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CATALYTI C DEWAXI NG PROCESS AND CATALYST COWPCSI Tl ON The
present invention relates to catalytic dewaxing processes and to
catal yst conpositions suitable for dewaxi ng hydrocarbon oils
cont ai ni ng wax wowslstsasl es. The expression "cat al yROTEPIGAEIS ng"
is well known in 5 the art and refers to reducing the content of waxy
nol ecul es in a hydrocarbon feedstock by contacting this f eedst ock
wi th hydrogen in the presence of a suitable . catal yst. The
expression "waxy nol ecules" refers to nmol ecul es -conprising a |inear
or slightly branched | ong 10 chain aliphatic noiety, such as |inear
and ‘slightly branched | ong chain paraffins, |ong chain alkyl -
aromati cs and | ong etFityPik HewaRRRENSROESEss Gt |caiTag.vsT compo§f’i‘ﬁ3i* ng can .
be attai ned by cracking and/or I sonmerisation of the waxy nol ecul es.
To that end 15 dedi cated sel ective cracking catalysts and dedi cat ed
sel ectjve isonerisat The prestnystinventionareddtes te oatdlytic dewaking

appreCi ated that 3.c3ekeeki ¥RaCESdtilyer! dbusbsIPAShY suitable RLQMOLES

cracking reactions, where § al so sone’, | sonmeri sati on occurs, whil st
a sel ective i sonm&awasingyhygrocarben, 0dils, CORERINING EHEY dOLesyderi sati on of
waxy nol ecul he eRkpredgian Swatadyttead&wanes mg't uiss wellle kaswanin

wherein criacking qadbot LAGNELESAL QD AGMAGAL content JERRGYS ON Lhe
reaction COﬂd!tIOﬂ appl 1 eq andgége type o? ?eed used., 25
Sever al demaX|ru;W§;?& £6s18nd %ﬂiﬁqg9ndgﬁ&QF53°k by contacidagsthigr e
known in the art.fdedstoekt whith, hydrogen in the presence of a suitable
catalyst. The expression "waxy molecules® refers to
molecules comprising a linear or slightly branched long
10 chain-aliphatic moiety, such as linear and slightly
branched long chain paraffins, long chain alkyl-
aromatics and long chain alkyl-naphthenics. Catalytic
dewaxing can be attained by cracking and/or
isomerisation of the waxy molecules. To that end
15 dedicated selective cracking catalysts and dedicated
selective isomerisation catalysts are available. It will
be appreciated that a selective cracking catalyst mainly
promotes cracking reactions, whereby also some
isomerisation occurs, whilst a selective isomerisation
20 catalyst mainly promotes isomerisation of waxy
molecules, whereby also some cracking occurs. The extent
wherein cracking and/or isomerisation occurs also
depends on the reaction conditions applied and the type
of feed used.
25 Several dewaxing catalysts and catalytic dewaxing
. processes are known in the art. For instance, in
U.8. Patent No. 4,917,789 a process for the catalytic
dewaxing of hydrocarbon oils is disclosed wherein the
. hydrocarbon oil feed is contacted with a crystalline
30 -8ilica polymorph silicalite catalyst at such mild
f dewaxing conditions that the C3 and lower hydrocarbon



U.S. Patent No. 4,917,789 a process for the catalytic dewaxi ng of

hydr ocarbon oils is disclosed wherein the hydr ocarbon oil_feed is
contacted with a crystalline 30 silica polynorph silicalite catalyst
at such mld dewaxi ng condi tions that the C3 and | ower hydrocarbon
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- 2- gas neke is 2% by wei ght based on feed or | ower. The
dewaxi ng step nay be preceded by a hydrotreatnent step in order to
remove sul phur fromthe feed or, ' alteznatively, may be followed by
a hydrotreatnent step. 5 The catal ytic dewaxi ng process is
particularly suitaBSpg make is 3%rprWGGGE¥nBa$Qﬁv%lﬁeq§gpﬁ’t lgweroi Thaind

di esel oil déwaringnsteg mayh&ecpraseded tbie eiwdrotgeatfdnt Sstdp t abl y
preceded by a hydrede é?éd [ ropean Patent
Appl;i cation No. O, 2%3&%%;&% S %gfigfnifi%md“e\félﬁ r;fgegr ggéss S

di scl osed, wherei n2atgEngtively, may beofatbewedibly ias hydrosrestiment hstap.

ext lr _udedbl o ln:heaewaxyticefammgg pxb@l@sé)q_tmqaadf&ti%umﬂlhgt SubdfSi 28
zeol i te-based catalyst_conpositi.on under._appropri aft, . waxl ng

condi tions. The ca?é?ygfoﬁcglnc%rﬁoé"l ﬁ’ogrlgoggt J)ﬁﬁ/dﬁ’gggﬁgt F&ﬁsﬁinﬁ%ent ,
such as plati num SupebiPrs{ k@ these cagegdithe dewdtingastepaiis suitalds
silica, germani um preceded bywxd d@dzbﬁb%ﬁlﬁmﬂiéaﬂidﬁ aedpzi rconi um di oxi de,

of which silica i referred, binder .material. _The_ | ow :
acidity refractory oxi %@-Eg’o%%ﬁea?‘qt%gr ﬁ{algi%?% ’gcoafté°§’1 ?8‘28'313'2'%0% t e- based
catal yst i3%9shown eatakwiis tdewaximnsr predess 1s disgdioised:ywhadeshadiwaxdy i n

catal ytic dewaxi NghpRE5EdIMUIS oil is conbaEOEArith Wnl BxtRGasaMesyype of
zeolite bound with_an ' : :

zeolites have a ldit%ozfeefrc?%gr?el gro ang%%%ggqi%ﬁ%ggggwgﬁ%t%fz'ee
Const r ai nt zeolite-based catalyst composition under appropriate
dewaxing conditions. The catalyst may contain a
15 hydrogenation component, such as platinum. Suitable low
acidity binder materials include silica, germanium
dioxide, titanium dioxide and zirconium dioxide, of
which silica is the preferred binder material. The low
acidity refractory oxide-bound intermediate pore size
20 ' zeolite-based catalyst is shown to exhibit an improved
activity and stability in catalytic dewaxing operations
as compared with the same type of zeolite bound with an
acidic binder such as alumina. Suitable zeolites have a
pore diameter of greater than 0.5 nm and a Constraint
25 Index of between 1 and 12 and include several ZSM-type
zeolites, including 2ZSM-5 and ZSM-35. In the working
examples the production of lube oil products having pour
points of -6.7 °C and -3.9 °C was demonstrated.
In U.S. Patent No. 5,139,647 a catalytic dewaxing
30 process for producing low pour point middle distillates
(gas 0il) as well as low pour point lubricating base
oils is disclosed, wherein a hydrocarbon oil feed having
a 90% boiling point above 316 °C (600 °F) is contacted
under hydrocracking conditions with a catalyst
35 comprising an intermediate pore size silicoalumino-




25 I ndex of between 1 and 12 and include several ZSMtype

z&olites, including ZSM5 and ZSM 35. In the working exanpl es the
production of |ube oil products having pour points of -6.7 [err]C
and -3.9 [err]C was denonstrated. “In U S Patent No. 5,139, 647
a*catal yti c dewpyodgssd process for producing | ow pour ppenErsgiothds e
distillates (gas oil-) as well as | ow pour point lubricating base
oils is disclosed, wherein a hydrocarbon oil feed having ' a 90%

boi l i ng point above 316 [err]C (600 [err]F) Bs-contacted under
hydr ocracki ng conditions with a catal yst 35 conprising an internedi ate

pore size silicoaPifSphate (SAPO) moleculgrogigvesand a hydrogenation
. PCT/"EP96/ 02578 component. A very suitable catalyst is3-Pd/SAPO-11.PRAsphate

(SAPO nol ecul ar siqye W hQn _ ..C 0 t. A.ver
sui takl e cat.al yst selhg'\éng Q%ﬁ%@lgf?%wteh% 1°flﬁi ghac‘i"er\l/\/%zgl)rrﬁ}eﬂ&l"o@@ﬁc?%%s
| ong- chai n par af f B¥efsPEcifekhe feed undexgonmild erackingl neadtrigosni | d
~cracking reacti onwhil®t at tMéibshe alinfehd so>RER: b4 For Win%ifﬁﬁngl‘:l
ef fl uent

" n-par affins e NLQ fins, occu Af ter dewaxi ng th L
is separ at &d i %? 8@%%5%1" 3 R ?"%5?5 ﬁs?"éa@f’i%% effduent is

heavi er - | ubri cat i #§P3FRtBdsénte dehe migdllegdietillate fractismbsaduehel y

advant ageously subjeastiest LabRidetiny ol base EtoélhivHe tURRlFELRE i n order

t o hydrogenate an |_efl dioleftins and ar tic resent. Such
hydr of i ni shing %?%?%E%\Féﬁlysa ‘éannefTa}?cﬁ é’lsfl?' OF"%]%C%?%H% it ©fhe final
| ubricati A base d&imishing treatment, imoaxdext Fenhydrrgenateraplyi odefbns No.
WO 92/01657 15  dicdeffahal yhd Casimaiiciy pReseass swchlimah2xadiwhehgi n a

et g Fbar ST SN AL ot e 2011
lubricating base oil.
In International Patent Application No. WO 92/01657
15 a catalytic dewaxing process is disclosed wherein a
hydrocarbon oil feed containing straight and slightly
branched paraffins having 10 or more carbon atoms is
contacted under isomerisation conditions with a catalyst
comprising (i) an intermediate pore size molecular sieve
20 having a crystallite size of at most 0.5 micron, a
certain acidity and isomerisation selectivity and pores
with a diameter in the range of from 0.48 nm to 0.71 om
and (ii) at least one Group VIII metal, suitably
platinum and/or palladium. Among the many suitable
25 molecular sieves are listed ZSM-5, ZSM-22, ZSM-23,
ZSM-35, 88Z-32, ferrierite and SAPO-11. A subsequent
hydrofinishing step to increase the lube oil product's
stability may be applied. In the working examples lube
oil products having a pour point of -12 °C and a
30 viscosity index of from 102 to 107 are shown to be
' obtainable by the process disclosed. _
In International Patent Application No. WO 92/01769
s a catalytic dewaxing process is disclosed wherein a waxy
feed having a wax content of more than 50% by weight
« 35 and/or having a pour point of above 0 °C and containing



contacted under isonerisation conditions with a catal yst conpri sing

(i) an internediate pore size nolecul ar sieve 20 having a crystallite:
size of at nost 0.5 mcron, a certain acidity and isonerisation
selectivity and pores with a diameter in the range of fromQ.48 nm
=0 0.71 nm W09ﬁlfi (ii) at least one Goup VIII netal, supdraHIg2578

pl ati num and/ or pall adium Anong the nmany suitable 25 nol ecul ar si eves
are listed ZSM5, ZSM 22, ZSM 23, ZSM 35, SSz-32, ferrierite and
SAPC- 11. A subsequent hydr of i ni shi rgéstep to increase the |ube oil
product's stability nay be applied. In the working exanples |ube

oi | products havi mgre Ebar pe¥ef grraffinier rarhery 8 mpntacted witghi ay

ij_ndeT of OIf rom 102 ctaea19|§taleem§hmnt d @ limlecular SDIE‘?@iHﬁﬁ_ gy N%wa%agg gggg;
i scl osed. n .l nLeg nati ona n o i Qn

a catalytic devvaxipl‘?é'eﬁr 88‘85?£i %e%tscnc?sé%%\gﬂﬁe{r’éfg %é%‘y%“able feed

havi ng a wax cont &eedstogbseinnbydskack waxght obbained fuemy dydmavi ng a

pour poi ntgof abowga@kkar bk Ceslvet® HeFifeddlube cils. SuitaW@edtoid8dfar
PCT/ EP96/ 02578 .
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applied to In U.S. Patent No. 5,149,421 a catalytic dewaxing
process is described wherein a hydrocarbon oil having a
15 boiling range above 177 °C and containing straight and

slightly branched paraffins is contacted sequentially
with a layered catalyst comprising a catalyst layer
containing an intermediate pore size SAPO molecular
sieve and a hydrogenation component (suitably

20 Pt/-SAPO-11) and a catalyst layer containing an
intermediate pore size aluminosilicate zeolite and
optionally a hydrogenation component. The intermediate
pore size aluminosilicate zeolite is suitably selected
from the group of ZSM-22, ZSM-23 and ZSM-35, whilst

25 platinum or palladium is used as the hydrogenation
component.

Although the processes listed above perform
satisfactory in many respects, there is still room for
improvement. The present invention aims to provide a

30 catalytic dewaxing process, wherein hydrocarbon oil
producte having greatly reduced pour points and very low
cloud points can be produced at high yields thereby
using a catalyst composition exhibiting an optimum
combination of stability, selectivity and activity, so

35 that it can be used for a long time without significant



i ncrease the stability of the lube oil product obtained. In
UMS. Patent No. 5,149,421 a catal ytic dewaxi ng process i s described
wherein a hydrocarbon oil having a 15 boi l i ng range above 177 [err]C
and containing straight and slightly branched paraffins is

caont act ed sequ@yd deMrbad with a |ayered catal yst conpriEgwEP9e02s78 -
catal yst |ayer containing an internedi ate pore size SAPO nol ecul ar
si eve and a hydrogenati on conponent (suitably 20 Pt/-SAPO 11) and a
catal yst | ayer containing an ‘interrediate pore size alumnosilicate
zeolite and optionally a hydrogenati on conponent. The internediate
pore size al um nodepctivatien| eeeuyming, The| pregeri tigwention aimpoket he

grogb of ﬁSl\/LZg, pet2deaBdcK SHhSdessiilich dan be a@mémtﬁaxoaeﬁﬁkhﬁdi umis
used as the hydrogenation . QRRQN i e .
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is still room for the preseppfpinventinn afRe PPcBEAYide\RMARIVALSs to

provide a 30 dedaddink preeveyiwiiUiacens, gubonskd duminec xebenagi b
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Ly reduced pour. pQints_ an | ow cl oud
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conposi tion exhi biveilugbde ppedvoks like napbshsi andi g3s Fikt Jel present

selectivity and aGidywentionS8138 aims tid\@rovidean PLilsednd@ catkapsetine
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feed comprising waxy molecules, which process comprises
the steps of: .

15 (a) contacting the feed under catalytic dewaxing
conditions with a catalyst composition comprising a
molecular sieve containing covalently bound alumina
moieties in its framework and having pores with a
diameter in the range of from 0.35 to 0.80 nm, and

20 (b) recovering a product having a reduced pour point,
wherein the molecular sieve has been modified to reduce
the mole percentage of alumina.

The hydrocarbon oils to be used as feed in the
process according to the present invention should

25 contain waxy molecules. Minimum wax content of a
hydrocarbon oil feed should be 5% by weight based on
total feed, preferably at least 7.5% by weight. Concrete
examples of suitable feeds, then, include waxy
distillate fractions substantially boiling between 250

30 and 620 °C, i.e. having at least 90% by weight of their
boiling range between 250 and 620 °C, which waxy
distillate fractions are obtained by either atmospheric
distillation or distillation under reduced pressure.
Vacuum distillate fractions derived from an atmospheric

- 35 residue, i.e. distillate fractions obtained by vacuum



5 dewaxi ng process wherein the gas nmake can be kept at a | ow

tevel and wherein the by-products forned are val uabl e products |ike
napht ha and gas oil. The present i nvention also ains to provide a
tail or-nmade cat al yst conposition having excellent stability,
Selectivity andyglélusisse activity when applied in catal ytic degrspogo2sTs

oper ati ons. Accordingly, the present invention relates to a
process for the catal ytic dewaxi ng of a hydrocarbon oil feed
conprising waxy nol ecul es, which process confrtses the steps of: 15

(a) contacting the feed ungler taI conditions, with a
cat al yst conposit FéAtL H-%‘Prf@fa 351%“3‘16'% %%ﬂ whighe 10, KeERAR ns
covalently bound abtained by atmosphiexticedisnillatioramfiver cxradd iy r@r@or es

with a g EEuiﬁrwesﬁﬁﬂﬁﬁ Offe%ﬁg&gkgﬁ e GA84189 rsﬁg

(b) recovering a uct uced _pour poin I'n the
mol ecul ar si eve h&§cbe§nvﬁ§%'1“ﬁ|@€Ftt16-]1a§&u§§acu°n 19 t‘*?é"aﬁi}h’efﬁﬁr%%nt age of

alumina. 5  leastheoByBy oseidian ofi khet Ry@fockisbras pPreednt NbébReen
process according 8 Lhs B %8536“ édl‘é"a%&&oﬂeéﬂé’%hdsgos and 550°8kal i, Waxy

nol ecul es. M ni rru wax con car bon oIl fe€é houl d. be
5% by wei ght baseg@xample of a syitpbleygcupym %*F‘alauyafzﬁ fragtion tgoay

\C/j\/_el g_hltI Confcret € vacuum g&#aspl emyﬁrdptbbabbedfm d%éwnatactﬁdetm

| st ate fracti t |

[err]C, i.e. havi %Q% ? Egéagggég%}k %tﬁ’ci L'E%? dQ?&%‘ﬁE'&?ds e’édqnplegm ﬁcﬂlég? ange
bet ween 23® and GZWdFQFTCFEte‘Am%WWE or vacymstgas fidsf gadti ons are
obt ai ned by eit hemyakgegabRed Cvacuun gasdbsnstlnéa@haxrtem Helglidahl ogiunder

reduced pressure. fracgmgs afﬂé’ﬂéjlﬁ t?‘t ?eé{i‘?ﬁéjf‘?ﬁ & g{) sg)% fr om an

at nospheric 35 T ons by vacuum
VWO 96/ 41849 residues and deasphalted vacuum r@@qﬁgp96p@g5agso be :
applied, whilst synthetic waxy raffinates (Fischer-
15 Tropsch waxy raffinates) and hydrocracker bottom

fractions (hydrowax), i.e. those fractions having an
effective cutpoint of at least 320 °C, preferably at
least 360 °C, are also suitable feedstocks to be used in
the process according to the present invention. Slack

20 waxes obtained from the dewaxing of hydroprocessed or
solvent refined waxy distillates may also be suitably
applied as feedstocks in the process according to the
present invention. In general, for lubricating base oil
application, wax content of the hydrocarbon oil feed

25 will normally be at least 10% by weight, more suitably
at least 15% by weight. If lubricating base oils having
viscosity indices above 120 and particularly above 135
are to be prepared, feedstocks containing relatively
high amounts of waxy molecules, i.e. feeds having a wax

30 content of at least 50% by weight, preferably at least
80% by weight and more preferably at least 90% by
‘weight, such as the aforementioned synthetic waxy
raffinates, hydrowaxes or slack waxes, are suitably used
as the feedstock.



- 6- distillation of a residual fraction which in returnis

obt ai ned by at nospheric distillation of a crude oil, are

particul arly suitabl.e féedstocks. The boiling range of such a
vacuumdistillate fraction is usually for at 5 | east 90% by wei ght of
% he hydrocar bmomsarsasent bet ween 250 and 620 [ err] CPCITEPIABS

bet ween 350 and 550 [err]C. An exanpl e of a suitable vacuum
distillate fraction is a vacuum gas oil. Hydroprocessed waxy
distillate fractions are al so very Bui tabl e feedstocks and exanpl es
i ncl ude 10 hydr otreat ed at nospheric or vacuumgas oils and
hydrocracked vacuumGpiRlatis. dewaxprad| eenfitdenguare okpown in thef @att i ons,

i ncl udi ng _bgt h d&ns phed dced 18t Emsameéi@perﬁa_zting teRpediearad diglagaphal t ed
vacuum r esi dues, ed, . . t nt i C waxy

raf fi nates (Fi schere. %45?%1%% %ngg’%h's%xydfr %ﬁl\ie%g#gsfj?é‘ﬁ é/atr%cracker

bot t om f £82t T onLYIFPIRHWRRTSSRTeS ihibe rapgei ofisfrem iy ta

ef f e]ct i ves cut poi oo hat sudzably2frimris Go oef Baghl Modé suitably lf@aat 360
[err]C, are also | ee S sed in s e _Qrocess
according to thelgﬁ%aésen %lafr]f\?eg’?ﬁgfni.g gﬁg'g%&fg’a%e v??l&ﬁ?%?%%t&%ne ffom t he
dewaxi ng of hydrbpe ccangse@fofrom 0.1 teoll ke ofepihepevakitxl uifi | [ at es may
alhso be suitabl ycatalyst pepphiotd aﬁg73ﬂd§)t,oca&it}aaﬁyhgr@@m.e%st@ccplrdi ng to
t he pres t , . r r ricati ase, oi-
appl i cati on, mxgc%%i?r@loh%%ﬁegﬁzg%n%%%orﬁ g’i'ﬁ Feed %/f?hr FWd1 normally
be at | eb®t 10% Bydvrgemito dleratieabiy the rangeaof| Enem 1WVoty wei ght. |f
| ubricating base2pots hidttied)of hydrogan SssillixrengdEcgsl above 120 and
particul arly above a . ared, feedstacks containing
relatively %?1 "a""r‘ﬁ%‘&h’ts% %&“‘é\g’i‘({,@lﬁﬁ g:%upgs?s?‘&e}nf HPIRTASg a wax
30 content ®f Eie RreseNtOIABPRLEPY ROMMITisEer abhglaculamstieve 80%
b]}’ wei ght anddmhﬂvﬁié‘fﬁﬁ%@ wigh heasam&]g% 3% the :ﬁaxégé/ed')ﬁhirorﬁ Ltﬁlrﬁsai the
af orenent i oned synt he aX¥ s i.nate ro s or slac
waxes, air'% sui ta%?y&hésdeém conggl?ﬁlgféeoé’ ?’tegg%y bound e tiimina

moleties, which molecular sieve has been modified to

reduce the overall mole percentage of these alumina

moieties. The diameter as used in this connection refers

to the maximum pore diameter. As is generally

20 ' recognised, the pores in a molecular sieve are polygonal
channels having a minimum and a maximum pore diameter.
For the purpose of the present invention the maximum
pore diameter is the critical parameter, because it
determines the size of the waxy molecules which can

25 enter the pores. The expression "alumina moiety" as used
in this connection refers to an Al;03-unit which is part
of the framework of the molecular sieve, i.e. which has
been incorporated via covalent bindings with other oxide
moieties, such as silica (8i03), in the framework of the

30 molecular sieve. The mole percentage of alumina present
in the molecular sieve is defined as the percentage bf
moles Al;03 relative to the total number of moles of
oxides constituting the molecular sieve (prior to
modification) or modified molecular sieve (after

* 35 modification)}. In other words, the wole percentage of
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-3/ - Catal yti c dewaxing conditions are known in the art

and typically involve operating tenperatures in the range of from
200 to 500 [err]C, suitably from250 to 400 [err] C, hydrogen
pressures in tRpobgipge of from10 to 5 200 bar, suitabl yr€T/EPASDESTS O
100 bar, nore suitably from 15 to 65 bar, weight hourly space’
velocities (VWHSV) in the range of fromO0.1 to 10 kg of oil per
litre of catal yst per hour (kg/l/he)g suitably fromO0.2 to

5 kg/l/7hr, nmore suitably from0.5 to 3 kg/l/hr_and 10 hydr ogen to oil
rati os in the rangdunfinarben Ul pexrcentage of gbumina meiedfiesy dedgbhveer

litre of oil. to the totdE maisdy Yt %&m@%&t@&é@ d¥hetaRdtiiRgt BRe
process E@esent i nvent i gfrrtt‘)1 # ch? mal ecul ar sieve
havi ng pores with GF};{ FefiFYe (e P P BEYS  to 0.80 nm
and cont ai ni ng coval eMptyfboatibralafirithe moleculammeego wieduiecenthecul ar
si eve has geen ”DQEﬁbeﬂeEQentage of’éyﬂdiﬁatﬁﬁsﬂ¥ﬁif§|1d§1£§sp%ﬁﬁﬁn£ﬁge Of
refors T oMo TaRE LD Ao EERUCAT- | Tk i e, apgieved {n
refers to

recogni sed, the pwasious waysl ek uf iarsts iwaye iar epplyimprealcoating ofchaboel s
having a m ni num gpd 4 atgﬂihayw THARLEY oxide ontd Und MERUEROSE Of

t he present |nvent|on t | anet Is the _critrc

par anet er, becausdhe crysta 115%? hithes “‘PB@CB‘HE %’fe‘f%e Spebepds| ecul es
whi ch can125 mmtrganﬁ.beoxbda fdhahdsppasposa dxd wililixajoizdtrgonda used

in this connectionR, ¢fieLsik0 &p vﬁli?&{%émlﬂcawebcsréﬁem& By apply 9hgt he
framewor k of the nol cuI ar .si eve, | éen.i ncor ;o_rated

vi a coval ent bi ndi W?ﬁlﬁi’h‘é?t%ﬁlt?e °rysgalglﬁﬁ?eﬁ‘b‘%fa°§ucl’fh§s tor
(Si ), in the framsherkoff okhde 3@ietiesdnetbeamodithesl nilecullaer sieve

- percentage of alunjna, p&ﬁaeahgmal molé%utIB% E@E@é Ris %k@/%da%:.ﬁgi' pgd as
t he percentage of Al? tlve to,the total nunber of noles

of 150xi des IAHERPEHY | Hg ke &F Sife%u’?’ﬁﬁ Siodgries remains

the same, thus resulting in a reduced mole percentage of
alumina. A major advantage of this method is that the
number of acid sites on the surface of the crystallites
of the molecular sieve is drastically reduced to

20 essenﬁially nil, thus allowing the waxy molecules to
penetrate into the crystallites, where the desired
reactions can occur, rather than initiating immediate
cracking of the waxy molecules upon contact with the
crystallites. The occurrence of such immediate cgracking

25 is undesired, because it causes a relatively high gas
make, i.e. the formation of light gaseous hydrocarbons,
which goes at the cost of the yield of both dewaxed
product and potentially useful by-products, such as
naphtha, kero and gas oil.

30 Another very useful way of modifying the molecular
sieve is by subjecting it to a dealumination treatment.
In general, dealumination of the crystallites of a
molecular sieve refers to a treatment, whereby aluminium
atoms are either withdrawn from the molecular sieve

35 framework leaving a defect or are withdrawn and replaced



nodi fication) or nodified nolecular sieve (after 35 nodi fication). In

other words, the nole percentage of WO 96/ 41849
PCT/ EP96/ 02578 - 8- alumna is
the percentage of alumina noieties relative to the total nunber of
oXi de noi eti es pepogdikdout i Ng t he mol ecul ar si eve or nostiERg02s7s
nol ecul ar si eve. Modi fication of the nolecular sieve to reduce
the 5 mol e percentage of alumina basically inplies that the
nunmber of acid sites is reduced. This can besachieved in vari ous

- ways. Afirst way is applying a.coating of a | ow acidity inorganic

refractory oxi de eyit@thewe afinmsacsugh as silicame tdtaotiam, i besiwf, t he
nol écul ar si eve. &&ﬁﬁﬁtﬁn]&- nrcohm@mgeméﬂmﬁ%&o&p&ahhbé M:P:géé’% ¥
e

silica, zirconia |tan err
- appl ying ek °coa ont ?h%r'&mcg?% YSHF L m?'{'f%p‘i%t al
nunber of oxide n%l’%tﬁ'-@se-n W dtheedlearb#mﬂtalorlslse\lectlvely oddus, t he

original nplecul aérsaﬁm:vplibs dlfaq:neaaﬁbr@&cms ée‘iecuve per ga whi I'st the
nunbe? of al umina rmget es;r us resulting in a

t
reduced mol e per cBRTEYE® &t the’ crysﬁ?ﬁﬂ‘h%\s %e eorm°&&9‘a‘ﬁ?ﬁg%l%‘fe-t s
met hod is that thehis way, nawedar, bheasame ssfifertomst wdthuthaceoaied he

crystallites mole@ﬁléf‘ebl@}e%céhﬁrb@@ty@aiﬁeéir e ﬁﬁwrr&f‘% to 20
essentially nil, e _wax t[_E%)eecu es rate into

hus_al I
" the crystallites, év\')l'ﬁ%? ea'f h ed%%'lr&gﬁe °© Wf&ﬁlg‘%eﬁaﬁso’é ‘,’eé'at%r
than init1@&ting i #ipatli the phenomenopr of kiérrcking reastipnsvbecuteing! o

contact with the goon as tHe/SWadly hbEeculde c%‘n@rlh%gcﬁoﬁgaéﬁ'%%ﬂr%@ ate
cracking 25 r.r,s red, Dbe gause i{.causes a relatively gas

make, i.e. the fo%%é’f‘f% Hred iR §a§§%%f3rﬁﬁﬂ aF6GHsed, theéreb

allowing the waxy molecules to enter the crystallltes
for the desired reactions to occur. As explained

15 hereinbefore, this is considered to positively influence
the yield of both dewaxed product and useful by-
products.

Modification of the molecular sieve by (surface)
dealumination is in practice particularly useful for
20 aluminosilicate zeolites. Molecular sieves constituted
by oxide moieties other than silica and alumina will in
practice be difficult to dealuminate by the methods
presently available due to interference of these other'
oxide moieties with the dealuminating agent. This
25 applies in particular to molecular sieves containing
phosphorus like the SAPO-11, SAPO-31 and SAPO-41. For
such materials modification by coating as described
hereinbefore is, therefore, preferred.
In U.S. Patent No. 5,157,191 a very suitable process
30 for dealuminating the surface of an aluminosilicate
zeolite is described wherein the zeolite is contacted
with an aqueous solution of a hexafluorosilicate salt,
most advantageously ammonium hexafluorosilicate; to
extract the aluminium atoms located at the surface of
> 35 the zeolite and replace these atoms with silicon atoms.



whi ch goes at the cost of the yield of both dewaxed product and

potentially useful by-products, such as napht ha, kero and gas oil.
30 Anot her very useful way of nodifying the nol ecul ar

sieve is by subjecting it to a dealum nation treatnent. I n general
deal um nati on Qfobdadsfdr ystallites of a nol ecul ar si evCcVEFbGUZ378 O A
treatnent, whereby al um nium atons are either withdrawn fromthe
nol ecul ar sieve 35 framework | eaving a defect or are wnthdramm and
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sel ectively occurs, alne to occur ectlv y, at
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this way, agmel y, aheatrpEatide s aecfawathcéheawaiatnbed in wnienutﬁé f
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the crystallites is re sKenomeson 2o
reactions occurri Hgwayer, no refexancssighmadaxto Qﬂiﬂﬁé? éGWExiﬂgon@bntact

with the’ ' €by 3baliihg eshe asuriacei gadifi:edtieb]ﬁﬂihl@ﬁﬁh whereby
all owi ng the maxylgg! e crystallltes for the
desired reactions 8§££§§1$R %l |ng her ei nbefore, this i-s

consi dered®t o p05|t|véP9th$ﬁIWﬂﬁhR§ Tor deal?%%“@ﬁ%ﬂﬁjqﬂe sorEagevaked
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contacted with a dicarboxylic acid, suitably in the form

of an aqueous solution, for sufficient time to effect at

15 least 40% reduction in surface acidity with less then
50% overall dealumination. A very suitable dicarboxylic
acid is oxalic acid, whilst suitable zeolites should
have a Constraint Index of greater than 1 and include
ZSM-5, ZSM-11, ZSM-22, ZSM-23, 2ZSM~35, MCM-22 and

20 MCM-~-49. i ’

Yet another method for obtaining a zeolite having a -

dealuminated outer surface is disclosed in U.S. patent
No. 4,088,605. According to this "in situ dealumination™
method a zeolite having an aluminium-£free outer shell of

25 gilica is produced by a two stage method comprising (i)
initiating crystallization in a crystallization medium
to form the zeolite and (ii) altering the crystalli-
zation medium to substantially eliminate the aluminium
therein, suitably by adding a complexing agent to the

30 crystallization mixture which forms a complex with the
aluminium ions present, after which the complex formed
is removed. Examples of suitable complexing agents are
gluconic acid, tartaric acid and ethylenediamine-
tetraacetic acid (EDTA). Zeolites having an aluminium-



20 alum nosilicate zeolites. Ml ecular sieves constituted by

oxi de noi eties other than silica and alumna will in practice be
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i nterference of these other oxi de noieties with the deal um nating
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phosphorus |i ke the SAPO 11, SAPO 31 and SAPO-41. For such
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According to this_net
for extrudates obtalned by extruding the zeolite with a

silica binder, this increase in mechanical strength
15 occurs. The optional use of binders will be discussed in
more detail hereinafter.

The dealumination of the aluminosilicate zeolite
results in a reduction of the number of alumina moieties
present in the zeolite and hence in a reduction of the

20 mole percentage of alumina. A very good measure for the
reduction of the mole percentage of alumina is the
increase of the silica to alumina (8i0,/Al;03) molar
ratio of the zeolite as a result of the dealumination
treatment. For the purpose of the present invention, the

25 dealumination ratio, which is defined as the ratio of
8i02/Al303 molar ratio of surface dealuminated zeolite
(i.e. after dealumination) to Si05/Al,03 molar ratio of
starting zeolite (i.e. before dealumination), is
suitably in the range of from 1.1 to 3.0, preferably

30 from 1.3 to 2.5 and even more preferably from 1.5 to
2.2. Selective dealumination of the surface of the
zeolite crystallites, accordingly, also results in a

* reduction of the number of surface acid sites of the
zeolite crystallites, whilst not affecting the internal
+ 35 structure of the zeolite crystallites. The extent of



contacted with a dicarboxylic acid, suitab'ly in the form of .an

aqueous solution, for sufficient tine to effect at 15 | east 40%
reduction in surface-acidity with less then 50% over al |

deal um nation. A very suitable dicarboxylic acid is oxalic acid,
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outer shell whi chsclgﬁsbgtp?%%lucecfhout wl'whmﬂ to be bolhd JDPfclmﬁie ZSM 5 and

ZSM 35, 10 parpicphar (LRR9EE cht d@aPGHﬁ‘é‘F‘F drhaedvsdSodEber i bed

above, the methodseleetivegdédutivetiioanbiwthé arystalliteesarEaeeoshei cate,

Most suitably anmgu;UIRG¥8e the inned pHREOBE! LAE!Eryfeltid1 cdBS LgELOUN tO
substantially unaffected and that it is this particular
configuration which results in catalysts having

15 excellent catalytic dewaxing activity, selectivity and
stability.

The crystallite size of the zeolite is not
particularly critical and may be as high as 100 micron.
However, for an optimum catalytic activity it is

20 preferred to employ crystallites having a size of
between 0.1 and 50 micron, more preferably between 0.2
and 20 micron, whilgt very good results have been
obtained with crystallites having a size of between 0.5
and 5 micron. _

25 The dewaxing catalyst composition used in the
present process suitably also comprises a binder
material which does not introduce acidity into the
modified molecular sieve. In case of a dealuminated
aluminosilicate zeolite, this implies that the binder

30 should not re-acidify the dealuminated surface of the
zeolite crystallites. Accordingly, if used at all, a
binder should be used, which is essentially free of
aluminium. A low acidity refractory oxide, which is
essentially free of aluminium, is particularly suitable

35 for this purpose. Suitable binder materials, then,



addi ti onal advantage. Treatnment of the alum nosilicate zeolite
extrudates with AHS, which extrudates are obt ai ned by extruding the
zeolite with or without 10 bi nder, has been found to result in the
extrudates al so havi ng an increased nechanical strength in addition
to th%mﬁ&@ﬁﬁhFd deal um nat ed outer surface. Particul pgirxkposozsrs

for extrudates obtalned by extruding the zeolite with a silica

bi nder, this increase in nechanical strength 15 occurs. The optional
use of binders will be discussed in - - 13w e detail hereinafter

The deal um nation of the alumnosilicate zeolite results in a
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suitably in the rang%?ggdéﬁ'eﬁ%r}bérﬁ t‘ltfifsgngdiﬁgaeﬂlggé%g%lsievef/%ﬂ@ 1.3to

2.5 and even nore preéfera g I , ecti .
deal um nati on of optdongliycEherbinder materiale fheccataiyay |qompesition
accordi ngloy, al seayeallsbs cofipgtise a hydricg@unation edmpdwertiinber of surface

actd sites of tNparciculariGObhbe b bl BeRmchl! SledRlac?ibPeheng the
i nternal 35 structure of the zeolite crystallTtes. e extent of
WO 96/ 41849 manufacture of lubricating base oilgy/theguesenge of a
- 12 - hydrogenation component in the catalyst composition is
advantageous. The hydrogenation component suitably
15 comprises at least one Group VIB metal component and/or

at least one Group VIII metal component. Group VIB metal
components include tungsten, molybdenum and/or chromium
as sulphide, oxide and/or in elemental form. If present,
a Group VIB metal component is suitably present in an

20 amount of from 1 to 35% by weight, more suitably from 5
to 30% by weight, calculated as element and based on
total weight of support, i.e. modified molecular sieve
plus optional binder. Group VIII metal components
include those components based on both noble and non-

25 noble metals. Particularly suitable Group VIII metal
components, accordingly, are palladium, platinum, nickel
and/or cobalt in sulphidic, oxidic and/or elemental
form. Group VIII non-noble metals, if present at all,
may be present in an amount in the range of from 1 to

30 25% by weight, preferably 2 to 15% by weight, calculated
as element and based on total weight of support. The
total amount of Group VIII noble metal will normally not
exceed 10% by weight calculated as element and based on
total weight of support, and preferably is in the range

' 35 of from 0.1 to 5.0% by weight, more preferably from 0.2



deal um nation of the surface of the crystallites depends on the

*severity of the deal um nation treatnent. Suitably, the nunber of
surface acid sites of the zeolite is reduced with at |east 70%
preferably with at 5 | east 80% and even nore preferably with at | east
90% In . Wo S6/4184! preferred enbodi nent the nunber of suwdraaeeéessrs
sites is reduced wth essentially 100% by the sel ective
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all. Wthout vvishi ng to be bound by any X014 - particular theory it is
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molecular sieve is modified by dealumination, it has to
meet the additional requirement of being susceptible to
dealumination and more particularly to selective
dealumination at the surface of its crystallites.

20 Further characteristics of the molecular sieves are
determined by their desired function, i.e. selective
cracking of waxy molecules, selective isomerisation of
waxy molecules or a combination of both.

In one embodiment of the present invention the

25 dewaxing catalyst is predominantly selective for
cracking of waxy meclecules. The word "predominantly" as
used in this connection indicates that the main role of
the catalyst is to promote cracking of the waxy
molecules into smaller molecules, whereby some

30 isomerisation will inevitably occur as well. Examples of
suitable zeolites, then, include MFI-type zeolites
having pores with diameters of 0.55 and 0.56 nm, such as
Z8M-5 and silicalite, offretite having pores with
diameters of approximately 0.68 nm and zeolites of the

35 ferrierite group having pores with diameter of 0.54 nm,
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¥ 13 - I nclude low acidity refractory oxides such as silica,
zirconia, titanium dioxide, germani um di oxi de, boria and m Xt ures
of two or nore of these. The nost preferred bi nder, however, is
Silica. If preggoéigione weight ratio 5 of nodified nol epci/Er9smises/e to
bi nder is suitably within the range of from 10/90 to 90/ 10,
preferably from 20/ 80 to 80/20 and nost preferably from50/50 to
80/ 20. In addition to the nodi fked nol ecul ar si eve and
optionally the binder material, the catal yst conposition 10 may al so

conpri se a hydr ogechtamrZSMgsoradt ferrierite PaSM-20! anflysshel udsstias a
devtaxi ng cat al yShawny@ ore diam@RBYIBELHIE: o, WAL S%b“ﬂebéﬁ&ﬁld& t he
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total weight of support, | ar sie
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conponente basedtdonbof htimiwascyameleonie@Sinto morebbeanehal smoRedulenyl arly

sui tabl e G oup nghgrgg%agome crackl%gnpgllmr_a]n}éﬁ?v q._(‘ag,g_é,dbggh agr‘ge I | adi um

pl ati num ni ckel ?L , oxi1dic an
el emrent al Expgphes @%Lﬁ}“\ﬁh enBRLAGRIRE r?éteé’le§, aFF'pFE’Eeh‘tis"aEm‘rﬁcl ,
may be present i QigBe@ndnntegrrddtdonalgbabént rapplicaeidis 25% by

el ght  Preferablyle? b /3P itPisdha 768 B! Hrent no. B5pEhesmat and

based on total wel VI

nobl e meft8l will rﬁﬁF?EeEHbtPatent APP%*‘E%EH"!LG% b)" @é?gﬁ?sc%‘éul at ed as
el ement and basednefiude inter taiiial thei ghtmbhosiliperties aptdpneteyably is in

. the range zeolite beta, silicalite, ZSM-22, ZSM-23, ZSM-38,
| ZSM-48, ZSM-57, SSZ~-24, S882Z2-32, S88Z-26, SSZ-33 and
. MCM-22 and mixtures of two or more of these. For coated

20 embodiments, molecular sieves based on aluminophosphates
like SAPO-11, SAPO-31 and SAPO-41 may also be used. 2s
has already been mentioned hereinbefore, the alumino-
phosphate-based materials cannot be used if the
modification of the molecular sieve to reduce its mole

25 percentage of alumina involves a surface dealumination
treatment. Preferably, the molecular sieve used in a
selective isomerisation catalyst is an aluminosilicate
containing pores having a diameter of from 0.50 to
0.80 nm. Mordenite (0.70 nm), zeolite beta (0.55 and

30 0.76 nm), ZSM-23 and SSZ-32 (both 0.52 nm), are very
suitable molecular sieves.

After dewaxing step (a), it may be advantageous to
include a hydrofinishing step, particularly in
lubricating base oil dewaxing. Such hydrofinishing step

* 35 is suitably applied prior to recovery step (b), but also



35 of fromO0.1 to 5.0% by weight, nore preferably fromO. 2
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- 14 - to 3.0% by weight. If both platinumand palladium are
present, the weight ratio of platinumto palladiummy . vary within
wide limts, kg@bl Yy is in the range of from 0. QerispogiidsTsOr €
suitably O. 1 to 5. Catalysts 5 -conprising palladiumand/or platinum as
t he hydr ogenati on conponent are preferred. Mol ecul ar

si eves which can be applied in the - - Hewaxi ng catal yst conposition
must in any event meet the por e di anmeter uirenents as given
her ei nbefore, i.dwayde aPPltlﬁéyJ‘ﬁ%taﬁFzﬁ}é Q§WW‘9& kage) @it has gae@De

t he rangerétfovferm (inSEtép (b8 mrgbiaiehahyyisd riaiovh 4n tthe

0.75 nm For theoaglg A9 BlanbEs PEE G N Hya0Bet by bifing crepa NG ©F 1 €0

to enploy alumn | ar & Ssi eves
of which the frardi®tiesash §Pst§°£51nstanq9«c|%§ FaroneiNa; |5 cld et 7Talamdi na

noi eti es. 5l n caseid Enternationadl Petdrey pqupa\ie:atioﬁﬁdnés edidYoslanlgs nati on,

it has to- rﬁ?% tsB qc} tl?é}?%z{@l ohmsltl)ﬂn%ésusc%gltbl e to
I ve

deal um nati on anc1a more” pa tlcu ar ion at’
the surface of iteongaeRing t?léshyfl@carbm}:lﬁﬁleﬁ‘er iphthigteasetd Feed t he

m): ecul ar sieves cdnprising a dewatéed Mtbricdtiagr bdgéléﬂl fw¥H ion, 1. e-f
sel ecti ve el ect J at, ion o
waxy nol ecul es orhlg&(#‘rg’ol na%?’oggé%l}gg% q&&&eﬁs relarive Y Joffg cé?ﬁ%‘&l
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as used 10,00 5o GO ECLRSEe | ASLRANSS bRt b "Eod Bl & P dse

with noble metal-based catalysts, such as those
comprising Pt and/or Pd supported on an amorphous

15 silica-alumina carrier or comprising Pt on an alumina
support, being preferred options. Hydrofinishing .
conditions normally involve operating temperatures up to
350 °C and preferably between 150 and 300 °C, operating
pressures from 10 to 200 bar and weight hourly space

20 velocities of from 0.5 to 7.5 kg/l/h.

Recovery of the dewaxed oil in step (b} of the
present process can be achieved by known separation or
fractionation technigques. Step (b), accordingly,

~ normally involves separation or fractionation of the

25 effluent from step (a), or from the optional subsequent
hydrofinishing step in case of lubricating base oil
dewaxing, to obtain a gaseous fraction and at least one
ligquid fraction as the product. Such separation or
fractionation can be attained by conventional methods,

30 such as by distillation of the effluent from the
preceding step under atmospheric or reduced pressure. Of
these, distillation under reduced pressure, including
vacuum flashing and vacuum distillation, is most
suitably applied. The cutpoint (s) of the distillate

35 . fraction(s) is/are selected such that each product



the catalyst is to pronote cracking of the waxy nol ecul es into

smal | er nol ecul es, whereby sone 30 . isonerisation will inevitably occur
as well. Exanples of - suitabl e zeolites, then, include MI-type
zeolites havi ng pores with dianeters of 0.55 and 0.56 nm such as
ZSM5 and si |l igglokkfaee Of fretite having pores with di popEPycR2578
approximately 0.68 nm and zeolites of the 35 ferrierite group having
pores with dianeter of 0.54 nm V\D96/ 41849

PCT/ EP96/ 02578 ' - 17 - - 15 - such as
ZSM 35 and ferrierite. ZSM 23 and SSZ-32, both havi ng a pore

di aneter of 0.529ArFikbatal Secoveradhasdthe desiredypuqpessiepefpreitee,
ZSM 5 and mi xt ur eaviibageaf apprication. PReféeabry, tﬁae effluent| Bragot her

enbodi ment of thes %eiﬁgtn?#n%ﬁgtwcfgﬁgshmg t:fe Iyst

conposition is pre | SONE |S|ng waxy
mol ecul es to proG@@@eﬁBFEthah%rﬂﬁ?arated inkg) & cgreeQUHdiracting ﬂbﬂda

" predoni ngnt | y" Il&d;uaat €gatbién which ist haerrpwdﬁ@ie Fir thbraebekingt is to
pronot e i someri s

d
nol ecul es, %asﬁh«?%%ﬁy éhg” ‘gtrpé’cﬁ?%nglﬁl S ﬁ' I nt gclcr;éoﬁlrs% 25&3?&6
Exanpl es of SU|t@@ﬁewﬁéleEQF@§1kYé¥§Seapéedféﬁolﬁ@tdﬁhﬁeexaCt cutpbisted in

I nternational PatingABRtegAiheédSoy the deshieed PRAGISDE orupbrede81788chU. S.
Pat ent No. 4, 810, 35@0&?‘:111}:},;\% ﬁgﬁsﬁanvgg%ggi sﬂjr’%%gteln%{]é’wr 0, 313, 276

and |nclu e 1n nosSi |ca
zeolite Bdta, silHodati.t Forzappodl-type fgedpsriep, (b) normalzlwsolzgm 57,

SSZ-24, SSZ-32, $S4aéb1igbid3sepdfhtion compMibing el Femdwalesfotntwo or

more of these ol uetikofrblucts £ SHRAAEEh B! SS:Aing SLSRnREE ok O"

the temperature applied, thus yleldlng the dewaxed
gasoil as the liquid product.

15 In a further embodiment of the present invention
catalytic dewaxing of a hydrocarbon oil feed is attained
by a combination of isomerisation and cracking.
Accordingly, the present invention also relates to a
process for the catalytic dewaxing of a hydrocarbon oil

20 feed comprising waxy molecules,  which process comprises
the steps of:

(a1) contacting the hydrocarbon oil feed under
isomerisation conditions with a selective isomerisation
catalyst,

25 (a2) contacting the product'of step {al) under
cracking conditions with a selective cracking catalyst
composition comprising a modified molecular sieve and
optionally a low acidity refractory oxide binder and/or
a hydrogenation component, as has been described in

30 detail hereinbefore, and
(b) recovering a product having a reduced pour point.

In a preferred embodiment of the above process, the
selective isomerisation catalyst'used in step (al) is
also a catalyst composition comprising a modified




| i ke SAPO 11, SAPO 31 and SAPO- 41 may al so be used. As has al r eady

been nentioned herei nbefore, the al um no- phosphat e- based naterial s
cannot be used if the nodi fication of the nol ecular sieve to reduce
its nole 25 per centage of alum na involves a surface deal um nation -
treatment. Pre§ploghisle the nolecular sieve used in a PCEEPSEI0RYS

| sonerisation catalyst is an alumnosilicate cont ai ni ng pores
having a dianmeter of from0.50 to 0.80 nm Mordenite (0.70 nm,
zeolite beta (0.55 and 30 0.76 nm, Z3 23 and SSZ-32 (both 0.52 nm,
are very sui tabl e npl ecul ar sieves, After dewaxing step

(a), it may be adPiRFH4RHBI¢Ye and optiopallye? oW AWdits refgastopy
particularly in oxide bihdériawmd/ /oy shadg@rogendeiori dgupdueiit .hydr of i ni shing

step 35 'S SUIt 3hbie Rk fbh Wohfiic1Bab SN Updhia Ll :RUtnd! o0
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recoveredsi n stefin(khe &iytrahd nasdigignilarkeeweche ncddlytic dewas’tﬁh and

exanpl es of sui t%jg gl%gﬁg ﬁ%é‘%ﬁ}% $4 ?%inﬂ&?ore. di scl osed i n for

i nstance, U.S Paten I nternational Patent
Appl i cations Nos. WOWbbheugsyishing to &6dbornd by [re0 pagtiiendiiry theory -

hydr of i ni shing carphisbBelieved thwritmtt&ﬂengsbherm&i&aréﬂéb f(%&@ th@ this

case a feed c lL.ubr L ng .base .qi

hydr ogenati on cat'ary: ﬁngtrg\'ld'éé'ggeﬁ?r%e\é@%(%% tﬁ% h%&ff’? R /gL fee\gll ﬁrﬁrder to
saturateldt |eas@ljgwedototeter cﬁﬁatlwt partial)gmtme MHsmepories ble
dewaxed base oi | thsuubaiaéﬁlsanon ca(h’ﬂlqﬂslﬁst Onaée ﬁlk@%dﬁ%ﬁﬁa'tloﬁpm ied for

this purpose gaifyblls "SBbE P Al WAREANEILAIIEL S wilaD 32 LRtk

conprising Pt andF8 on an
enter the pores of the shape selectlve isomerisation

catalyst, will be converted into isomerised molecules

15 and to some extent lighter cracked molecules, whereas
the other molecules present in the feed will remain
unmodified. The linear waxy molecules, which are the
least reactive molecules and which are partly
responsible for the undesired cold flow properties, such

20 as high pour points and high cloud points, will be only
partially converted, so that the effluent from the
hydro-isomerisation step will still contain 'a
significant amount of linear waxy molecules. These
‘molecules are subsequently selectively converted by

25 contacting them with the surface deactivated selective
cracking catalyst, thus leading to a significant
improvement .of the cold flow properties, particularly to
a substantial reduction of the pour point.

Very good results can, accordingly, be obtained when

30 the shape selective isomerisation catalyst applied in
step (al) comprises larger pores than the catalytic
dewaxing catalyst applied in the subsequent selective
cracking step (a2). In such configuration, namely, the
mechanism described above can function in an optimum

35 way. A very advantageous configuration comprises for



15 silica-alumna carrier or conprising Pt on an al um na

Support, being preferred options. Hydrofinishing condi tions
normal Iy invol ve operating tenperatures up to 350 [err]C and
preferably between 150 and 300 [err]C, operating pressures from 10
fo 200 bar andyy9imsfaie hourly space 20 velocities of fropgefreeosss. 5
kg/ |/ h. Recovery of the dewaxed oil in step (b) of the

present process can be achi eved by known separation or

fractionation techniques. Step (b), accordixggl-y, normal 'y invol ves
separation or fractionation of the 25 effluent fromstep (a), or from
t he optional subdogtence a modifiedimerdanihenasedmakectdye of |ubricating
base oi l igewaxkBgtiée eradiysraigaseeps(d1ncrndra asedeatileast one

liquid fraction as _the pr e 8Ch _Ssepar at Lopn. o f,racti onation
can, be attai ned 5y 2 .rlﬁgn?lgg%ia’rﬁmg’t%ﬁg s;BnS@éalEleésuzc%'gs agg/ 8Fstillation of
the ef fluent frorfermderite-basqd daeditey dadh- uWrnr manvfaghuriogor reduced
:, press;lnrfei 50[1 _ lubriBesfg Basd Hi'l{a liQniBnﬂﬁéf?ﬁﬁg&% &rs%sitﬁr gFebncl lUdl gg
' vacuu ashi ng and,vacuu istillatiqQn, LS nDs . syitably applie
The cut poi nt (s) 3fﬂﬁh3 EPg%gf? (IFiggtive 1??3%??%5ﬁ¥5ni93F§i¥s§elected such
t hat each productcontaining a hydsageggtiog4gomponent. The selective

PCT/ EP96/ 02578  oracking catalyst used in step (a2) may also comprifkSkillate
recovered has th sired gropertl f

Preferably, the 7& 8ﬂw°°mPé§%nt§§8LE§3f 6?s%m§§ﬁ¥é$%?g%FgE£%%cat|on
tr eat mentl0appl i edf such hydubgeratdier womponeptr bas o reignd fgesmbus fracti on
and a 5 | i quinghafdtaghi eBribi o drivdulde PLeUEChng R¥odudRr Tg%b'éwies.
base oils, the cutpog@% gkllenornaluyf%ecat legit.Z 0 .%££kon and and
will normally not exc@&d2REYHEREIGES Phe CRVRLEST B
' cracking may be conveniently carried out in a series
flow mode using two separate reactors, whereby the feed
15 is first passed through the reactor comprising a bed of
shape selective hydro-isomerisation catalyst (step (al)})
and thereafter is passed through a second reactor
comprising a bed of selective cracking catalyst (step
(a2)). Alternatively, both steps of this process may be
20 carried out in one single reactor using a stacked bed
configuration with a bed of shape selective isomerisa-
tion catalyst on top of a bed of selective c¢racking
catalyst. Still another option may be to apply a
physical mixture of the shape selective catalyst and the
25 selective cracking catalyst in one single catalyst bed.
As has already been described hereinbefore, afer
step (a2) and prior to step (b) a hydrofinishing step
may be applied in case of lubricating base oil dewaxing.
The present invention also relates to a dewaxing
30 catalyst composition comprising a hydrogenation
component on a support comprising an aluminosilicate
zeolite having pores with a diameter in the range of
from 0.35 to 0.80 nm, which zeolite has been subijected
to a dealumination treatment to reduce its mole
'35 " percentage of alumina such that the ratio of the



bei ng determ ned by the desired product properties, such as

volatility, viscosity, viscosity index and pour 10 poi nt. For
gasoi |l -type feeds step (b) normally invol ves a gas-liquid
separation conprising the renmoval of the gaseous products forned
during the de Slsbdocat meNt  at t he tenperature appliaskerosinss

yi el di ng the demaxea gasoil as the liquid product. 15 In a
further enbodi ment of the present invention catal yti c dewaxi ng of a
hydr ocarbon oil feed is attained ’ hy2a conbi nation of isonerisation
and cracki ng. Accordingly, the present invention also relates to a
process for the mwgmpﬂmmgabioaomm@didmahftéﬁ feed

conpri si ng waxy %ﬁﬂ+ c eps of:
(al) contacting % fﬁhﬁ%ﬁ%‘ %ﬁegg §?§2§?¥g¥?fﬁaiar ratlo§%ﬁ§?§%atlon
conditions with azee} %ﬁﬁ|QR;Q¥ﬁ3HEPF§E%¥%FF°n' is incghg yapge af from (42)
confacting the progucto @.s! & (delsrribe@rhereinbeforedCkhageatdldidt ons with

oo o & Sy KSR 1R s canty, oF0PON Uhe ATBILALA DL S|

nol ecul-ar Si eve and | ow~ aci actory OXIde

bi nder and/ or which a‘"%r’%ﬂjeﬁér?&h %ﬂ‘r’pﬁ#%rﬂeac&é"ﬁ§§dbé‘éﬁf%@ﬁ e i n

30d . detai | hexebnbed adystaildites. Prefdived einder ﬁﬁtérfﬂhﬂl&}.tebfl%ﬁ ng a
reduced pour poinf er i.oent of t.he abqgve
process, the CldlteY reffracr'dx%rrg?‘?ég f oé'r?é?g"e;f"rgltgl % uS&dtfn l%? é'bos( al) is

al so a catal yst cPhpERT¥ed PRGN i ?F‘ﬁﬁear%oﬁlqu@@%lllcate zeolity® 38741849
PCT/EP96/93578 ZSM-5, ferrierite and mixtures thereo¥8as well as nol ecul ar

sieve and optionallysa 10w agldisek HEELACEESYa2 and zsM-23. The

hydrogenation component present comprises at least one
Group VIB metal component and/or at least one Group VIII
metal component. Group VIB metal components include

15 tungsten, molybdenum and/or chromium as sulphide, oxide
and/or in elemental form. Group VIII metal components
include those components based on both noble and non-
noble metals. Particularly suitable Group VIII metal
components, accordingly, are palladium, platinum, nickel

20 and/or cobalt in sulphidic, oxidic and/or elemental
form. Catalysts comprising palladium and/or platinum as
the hydrogenation component are preferred.

In a final aspect the present invention relates to a
dewaxing catalyst composition which is free of any

25 hydrogenation component and which comprises (surface)
dealuminated ferrierite crystallites. The catalyst
composition preferably also comprises a silica binder.

The invention is further illustrated by the
following examples without resﬁricting the scope of the

30 present invention to these specific embodiments.

In the tables given in'the working examples the
following abbreviations are used: ppmw refers to parts
per million on a weight basis; % wt refers to percent by
weight, Vk40 and Vk100 refer to the kinematic viscosity

35 at 40 °C and 100 °C, respectively, and are expressed in



oxi de binder and/or a hydrogenati on conponent. | someri sation

condi tions and cracking conditions applied in step (al) and (a2),
respectively, are known 5 in the art and are simlar to thé catalytic
dewaxi ng condi tions described hereinbefore. W t hout

wi shing to be ReSSidady any particular theory it is bﬁkﬁﬁﬁ@ﬂﬁ%ﬂﬁt I n
the isonerisation step (al) the waxy nol ecul es present 1n the

hydr ocarbon oil feed are 10 allowed to enter at l'east partially the

m cropores of the isonerisaticon catglyst. Under the isonerisation
conditions applied the waxy nol ecul es, which are able to enter the

. pores of the shapenidiStekefe £8bmEVT sshansts for viscoaity yidexidnd Iep

- converted into i saieFBregefekeed! 8itddal boildngd HOiSONEnE*E A1 lﬂoqu% &

: cracked nol ecul es o__Lvl\ﬁ:er ea the other nol'ecul es present in feed
Wil remain P 385”% li near waxy mol ecul es, which are the
-l east reactive nﬂmles.land which are partly responsi ble for the

- undesired ol d flow w%a%abeseie&mﬂr?éi:ed fer2dePigd aﬂéﬂn a3 and high
.~ cloud”points, wll rt.ial converte S at the

ef fl uent from t heprepare'& ¥ﬁ§8i"'81?%o'ﬁ%ﬁ}§eat oWing Rrefedure| &AM mln a

significant anmouref ¢f 0.1ldedr amaeyiwn|kendfdsiordetitcate solutiyrecidr@s are

subsequently sel egddeelty 60RUBNEEE-bated slurry©88h iﬁﬁggt:{?d“q&\él&%%e :
us_dea to a

surface deactivatgd selectivy cki cat yst

si gni fi cant Fer’flrﬁf % er‘rgﬁ?zé%l?% “l"gﬁf FgﬁﬁxPp?BthY)esandpér'&qocm arly
to 10 g subdlefanigedr wateri o'hhe)frearcézlp@umlpbune was heated to Very good
resul ts can, accofaiglaha BAiAbh B hiiien Penperatiife sf@peoﬁ'n%gwe

| someri sation cat rrses |arger pores

than the catal ytl"@‘é/ °%P‘g£dgﬁl§x‘f'?ﬁ’ec%t"ﬁlt§’sfieg teed ‘f"'f‘\t?‘h'e%@ﬁe @snt
sel ective 2 dragisi ag de8p°Cad themswelcinedi for a2 ilsurshanel y, the

mechani sm descr i hggb a@VQheaauisaééldEa1d&u%teet E8HSPice thilY: A Very
dvantag%gys conf %{%Ehpﬂagonpé ;hl;gé molar ratio of 22.3, so that
the dealumination ratio was 1.9. Subsequently the
surface dealuminated ferrierite was extruded with a
silica binder (70% by weight of ferrierite, 30% by
weight of silica binder). The extrudates were dried at
20 120 °C and calcined at 500 °C.

A hydrotreated heavy straight run gasoil having the
properties as listed in Table I was contacted in the
presence of hydrogen with the surface dealuminated,
silica-bound ferrierite at a temperature of 290 °C, an

25 outlet pressure of 55 bar, a weight hourly space
velocity (WHSV) of 0.7 kg/l.hr and a gas rate of
500 N1/kg.

The results are given in Table II.
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- 19 - I nstance a nodi fied nordenite-based sel ective

i somerisation catalyst in step (al) and a sel ective cracki ng

catal yst based on nodified ZSM5 and/ or ferrierite-based in step
(a2). Wen manyfsediiibiond S lubricating base oils it is preafcrosnezrs o
use in step al) a nodified sel ective isonerisation catalyst

cont ai ni ng a hydrogenati on conponent. The sel ective cracki ng

catal yst used in step (a2) may al so conpris22a- hydr ogenati on
conponent in that case, but the gresence 10 of suc dr ogenati on
conponent has no EARY® i cant Properties qf bydrgtyeatsd %W&Hﬁlﬁﬂl d and
product properties. run gaswidbove process of conbined isonerisation
and cracking may be conveniently carried out in a series

fl ow node using t 5
passed through th ¢1é%\‘e1t»ibr2Q¥d‘rrpr| S
hydro-i soneri satipn catal yst (step

t hrough a second tor C
catal yst (step ggfph‘fﬁz%p.mw,&l te

be 20 carri egNbtrogen oﬁm)nm)ng | !

configuration w tphpguPess e pekgcti v aggoueijFac taigON
catalyst on top o abed S t vecaC| catalyst. Still

anot h)ér opt i onpma nF)Ba’F%fgﬂ'h S%WES 6 m.gi'rgl °Gixturdl ot hé-%hape.

sel ective catal yst and the 25 . sel ective cracki ng catalyst in one
single catalyst bggye 11 Produé§  Aisrlveeady s Bgen descri bed

her ei nbefore, afe a2—eanc of 3+ a—hyeH-efA+shi ng
st ep may bEighpl By ??e‘*of Jgg?c‘&‘?lfer\g(%b%é oi | déwaxi ng.

The present inven{bensatgo204t atfes.B67a gEmlmrﬂﬂ (°C) cajt-27yst
conposi tion conpr %gg chgprog@n@t_igon Cloud SHHONGE Of eSupport

Corrpri Si ng an al urmrestH—eate Feoltte—ha Rg—Ppores w-t—e—ei-aretl er
in the range of fromO0.35 to 0.80 nm which zeolite has been
subj ect ed t 0 FrafedlabilendLi Dy ¢are denmgient chaedtive usdes ofblae 35

percentage of al ug e, SGELARRinkPEa! 881 Pi R -BdiRd ferrierite as
' | dewaxing catalyst for gasoil resulted in a pour point
reduction of as much as 33 °C and a cloud point of
5 -26 °C at low gas make and high product yield.
Example 2
A hydrocracked waxy raffinate having the properties
as listed in Table III was contacted in the presence of
hydrogen with the surface dealuminated, silica-bound
10 ferrierite catalyst described in Example 1 at a
temperature of 305 °C, an outlet pressure of 40 bar, a
WHSV of 1.0 kg/l.hr and a gas rate of 700 Nl/kg. Cutting
temperature at which effluent was separated was 370 °C.
The results are given in Table IV.
is Table IV shows that the surface dealuminated,
silica-bound ferrierite is also very useful as a
dewaxing catalyst in the manufacture of lubricating base
oils. A pour point reduction of 35 °C is excellent,
"whilst the product yield and gas make are also very
20 good. As can be seen, the reduction in VI due to the
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rati o of the
1.1

not

zeolite crystallites.

acidity refractorys axi des,

ratio of the zeolite after

zeolite

to 3.0. As

Eg,DéS%ZS The hydr ogenati on conponent
st one G oup VIB net al
metal conponent. G oup VIB netal

conposi tion suit pprEpedmers
re-acidify the -
Pref erred binder
of which silica is the
Preferred alum nosilicate zeolites are 10
ferrieritdemaskingXhascbeéidreptf ldmivel| sasthat the pmidteti bso
zeolite beta, SS%aigZ
present conprises at

conponent and/or at
| east: one G oup VIII

conponent s

i ncl ude 15 Makdet @11 noPydpmriimsant/ bydrocpacked asugurpififdeatexi de
and/or in el ement up VI Egal FRgpPielt hose
conpohent s based pn ‘It‘)ottf’p nobl'e and jnon- L no% Oimi é%mtrll!’gﬁh'g ljarly
suitable G oup VI met al Aorrponent b (%a¥ebrdi ngl y; are pal | adijum
pl ati num ni ckel 2‘91:40 (esyd/ or colalafy .isn shirpbi di $g0 0xa dijc 1@nd/ or
el enent al @g ga% | ysts qongri,si nd || agi um and/ r. platinun) as
t he hydrogenati on {'rgé)n %t%are préf%‘éé 366 - ﬂéj ‘? a-Tinal aspeft
the present invenfVdn relates to ajllé 28X+ ng7@at@l ys#Oconposi tin
which is free of hgyighur (ppnkw)droqema_tion C@ponemp adgl Whizgh conpri ses
(surface) gﬁgg% Peci’ r|<eritec ystallites. THe catal yst '
conposition prefef B SO onﬂrl qes “a sil fca binder. The
invention is furt 1B¢urll>%’-slw at® byl 433 IBP {®F) owi ng |@P&npl es wi t hout
restricting the stpag ébntéwx (swt) | 19.3 FBP (°C) 514
Table IV Product characteristics
Yield (% wt) |82 Gas wmake (% wt) 7
Vk40 (cSt) 25.1 Pour point (°C) -2
Vk100 {cSt) 4.66 VI 101
Example 3
A surface dealuminated, silica bound 2SM-5 catalyst
5 (70% wt surface dealuminated ZSM-5, 30% wt silica
binder) was prepared in a similar way as described in
Example 1 starting from a zeclite-water slurry
containing 42 grams of 2SM-5 and 590 grams of deionised
water. Prior to surface dealumination the ZSM-5 had a
10 8i05/A1303 molar ratio of 26.0, afterwards of 51.6,
which corresponds with a dealumination ratio of 2.0.
A hydrocracked waxy raffinate having the properties
as listed in Table V was contacted in the presence of
hydrogen with the surface dealuminated, silica-bound
15 ZSM-5 at a temperature of 295 °C, an outlet pressure of

40 bar, a WHSV of 1.0 kg/l.hr and a gas rate of

700 Nl/kg. Gaseous components were separated from the
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centi Stokes, cSt; VI stands for viscosity i_n?iQex_ and | BP and FBP
refer to initial boiling point -and final boiling poi nt,

respectively. ef£1uSRR"PyE vhcubm flashing AtSHl éReeinleddpdiditate of
ferrierite catal ysg VRS prepared according to the foll ow ng
procedure. 3800 m>70 of a 0.11 N amoni um hexafl uorosilicate solution
wer e added t o Thezgesulsswarergitean ip Fahiaiviing 120 grans of

ferrierite (Si 02/ AL20g ) aapiat VQ D¢ den De 3BEnl¢RAk rﬂhel%urfacedel oni sed
wat er. The react i on ture S at e err and nmi nt ai ned

at this tefperat urded gﬁi" 17862 borna TﬁgMpPoﬁﬁélﬁ ’v%ﬁ’i’ed with
dei oni sed water, dasxaailfemt dewaxing 2cémaiystat(pd® peint Gehuttiimanofal ci ned
for 2 hours at oc)48q-ﬂee%&Lgucﬂ'hgbwge@ceagggi.am@ﬂeq.lgserag.g erite thus
15 obt ai ned had Si 2/ AI203 o] ar T 22,3, t he
deal uni nati on rati%® eilt9p°§6b§’8hﬁfent“7}§?' ek"nemat"c s‘{ﬁ‘f%ﬂ,se‘té’eéF‘GrTV ﬁat ed
ferrierite was extatwaism very good, thws Imakingi therp¥d@icthpantiighlaoly
ferrierite,y 30%Db | nd tr, wer e
3{?0 er ‘&%bgan BEa i ng sf‘eao'ﬁ ) thed o, g‘éféa'hﬁfte

dried at cl ne at, 500 [err
hydr ot r eat ed heav\?R& B treme@ sBFe WRRimg cemerc aQ'"lY ﬁﬁ"tﬁ?&ahl&s as
listed in Table | M@asitmantacted in the

Table V - Properties of hydrocracked waxy raffinate

Density 70/4 0.817 [Boiling point distribution
(% wt)

Vk40 {(cSt) 21.8 IBP - 380 °C 10
Vk100 {(cSt) 4.51 380 - 420 °C 40
vi 121 420 - 470 °C 40
Sulphur (ppmw) T 2.9 470 - FBP °C 10
Nitrogen (ppmw) [< 1
Pour point (°C) | +27 IBP (°C) 334
Wax 16.7 FBP (°C) 538
content ($wt)

Table VI Product characteristics
Yield (% wt) 73 Gas make (% wt) | 16
Vk40 (cSt) 28.0 Pour point (°C) | -17
Vk100 (cSt) 5.01 VI 104
Example 4
The hydrocracked waxy raffinate having the
15 characteristics as indicated in Table V was contacted in

the presence of hydrogen with a catalyst comprising 0.7%
by weight Pt supported on the surface dealuminated,



presence of hydrogen with the surface deal um nat ed, silica-bound

ferrierite at a tenperature of 290 [err]C, an 25 outlet pressure of 55
bar, a weight hourly space velocity (WHSV) of 0.7 kg/l.hr and a gas
rate of 500 N /kg. The results are given in Table II.

WO 96/ 41849  wo 96/41849 PCT/-EP96/ 02578 PCT/EP96/02578

- 22 - Tabl e | Properties of hydrotreated heavy straight

run gasoi l Density 20/ 4 0.860 Boiling point distribution

(% wt) Sul phur (ppmwv) 350 - 35295 [err]C 10

Ni trogen (ppmw) 47 295 - 360 [err]C 40 Pour poi nt

([err]0© +6 s8ili®@0bound(0Z$Mr5 @epared in4Bxample 3. Thimmcathilystdit )

9.6 > 410 [err] Gas prepared1 1mpregnat1ﬁ£aghgd|ﬁodlfyéahﬂﬁllc -bound
characteristics (% wt

% Wt
Densi'ty 20/ 4 F¥67 w"ﬁ’Bu?np%‘&‘l’ﬂ"”(% é"ll]ué)""n °f2§flatmum te Inec st )
9.9 Cl oud pmhytdr@cade] hllowetd by drying (2 hodrsm Tdd ed)l and can be

t hat gt h ‘
seen at gt he usegfs l%a_ng (2 hocat aaft_C% odealey T RRL edae 51 L}H%?Inun

ferri'erite as Xin st for_gasoll res a pour point
reduction of as rﬂf(?ﬁ"é§e§3b}’er1"?®%ﬁ?&na°cfl GHS Bbrhinygt under a hYdmgen

rate of 100 1l/hr at a temperature of 350 °C for 2 hours.
Process conditions were: a temperature of 282 °C, an
cutlet pressure of 40 bar, a WHSV of 1.0 kg/l.hr and a
10 gas rate of 700 Nl/kg.
The dewaxed lubricating base oil was recovered as
the 300 °C+ fraction (i.e. cutting temperature was
300 °C). The results are indicated in Table VII.
Example S
is The same procedure as in Example 4 was repeated,
only this time using a catalyst comprising 0.5% Pd
supported on the surface dealuminated, silica-bound
. ZSM-5 prepared in Example 3 and applying an operating
temperature of 290 °C. The catalyst was prepared in a
20 similar manner as described in Example 4 only using an
aqueous impregnating solution of a palladium salt. The
results are indicated in Table VII.

6.1

Table VII Product characteristics

Property Example 4 - Example 5
0il yield (% wt 74.4 75.5
.jon feed}

Vk40 (cSt) 28.3 28.8
Vk100 {cSt) 5.01 5.04
vi 102 104
Pour Point (°C) -15 -15

. Gas make (%wt) 9.3 9.5

From Table VII it can be seen that the dewaxing
performance of both catalysts is excellent (pour point



5. -26 [err]C at | ow gas nmake and hi gh product vyield. A
hydr ocr acked waxy raffinate having the properties as listed in
Table I'll was contacted in the presence of hydrogen wi-t h the
surface deal um nated, 'silica-bound 10 ferrierite catal yst described in
Exanple 1 at a woO96/41849t enperature of 305 [err]C, an outlet pr 40
~bar, a VWHSV of 1.0 Kg/l.hr and a gas rate of 700 NI/kg“i’sl@j’%ﬁ"%é;8
tenperature at which effluent was separated was 370 [err] C. The
results are given in Table IV. 15 ) -Tdd e |V shows that the surface
deal um nat ed, - silica-bound ferrierite is also very useful as a
dewaxi ng catal yst FRAPRELGANGF A2 G orepubriraitim@ussivets havingoa | souA
ppulrdpoi nt reducL i poiat |35 Lew ralé:;gs emebiﬂ%@,kAisnematig Wi.bl:ééi{:geaﬁ’&wm
yiel'd and gas nake_.ar . 00d. can be seen, the
reduction in Vi du8§t ghghé:?o&@éé’ axe xlso ‘3@}—’9@%451‘3 product is very

PCT/ EP96/ 02578 useful as a lubricating base oil. Agad®d,- oil yield astedaxi ng

has been kept |in gag @aké "ate A 1PEANYEHe AbSh commercilddSq qd V.

Table Il Properties of hydrocracked waxy raffinate nsity 70/ 4
0.821 Boiling point distribution (%
S W) Vk40 (cSt) 21.6 IBP - 360 [err]C 10

VK100 (cSt) 4.43- 360 - 420 [err]C 40 Vi _
116 420 - 470 C 40 Sul phur (ppmw) <1 470 - FBP

[err]C 10
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Table IV Product characteristics Yield (%'w) 82

make (% wt) : Vk40 ( f%ﬁ*“*“*??j}f‘“‘*‘“Dour poi nt ([err]()
s Ksinbin 4 66 \JITHiS SHEET Has BEEN] o0 (L

6/02578
Exampl 3 A surface deal Ui nat BEPLAGED ca bdund ZSM 5 catal yst 5
(70% wt surface dealum nated ZSM5, 30% W silica bi nder) was
prepared in a simlar way as described in Exanple 1 starting froma
zeolite-water slurry cont ai ni ng 42 ?g7rams of ZSM5 and 590 grans of
dei oni sed water. Prior to surface dealum nation the ZSM5 had a 10
Si O/ A1203 nolar ratio of 26.0, afterwards of 51.6, whi ch
corresponds with a dealum nation ratio of 2.0. A hydrocracked
waxy raffinate having the properties SIB LM 8isted in Table V was
contacted in the presence of hydrogen with the surface

deal um nat ed, sil 3_ca BHEksl For thezg%él\fé“‘adteg’g%gﬁﬁtﬁr a(r?gy oca[sr%rr C, an

out | et® pressure of 40 a ga e of
700 NI/ kg. GaseouSt %o?&%ﬂw&ﬂ“?%ﬁ?gsﬁﬁﬂﬂ%’&%ﬁ tPf Bich process VO
06/ 41849 comprises the steps of: . PCT/EP96/02578
24 el4] Ukt 0t 1430 ¥ £La Nk Ao aGPLE LG b ERG) At Ur e of

[ ] 5 conditions with a catalyst composition comprising a

molecular sieve containing covalently bound alumina
moieties in its framework and having pores with a
diameter in the range of from 0.35 to 0.80 nm, and
(b) recovering a product having a reéduced pour point,
10 wherein the molecular sieve has been modified to reduce
the mole percentage of alumina.
2. Process accdrding to claim 1, wherein the molecular
sieve has been modified by coating the molecular sieve
crystallites with a refractory inorganic oxide which is
15 essentially free of alumina.
3. Process according to claim 1, wherein the molecular
sieve is an aluminosilicate zeolite which has been
modified by subjecting it to a dealumination treatment.
4. Process according to claim 3, wherein the ratio of
20 the 8i03/Al503 molar ratio of the zeolite after
dealumination to the 8i03/Al303 molar ratio of the
zeolite before dealumination, is in the range of from
1.1 to 3.0. |
5. Process according to any one of the preceding
25 claims, wherein the catalyst composition alsoc comprises
a low acidity refractory oxide binder material which is
essentially free of alumina, preferably silica.
6. Process according to any one of the preceding
claims, wherein the catalyst composition comprises a
30 hydrogenation component.
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The results are given in Table VI. From Tabl e Hlll m ﬂ“l HIEH“‘
that the surface 5 deal um nated, silica bound ZSM5

excel | ent dewaxi ng catal yst (pour ppeipt—edusti-on—of 44 [err] C)

The product obtained, accordingly THSS SHEET HAS BEENecel | ent ‘pour poi nt,

“whi | st ki nematy,§egidi80si ty and Vi REPLACEDal so pery gooci.'cwtmsmwd(i ng

t he product partlcul arly 10 Setulr—as rubrrcati ng base oil.

Furt hernore, gas nake and product yield are within cormmercially
accept abl e limts. " Tabl egg/ - Properties of hydrocracked
waxy raffinate Density 70/ 4 0.817 Boiling point

di stribution 7. Process according to any one of cl@im# )1 to 6, Vk40
gcgtl) 380 é»ll'Fere | BRe- c§§91}§€ r&o%posﬂ:@.on is predorﬁ%aﬂ&l(ycst) 420

470 [err]C @electl"e f°‘3u1”6?1‘€#“¥9bl5’rfvv)"’a"y meleculeso - Fop [err]C 10
Ni tTogen (ppmi) 8.l Process acBordimgpivdt cladm ¥C)whed¥in the datRlgkerr]C)

334 A B

cont ent(&w) V\é&mpomtwﬁl S?mpﬂ'éés e I§F gﬁ% '@% %l%c?léra} sﬂilxctg&%

Yield (%w)  7hereof as £he melecydRLRusSieves VK40 (cSt)

5340 Pour pmj ntpz(c[zess] &¢codding JFO any@o!dbl 6P ¢XdHns 1 to f& 01t hVI _
acr k@ﬂ!@ﬁ’ nat e havi ng

the 15 ch?r('sa}[c%.%e?"l st Pgscgga}%scﬁcaé@cﬁ% l%g‘b?g was C%Jnr?ée}ted in

the presence of ¥8ARTII® FPFhigomexifing waaRprPieryles 70 by .wei ght .

Pt supparnt ed on 1de mtceascadeatrdingatcedlaim 9, where:.n the catalyst
composition comprises ZSM-23, S82Z-32 or mordenite as the
molecular sieve.

11. Process for the catalytic dewaxing of a hydrocarbon
oil feed comprising waxy molecules, ‘which process
15 comprises the steps of:
{a1) contacting the hydrocarbon oil feed under
isomerisation conditions with a selective isomerisation
catalyst composition,
(a2) contacting the product of step (al) under
20 craéking.conditionsnwith a selective cracking catalyst"
composition as defined in claim 7 or 8, and
(b) recovering a product having a reduced pour point.
12. Process according to claim 11, wherein the selective
isomerisation catalyst composition used in step (al) is
25 . a catalyst composition as defined in claim 9 or 10.
13. Process according to claim 11 or 12, wherein process
steps (al) and (a2) are carried out in a series flow
mode or in a stacked bed configuration with a bed of
selective isomerisation catalyst on top of a bed of
30 selective cracking catalyst.
14. Process according to any one of claims 11 to 13,
wherein the molecular sieve present in the selective
-isomerisation catalyst composition used in step (al)
comprises larger pores than the molecular sieve present
35 in the selective cracking catalyst used in step (a2).

is Sheet Has Been Replaced

Ty III




V\ng6/ #1649 silica-bound ZSM 5 prepared | o :5592/ Oﬁmm MMIMIL' “lm

was prepared by inpregnating said | g j\ch&EN und ZSM 5 W|th
an aqueous solution of platinumte THIG AR h

0 (2 hour PCIEPIGRS?S
[err]C). The catal yst was rvated by reduction of the platinum
under a hydrogen rate of 100 1/ hr at a tenperature of 350 [err]C
for 2 hours. Process conditi-ops were: a tenperature of 282
[err]C, an outl et pressure of 40 bar, a WHSV of 1.0 kg/l.hr and a
10 gas rat eldf CdialyFtkgomposition compriisdndenakydrégdndttian ng base
0i | was recover edofiSonent & i&?@eé%[@%&ﬁéﬁ ¥mpPsfhgan CUt ti Ng

c ez

t enperature wa esults are dcted n Tabl e
Vi Irrp ) Eia%‘i‘él@ﬁ i Lq"t?:}éa A S&@eaﬁ% [ﬁs +3e5& ot I & 4 was

r epeat ed, thent-a/ngdnlcsE tinom QsBhgta @a&QaIrytst whd.rpr zeoh@t@ K6 Pd
support edg on t hepguy &%M&%“atééalﬁiﬁ%&%%ament tozﬂé repar ed

in Efanple 3 and apply| ng an erati nper ature err]C
The catal yst wasthepelePene t?Qe of” alumina, s "’ng’n tath ﬁe%%ﬂ‘b

Exanpl e 4 only ugshegsiby/Alz03 moaquena‘s:l.ormf difrentziend itel aften of a
pal l'adi um sal t. gQg. luminatiod athe 816,/ ﬂf’%@f‘t&idﬂ&é%%ﬁ" the

Table VII  Product rnis r arrpl
Exanple 5 zegy ?- ?%qum@@c*ﬁfﬁumlnatzoqﬂ ’z; in the range § from on

feed) 10 Vk401(€&t3.0. 28. 3 28.8 Vkl 00
gggt) 15?0§étalyst c?gp081t§?ﬁ?acc%§?j ¥ claim 15, wherein
-15 Gas ﬁﬁﬁe°?§®}¥3t com9051tggn3a (é rises ag}gw acidity

refractory oxide binder material which is essentially
free of alumina, preferably silica.

15 17. Catalyst composition according to claim 15 or 16,
wherein the hydrogenation component comprises at least
one Group VIB metal component and/or at least one Group
VIII metal component.

18. Catalyst composition according to claim 18, wherein

20 the hydrogenation component comprises platinum and/or
palladium. ‘
19. Catalyst composition comprising dealuminated
ferrierite crystallites, which composition is free of
any hydrogenation component.

25 20. Catalyst composition according to claim 19, also
comprising a silica binder. )

e

heet Has Been Replaced

T



Froﬁ{%abhe VII It can be seen that the dewaxing perfor —
cat al ysts' i's. excel | ent (pour point : WO 96/ 41849 %EAEEMW gHEET

PET/ EP96/ 02578 A I
reduction of 42 [errllg resultliﬁ in products havi REPLAJEMENT SHEETS poBGt

as low as -15 [err] VI scosi ty] div@ewtription : pagedfT. thgpaged ..x.
product are al so ver is very, ﬂi/bzﬂm(b)usefpabeagho paged .27

| ubricating base oil. Again, oi yi eI d 0 Travwis Paged\el.ho ipagdd
wi th commercial demands. 0 Ab},ﬁactPr 062581 f0ko taBed .7
catal yti c dewaxi ng of a hydrocarbon 0|I f eed conprising waxy

nol ecul es, which process conprises the St%&&TﬁfOF'RECEHﬂFaEZ*s g

contacting the feed under catalytic dewaxing L——— — = _nooonioes
' 1. Process for the catalytic dewaxing of a hydrocarbon
oil feed comprising waxy moleculés, which process
comprises the steps of:
(a) contacting the feed under catalytic dewaxing
5 conditions with a catalyst composition comprising

aluminosilicate zeolite'ckystallites having pores with a

diameter in the range of from 0.35 to 0.80 nm and a low

acidity refractory oxide binder material which is

essentially free of alumina, wherein the surface of the

10 aluminosilicate zeolite crystallites has been modified

by subjecting the aluminosilicate zeolite crystallites

to a surface dealumination treatment,

(b) recovering a produét having a reduced pour point.

2. Process according to-Claim_l! wherein the ratio of

15 the Si02/Al503 molar ratio of the zeolite after
dealumination to the Si05/Al703 molar ratio of the
zeolite before dealumination, is in the range of from
1.1 to 3.0.

3. Process according to claim 1 or 2, wherein the

20 ' number of surface acid sites of the zeolite is reduced

with at least 70%, preferably with at least 80% and even

more preferably with at least 90%.

4. Process according to any one of claims 1-3, wherein

the acidity of the inner part of the aluminosilicate

25 zeolite crystallites remains substantially unaffected

during the surface dealumination treatment.

5. Process according to any one of claims 1 to 4,

wherein the surface dealumination treatment involves a

treatment with a hexafluorosilicate, preferably

30 ammoniumhexafluorosilicate.




52 7 condltlons with a catal yst conposition conprising

af[ umi nosi:l ircate zeolite ckystallites having pores Wth a %EP%MNT %HEET
the range ‘of from0.35 to 0.80 nmand a |l @wW-_ ummlmulmml ﬁMaetory oxi de
btnder material which is essentially fr | erein the
rsurface of the 10 al uminosilicate zeolite cfystallifes®hat been

modi fi ed Ry, S%@é‘éé&%éé@r@r&&“é@%w %ee Jieqiléﬁn§rl)’stt,<§‘léﬁ' tes
to a surface dealum nation treat
havi ng a reduced wimreippigilica is tr& ywossklite oreff racteory | exidd

Geal uri nat on t o YOS ARSESHS AR S R %f?{lhilaf“fl"éet%%lfﬁ%%ﬁb?‘?”

deal um nati on, igjlwﬁﬁﬂ£e$§uﬁ£¢ﬁrdrngnto any dnel ¢ Glagims 1 to & Process

according £ 0 cl ai ' e ce acid sites
of the zeoﬁtite is@%rdéa%%ézhémggﬂw%ﬁ %‘%‘Q‘f%%lsfti%b; ﬁ%Jf erab?y w th at

| east 80% and evérydrogenatniore qomgdaneridt y prefembleasal Bdd4um and/ox.
Process accordin Q. § one of. clainms 1-3, whereln ' the acidity of
t he i nner part o‘ﬁefr{a%ulm nosilicate 25 zeolite crystallites remains
substantial ly un?_f ecRmi:ess acccdmdmmg ﬁmears}urdraa:eafjemlammal tom T4 eat ment .
5. Process accordin cl ai s “the
surface deal um ne‘ﬁk} e:tr} ea etﬁolerFo‘? v%°§“p031t10ﬂ Jt? epaﬁer%oﬁ?lnarfﬂl

hexaf | uoriasi | i catsaglqmeihssr atbdxy Afackingndwakghaxsfdaudresi | i cate.

6. Process accor any one of.,cl ai.nms e e| I icais
the |ow acidity r—e‘f r & AL HAGRPrding to b‘?]]rﬁfé‘} %rratwéﬁ%?l%%% cfas lyst
éssentially free eimpdsiniivn comprises/.ZSM-EeSfemnioar a1t Ga anmyx tonse of

claims 1 to 6, 5 erein the catal yst, conpositi.on conprises a
hydr ogenat i on coﬁﬁkﬁﬁﬁﬁ@ ﬁe?q%?élwivﬂ;dﬁﬁg@%ﬁ&

10. Process according to any one of claims 1 to 7,

15 wherein the catalyst composition is predominantly
selective for isomerising waxy molecules.
11. Process according to claim 10, wherein the catalyst
composition comprises ZSM-23, SSZ-32 or mordenite as the

aluminosilicate zeolite.

20 12. Process for the catalytic dewaxing of a hydrocarbon
oil feed comprising waxy molecules, which process
comprises thé steps of:

(al) contacting the hydrocarbon oil feed under
isomerisation conditions with a selective isomerisation

25 catalyst composition, '

(a2) contacting the product of step (al) under
cracking conditions with a selective cracking catalyst
composition as defined in claim 8 or 9, and

(b) recovering a product having a reduced pour point.

30 13. Process according to claim 12, wherein the selective
isomerisation catalyst composition used in step (al) is
a catalyst composition as defined in claim 10 or 11l.

1l4. Process according to claim 12 or 13, wherein process
steps (al) and (a2) are carried out in a series flow

35 mode stacked-bed conflguratlon with a bed of
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Qlatlnuﬁl :*' 8. Process according to any_one of claims 1 tonﬁﬂéCFMFNTSHEE[

wher ei n the_catalyst conposition is predom nantl sel ect :
eracki ig of waxy nol ecul es. 9. ngcesj‘ﬂﬁl("'ﬂ“ﬂ"lllum,al m 8,
wherein the catal yst conposition conp 1 erite or a
m xture thereof as the aluninosilicate “zedlit 10 Process
according to anysgg%cQEv%l?%%Ee%1%%tlbn1%atalg@? %'one% £eat aly
conposition is predom nant rising ma
nmol ecul es. selegtlwﬁoggaska@gocdmagysm claim 10, wherein the catalyst
conposition conpgise 3 (o] [ | e s h

. alumnosilicate ;éol§fé§¥%§ acggéfg%gPFgggsg n% CH ?mFy%ECtge%éX|ng of

. a hydrocarbon wherelolthbemdleamﬂamssﬁgvnapyesehecmheshewbedbcmﬁaeess

: h . I h d b f eed
nder 8 T REPREA PR Do RAT RIS SRTROREAPBCERS FoREFPadRidn 25

cat al yst conpOS|tompxlses largeazporeeomhantthg mbeepumdmcblebespeasé&h)
under , crackl %IOHS mntg a sel cracki, ng ata ig

conposi tion as déPlﬁ Fait g S54C lngnﬁa u?8§ r8c8 Eplﬁé

product havi ng a16edBcedepeuacpomﬂtng360 any &Be Bfoceasmacme&dlnghb@e&haim
12, wherein the ﬁehggga¥§o . |aoggr|sat|on ca% st coEpES|t|og uged
in st ep (al) is p‘aPBﬂlv ge 8Pt PR SQDLER nB Pﬁﬁ’n'w & Y
11. 10 14. Redghss pmeaedabgytatcnaaatlz%Obylaelghereln process

steps (al) and (?i re carried ogt _in _a seri.es.il ow 3 E in_a

st acked bed conf ar aEPSESSi Pﬁcng&HgnFo claim 16, WhereanQFP PP§F 90%
_|sonFr|sat|on cabglwa&gnn b@pthk aybedcaktbon oil féeheﬁasve abamkhag

cat al yst

range between and 6520 °C.

18. Process according to any one of claims 1-17., wherein

15 the surface dealumination treatment is performed on a

aluminosilicate zeolite extrudate, which extrudate is

obtained by extruding the aluminosilicate zeolite

crystallites with the low acidity refractory oxide binder

material.
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: : . : : . RTI .
wherei n- the nol ecul ar sieve present in the selective 5 | soner i sam.',oﬁopB

catal yst conposition used in step (al) conprises |arger poresyggh@n
t he nol ecul ar si eve present in the selective cracking catal ystused
in step (a2). 16. Process according to any one of clai '

erein hydrocarbon oil feed has a wax content of at | e
wei ght, preferabl P@T | east 7%0ByD mrELIBNIUAL PROPERTY ORGANIZATIBN 0CESS AN oY
claim 16, wherein at |east 90% %?“ﬁﬂ‘t of the hydrocarbon of lsheets
f eed has_a BUERNAGIONAL APPLIGATHON PHBLIZHER UNDER THE PAIENT GQOPERATION TREATYSPCT)
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(59 Title: CATALYTIC DEWAXING PROCESS AND CATALYST COMPOSITION
(57) Abstract :

Process for the catalytic dewaxing of hydrocarbon oil feed comprising waxy molecules, which process comprises the steps of: (a)
contacungtpefeedmdueumlyticdewaxingcondiﬁomwlmaeamlystcomposiﬁonoompﬂsingamolecularsicvemminingcovalenﬂy
bound alumina moieties in its framework and having pores with a diameter in the range of from 0.35 to 0.80 nm, and (b) recovering a
pmduct!mvingamdneedpurpoinnwhereinﬂmmoleaﬂusievehasbemmoﬂiﬁed to reduce the mole percentage of alumina. Step (a)
can be divided into two steps: a first shape sclective isomerisation step (al) and a second selective cracking step (a2). At least in step (a2)
a catalyst comprising a modified molecular sieve as described above is used. Catalyst composition comprising & hydrogenation component
supported on a carrier comprising a molecular sieve having pores with a diameter in the range of from 0.35 to 0.80 nm and containing
covalently bound alumina moieties in its framework, which melecular sieve has been modified to reduce the mole percentage of alumina.

Catalyst composition comprising dealuminated ferrierite crystallites, which composition is free of any hydrogenation component.




