,
dependi ng upon the paraffinic character of the feed, at tenperatures

wi thin the range of about 400[err]F to 800 [err]F.(204 [err]C to 407
err] C), specif. call om. ab t s LLerr, o]
357 Lo 10wl SChodar et Sillont, | apddn iy (e, SEAE)  about

357 [err] O, out "a l'oss’ of _ nore than A . usu .
5to 40 wt.% VALBhdgnE: higmabledydregen, seGiR t3nO fAuRsidaetRSay for

dewaxi ng, the p[lsc%hér eharge of the composition excluding M expressed-&-

can be relatively high .0 t. 1s 2 P 0 L 9),
usual I'y wi thi n THESF4n ecf%f”é%es"bé’t%g’sc%f}sgggiga&&%%ggﬁ%’ﬁet 8%3 00’9';‘!& 9,
total system priss$ivecnugperecof molas o BPE] FFRFLigmHiaMiy apePr nCt ¢ ange
of about 0.25 tdﬁa'i'e m%l}laHﬂ/aéhioné e h,,l ysurl diyd vd | hi‘éispid&(hiﬁ[amgﬁl ?f%g.aﬁ to
1.5 "~ LHSV (hr err space vel qci LHSV (hr.[err ei ng
sui t abl e. (humbekbgﬁaff%ﬁ géﬁyg%?be?Pgrﬁ%%P£§+%%y st'age in_the process,
however, usually thd preferhedremhadimentpeftthe peie iBwWsStalisnedewaxed
pri gr todl ube M4HRGHACKENGhen (q+b+c:|) ishgresuax iﬂgarh%ad,r QQaaa]lc(;ng.rrﬁy be
conduct e cascade . erational node_with t e ent ,fromthe
dewaxi ng {d" 958%%§§'ﬁaggggmﬁg?ekﬁ|%?ePogtﬁ§é|€béh?y&¥%£§aqkﬁag process.
Mesopor ous Crystralthenes€synthesizsl form, tifpemaegeladl dfofhdsesBVantien al yst
and, optional | \had BE compositi€bs, NHlr9C ARKEPEUS b2 V5] .exipTe@sBRSOPOr OUS

crystalline empirically as follows:

(Wa xb

TRM o Y, 24 0)

15 wherein R is the total organic material not included in M
as an ion, and r is the coefficient for R, i.e. the number
of moles or mole fraction of R.

The M and R components are associated with the
material as a result of their preseﬁce during
20 crystallization, and are easily removed or, in the case of
M, repl#ced by post-crystallization methods hereinafter
more particularly described.
To the extent desired, the original M, e.g. sodium or

chloride, ions of the as-synthesized material of this

25 invention can be replaced in accordance with techniques
well known in the art, at least in part, by ion exchange
with other ions. Preferred replacing ions include metal
ions, nydrogen ions, hydrogen precursor, e.g. ammonium,
ions and mixtures thereof. Particularly preferred ions are

30 those which tailor the catalytic activity for certain -
hydrocarbon conversion reactions. These include hydrogen,
rare earth metals and metals of Groups IA (e.g. K), IIA
(e.g. Ca), VIIA (e.g. Mn), VIITIA (e.g. Ni),IB (e.g. Cu),
IIB (e.g. 2n), IIIB (e.g. In), IVB (e.g. Sn), and VIIB
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r._ratér_i al which is described in greater detail below The Mesopor us

crystalline material is, typically, at |east partly in the
decationi zed or hydrogen formin order to 20 provi de the desired | ow
degree of acidic functionality for the reactions which are to take
place in this stage of the operati on. The catalytic materia
used in the present invention - |nclud%§,a novel synthetic conposition
of matter an 25 i norgani c, non-pillared crystalline material which has

t he fol |l ow ng conposition: [err]/q [err]
wherein Wis a divalent elenment, such as a divalent first 30 r ow
transition netal, e.g. nmanganese, cobalt and iron, and/ or magnesi um

preferably cobald.g.XF)sof the \Rdmindic Tabkéewfrihe ®lementsal YsapgentHoron,
i ron and/ or gaNél‘EH Sc:.a?t.{)ffcf. abloyeal ygl ”:“:'-'31 51\66 S 7‘9‘§t gﬁéa{ﬁg{u,g{serrent

such as | 1 con an germani um preferably SI I con
pent aval ent eIéﬁEﬁP°fsuch as phosphorus; Mis one or nore
- 26- i ons, ghehcegstdlXimxgiiple, havimyidmmX-FayuiltAraktfomnd

VIIB i d d i
charge of HSUadokbeigger of .#R:y?hg oRarel AT U ends tnybielal

wei ght ed nol ar Ba¥ebggeharrerrelzAd AES §tru<F*§~ut%re ipghyedngf eﬁ’é?@!;eldﬁ‘ mol e
fraction of M .large perea@ﬁxdowsdaaﬂenﬁqheséfwdror& iy . X, Y and Z,

respectively; his %n 1t§ eQ{ fUerm g.'h% zﬁesi‘.‘aﬁ.rl%e( %aggﬁjgi m rFe

A preferred embodi mént ~0 Bove cry ter
(atb+c) is grea-'tWaFﬁ&ﬁléledamd ap *‘Zay ﬂl&@raﬂnrqmaatéﬁﬁdwwﬁht atslegath a

and d = 0,10nd dhe=pdak at alpoditdonsgrpatdestizai dbyut 18haAngBtLshm Anids thi s
;%?Pf 'Cglnl y as {-%%Fg\%gg”i’??ééé Yligr 2208 LU P k-aTFRAESSEd
radiation) and an equilibrium benzene adsorption capacity
of greater than about 15 grams benzeﬁe/loo grams crystal at
S0 torr and 25°C (basis: anhydrous crystal material having
15 been treated to insure no pore blockage by incidental
contaminants, if necessary).

The equilibrium benzene adsorption capacity
characteristic of this material is measured on the basis of
no pore blockage by incidental contaminants. For instance,

20 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.g. thermal treatment. Pore
blocking inorganic amorphous materials, e.g. silica, and

25 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 of the
invention.

More particularly, the calcined crystalline material

30 may be: characterized by an X-ray diffraction pattern with
at least two peaks at positions greater than 1.0 nm (about
10 Angstrom) Units d-spacing (8.842 degress two-theta for
Cu K-alpha radiation), at least one of which is at a
position greater than 1.0 nm (about 18 Angstrom) Units d-

35 spacing, and no peaks at positions less than about 10 '
Angstrom units d-spacing with relative intensity greater
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[err] 15 wherein Ris the total organic material not included in M

as an ion, and r is the coefficient for R i.e. the.nunber of nol es or
nol e fraction of R The M and R conmponents are associated with

t he material as a result of their presence during 20

crystallization, and are easily renoved or, in the case of M repl aced
by post-crystallization nmethods herei naft? nore particularly

descri bed. To the extent desire the original M e.g. sodium or
chloride, ions of the as-synthesized material of this 25 i nvention can be
repl aced in accordance with techni ques wel | known in the art, at |east
In part, by ion exchange with other ions. Preferred replacing ions

include netal than abast 2GAIraQdirel shzendgsic agmakpr édiddomere. g. amoni um
i ons and m Xt iRt $tipRi 8Py, a?étx-crla&aaufpa@éfsﬁ epglﬁt%% 8ECtRR callfinds

which tailor t catal yti c activit Jteal n rocar bon, conver si on
reactions. TheZ@ Fﬁ'&Fﬁd‘é h¥fr ey e €i8h 'f’?i Raye H'1 § ahoPREtEi sy
G oups | A (e.gle€s thah about (10 dngS&yem\iihitg el-gspading WithArékagivdl ), | B

(g' g CQu),s nltgﬁségyg?rgaﬁeer ldhlaR 6Bt * O?f \@e( PsthnﬁQét VB

e Periodic Tab ts (Sargent-
Wl ch Scientific CoStEH- 09%e BArtdsy6ariyy ofhe fplRinegr 4§0rganic hauwt .
The crystal | i n@ililagedhewysigaidning mayeﬂuirBstcztmradienpa&t &snhawiy ai
| east one peak t | _pf I RV ]_rg% b rized by its
structure, i nc%’ g@ QEg%?P thHtS .3 (595] %St 3 or’ Qgégﬁéghééorpt I on
capacity. measurpﬁ PYSP‘E%ﬁJtﬁ%&lPBrH?a§‘h’ée‘¥,9’}7§rall1lei1'ﬁénﬂf£?é¥ i BPT®my be

10  particularly set forth. Pore size is considered a maximum

perpendicular cross-section 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-

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

20 starting from the X-ray 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 diffraction data were recorded by step-scanning at
0.04 degrees of two-theta, where theta is the Bragg angle,

25 and a counting time of 10 seconds for each step. The
interplanar spacings, d’s, were calculated in Angstrom
units (A), and the relative intensities of the lines, I/1,.
where I, is one-hundredth of the intensity of the strongest.
line, above background, were derived with the use of a

30 profile fitting routine. The intensities were uncorrected
for Lorentz and polarization effects. The relative _
intensities are given in terms of the symbols vs = very
strong (75-100), s = strong (50-74), m = medium (25-49) and
w = weak (0-24). It should be understood that diffraction

35 data listed as single lines may consist of multiple
overlapping lines which under certain conditions, such as



gharacterized by an X-ray diffraction pattern wwth at |least 10 one peak at
a position greater than about 18 Angstrom Units d-spaci ng (4.909
degrees two-theta for Cu K-al pha radi ati on) and an equilibrium benzene
adsorption capacity of greater than about 15 granms benzene/ 100 grans
crystal at 50 torr and 25 C (basis: anhydrous crystal material having
15 been treated to insure no pore bl ockad@=by inci dental

contam nants, if necessary). The equilibrium benzene adsorption
capacity characteristic of this material is neasured on the basis of
no pore bl ockage by incidental contam nants. For instance, 20 t he

sorption test Yerl f %xggélgé&ti n@AL ! PEs OIS lde @rystaliBhfipic Phase

havi ng any pore ontam nants an wat er, renove %?ordinary
met hods. \at er CRADIBE reHH\ARPSRF 2S TesRINRA A% ARTCERHAY gHRSoleed). t her mal
treatnent. Por@ines. biwysidaigy,nergstall ayeaghict changesi eas, ircIndesi | i ca,
and 25 or gani mved.hy t | i : ot her
chemi cal agent ?ggﬁgﬁg?%g?éﬁe% ggf'?’l f%?f earlégglt&v?ﬁalg]nq/gé Qggﬁarrgér%vlend '
wi t hout dePri nERYaEakf syERetyy « HAtBPYS (3 SWistantial chapgenifon.

I\/Ere particuga@tncﬁhﬁecalﬁiéﬁdff nihyst &t tédiss NEirslivadingOchandys bin y
characterize X-ra | f.fr.acti p. r ] east two peaks
at positions g%&?gf‘v? ha tfﬁtﬁ%g( agig)ﬁtﬂéoe JE1‘%43\41:];Art%§'star Sﬁgﬁiﬁi IS d-spacing
(8. 842 degr essdifferances figr cationCgortenthh LramawarikofPEPasiteRt one of
which is at a naturB0ghd i ddyriHeaitepoidafi 1l {thgyMuhdiaidll d8dAegstrom) Units

- 35 SHBC N0t DO BP A A POSLAT S5 | Sl AP0 1dbicns adiiOstrOM

uni ts d-spacing ! Nt énsi grea .
- 28- thapagbibcie 29iseyfshape sf¥erffostsiamtursii fisapier or
particularly, bfeX ea¥rdid HmRil @8 BRédLrdkifl1ddarcahei 886 of x-rwieri al

of this invgnthpg mﬁl#.havg no peaks at positions | ess than about 10
Angstrom uni t s9d*&pAEFR Wi th relative 5 intensity greater than about 10%
of the strongest peZke equilibriumSpenzenmradsmymbian srpgcitheigal cined
I norgani €,15N0Ndetermined by contacting the anydrous material of the
invention,'after oxidative calcination at 450-700°C for at
least one hour and other treatment, if neceséary, to remove
any pore blocking contaminants, at 25°C and 50 torr benzene
until equilibrium is reached. The weight of benzene sorbed

20 is then determined as more particularly described
hereinafter.

When used as a sorbent or catalyst component, the
composition of the invention should be subjected to
treatment to remove part or all of any organic constituent.

25 The present composition can also be used as a catalyst
component in intimate combination with a hydrogenating
component such as tungsten, vanadium, molybdenum, rheniunm,
nicke}, cobalt, chromium, manganese, or a noble metal such
as platinum or palladium where a hydrogenation-

30 dehydrogenation function is to be peformed. Such component
can be in the composition by way of co-crystallization,
exchanged into the composition to the extent a Group IIIB
element, e.g. aluminum, is in the structure, impregnated
therein or intimately physically admixed therewith. Such

35 component can be impregnated in or on to it such as, for
example, by, in the case of platinum, treating the silicate



pillared crystalline material is characterized as having a pore size
of about 1.3 nm (13 Angstrons) or greater as nmeasur ed by physisorption
neasurenents, hereinafter nore 10 particularly set forth. Pore size is
consi dered a maxi num per pendi cul ar cross-section pore di mension of the
crystal . X-ray diffraction data were collected on a Scintag PAD
X automated diffracti on system enpl oyi ng +¥eta-t heta geonetry, Cu

K-al pha radi ati on, and an energy dispersive X- 15 ray detector. Use of

t he energy di spersive X-ray detector elimnated the need for incident
or diffracted beam nmonochr omat or s. Both the inci dent and diffracted

X-ray beans, were colllnated i t I ncCi dgqé . .
diffracted col ITHdt %o FodEions con %%ﬂ% PSRy EBUR B2 TF°“ Fng®Rr om
the X-ray tube !hnsxxsunhabée0p5atﬂnuh d@m@oands for thls rpuropasspéntiudey.
Different slit éﬁﬁﬁgﬂg}aﬁgrlerggﬁﬁe platxn@héf@51891&8t5ﬂ5'44f¥%d50r the

peaks. action data were_ recorde stqf scanni ng at
0. 04 degrees of CIMRAUWNGS: &°“\Eﬁéf‘é“?h‘g{"aﬂlétf'ﬁgmB?‘&bﬁea IRLEDS  and a
counting tijye of 10 Thec andeef orystallisteepatefhal, espeedaixyemmaﬁtspacings

d's, were cal C%%ﬁ]dl d%% hrEHH ammo\ﬂ:}l.%t $obhk: c8A%E Fed&d; reat Eyof t he

I ntensities of err]_1s one-hun
intensity of trf'e"%‘ferﬁt‘?&eé‘tc’ another form, By, ERBERRYr BERRtDSRN e dBASved with
the use of a 30cheralf itreakmehings rquteradly paeforhedshy ilemtimygcone of

uncorrected  enddl JALRNGE ANdoROLARNAAL LeNaE! LEELE 3T IR  Foast

intensitiei are given interns o VS = very trong
(75-100), 0= st rwgzt(%@mﬂzmenﬁral%ﬁéd}q}mleszseagyhaﬂdm houxg .- make(o 24) .
It shoul d be urﬁmﬁwﬁéﬁh grbEsaes icam Bk empabgedi Soeckins thiergh | i nes

may consi st of {ULLRIR, acnoB¥RbkAPNALhra s HbE Pl FSr GRSRNG of

condi ti ons, suc
very high exper'~‘F‘i’|"éﬂ¥talller’t’f"@s;oIstnit;r‘oﬂsol=rl @dyFst &FFS@‘HSBM ammonia . ipfcyesThmy
appear as resol skl Riafdatilehy E88 Me/ @@érformelli A€Sa Hympéxﬂﬁqne up to

crystal | oggaphi an C ce [ |
par arreters[%ndl%?ouhcar%gﬁcg | nhg L'Hglemaltlgl t@eQQEd 2O {Et lﬁg,ré:&%ﬁ{)_ H’al
change in useful in the cataly515 of cer a1n hydrocarbon conversion

reactions.
The crystalline material of this invention, when
employed either as an adsorbent or as a catalyst component
20  in an organic compound conversion process should be
dehydrated, at least partially. This can be done by
heating to a temperature in the range of 200°C to 595°C in
an atmosphere such as air, nitrogen, etc. and at
atmospheric, subatmospheric or superatmospheric pressures
25 for between 30 minutes and 48 hours. Dehydration can also
be performed at room temperature merely by placing the
composition in a vacuum, but a longer time is required to
ohtain a sufficient amount of dehydration.
The present crystalline material can be prepared from
30 a reaction mixture containing sources of, for example,
alkali or alkaline earth metal (M), e.g. sodium or
potassium, cation, one or a combination of oxides selected
from the group consisting of divalent element W, e.g.
cobalt, trivalent element X, e.g. aluminum, tetravalent
35 element ¥, e.g. silicon, and pentavalent element Z, e.g.
phosphorus, an organic (R) directing agent, hereinafter



structure. These mnor effects, including changes in rel ative
tntensities, can also occur as a result of differences in cation
content, franmework conposition, nat ure and degree of pore filling,

t hermal and/or 10 hydr ot hermal hi story, and peak w dth/shape vari ati ons
due " to particle size/shape effects, structural disorder or ot her
factors known to those skilled in the art of X-ray diffraction.

The equilibrium benzene adsorption capaci4aa< s 15 determ ned by contacting
t he anydrous material of the i nvention, after oxidative calcination at
450-700[ err] C for at | east one hour and other treatnment, if necessary,
to renove any pore bl ocki ng contam nants, at 25[err]C and 50 torr

benzene until equi |br|um|ci§,?l§| ﬁ Sd The wei httpf beniene sorbed 20
i s then deter m3fFE RRTRBFRIIHY Ped e i SRPL Yen REr 8PHXPRES .
When used as a mixtihes| especiallysiwatemrposaid , rddwtion mixtupeshavimgdf t he

i nvention Shou'&ng%si{:'fb_b&cgﬁg t%}rems of hbEal FRiod &f %ﬁ%spaﬁﬁtﬁinaéﬂe of

any organic constituen present conposition can al so be used as a
catal yst - cﬁﬂ?ﬂd@f'{éﬁﬁ F#99%3 nate conbination with a hydrogenating

conponent such msadtdRgst en, vanadlun1 nol ybassfu®y r heni um _;g;gggggl
cobal t, chron1 ganese, a nobl e netal 5 ag.Bbat Lou

pal | adi um wher e h32§§20genat i on- 30 deh d?o%%hg& on functi o% Fs ?no
peformed. SucHaff8Rgh,05) can be in Phe ¥dnpddd tion Bylwaytef 20
co-crystallizatx @)/ (YO, +WOKZ. ed into thelcespavdion to.the eaterdoa

Goup I1lIB I”e | um num i ructur i gied ed
therein or |nt|r§% eg§pgﬁ¥5|cally adm xed ?heremﬁ?ﬂﬁ§ gg%ponent can
be i mpregntt ed 9% /FO,0n to it such as, fBrol to exléhpl e 8y°5| ntPhe chse of
pl ati num treat(m bhgﬁ bjgate

- 30- C ni ngsaqsplatin nmet al ,caat aLpi ng 4 on.
Thus, suitable pI ati Hum Q%L?g?ﬁm 33r thoé gut‘r?‘%)oslehrH ncl udo 98 28 3

chl oropl ati ni c ¥gig®/ pl atinous chI oride and various
(YO, +WO+Z,0,+X,0,) 0 to 10 0.005 to 5

2°5
15 wherein e and f are the weighted average valences of M and
R, respectively.

In the present synthesis method, when no Z and/or W
oxides are added to the reaction mixture, the pH is
critical and must be maintained at from about 10 to about

20 14. When Z and/or W oxides are present in the reaction
mixture, the pH is not narrowly critical and may vary
between about 1 and 14 for crystallization of the present
invention.

Ccrystallization of the present crystalline material

25 can be carried out under either static or agitated, e.g.
stirred, conditions in a suitable reactor vessel, such as
for example, polypropylene jars or teflon lined or
stainless steel autoclaves. The total useful range of
temperatures for crystallization is from about 50°C to

30  about 250°C for a time sufficient for crystallization to
occur at the temperature used, e.g. from about S5 minutes to
about 14 days. Thereafter, the crystals are separated from
the liquid and recavered.

By adjusting conditions of the synthesis reaction,

35  like temperature, pH and time of reaction, etc., within the
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corrpounds containing the platinum am ne conplex. 5 The above

crystalline material, especially inits netal, hydrogen and anmoni um
forns can be beneficially converted to anot her form by thermnal
treatnment. This thermal treatment is generally performed by heating
one of these forns at a tenperature of at least 370[err]C for at |east
10 1 minute and generally not longer thag20 hours. Wile

subat nospheri c pressure can be enployed for the thernal treat ment,

at nospheric pressure is desired for reasons of conveni ence, such as in
air, nitrogen, ammonia, etc. The thermal treatnment can be perforned at

a tenperature up to 15 about 925[err]C. The thermally treated product is
particularly aboygekimitisn embodimentsiof Fhecprespnthyemoebklredonversion

reactions. crystallhe mateglihl NeittLdedireld kkbadeVeditd Alza\Neay

enpl oyed either,as_an adsprbent at,al . CO nent 20 in_an
organi c corrpounlagc%ﬂ%%ﬁ n EPoBgé%f%h%ﬁc'dL‘%‘é’\&tmg gg%y%?atle%‘?reaﬁsﬁ’@ast
partial ly. Thi sthartéenpekatareyor incrraalng regciicanpinetmge prendte range
of 200[err]& toréSpdeidd Gf Product HrtMISPRALE §¥ehtas adrady igd@en, etc.
and at at rmsgherl c, subat nospheric or superatnospheric pressures 25
for between 30 Aff%tes and 48 hours. Dehydration can al so -~ be
performed at room t e¥qretldmiténgeesdnplns pifaviardousecombinatuigrusidd oh X3 a
vacuum but a |enged 3 idBndenpiSded £k the preseltaifvensidd | GlaRgamunt of
dehydrati on. The present crystalline material can be prepared
from 30 a reaction, mxturejcontaini ng, sources of , ,for exanpl e,

alkali or ghkaline earth net X (M, e.gj sodium or %_ pot assi um cati on,
one or a conbination.of oxidgs sel ected.- fromtge group consisting of
di val ent el enent W £.g. alcobal t,  tgij valent elepent X, e.g. alum num

tetraval ent 35 el ewent Y, alg. silicos and pentapal ent el enent Z, e.g.
phosphorusis an orgartz (R) dadecting agdnt, hereinaPter
-31- - - Si —

including the combinations of W being Mg, or an element
selected from the divalent first row transition metals,
e.g. Mn, Co and Fe; X being B, Ga or Fe; and Y being Ge.
An organic directing agent for use in synthesizing
20 the present material from the above reaction mixture is a
quaternary ammonium or phosphonium ion of the formula:

R
i1
+
R4-—— T -——-R2
25 R,
wherein Q is nitrogen or phosphorus and wherein at least
one of-Rl, Rz' Rj and R4 is aryl or alkyl of from 6 to
about 36 carbon atoms, e.g. fc6H13 ’ -CIOH21 ’ —C16H33 and
30 =C,gHy4, OT combinations thereof, the remainder of R,, R,,
R3 and R4 being selected from the group consisting of

hydrogen, alkyl of from 1 to 5 carbon atoms and
combinations thereof. The compound from which the above
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nore particularly described, and a solvent or sol vent m xture,

especially water, said reaction m xture having a conposition, in terns
of nole ratios of oxides, within the foll owi ng ranges: 5 React ant s
Useful: - Preferred [err] 0 to 0.05

0.001 to 0.05 [err] 0.1 to 100 0.1 to 20
[err] 0.1.to 100 0.1 t0-3320 Sol vent/[err]

1 to 1500 5 to 1000 10 OH /[err] 0.01 to 10
0.05 to 5 [err] / [err] 0.01to 20 0. 05
‘to 5 [err] [err] 0 to 10 0. 005 to 5

15 wherein e and f are the wei,ghted average val ences of, M and
respectively. duaternary ammonigm.or phQSRRq UM, Lomy I"rﬁddeﬁﬂ'ﬁé‘r‘ld MRY7 b&?d/ or W
oxi des are addefiotCexdmpleadineohydraxide, Halddae] iox silicatetical and nust

be mai ntai ned at fr a?gggrg&ﬁgdaggu{hg%mesjeﬁs \s%nﬁeglén% Woxr des

are present in the reac m Xture ot narro y critica
and may vary 2ddikiqrah %Hiii‘tlclbanﬂri%’%rmc% FeRCEAPT ORI FFUR @ Lengs ent
invention. 5 with tKé ydidid iguateonap} dmwrines @it phogphehliume rmyatyial 25

can be carriedaggé%#ggﬁglegé§§ s&gta& c&u%ﬁﬁ#ﬂ%&%damﬁbg1um or stlrred

conditions in or Vesse exanp
pol ypropyl ene JE?@SE#OQkﬁm(ﬂ9ﬂ|°ﬁe8h6rab°ve QﬁR§QQN@§Sa§F§§If%ﬁn%kﬂzwves The

total useful rawgere®in %%5 raharm drd sangaﬁyd Ezahlamelgrdﬂynn about
50[err]C to 30 bout . 250 [ uff t f st tlon
o B BTl o o Tty

to occur

about 14 dd¥s. comeiragicens Qhﬂseeﬁystals are ‘separ at ed fronr the I|quid
and recovered. The pddtidfldst éﬁﬁeﬁﬁiﬁkﬂd@%fo&hhhﬁr&iéﬁhﬁﬁl:&q&ﬂ%@ﬁl on,
35 I ke tenpe&f%&ééﬁn Piégh th noéomﬁggéd(yxth d%nerW%EQh age(%s known
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to direct synthesis of one or more cother crystal

structures, is believed due to its ability to function as a

15 template in the above reaction mixture in the nucleation
and growth of the desired ultra-large pore crystals with
the limitations discussed above. Non-limiting examples of
these directing agents include cetyltrimethylammonium,
cetyltrimethylphosphonium, octadecyltrimethylammonium,

20 octadecyltrimethylphosphonium, benzyltrimethylammonium,
cetylpyridinium, decyltrimethylammonium and -
dimethyldidodecylammonium.

It should be realized that the reaction mixture
components can be'supplied by more than one source. The

25 reaction mixture can be prepared either batchwise or
continuously. Crystal size and crystallization time of the
new crystalline material will vary with the nature of the
reaction mixture employed and the crystallization
conditions.

30 The crystals prepared by the instant invention can be
shaped into a wide variety of particle sizes. Generaily
speaking, the particles can be in the form of a powder, a
granule, or a molded product, such as an extrudate having
particle size sufficient to pass through a 2 mesh (Tyler)

35 screen and be retained on a 400 mesh (Tyler) screen. In
cases where the catalyst is molded, such as by extrusion,
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above limts, enbodiments of the present non-pillared crystalline

material with a desired average pore size, my be prepared. In
particular, |lowering the pH, increasing t he tenperature or increasing
reaction tine may pronote 5 formati on of product crystals with greater
aver age pore Si ze. Non-limting exanples of various

conbi nations of W X, Y and Z contenplated for the present invention

i ncl ude: w X : Y <34= z 10 -- Al

Si . -- -- Al -- P --

Al Si p - Co Al ' -- P

Co Al Si : P 15 -- -- Si

i ncludi ng the conbi nati ons of Wbheing My, or an el enent sel ected from

the dival ent fithg crowtalansanibs ewiraded before dryipng b PAXELiRELY X being
B, Ga or Fe; aruh\éd)ghagtﬁen extruded. An organic directing agent for use

in synthesizing 20 resept romthe ve re lop mxture is
a guaternary a nPgﬁiSS‘F‘Q ﬁg'?ﬁp %ﬁ?‘ﬁﬁ% kil "Fs?ﬁubf o1 cal%atl st
[err] components for catalyzqngfﬁpe cggverSLOanﬁ”ngqngc|s ni t rogen

or phosphorfus a’fH?nﬁQﬁ%GQ' ne@& |6i\§§enatesoaﬁd0$y&ﬁééirﬁiﬂfk | &y helig-aryl or
al kyl of from6_to 36 carblg‘re lgeé and .30 rr] or
conbi nati ons th%ait@&?zefihgeﬁgﬁﬁ?ﬂ%er féfa Fof e [ ?zﬁ dﬁ"d af‘?f’r BRi ng
‘'sel ect ed from tthatyrthepspahipspeait i Selechymbgew-tlalneﬁpe&t tpom 1to5
carbon atons antransit3eRPERatE0SSed Y 98f nidDRi £8P NKbddtaBnshs6En t 48
above cracking (Chen et al., "Shape Selective Catalysis in

10 Industrial Applications", 36 CHEMICAL INDUSTRIES, pgs. 41~
61 (1989) to which reference is made for a discussion of
the factors affecting shape selectivity). Diffusional
limitations are also minimized as a result of the very
large pores in the present materials. For these reasons,

15 the present compositions are especially useful for
‘catalyzing reactions which occur in the presence of acidic
sites on the surface of the catalyst and which involve
reactants, products or transitional state species which
have large molecular sizes, too great for undergoing

20 similar reactions with conventional large pore size solid
catalysts, for example, large pore size zeolites such as
zeoclite X, ¥, L, ZSM—-4, ZSM-18, and ZSM-20.

Thus, the present catalytic compositions will catalyze
reactions such as cracking, and hydrocracking, and other

25 conversion reactions using hydrocarbon feeds of varying
molecular sizes, but with particular applicability to feeds
with large molecular sizes such as highly aromatic
hydrocarbbns with substituted or unsubstituted polycyclic
aromatic compenents, bulky naphthenic compcunds or highly

30 substituted compounds with bulky steric configqurations,
e.g. molecular sizes of about 13 Angstroms or more.

As in the case of many catalysts, it may be desired to
incorporate the new crystal composition with another
materiél resistant to the temperatures and other conditions

35 employed in organic conversion processes. Such materials
lnclude actlve and inactive materials and synthetic or
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-33- guat er nary anmoni um or phosphoniumion is derived may be,

for exanple, the hydroxide, halide, or silicate. It is preferred
in the present synthesis that an addi ti onal organic be present in the
reaction mxture along 5 w th the above quaternary amoni um or
phosphoni um  That addi tional organic is the quaternary anmoni um or
phosphoni umion of the above directing agent formula wherein [err] and
[err] - are selected fromthe group comrdPsting of hydrogen and al kyl of
1 to 5 carbon atons and 10 conbinations thereof. The particul ar
effectiveness of the presently required di recting agent, when conpared
w th ot her such agents known to direct synthesis of one or nore other

crystal ng&yéff% 3% h]e%sdlﬂe&‘s %]Ideala'abs' 'lhxrtgsnie%&%&&a% a 15

tenplate in the oVe xture_1n e nucl eation ow'h of
the desired ul t FACRargecIR¥ éﬂ}éF&l%“@l??\mEtal PﬁédFFnFPﬁFl%ﬁsa¥ﬂqﬁﬂassed
above. Non-I|im tiégnexadfd R @firconiatl hese Iitteet magy ageaﬁ.snencxhatdﬁ-ally

cetyltrinethyl apmoniu i
octadecyltrlnetggkgﬁﬁéﬁﬁ hin %Eo%hg Fkggcylérw WE%E%% osp fpirates or gels
benzyl (i meShy| ARAbRRLRY mixtursst PEpFELUFRI AN RAEMH CKAHESHy| HeA B and
di met hyl di dodecyh@sPPal UR conjunction! ¥ithotiel dew egsicaed Lhel ddiwbined

reaction mxtur gﬁeﬁ?ﬂ'ﬁ'g K rg%eﬁrétgs n%agugle.ni %H‘Jﬁ‘%%l%y o'%oli:ﬁet HQ\Q prséa&ur ce.

The 25 reacti repare atchw'se
continuously. Cwhichlisiaetised GﬁygﬁaFP|9Qﬂn9ﬁ1QHQnSQBVeFﬁéOH and fuy
crystalline mat gehabe¥¥ity \Gff na Eathm?sﬂaizur&zaj‘alhhergamcreaﬁiémdﬁ xture

I d h | | I
or epat 6d bylOt he PFREFRRES B b apchELELL DT} serye oNELEARELS

particle sizes. tGegentfdl the am9p@§kPﬁg¢°¥Yﬁ¥%kﬂﬂlhﬂ ésgéxﬁnber?¢ﬁﬁﬁu§q<3rn1
of a powder, a that PFEdLEtEs din deMBbH2dned Qﬂitﬁ{omﬁizi(lllyaanano%&fuﬂate

havi ng arti.cle size sufficient pass. t hrou nme (Iyl er
screen and be ré’tlg‘ﬁ‘éﬁ TP LOYAGS r?gglﬁ (’??/?%?)f°s‘%rcé’ %Ilﬁng the 5% cgﬁnere
the catal yst isreattiddn. sUitieses nafregialashay be incorporated with

15 naturally occurring clays, e.g. bentonite and kaolin, to

improve the crush strength of the catalyst under commercial
operating conditions. Said materials, i.e. clays, oxides,
etc., function as binders for the catalyst. It is
desirable to provide a catalyst having good crush strength
20 because in commercial use it is desirable to prevent the

' catalyst from breaking down into powder-like materials.
These clay binders have been employed normally only for the
purpose of improving the crush strength of the catalyst.

Naturally occurring clays which can be composited with
25 the crystal include the montmorillonite and kaolin family,
which families include the subbentonites, and the kaolins
commenly known as Dixie, McNamee, Georgia and Florida clays
or others in which the main mineral constituent is
halloysite, kaolinite, dickite, nacrite, or anauxite.

30 In addition to the foregoing materials, the crystal
can be composited with a porous matrix material such as
silica-alumina, silica-magnesia, silica-zirconia, silica-
thoria, silica-beryllia, silica-titania as well as ternary
compositions, such as silica-alumina-boria, silica-alumina-

- 35 zirconia, silica-alumina-magnesia, and silica-magnesia-

zirconia.



-34- the crystals can be extruded before drying or partially
dried and then extruded. The present conpositions are useful as
cat al yst -conponents for catalyzing the conversion of organic 5
conpounds, e.g. oxygenates and hydrocarbons, by acid- catal yzed
reactions. The size of the pores is also such that the spatiospecific
selectivity with respect to transition state species is mnimzed in
reactions such as cracklng (Chen et aI - "Shape Selective Catalysis in
10 Industrial Applications”, 36 CHEM CAT3$NDUSTR ES, pgs. 41- 61
(1989) to which reference is made for a di scussion of the factors
affecting shape selectivity). Diffusional limtations are al so
mnimzed as a result of the very | arge pores in the present

materials. For t hesemfee%%ae&m%m:mﬁeorc%gaheﬁegpeéﬁtné)rss;p@meas I?Cl ally
useful for cecur th eé)an ence o0 SI dic

i % react |on$r Q
sites on the sd?‘?raeceu‘%/?f" £RE BREFF st k%?nﬁe\ﬁﬁ ¢R™ |ﬂ§7’6¥%e Fe BEERATES
products or traestiemimitchwise spezirdsinmousiy. Crhsval |sizge amdl ecul ar

sizes, 100 greatrfQr adm%wehnelﬁ@ of san@ ndk E:%?Eﬁbpﬂﬁné’\"ﬂite&@!&‘ieﬂiwnal
| arge pore size soll e pore size zeolites

catalysts, for exan‘g
such as zefATY ¢'3kh ghe na Pt F56 rsack Z’SM e ‘employed amg g
the present catetieterystaiidsatiamscandittioasal yze reactions such as
cracking, and hydro @r@qtaﬁgdppéﬁaefe@%y tﬁQn¥§ﬁ§hQ£‘1§ eﬁféae%%eua g
hydr ocar bon feeds of vary g ecul ar sizes h particul a
appl i cability tRefehared int mFt“lq%igﬂ?%ﬁﬁVéSSIBPrEFEE% %&ﬁﬁ? asGﬁPﬁﬁF§1Y
aromatic hymskaiciaidyothenwpa bt Sclbsst idam &e¢ an theubstim taft ed powdeerychi c
aromat | ¢ CODOnghldy) @U'J%yanaeb.?.ls%fom@ogaéﬁ Q5 théumte fdbshyt ut ed
conmpounds with y steric con é:]uratlons cul ar _sizeS of

about 13 Angst reg&tiflensige sufficient A9 Pﬁsﬁhéhﬁa‘é‘é“o? %rd'}’f"fbcét'réﬂlﬁé'f i t
may be desired é@reen aridi®er petaimed n rRewoor wesal (Tplhean)siddreenwi t tnnanot her

material vesi Stalled Qiide LREPEAEIINSS Andodlilal CAEAT4d WY lRrustBR! OYed
in or ganl C conversi on processes terial$ -
the crystals can be extruded before drying or partially

IS . dried and then extruded.

The size of the pores in the present mesoporous
'catalytic materials is large enough that the spatiospecific
selectivity with respect to transition state species in
reactions such as cracking is minimized (Chen et al.,

20 “Shape Selective Catalysis in Industrial Applications", 36
CHEMICAL INDUSTRIES, pgs. 41-61 (1989) to which reference
is made for a discussion of the factors affecting shape
selectivity). Diffusional limitations are also minimized
as a result of the very large pores.

25 The crystals of the mesoporous support material will
be composited with a matrix material to form the finished

- catalyst and for this purpose conventional non-acidic
matriys materials such as alumina, silica-alumina and silica
are suitable. The mesoporous material is usually

30 composited with the matrix in amounts from 80:20 to 20:80
by weight, typically from 80:20 to 50:50 mesoporous
material:matrix. Compositing may be done by conventional
means including mulling the materials together followed by
extrusion of pelletizing into the desired finished catalyst

35 particles. A preferred method for extrusion with silica as
a binder is disclosed in U.S. 4,582,815. If thé_catalyst
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I.ncl ude active and inactive materials and synthetic or

+ 35- naturally occuring zeolites as well as inorganic materi al s,
such as. clays, silica and/or netal oxides such as alum na, titania
and/or, zirconia. The latter may be either naturally  occurring or in the
form of gelatinous precipitates or gels 5 i ncluding mxtures of silica
and netal oxides. Use of a material ‘ip_conjunction with the new
crystal, i.e. conbined therewith or pFégént during synthesis of the new
crystal, which is active, tends to change the conversi on and/ or. _
selectivity of the catalyst in certain organic conversion 10 processes.

I nactive materials suitably serve as diluents to control the anmount of

conversi on in aigiwe bd HeRTedSn order Rai aghddvet theadedirabtlaiwned

economcally and orderly.,. .. wW.kth yi f controlling
the rate of ac}%%t“[’l o Lﬁngsegk?rg'?éedr Faarﬁq!f%m@gbggga%gg[ggﬁste Wth 15
natural | y occurformpldteds widhgthpehindan e agndskgonvantignal. jnpprove the

crush strength of thg<alalaistUREP! b AFERIE@by conveftictaNgpresndi tions.

Said materials, i.e, clays, oxides, efc., .fLunctio s binders for the
catal yst. I1 i ssulf"d’cf&iqra?&%@ef‘gspr%ﬁ'déwa%? télnﬁstmhgl\}?n%lb%so%%f % Pdsh
strength 20  beydwspen rswidihder, cktal copeentt oxidgeforms| eft vhematadt t he
catal yst from beSRkdehdOW, ithle® rPeyErdsddrisd ndhlsallirales. These cl ay

bi nders have been enpl oyed nor nal oply for, th o]0 f__L.ITprovi ng
the crush strength "f%’egqﬁﬂ ﬂ?k‘g of the adsﬁéteﬁ‘f;al F?Jé%gc%%?%r?&tgggys
whi ch can be coaposbowt SMQ1C For athbeastyabguti dchoye ahd o#hemorillonite

and kaol i njam £¥ea1|:me £ Wi € hdcadihips ddGeidve Rays pbenbpatkagg and the

s SoaReetn, S ekt S5 S Bl ted o] S 3l
kaol i nite, di ckivhpornixtran adsmrp&ianxchanbe3d The incmeaddi it oreighty (o
foregoi ng mat er Lgh Syl Mty SiPlcalcula ) 4 HRRGSCRE i Bht fafa PO 6E
matrix material such as  _  silica-alumna, S|I|c%7n%gne i ased o
silica-zirconi athgj fapple 1n tammys, PQ,CJE?W§/§H°_°D§§?H i &, gfﬁl@-? 11%hio% as
wel | as telfiar yadsorbent weight after calcination at about 540°C. The
' present composition exhibits an equilibrium benzene
adsorption capacity at 50 Torr and 25°C of greater than
about 15 grams/100 grams, particularly greater - _
than about 17.5 g/100 g and more particularly greater than
20 about 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, 5.3 kPa (40 Torr) of n-hexane or cyclohexane vapor,

25 or 6.7 kPa (50 Tbrr) 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 pefiod. As adsorbate is adsorbed by the new
crystal, the decrease in pressure causes the manostat to

30 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. '

Another way of doing this for benzene adsorption data

35 is on a suitable thermogravimetric analysis system, such as
a computer-controlled 990/951 duPont TGA system. The
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" conpositions, such as silica-alum na-boria, silica-alumna- 35 zirconi a,

silica-al um na-magnesi a, and silica-magnesi a- zirconi a.

- 36- The reaction m xture conponents can be supplied by

nore than one source. The reaction m xture can be prepared ei t her

bat chwi se or continuously. Crystal size and crystallization tinme of the
new crystalline material will 5 vary with the nature of the reaction

m xture enpl oyed and the crystallizadBon conditions. The
crystals prepared by the synthesis procedure can be shaped into a w de
variety of particle sizes. Generally speaking, the particles can be in

the formof a powder, a 10 granule, or a nolded product, such as an
extrudat e havi ggg LG ke s e ' 2 mesh
(Tylery o " Baornent Sonplclis dihiibarelt iBhyeRefffy St hater, |

cases wher e 't hE®R¥ed)y &Y heakingedt, sifth eXamp)eexaPodt o1P0°C or SR8 Erystal s

can be extrudetio hedrtandr yivegght parficding helidai edrfinghd hamplest 1yded.

The size of th ' e sent A ytic.materials is
| ar ge enough t hat rﬁtglflgg'a%!aoggggfflg'cg'n%%gxp'géﬁgggi ?/f??/g%;t l)%eeés%ﬁ‘é’gt to
transition’ st at¥eRYecilds isncalcined 4% aheuits §4A Gsinraikiangd iheld keni zed
(Chen et al., @6nstanfhapdghe! eastesd G ahps prelDoh Iy Sdddcttivdaphiseaki ons”,

- 36 CHEM SRS S. - ( whi ch..reference S
made for a di scé%sésl on E?e? E’é’e?gét o?%nzg%’feeé? ?%lépéf?ﬁ?a%els°mhe% ECivity).
Di ffusi onal |iRf3sHEashataRrE gl By M endinge@ benzepe satumafied dvelihnm gasy

Ibarge por es. d25t_:ream withha payset Rbbiwi da?esEEEQﬁO%@U&fWér mat er: al wl |d
econposq@e .natrl t rLm,t he LNl sneq . catal yst an
for this pur poé\{éé%or%\}en i g)éaggﬁg%{lgéclli%%ce sirda PFEE r%at’%‘ﬁaé‘l PrEFEHTGs

al um na, silicEhevatiusa ofnghsi pdearption gteS9uTembl @f Rnzanssdsotaken

material is uSgdh Va plot of the adsorption isotherm.

Products
The VI viscosity index values are in the range of 90

15 to 130, with product yields of 70-80 wt.3%, usually at least
75 wt.3. The product viscometrics correspond to oils,
varying in viscosity, but typically of from 20.5 to 150
mm’/s at 38°C (about 100 to 700 SUS, at 100°F).

Process Scheme ’
20 : A suitable process scheme is shown in FIG. 1 in which

the feed, typically a gas oil is passed to moderate
pressure fuels hydrocracker 10 and processed in a single
pass, low to moderate severity hydrocracking operation
under low to moderate hydrogen pressures as described ahove
25  with conversion of about 30 to 70 %. The effluent is
passed, to fractionator 1i2. The gasoline and distillate may
then be separated. The bottoms fraction is passed to the
lube hydrocracking stage 18 via an initial dewaxing step
16. The dewaxing step is, typically, a catalytic dewaxing
30 sSuch as over ZSM-5 to produce a hydrocarbon fraction of
reduced pour point, i.e. -7°C (20°F). The dewaxed fraction
is then passed to high pressure lube hydrotreater 18 to be
processed over the catalyst described ultra large pore
crystalline material to produce a reduced aromatics lube



30 conposited wth the matrix in amounts from 80: 20 to 20: 80 )Y

wei ght, typically from80:20 to 50: 50 nmesoporous material :matriXx.
Conpositing may be done by conventi onal means including nulling the
material s together foll owed by ext.rusion of pelletizing into the
desired finished catal yst 35 particles. A preferred nmethod for extrusion
with silica as - a binder is disclosed in U S 4,582,815 If the

‘cat al yst =39~ -37- is to be
steanmed in order to achieve the desired | ow acidity, it is perforned
after the catal yst has been formul ated with the binder, as is

conventi onal . The catal yst may be treated by conventional pre- 5
sul fiding treatyRdlshock.9- IHYtﬁ'@aé:Hiﬂ:]Je% tB@rEéﬁ‘ES‘@é@ &fe by Waidhegen

sul fide, to convert OXI de forns, of, the al conponents to their
correspondi ng ks otherwise in ‘A’ dghed sanpl e of the adsorbent, after
cal ci nation at aheuifoldoying|xamplest illéastrabeuthd Higly p';:reéisurlaer 10
treatment, if nf‘v%féﬁd}bt Bat ERYVEE alndaRathl pELESGre hyd R Tdants, is

cont act ed th Ssired pure” adsorbate vapor in an adsorption :
chanber . |f|‘r'aﬁ7éi’-§ﬂtu5¥llzmgt R& H&I§6?B%ﬁ¥g? PR R ed as the
adsor pti on capan'.aﬁaa.ﬁt Int hResangtamplest ar batalyst awasd emsds agdsor bent

based on 15 adgorfans, dwghggt afﬁﬁerft?ll&' nat %gg ghsabout 540[err]C.  The

pr esent corrp05|t|on exhi bIts  an equi |1 bri'um’benzene’ - adsorption
capacity at 50 Torr and 25[err] C of greater than about 15 grans/ 100
granms, particularly greater t han #xaMPLE/15 g/ 100 g and nore

particularly gr%‘i\] gh é @@_Qoﬁga%ggﬁg Fﬁ:&’tlgﬁ efla 5“;%3 A preferred way
ure adsorpbate vapor in an

to do this
adsor pt i onuthanber dv fajdpdduppcontaining cPﬁéler:‘Ltn’ﬁ?%tP %4 @% of 1.6
kPa (12 Torr) Ocieyﬁhﬁfed belowapoh, sim@mlek RE @48aTloined af4 15 heomposidion

oy chexane, 1206 gy, 9, el Slef el bobi s cisesgulte st [

The pressu e I'S
of adsorbate va%mfemsr Ol aBmepivm RS 28dr FAS SUbsequentlY dried
overnight at 121°C (250°F). A portion of the resultant

15 crystals was combined with Al,0, to form a mixture of 65
parts by weight M41S and 35 parts alumina. Water was added
to this mixture to allow the resulting catalyst to be

formed into extrudates. The catalyst was activated by
calcination at 482°C (900°F) in S5v/v/min nitrogen for 6
20 hours followed by the replacement of the nitrogen flow with
Sv/v/min of air. The calcination was completed by raising
the temperature to 1000°F and maintaining that temperature
for 12 hours. Palladium was incorporated by impregnation
with an aqueous solution of a palladium tetraamine salt,
25  pd(NH,),Cl,. The extrudate was then dried at 250°F
overnight and calcined at 570°F in air for 3 hours. The
physical and chemical properties of the Pd/M41S catalyst
are provided in Table I below:
' Table T

30 ' PA/M41S Catalyst Properties
Palladium, wt. pct. ) 0.81
Surface Area, mz/g 654
Particle Density, g/ml 0.75
Real Density, g/ml 2.38

35 Pore Volume, ml/g 0.92



t;ne adsorption period. As adsorbate is adsorbed by the new crystal,
the decrease in pressure causes the manostat to 30 open a val ve which
adm ts nore adsorbate vapor to the chanber to restore the above
control pressures. Sorption i's conpl ete when the pressure change is
not sufficient to activate the manostat. Anot her way of
doing this for benzene adsorption data 35, 1is on a suitable

t hermogravi netric anal ysis system such as a conmputer-controlled.

990/ 951 duPont TGA system The

- 38- adsor bent sanple is dehydrated (physically sorbed water
renoved) by heating at, for exanple, about 350[err]C or 500[err]C to
constant weight in flowng helium |f EkmMpEBpEe isS in as-synt hesi zed
form e.g. containigg_or i ] tip IS kped at about
540[err]Cin air ang ﬁ%?g@o&e@sg&%oiﬁg?ra%‘fsrgv\%?g taner}%fngaggg{:?#ﬁg T'|€5?‘?3vi ously
descri bed 350[ SupJiected torcBPiYEir] devr¥iRged puirePrecasssngt i dthe

ihsF_t herms are feeq a&asisf@@leﬁéedﬁbeﬁak&@d Speratt ivh @ybenﬁ@ﬁédssé&lr%ed

el i um gas streamw,th a pure [ E ream.in oper
proportiong to%ﬁf&f’ﬁst\r’\\*&%@%r 3m5e§§e#%%%g$t$%‘fap gss?ﬁ%giyg Qaﬁ'he val ue
of the adsor ptiloaded 50tgorrfigisthasacherand akéh grams pfotthe PAM4LS t he

adsorption isolda@aliyst as ded¥ridéa! $n Example 1 Thgs MloadeaCoatbYthadex
values are in the r n?e otf: 90 Jnahlto 1 Oé vmthxi)oroqgcg:ﬁél Ldé of 70-80
W . % usually S£SPREsFeactorsfless FRRSTVHHY A% Shet FPES ¥8Frespond to
oi | s, var pasgednovesclosth ycatbdystgprtal T34 dfkBa @ips2025000p369) ,
m2/s at 38 ernle ¢aBoULYdPOH déquﬂa%, catalPdt erd Jsh) Lasv overPEREESS
Scheme 20 hyd2openeats fnd QHa17s8C 1oEe | Cent byt ThCend EL-YPI Ch

reactor was maintained at 307 to 321 °*C (585-610°F) to give

a target pour point of -7°C (20°F).

Dewaxing was conducted over a medium pore zeolite
15 dewaxing catalyst. The properties of the bottoms fraction

are described below in Table II.

Table IX

Heaviest 10% of Bottoms Properties at
45 wt.% 710°F+ Conversion

20 Nitrogen, ppm _ 9
Mol. Weight 558 .
' Pour Peoint, °*C(°F) > 49 (>120)
KV @ 100°C, mm?/s . 11.3
Composition, wt%
25 Paraffins 42.1
Mononaphthenes 19.9
Polynaphthenes 21.2
Aromatics o 16.8
simulated Dist.,Wt% '
30 IBP/5 209/854
10/50 . 902/982

The hydrotreating was conducted over the Pd/M41S
catalyst, as described above and, for comparative purposes,
over amorphous catalysts at 274°C (525°F). The results of

35 the runs are summarized in the following Table III. The
results are presented in terms of the UV absorbance of the
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tshe feed, typically a gas oil is passed to noderate pressure fuel s

hydr ocracker 10 and processed in a single pass, |l ow to noderate
severity hydrocracki ng operation under lLow to noderate hydrogen
pressures as described above 25 with conversion of about 30 to 70 % The
effluent is passed.to fractionator 12. The gasoline and distillate may
then be separated. The bottons fraction is passed to the | ube
hydr ocracki ng stage 18 via an initial dewaxing step 16. The dewaxi ng
step is, typically, a catalytic dewaxing _3q. such as over ZSM5 to produce
a hydrocarbon fraction of reduced pour point, i.e. -7 C (20[err]F).
The dewaxed fraction is then passed to high pressure |ube hydrotreater
- 18 to be processed over the catal yst described ultra | arge pore
crystalline material to produce a reduced aromatics | ube
- 39- pasaateCkhidin waie umednpb edetoniren ttiype arsmatigswen gthe

unl ess ot herw Lhdi cat 1 I kLlystrate the
"~ high pressure i&bi-fﬁ%%ﬂg tFe#yLder osttroggt'i ngT%?%gén%%%%Matéyé ?Qgguzgaégd?ocracked 5

bottons fracti BRagere|of fehpaurahaly 3FPRRYECS Il ls fdhe abso s?* 99P t hese
exanpl es a cat ainy%km%lﬁ 8 epadexduze of thelgsalyrmsxlear ErSmaRacsnt No.

5, 102, 643. EXAMPLE 1
Pal | adi um cont ai ni ng Catal yst Preparation:10 - A pal | adi um cont ai ni ng
cat al yst wds prepared as descri he of a cal cined MA1S

EES%ﬁefﬁlA‘ anp] ¢

conposi tion (4 nm (40 A))LURR BYAZRLRBRE ﬁ?tﬁgr%g#n enper at ure aqueous
solutions of a niumnitrate and was %ubsequgptly dried 4 over ni ght at
121[err] C (250 rlF). A portion of th& resturtant 15 cryStals was conbi ned
with [err] to fgegya mxture of 65 ptparts dy wei ght MA%8 and 35 parts

al um na. VWt er gwasogdded to this mixpyure to, alJaw the resulting
catal yst to be oD formed into extrudatgsg Thég%é;%§%z§3\NH§15¢31y©§ed by
3.81 0.200

10 Total Aromatics, 226 nm  4.63 .8

Polynuclear Aromgtics, ‘
400 nm (x107) 40.40 19.70 1.28

Comparing the performance of the amorphous catalysts
with the Pd/M41S catalyst it is apparent that M41S is much
15 more effective in saturating aromatics. '

EXAMPLE 3
In this example, the same procedure as described in

Example 2 was followed with the exception that the

hydrotreating temperature was raised to 330°C (625‘?) and
20 only amorphous catalysts were used to determine whether at

higher temperatures, the amorphous catalysts would meet the

performance of Pd/M41S. The results of the runs are

summarized in the following Table IV.

* Table IV

25 ' Lube Hydrotreating at 625°F
Run 4 _s : 6
Metal Niw Pt Pd
Support Al,0, AL,0, $10,/A1,0,
Total Aromatics, 226 nm 3.24 2.75 2.95.

30  Polynuclear Aromatics,
400 nm (x107) 73.30 6.50 8.39
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calcination at 482 C (900[err]F) in 5v/v/mn nitrogen for 6 20 hour s

foll owed by the replacenent of the nitrogen flow with 5v/ivimn of air.
The cal ci nati on was conpl eted by rai sing the tenperature to 1000[err]F
and maintaining that tenperature for 12 hours. Pall adi umwas .

i ncorporated by inpregnation w th an aqueous solution of a palladi um
tetraamne salt, 25 [err] The extrudate was then dried at 250[err]F
overnight and calcined at 570[err]F in ai44200r 3 hours. The physi cal
and chem cal properties of the Pd/ MA1S cat al yst are provided in Table
| bel ow Table I 30

Pd/ MA1S Cat al yst Properties Pal | adi um mﬂ pct.

0.81 Surface Area %

Density, g/ni As shown yg fg above Tab#%ﬁgv,Déﬁgpp?SLan;he
2.38 35 tBaperdfalreeiidiino achieve satlsfactory0a92mat1cs
-40- |E><ﬁ043

pressure hydrog?géﬁa%mbotatsor% raggﬁl ghtvvas lp%l%gu ggtee to cata ;/P[I C
dewaxi ng and hy8VeFr tRRRAKITTSFhe feed was processed i n cascade
operation over fixed bed 5 reactors. Eighty granms of HZSM 5 dewaxi ng

cat al yst S | oaded into a first nd 240 grans of the Pd/ M41S
cat al yst 2@ described in Exanple 1 masgggggg%ffnto t he second reactor
Unl ess ot herw se nofedchisheXampdegshe sang) prosedyrer afofRserived sins at
17340 kPa abs G&Eﬂpwsz OJas dlloked WHEY @elexidaptdewaxhas emeal yst, 0.33

Feactor was matSPRITREA o P, '195?{“2“?%%3%96%%?% 8 f#&@% et
target pour pothe BY/MALT qarglyst] pps varied to debgzmi 8 conducted over

a medi um d0re peekbiwarnde oﬂ@m«mg GAt pédisding Hne ﬁt&ﬁ&titgsc&itéxhﬁ of
bottons fracti %ﬂe feed.ar efh e%_,crgulietg QQLOMA.% lU the following

Particle

Table V.
Table V
Lube Hydrotreating over P4/M418
15 Run z S 1 —32
Hydrotreater _
Temperature °C(°F) 274(525) 260(500) 246(475)
Total Aromatics, 226 nm 0.200 0.563 1.75
Polynuclear Aromgtlcs,
20 400 nm (x107) - 1.28 1.69 1.69

It is apparent from the results of the above table
that, by varying the reactor temperature, the P3d/M41S
catalyst offers flexibility in the product aromatics
centent. '

25 The products of these examples were found to have the
following properties: pour peoint -18°C to -7°C (0-20°F),
kinematic viscosity 9.5 to 12.5 mm’/s at 100°C, 86 to 110
mm?/s (400 to 500 SUS), viscosity index 105-110, and
lubricant yield 70-80%. '
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TFable 11 Heavi est 10% of Bottons Properties at

45 wt. % 710[ err] F+ Conversion 20 Ni trogen, ppm

9 Mol . Wei ght 558. Pour Poi nt,
[err]C( F) . > 49 (>120) KV @100*C, [err]

11.3 Conposition, w % 25 Paraffins

42.1 Mononapht henes 19.9

Pol ynapht henes : 21.2 —43- Aronatics

16. 8 Sinul ated Dist., W % 30 | BP/ 5

209/ 854 10/ 50 902/ 982

The hydrotreating was conducted over the Pd/ MA1lS catal yst, as

descri bed aboveiagsis; f or conparative purposes, over anor phous

catal ysts at 274[err]C (525[err]F). The results of 35 the runs are
summarized in the followwng Table Il1l. The results are presented in
terms of the U¥-absdrprgrsssofforhproducing a lubricant from a

-41- produchyqdiiackas 4sadiiPaeetsdiliing HRagd" BEBLLEE i N the

| ubri cant base stock. The absorbance at 226 nmis a measure of the

total aromatics whi FEEHI s BFpARRET a1 40fF-* aromatics campprising nm[err]
) is a neadure of t pdppnotesiséag thenféed ver a catalyst comprising a,

composition of matter comprising an inorganic non--
pillared crystalline phase exhibiting, after
calcination, an X-ray diffraction pattern with at
least one peak at a position greater than about 1.8 nm

10 (18 Angstrom Units) d-spacing with a relative
intensity of 100, and a benzene adsorption capacity of
~greater than about 15 grams benzene per 100 grams
anhydrous crystal at 7 kPa (S0 torr) and 25 °C in the
presence of hydrogen and conditions sufficient to

15 convert the hydrocracked distillate boiling range
product to a lubricant of reduced aromatics.

2. A process according to claim 1 in which the initial
boiling point of the hydrocracked distillate boiling
range product is at least about 343°C (650°F).

200 3. A process according to claim 1 in which the catalyst
comprises a hydrogenation functionality which is a
metal component.

4. A process according to claim 3 in which the metal
component is at least one noble metal of Group VIIIA
25 of the Periodic Table.

S. A process according to claim 1 in which the feed is
hydrocracked at a hydrogen pressure of at least 5620
kPa abs (800 psig).

6. A process according to claim 1 in which the catalyst

30 further comprises an alumina support.
R —

W
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5s - Table 111 Lube

Hydrotreating at 525[err]F Run 1 2

3 Met al Pt Pt Pd Suppor t

[err] [err] M1S/Al 0O '

[err] 10 Total Aromatics, 226 nm 4.63 4,. 3.81 -0. 200

Pol ynucl ear Aronitics, 400 nm ([err] ) 40. 40 19.70

1.28 Comparing the perfornmance of the anorphous catal ysts

with the Pd/ MA1S catalyst it is apparent that MA1S is nmuch 15 nore
effective in saturating aromatics. EXAMPLE 3

In this exanpl €. thd pxAeeps ReAddngstadegtainet im which thenphrbalyshs

followed With the exeaptisastfisdm 118 to 10hydéodieaidRentepRen aliyLg . Was
raised to 330[err]C (625[err]F) and 20 only anorphous catal ysts were used
to determ ne whet her at hi gher tenperatures, the anorphous catal ysts
woul d neet the8. Apprboessnaecaxdipd/ M1Slaihel r iswitichofthieh€erdnssare

sunmmar i zed in the fﬁ&hg%ﬁg%%gplagc laVhydrogen parti lrprﬁeésure of at Tabl e

IV 25 - rotreating at 625[e

4 s leagt 10450 \fRa abs. Ni W Pt

Pd Support [err] [err] [err] Tot al

Aromatics, 226gnm p 24 Aikd to clafm9P hicd ¥RUC .

Arom tics, . R%8 nsrr'f a)'(‘fcoo[ erlré o cta 7%?3% * BB'G%%& s 8.39
hydrotreated at a temperature of at least about 177°C _
(350°F).

!

10. A process according to claim 1 which further comprises
10 dewaxing the lubricant of reduced aromatics.

11. A process according to claim 10 in which the dewaxing
step comprises solvent dewaxing.

12. A process according to claim 10 in which the dewaxing
step employs a crystalline inorganic oxide dewaxing
15 component.

13. A process according to claim 12 in which the
crystalline inorganic oxide contains a noble metal of
Group VIIIA of the Periodic Table of the Elements.

14. A prccess for producing a lube basestock from a
20 hydrocracked distillate boiling range product
ocontaining at least 10 % arcmatics, comprising the
steps of: _
(a) separating a fraction boiling above about 316°C
(600°F) from the hydrocracked distillate boiling
25 range product:
(b) dewaxing the 316°C (600°F) product to produce a
substantially dewaxed product; and
(c) contacting the substantially dewaxed product over
a catalyst comprising a composition of matter

/-—.——_—”

N
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- -42- As shown in the above Table IV, increasing the
tenperature did not achieve satisfactory aronatics saturation as
conpared with the performance of M41S at the | ower tenperature. 5
EXAMPLE 4 In this exanple, the same procedure as described in
Exanple 3 was followed with the exception that the tenperature of the
| ube hydrotreating reactor containing the Pd/ MA1S cat al yst was vari ed
to determ ne the 10 performance of Pd/ M&ES in reducing the aromatics
-content of the feed. The results are sumarized in the follomnng

Tabl e V. Table V Lube
Hydrotreating over Pd/MA1lS 15 Run

8 9 Hydrotreater, Te) maﬂne[egé%%pwl
274(525) 260(500)  22emprAzing an ingrggn stalling 00

0. 563 1.75 Pophydsie | @aribAtang | i fteP(zalcinatid®) am Kxgdferr] )
1.28 1.69 ¢ ha% P%ractlon at I'ljl twié‘f aﬂ'Pairé’HEt fo'hQ;TEEQE 4€S I'ts of

t he above table g e react or tenperatu the Pd/ MA1S
catal yst offers flexi bi mwnmn mep Bﬁu'étia’arhrﬂat%s( 18 AngsReRMYniLs).
the products of these exa+r@pfsingewdthoantelaciisy ciritensity offoLbop &xgd a

properties: pour point r 0 kinematic
viscosity 9.5 to 12.5 eJr“%rHs%é% %f&é{’g éj%é%é?tgflﬁf@ter tﬁ'ﬂ? igr1]/s (400
to 500 SUS), viscosity igeRRs WEzZpng, Pexdlo0 granm ranidroiseFEYFrRB(@E
50 torr and 25°C in the presence of hydrogen and
.conditions sufficient to convert the

10 substantially dewaxed product to a less aromatic
lube basestock.

15. A process according to claim 14 in which the catalyst
of step (c¢) further comprises a metal component.

16. A process according to claim 15 in which the metal
15 component comprises at least one metal of Group VIIIA
of the Periodic Table.

17. A process according to claim 16 in which the metal
component is palladium.

18. A process according to claim 14 in which the dewaxing
20 step comprises catalytic dewaxing over a catalyst
comprising a crystalline inorganic oxide.

. 19. A process according to claim 18 in which the
orystalline inorganic oxide is 2ZsM-5, 2ZSM-22, ZSM-23
or ZSM-35.

20. A process according to claim 18 in which the
crystalline inorganic oxide is an aluminosilicate.

21. A process according to claim 20 in which the

crystalline inorganic oxide contains a noble metal of
30 Group VIIIA of the Periodic Table of the Elements.
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- 43- d ai ns: 1. A process for producing a lubricant froma

hydrocracked distillate b0|I|ng range product containing at | east
10 wt. % aronmatics conprising 5 hydr opr ocessi ng the feed over a
catal yst conprising a conposition of matter conprising an

I norgani ¢ non- - pillared crystalline phase exhibiting, after
calcination, an X-ray diffraction patterm4fth at | east one peak
at a position greater than about 1.8 nm 10 (18 Angstrom Units)
d-spacing with a relative intensity of 100, and a benzene
adsorption capacity of greater than about 15 grans benzene per
100 grams 22. gba{fié saeéai%ﬁ% 8b &1¥ER 146015 %ﬁ)cna%e% [err]Cin
t he presenc condiitions sufficient to 15

rogen an
convert the hydrocréER%HaHFé?%4fkﬂﬁ¥Q&ﬁplPﬁ@ ?%ﬁmﬁ? “Contacted pVsguEReto a
| ubri cant of reducecatabystiats.a hydrogef. pariial quesssuwec @fdilogsbots! ai m 1
in which the initiahs340 xpa apd0i |1 ng point of the hydrocracked distillate
boi l'i ng range product Is at |east about 343[err]C (650[err]F).
20 - 3. A process according to claim1 in which the catal yst
conprises & hydnogenapfoaeésnmnf(phﬁdhtynghacnubnieant having anekdlced

gggggﬂ:ﬂtlis at Ieas %éggﬁgﬁfe net al ?ng}% éﬁ# é%gf%&@ﬂ Cah&eﬁtnEtal

Peri odi ¢ Tabl e. comprisesi process accordlng toclaim1 in which the
feed is (i) hydrocracking the gas oil feedstock under low

to moderate pressure of 2860 to 10450 kPa abs

10 - over a hydrocracking catalyst having acidiec
functiocnality and hydrogenation—-dehydrogenation
functionality under conditions sufficient to
form a distillate product and a bottoms

' fraction bdilinq above the range of the
15 distillate product which is rich in aromatics;
(ii) separating the distillate product from the
bottoms fraction;
(iii) dewaxing the bottoms fraction toc achieve a
target pour point; and '

20 (iv) hydroprocessing the dewaxed bottoms fraction
over a catalyst comprising a composition of
matter comprising an inorganic, non-pillared
crystalline phase exhibiting, after
calcination, an X-ray diffraction pattern with

25 at least one peak at a pdsition greater than
1.8 nm d-spacing with a relative intensity of

. 100, and a benzene adsorption capacity of
greater than about 15 grams benzene per 100
~ grams anhydrous crystal at 7 kPa and 25 °C

30 _ " and a hydrogenation-dehydrogenation
functionality in the presence of hydrogen and
under conditions sufficient to reduce the
.aromatics content of the fraction.

\;_-‘~_‘h§\-~_~‘_
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hydr ocracked at a hydrogen pressure of at |east 5620 ' kPa abs (800

psig) . 6. A process according to claim1l in which the catal yst 30
further conprises an alum na support.

-44- 7. A process according to claim4 in which the catal yst
conprises fromO0.1 to 10 wei ght percent pall adium 8. A process
according to claiml1l in which the feed is hydr ocracked at a
hydrogen partial pressure of at 5 -47east 10450 kPa abs. . 9.

A process according to claim1l in which the feed is hydr ot r eat ed
at a tenperature of at |east about 177[err]C ' (350[err]F).

10. A process according to claim1l which further conprises 10

d he | f d
acearding Lo ol SOPFRCU ACRE B Ay, Sepin 23 in Whiep eRe GEiRuea

sol vent dewaxi ng. bottomsjiraqtq@moééssuhl%@#%ﬂrﬁythYdmoatnpsgsnn9mh|ch t he
dewaxi ng éBﬁ&J_@fm{é)}éﬁ:n@r@.élﬁij al:éxh;ﬁ@rdﬁ&‘é@&'aﬁg@.hbd Qréﬁwwv Ngo 15
conmponent . {hé) %cog gﬁ %o claim12 in which t
crystalline |norgan9310§| &ﬁ% n netal of

5 25. The process according to claim 22 in which the

hydrogen partial pressure of the hydroprocessing of
step (iv) is at least 10450 kPa abs.

26. The process according to claim 22 in which the
hydroprocessing catalyst of step (iv) comprises a
10 noble metal hydrogenation-dehydrogenation component.

_

A O A



Group VII1A of the Periodic Table of the El enents. TH[B4$HEF_‘5T PAS BEEN
for producing a | ube basestock froma 20 hydrocrack‘ed'nﬁPaAchate _

boi | i ng range product containing at |east 10
conpri sing thgj\rerps—of (a) separating a fractlon

boi i ng above ahieskeeikB&h i,ﬂ (600F) fromthe hydrocracked

distillate boil | range product; (b) dewaxing the
3l16[err]C (600[ m':m

to produce a substantial ly
dewaxed product; (c) contacting the substantially dewaxed
product over a catal yst conprising a conposition of matter
- 45- conprising an inorganic non-pillared crystalline
phase exhibiting, after calcination, an X-t4 : di ffraction
pattern with at | east one peak.at a position greater than

1.8 nm (18 Angstrom Units) 5 prmescaym %m@o Qﬁgﬁgﬁ yhddesg relative
' ' enze

Intensity of 100, and a ne ador ption capacity of
greater than 15 grans benzesErager 100 grans anhydrous
crystal at : 50 torr and 25[err]C.in the presence of hydrogen
and condi PePRs stRatéPR ML £8e W&F?C‘faﬁ%"% which boils
substantial | y dewestsrepabelitc 8160 {6besR) andnearitgins at least about|lde
basest ock. 5  Why afoftQeeSHs deaPEAJts Ga Gedlited 4rbRatius. hubde

cat al yst a@cg §Lg& (pg:\bd,.flé{r %gg; L £ ﬁ&sc ﬁﬁﬁhiCQleQQEQixlne

16. A process accor Pon capamtyrrponent

conprises at | east®f&* t‘§11°5fe’&§‘8ﬁ55 \H“IuFﬁa Srge sbrp

demonstrated by its benzene adsorptxcn capacity of greater
than about 15 grams benzene/100 grams anhydrous crystal at

10 7 kxPa (50 torr) and 25°C and a hydrogenation-
dehydrogenation functionality, preferably palladium, under
high pressure conditions sufficient to reduce the aromatics
content to about 10 wt.%. The bottoms fraction is dewaxed
prior to high pressure hydroprocessing over a catalyst

15 comprising HZSM-5 to reduce the pour point of the fraction
to -7°C (about 20 °F). Typically, the bottoms fraction is
produced in a moderate pressure fuels hydrocracking process

over a bifunctional amorphous catalyst.
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of the Periodic Table. 17. A process aceording to cl

Ul i
the met al conmponent |s pal | adi um 18. A prpceHE SHEESHASREEN |
o cl ai m"[hissme\ﬂas%nR cG'I’evva tep conprises f{atal \ﬁﬁ'?,LACED .

deMHX|ng o] conpr|5|ng a crystalllne'lnorganlc

oxi de. ess according to claim 18 in which the

crystal I|ne |norgan| c oxide is ZSM5, ZSM 22, ZSM 23 or ZSM 35.
25 20. A process according to claim18 in which the _
crystalline inorganic oxide is an alumnosilicate. 21. A process
according to claim20 in which the crystal line inorganic oxide
contains a noble nmetal of 30 Goup VIIIA of the Periodic Table of
the El enents. FEEP- .. - 46- 22.
A process according to glaim 14 in which the substantial ly
dewaxed product is contacted over the catal yst at a hydrogen
partial pressure of 104%0 to 17340 kPa abs. 5 23. A process
for producing a |ubrj ';]Jﬁavi ng a reduced aromatics content from
a gas oil feedstockj whic conpri ses: (1)

hydr ocracki ng the gds oil] feedstock under |ow to noderate

pressure of 2860 to}{10450f kPa abs
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100 . - over a hydrocracking catal yst havi NTSHEET
functionality and hydrogenati on-dehydrogenati on EM&W}E

functionality under conditions sufficient to

distillate product and a bottons : =IOV €

t he range of the 15 distillate product which is r|ch in
aromati cs; (ii) separating the distillate product fromthe
bottons fraction; (iii) dewaxing the bottons fraction to achieve
a ‘target pour point; and 20 (1v) hydr opr ocessi ng
t he dewaxed bottons fraction over a catalyst conprising a
conposi tion of matter conpr.i sing an inorganic,

non-pil |l ared crystalline phase exhibiting, after
calcination, an X-ray diffraction pattern with 25 at | east
one peak at a position greater than nm d-spacing with
arelative intensity of LUBRICANT EIOFORAGT S B%?Fz“éﬁe adsor pti on
capacity of greater thang%%w grans benzene per 100
grans anhydrous crystal at 7 kPa and 25 [err 0 and a

hydr ogenat i on- dehydr ogeAabpiefpms fraction of fuels fydce¢mTxling \whight heils
presence of hydrogesbanrdabout 316°c (s00°F} adBUedin=a@Aslidd Qasss whbhei gt to

reduce t he 5 - I i ep f_ a
- 47- 24, Awgcgégma?é:gr |rf%§¥o i irfz) ew&vﬁ{\a ﬁ“ﬁe@sdé%xed

bottoms fraction is Su d’rf"é“‘hy idsis) r%Eés Yff COmPrising ¥ GRyFtaidise
conpri sing temerat?ﬁ%‘?éﬁ@%ﬁ’@ ?ME#M“J-U large syyatian F&pagityl HSV of
.25 to 2. 5  25.deuPhnetpatumicdy AGChBeshdng hdscbaion 2Aphaimhiozhgiditer

hydr ogen partial preasuaBo®f 15hg-ineds oy Hefs8 Q,'g'a@ anhydrous .cx95€8 GQkV) 1S
at | east 10450 jyPa aks, (50 torr) and 25°C and a hydrogenation-
dehydrogenaticn functionality, preferably pallad.uun, under
high pressure conditions sufficient to reduce the aromatics
content to about 10 wt.%. The bottoms fraction is dewaxed
prior to high pressure hydroprocessing over a catalyst
15 comprising HZSM-5 to reduce the pour point of the fraction
to -7°C (about 20 °F). Typically, the bottoms fraction is
pi‘oduced in a moderate pressure fuels hydrocracking process
over a bifunctional amorphous catalyst.

FIGURE 1 IS SUGGESTED FOR PUBLICATION
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26 The process according to clai m 22 in which-the
hyEf'r opr.ocessi ng cat.al yst' of step (iv) conprises a 10 EPLACEMEN@'%@
hydr ogenat i on- dehydr ogenati on conponent. 2 BJUN
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