-1- WAX | SOVERATE Yl ELD ENHANCEMENT BY OXYGENATE PRETREATMENT OF CATALYST
FI ELD OF THE | NVENTI ON [ 0001] This invention relates to a dewaxing process.
More particularly, a dewaxing catalyst is pretreated with at |east one
oxygenate. The pretreated catalyst can be used in the dewaxing of | ubricant
oil fractions containing waxy hydrocarlbons by catal ytic dewaxing to inprove
| sonerate yield. BACKGROUND OF THE | NVENTI ON [ 0002] Hi storically, lubricant
oi | basestocks were prepared by a solvent extraction process in which a cut
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VI components of the waxy feed. Thus in order to achieve the target pour

point, hig nents are renoved .t hereby | oweri the .yi el d. [0003] An
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are conparable to or |lower than solVvent dewaxing. Dewaxing ca aIy ts with

an I 11 sorrgr ildtocanbdnsisy camlyverndevangt to ingprove idoeeetateoyiekhmer at e boost i ng
yield an

BACKGROUND OF THE INVENTION

[0002]  Historically, lubricant oil basestocks were prepared by a solvent
extraction process in which a cut from a vacuum distillation unit is solvent
extracted to produce a raffinate rich in paraffins and an extract rich in aromatics.
The raffinate was then solvent dewaxed to address basestock quality issues such
as pour point. The ability of the solvent dewaxing process to meet increased
demands placed on basestock quality is limited since improvements in properties
such as pour point came at the expense of basestock yield. The solvent
dewaxing process is designed to separate wax from base oil thereby eliminating
the highest VI components of the waxy feed. Thus in order to achieve the target

pour point, high VI components are removed thereby lowering the yield.

[0003]  An alternative method for preparing lubricant oil basestocks is
catalytic dewaxing. Catalytic dewaxing may be accomplished by two dewaxing
mechanisms: hydrocracking or hydroisomerization. The dewaxing catalysts
which function by hydrocracking generally result in basestock yields which are
comparable to or lower than solvent dewaxing. Dewaxing catalysts with an
isomerization function can convert wax in feed to isomerate boosting yield and

V1 over solvent dewaxing to the same target pour point. Dewaxing catalysts



VI over solvent dewaxing to the sanme target pour point. Dewaxing catalysts
WO 2004/ 033096 PCT/ US2003/ 033323 whi ch function by hydroi soneri zation take

| ong chai Q/_dr/\@mlﬂéﬁ%af frms and isomerize themto branchedpccpﬁg%?ljz@sﬂges

havi ng desi w tenperature and volatility properties. ct ual
operating conditions, it is not expected that a dewaxing catalyst wll
function exclusively by either node of dewaxing. [0004] Dewaxi ng catal ysts
wi th a hydroisonerization function are generally intolerant of heteroatom
contam nants, and typically enploy a hydrotreating step before dewaxing in
order to renove heteroatom contam nants fromthe feed as such contam nants
result in accel erated catal yst deactivation. [0005] Although dewaxi ng
catalysts with an isonerization function are well known in the art, there

is still awhéshdfuhotion dydydsbisoileriehticretilte long chedh tvedxyypahffins and product
qualities by m nimzing hydrocracking . SUMVARY OF THE | NVENTI ON [ 0006] It
has been diseuwsviee daemtiabratwhadichgincspeaies dasingadesiahleclosv feamerature gl d

i npr ovenent

s, hy treatnment w th oxygenates. Accordingly, the present
i nventi on y%lpgi{gfsmpgegle@r Jg aFB?‘{’?83?@@8iceﬁﬁlt@née&égpﬂbewe&%%ﬂ der al

hydr ocar bo j [ , - | i catalyst wth a
stream con?%‘?%ﬁﬁ%\ggta ?Sémhggg%%%Qﬁgggl%f&gﬁﬁéﬁggfgﬁ?‘gg’&?gf rom20 to
400C and a hydrogen pressure of from 101 to 20786 kPa; and (b) contacting
the catalyst fromstep (a) with waxy hydrocarbon feed and dewaxing the waxy
hydr ocar bofoghéled Deleaxingediadyseisithfd mpdrdisenmevizativnalfundtion drg geiewsdly t he waxy
hydr ocar bon feed. WO 2004/ 033096 PCT/ US2003/ 033323

intolerant of heteroatom contaminants, and typically employ a hydrotreating step

before dewaxing in order to remove heteroatom contaminants from the feed as

such contaminants result in accelerated catalyst deactivation.

[0005)  Although dewaxing catalysts with an isomerization function are well
known 1n the art, there is still a need for catalysts which result in better yields

and product qualities by minimizing hydrocracking .
SUMMARY OF THE INVENTION

[0006] It has been discovered that dewaxing catalysts can achieve further
yield improvements by treatment with oxygenates. Accordingly, the present
invention relates to a process for catalytically dewaxing a waxy mineral
hydrocarbon feed which comprises:

(a) contacting a dewaxing catalyst with a stream containing at least one
oxygenate at a temperature of from 20 to 400°C and a hydrogen pressure of from
101 to 20786 kPa; and

(b) contacting the catalyst from step (a) with waxy hydrocarbon feed and
dewaxing the waxy hydrocarbon feed under conditions effective to catalytically

dewax the waxy hydrocarbon feed.



-3 [0007] Another enbodinent relates to a process for catalytically dewaxing
a mneral hydrocarbon feed containing at |east about 15 wt.% wax, based on
hydr ocarbon feed which conprises: (a) contacting a dewaxing catalyst with a
st ream coM@IM#APLAt | east about 100 wppm neasured as '%&glj%?t‘?fm%‘?”ét | east
one oxygenate at a tenperature of from 250 to 400C, a hydrogen pressure of
from791 to 20786 kPa; and (b) contacting the catalyst fromstep (a) with

t he hydrocarbon feed and dewaxing the hydrocarbon feed under conditions
effective to catal ytically dewax the hydrocarbon feed. [00081 A stil
further enbodinent relates to a process Tor catalytically dewaxing a

m neral hydrocarbon feed containing at | east about 15 wt.% wax, based on
hydr ocarbon feed which conprises: (a) contacting a dewaxi ng catal yst which

cont ai ns aﬁ%doZFSt RHSth@PEﬁl%hﬁhamg’FﬁYeﬁ tS%%GE@S{EES%t%%%}IY%%%ﬁ& agz ring

channel wi stream contal nin east” abou asur

oxygen, of ndhetadhglroeacball el @ontatsihpax abtaboe 18, wiek! ®hx, tsdg¢byde, ketone
or ether at a tenperature of from20 to 400C and a hydrogen pressure of

from 101 t bydoraddPEedavhick opmpnisesict i ng the catal yst fromstep (a) with
t he hydrocarbon feed and dgwaxi_ng th«f hydr ocar bon feed under conditions

effective to cal®)GANAGNGA deaxng cARLYS) M casBeAM coBtMNERY dashaRRHer
Pydr ocar bor ' B Es resashfedeRPOET e T 08t Vb at BARBHOBRE O, Don f ce
whi ch conpiiigie950 048898, PRyASEer bridsbiaé Q3 did 39730 20786 kPa; and
(b) contacting the catalyst from step (a) with the hydrocarbon feed and
dewaxing the hydrocarbon feed under conditions effective to catalytically dewax

the hydrocarbon feed.

[0008] A still further embodiment relates to a process for catalytically
dewaxing a mineral hydrocarbon feed containing at least about 15 wt.% wax,
based on hydrocarbon feed which comprises:

(a) contacting a dewaxing catalyst which contains at least one molecular
sieve containing at least one 10 or 12 ring channel with a stream containing at
least about 100 wppm, measured as oxygen, of at least one alcohol, carboxylic
acid, ester, aldehyde, ketone or ether at a temperature of from 20 to 400°C and a
hydrogen pressure of from 101 to 20786 kPa; and

(b) contacting the catalyst from step (a) with the hydrocarbon feed and
dewaxing the hydrocarbon feed under conditions effective to catalytically dewax

the hydrocarbon feed.

[0009] Another embodiment is directed to a process for catalytically
dewaxing a mineral hydrocarbon feed containing at least 15 wt.% wax, based on

hydrocarbon feed which comprises:



-4 (a) hydrotreating the hydrocarbon feed in the presence of a hydrotreating
catal yst under effective conditions effective to hydrotreat the feed to

pr oduce gkxpg?;az‘%orggat ed feed and sul fur- and nitrogen-cq,?hz‘jsgﬁ(pg’ssns

contamn eparating the hydrotreated feed from ur-""and

ni trogen- containing contam nants; (c) contacting a dewaxi ng catal yst which
contains at |east one nolecular sieve containing at |east one 10 or 12 ring
channel by contacting the dewaxing catalyst with a stream contai ning 100
wppm neasured as oxygen, of at |east oge alcohol, carboxylic acid, ester,
al dehyde, ketone or ether at a tenperature of from20 to 400C and a

hydr ogen pressure of from 101 to 20786 kPa; and (d) contacting hydrotreated
feed fromstep (b) with activated catalyst fromstep (c) under conditions

effective to caaplhydreabitingdgeayditiarbotfeedifahe dresbeeslof 4 89dRdtreXhganot her

embodi ment relates to a process for catalytically dewaxing a mneral
hydr ocar bosatslystchrelen effientive conditions effedsoist tolty dnotréathe feedagmrdduce a

hydr ocarbon feed which copprises: (a) contactjng a dewaxi ng catal yst which
contai ns aty r@%%te@rf%eqwﬁ‘l“gpﬁlﬂﬁgr and PE{RECEFATEAMIHHCHHAMBANS one 10 or 12 ring

channel with a ream.cont.ai ni at t-._ about 0 .. _nmeasured as
oxygen, of wat e@s aste%?#%& 2’9/ ﬁ?%fe&FEJr &%ﬁ]%mﬁ%séggc\ggﬁghgomr ogen
pressure : : 6 kPa; and (b) contacting the catalyst from step
(a) with ﬁ{/o r%@gﬁ&%t%@e gﬁd dewaxi ng the hydrocarbon feed under

condi tions eff ag)iconticingad ddwitiagichialykewhich tostafreed 1eadOono afd1 ORI H06
PCT/ US2003/ 033323 . ]
sieve containing at least one 10 or 12 ring channel by contacting the dewaxing
catalyst with a stream containing 100 wppm, measured as oxygen, of at least one
alcohol, carboxylic acid, ester, aldehyde, ketone or ether at a temperature of
from 20 to 400°C and a hydrogen pressure of from 101 to 20786 kPa; and
(d) contacting hydrotreated feed from step (b) with activated catalyst
from step (c) under conditions effective to catalytically dewax the hydrotreated

feed.

{0010}  Yet another embodiment relates to a process for catalytically
dewaxing a mineral hydrocarbon feed containing at least about 15 wt.% wax,
based on hydrocarbon feed which comprises:

(a) contacting a dewaxing catalyst which contains at least one molecular
sieve containing at least one 10 or 12 ring channel with a stream containing at
least about 100 wppm, measured as oxygen, of water at a temperature of from 20
to 400°C and a hydrogen pressure of from 101 to 20786 kPa; and

(b) contacting the catalyst from step (a) with hydrocarbon feed and
dewaxing the hydrocarbon feed under conditions effective to catalytically dewax

the feed.



5 [0011] A further enbodinent relates to a process for catalytically
dewaxing a mneral hydrocarbon feed containing at |east about 15 wt. % wax,
based on hydrocarbon feed, which conprises: (a) contacting a dewaxing

cat al yst WRZMHUBHIPSM 48 with a stream containing at | BREUSHHEE3300 wopm
measured as oxygen, of at |east one alcohol, carboxylic acid, ester,

al dehyde, ketone or ether at a tenperature of from20 to 400C and a

hydr ogen pressure of from 101 to 20786 kPa; and (b) contacting the catal yst
fromstep (a) with the hydrocarbon feedsand dewaxing the hydrocarbon feed
under conditions effective to catalytically dewax the hydrocarbon feed.
[0012] A still further enbodinent relates to a process for catalytically
dewaxi ng a Fischer-Tropsch wax and contai ning greater than 0.5 wppm sul fur

based on Fj er - N RRael eWbodihty rq aal [ %t%%xi ng
cat al yst \I;_[\nb?ir:\ﬁa S;Ar eam ggnt al Hﬁ%&gﬁ%@ﬁﬁ%&gﬁtﬁf%ﬁ&%}#%&r as

oxygen, ofmaterdldpsirocarbow fagiacvmtfinfig «t leampbowmt 1 @t.0F wak( basedath to 400C, a
hydrogen pressure of from 791 to 20786 kPa; and (b) contacting the catalyst
from st ep Inalrocarben feed, mhieleemprisgssch wax and dewaxi ng the Fi scher- Tropsch

v [0013] _Thab FORFHE AARERING CHRNEYHETSAIMAE MRS ERg the
sel oot vel oo itle 18k SR8 Rk o uRASR ol tn | sk BHETIAERY o0 Lo

in a product w _ hproved Tsorerate viscosrty, |ow
t enper at ur@rwé@ﬁrddi@scst@nﬂdvhy@@ KRR bricthet Jf AeMpblatie’d FFh@yet . WO
2004/ 033096 PCT/ US2003/ 033323
400°C and a hydrogen pressure of from 101 to 20786 kPa; and

(b) contacting the catalyst from step (a) with the hydrocarbon feed and
dewaxing the hydrocarbon feed under conditions effective to catalytically dewax

the hydrocarbon feed.

[0012] A still further embodiment relates to a process for catalytically
dewaxing a Fischer-Tropsch wax and containing greater than 0.5 wppm sulfur,
based on Fischer-Tropsch wax, which comprises:

(a) contacting a dewaxing catalyst with a stream containing at least about
100 wppm, measured as oxygen, of at least one oxygenate at a temperature of
from 250 to 400°C, a hydrogen pressure of from 791 to 20786 kPa; and

(b) contacting the catalyst from step (a) with the Fischer-Tropsch

g

wax and dewaxing the Fischer-Tropsch wax under conditions effective to

catalytically dewax the Fischer-Tropsch wax.

[0013]  The catalytic dewaxing of wax-containing feeds using the selectively
activated dewaxing catalyst according to the invention results in a product with
at least one of improved isomerate yield, viscosity, low temperature properties

and VI compared to a non-activated catalyst.



-6 BRI EF DESCRI PTI ON OF THE DRAW NG [ 0014] The Figure is a graph show ng a
conpari son of the effect of oxygenate treatnent vs. no oxygenate on a
hydr ot r ea sl ack wax. DETAILED DESCRI PTI ON OF THE | NVEI\rftl'I ON Feedst ocks
[0015] Th& BB used in the process of the inventi gt BFE¥%3¢%5nt ai ni ng
feeds that boil in the lubricating oil range, typically having a 10%
distillation point greater than 650F (343C), neasured by ASTM D 86 or ASTM
2887, and are derived frommneral or synthetic sources. The wax content of
the feedstock is at |east about 15 wt..%. based on feedstock and can range
up to 100 wt. % wax. The wax content of a feed may be determ ned by nucl ear
magneti c resonance spectroscopy (ASTM D5292), by correl ative ndM net hods
(ASTM D3238) of by solvent nmeans (ASTM D3235). The waxy feeds may be
derived fr BRIEF DESCRIPTIONOFETHLDRAWRNGS derived from sol vent refining
processes Such as raiffrnates, partialty sorvent dewaxed oils, deasphalted
oils, distillates, vacuum gas oils, coker gas oils, slack waxes, foots oils
and the like, and Fischer-Tropsch waxes. Preferred feeds are sl ack waxes
and Fi schel®03fbps chekighte isg graph shaweg acempgpsempf thewdfacy od okygenate

hydr ocar bop _feeds by solvent or propane . d ing. Slack waxes contain sone
resi dual o{}Fatg?“Fdﬁé(ﬁenq 9&%%#%/0%8&3’ _eatq:eﬁ%?ék s are derived from deoil ed
sl ack waxes. Fischer-Tropsch waxes are those prepared by the

Fi scher-Tropsch synthetic process such as that based on iron containing

cat al ysts PETRILEBDIRSCRIETIONOY THRINVENEION sul fide catalysts for
use in carbon nonoxide hydrogenati on. 6 PCT/ US2003/ 033323

Feedstocks

{0015]  The feedstock used in the process of the invention are wax-containing
feeds that boil in the lubricating oil range, typically having a 10% distillation
point greater than 650°F (343°C), measured by ASTM D 86 or ASTM 2887, and
are derived from mineral or synthetic sources. The wax content of the feedstock
is at least about 15 wt.%, based on feedstock and can range up to 100 wt.% wax.
The wax content of a feed may be determined by nuclear magnetic resonance
spectroscopy (ASTM D5292), by correlative ndM methods (ASTM D3238) of
by solvent means (ASTM D3235). The waxy feeds may be derived from a
number of sources such as oils derived from solvent refining processes such as
raffinates, partially solvent dewaxed oils, deasphalted oils, distillates, vacuum
gas oils, coker gas oils, slack waxes, foots oils and the like, and Fischer-Tropsch
waxes. Preferred feeds are slack waxes and Fischer-Tropsch waxes. Slack
waxes are typically derived from hydrocarbon feeds by solvent or propane
dewaxing. Slack waxes contain some residual oil and are typically deoiled.
Foots oils are derived from deoiled slack waxes. Fischer-Tropsch waxes are
those prepared by the Fischer-Tropsch synthetic process such as that based on
iron containing catalysts as well as other Groups 8, 9 or 10 metal suifide

catalysts for use in carbon monoxide hydrogenation.



-7 [0016] Feedstocks may have high contents of nitrogen- and
sul fur-containing contam nants. M neral based feedstocks nmay contain fromO
up to 0.2 wt.%of nitrogen, based on feed and fromO up to 3.0 wt. % of
sul fur, bXYP0HA33¥ed can be processed in the present PREFESHOIPRRIM ni mum
sul fur content of synthetic feedstocks based on Fischer-Tropsch waxes
prepared using iron or other Goups 8, 9 or 10 netal sulfide based
catal ysts is about 0.5 ppnw, based on feed. Feeds having a high wax content
typically have high viscosity indexes of,up to 200 or nore. Sulfur and
nitrogen contents may be nmeasured by standard ASTM nethods D5453 and D4629,
respectively. Feedstock Hydroprocessing [0017] Feedstocks having high
contents of nitrogen- and sul fur-containing contam nants are preferably
hydr opr ocessed prior to dewaxing. Hydroprocessing may be by hydrotreating
or hydrocracking. [0018] For hydrotreating, the catal ysts are those
effective i@ﬂlﬁrydr@édd%ﬁidk@ fhayShisi 1gh eahtehiSfigopsmi dhdnG far YeRtfniiet al s
(based on the [UPAC Periodic "Table format having Goups froml to I8),
G oups 8 - coftamahants, Mingralibesed feedstoekemiy coRtash éroned upetind).2 wirtélafde
ni ckel, tungsten, nolybdenum cobalt and_m xtures _thereof. These netals or
i xt ur s oPiiRege basdion fgsricid orp (buz i 385V ekl b, baseriiondasd ean
refractory,netal oxide,supports. The #j xture of al s .ma | s e present
e but k mebApratsSed TR RBRD! Riodtas Thih Snhelhe bingBY of5itastRe JFeater.
based on c j _ ' ' ; ' as
silica, aIﬁﬁﬁﬁgikgFﬁ%%%égrﬁﬁgﬁgghggé?S?g%?ggﬁﬁéé%g?%%ﬁéﬁéﬁﬁﬁ§§§;§ eferred
al um nas aiBg9periQuachal sulfidehased bataly sgasabowt 0. 8 ppmw igasadonfeedf Feelial s, WO
2004/ 033096 PCT/ US2003/ 033323

having a high wax content typically have high viscosity indexes of up to 200 or

more. Sulfur and nitrogen contents may be measured by standard ASTM

methods D5453 and D4629, respectively.

Feedstock Hvdroprocessing

[0017)  Feedstocks having high contents of nitrogen- and sulfur-containing
contaminants are preferably hydroprocessed prior to dewaxing.

Hydroprocessing may be by hydrotreating or hydrocracking.

[0018]  For hydrotreating, the catalysts are those effective for hydrotreating
such as catalysts containing Group 6 metals (based on the IUPAC Periodic Table
format having Groups from 1 to 18), Groups 8 - 10 metals, and mixtures thereof.
Preferred metals include nickel, tungsten, molybdenum, cobalt and mixtures
thereof. These metals or mixtures of metals are typically present as oxides or
sulfides on refractory metal oxide supports. The mixture of metals may also be
present as bulk metal catalysts wherein the amount of metal is 30 wt.% or
greater, based on catalyst. Suitable metal oxide supports include oxides such as
silica, alumina, silica-aluminas or titania, preferably alumina, Preferred

aluminas are porous aluminas such as gamma or eta. The amount of metals,



-8 either individually or in mxtures, ranges fromabout 0.5 to 35 w.%
based on the catalyst. In the case of preferred m xtures of groups 9-10

netal s wi roup 6 netals, the groups 9-10 netals are nt | nount s
of from O_R\gbgngugﬂwq% based on catal yst and the group %ﬁggﬁ’f"y63§f’§ pr esent
in anobunts of from5 to 30 wt.% The anmbunts of netals may be neasured by
at om ¢ absorption spectroscopy, inductively coupled plasna-atom c em ssion
spectronetry or other nethods specified by ASTM for i ndividual netals.

[ 00191 For hydrocracking, the catal yst /gy be any catal yst used for

hydr ocracki ng. Such catal ysts typically enploy an acidic, |arge pore size

zeolite wthin the porous support material with an added netal
hydr ogenat i on/ dehydr ogenati on function. The acidic functionality in the

hydr ocr ackieftBerciatipfighedily 6r iprmisitaed, RingbefroRyalfout & Yo RO WAL %2 BRedNIS _
material such as alumna, silica-alumna or silica or by a |arge pore size
cryst al | i néhe entalyst din, the casecefpreferred mixferesamferaipse9-diduneiadss withqgroepzeol i t e
such as zeqglite X. Y, ngl %[ ZSM 18, ZSM 20 or zeoljte be&a. ThPeY%/zeoIites
may be use® Metalsathecgrouns g ibmetalsate pyesrnt 19 amEENISHIremdh PO SoWhEe.of hi gher

Funct i onal PRSP OTHEERLE TR Bone R e s RRE LSRR B3 T Romhto
encount er eqdyr Mg Gy 8f ffetAs ki erﬁebﬁs'iueasgraﬁom&faﬁs% d stability

such as the rare earth exchanged large pore zedlites, e.g., REX and REY are

preferred, spectmstopygindingivedy catpled plisimasatohid bission gp&tférﬁéﬂ@(br att@rhi gh
silica zeolites such as deal um nized Y or dealum nized nordenite.

Hydr ot r eat mghedsdpegidieddradRing fenimgdixidual metelscommercial Iy avail able from
catal yst manufacturers. [0020) The hydroprocessing catal ysts may include a
bi nder such as silica,

[0019]  For hydrocracking, the catalyst may be any catalyst used for
hydrocracking. Such catalysts typically employ an acidic, large pore size zeolite
within the porous support material with an added metal
hydrogenation/dehydrogenation function. The acidic functionality in the
hydrocracking catalyst is provided either by a large pore, amorphous material
such as alumina, silica-alumina or silica or by a large pore size crystalline
material, preferably a large pore size aluminosilicate zeolite lsuch as zeolite X, Y,
ZSM-3, ZSM-18, ZSM-20 or zeolite beta. The zeolites may be used in various
cationic and other forms, preferably forms of higher stability so as to resist
degradation and consequent loss of acidic functionality under the influence of
the hydrothermal conditions encountered during the hydrocracking. Thus, forms
of enhanced stability such as the rare earth exchanged large pore zeolites, e.g.,
REX and REY are preferred, as well as the so-called ultra stable zeolite Y
(USY) and high silica zeolites such as dealuminized Y or dealuminized
mordenite. Hydrotreating and hydrocracking catalysts are commercially

available from catalyst manufacturers.

[0020]  The hydroprocessing catalysts may include a binder such as silica,

silica/alumina or alumina or other metal oxides e.g. magnesia, titania, and the



silica/alumna or alum na or other netal oxides e.g. nmagnesia, titania, and
the WD 2004/ 033096 PCT/ US2003/033323 -9 ratio of binder to zeolite wll
typically vary from10:90 to 90: 10, nore comonly from about 30:70 to about
70: 30 (bywﬂkmé%E?¢M[0021l Hydrotreating conditions incl F&d’YBAF&8E4r es of
from 150 to 400C, preferably 200 to 350C, a hydrogen partial pressure of
from 1480 to 29786 kPa (200 to 3000 psig), preferably 2859 to 13891 kPa
(400 to 2000 psig), a space velocity of fromO0.1 to 10 LHSV, preferably 0.1
to 5 LHSV, and a hydrogen to feed ratig_of from89 to 1780 n8/n8 (500 to
10000 scf/B), preferably 178 to 890 nB/nB. [0022] Hydrocracki ng conditions
i nclude tenperatures of from 300 to 480C, preferably 315 to 425C, a
hydrogen partial pressure of from 6996 t 020786 kPa (1000 to 3000 psig),

preferably 4431 : : i RAC elocity of from
0.1 to 10 ik@v p@%@ﬁ%ﬁg&ﬁ@gﬁ%ﬁﬂ %lmngr{ﬁqgg%oym%gg’ @c())ré!f eed ratio of
from 178 t corhfiyrBlomBabdiiD): 7@ tcLAPNA ﬁgd@b,wargﬁgerabl y 356 to 1780 nB8/nB
(2000 to 10000 Scf/B). [0023] Hydrotreating or hydrocracki ng converts

sul fur- and nitrogen- containing contam nants to gaseous species such as
hydrogen syl fide gnd, amopni a. Si.nce.nityagen-containing cantam ts are
typically ﬂwtélhnsﬁ?yq{ﬁHégti“F%ﬁ‘P lfIPBHQCMestE@EHW Cgi‘fp‘?fﬁl I%Béprﬁoﬁgedewaxi ng
cat al yst eV ¢ o} . i i Ni ng
peci be.  PieLab A R A e AR PR BT SARE TR U7
Hydr opr oceggiong 15k &0 Rfe ffuh 2 1 jep £ioot W centration
of nit roge@contf}g@?ﬁﬁg@ggnt am %n?? ﬁ)oﬂgag::ceptgt{))loetglzzavel S %\%t’ Iia%prﬁgguce
oxygen- convelooitnof $eac Ddstot 10 EFESANtpraferably €roto 5 LHSV, and a hydrogen to
{ ,
feed ratio of from 89 to 1780 m*/m’ (500 to 10000 scf/B), preferably 178 to 890

m>/m’.

[0022])  Hydrocracking conditions include temperatures of from 300 to 480°C,
preferably 315 to 425°C, a hydrogen partial pressure of from 6996 t020786 kPa
(1000 to 3000 psig), preferably 10443 to 17338 kPa (1500 to 2500 psig), a space
velocity of from 0.1 to 10 LHSV, preferably 0.5 to 5 LHSV, and a hydrogen to
feed ratio of from 178 to 1780 m*/m® (1000 to 10000 Scf/B), preferably 356 to
1780 m’*/m’ (2000 to 10000 Scf/B).

[0023]  Hydrotreating or hydrocracking converts sulfur- and nitrogen-
containing contaminants to gaseous species such as hydrogen sulfide and
ammonia. Since nitrogen-containing contaminants are typically the most
undesirable from the standpoint of maintaining dewaxing catalyst activity,
conditions are such as to reduce nitrogen-containing species to acceptable levels
with regard to maintaining catalyst activity, Hydroprocessing conditions which
are sufficient to reduce the concentration of nitrogen-containing contaminants to

acceptable levels will reduce oxygen-containing species to essentially zero.



WD 2004/ 033096 PCT/ US2003/033323 -10 [0024] Gaseous sul fur- and
ni trogen-contai ning contam nants such as hydrogen sulfide and ammoni a are

preferably separated fromthe hydroprocessed feed prior i by
strippi ng%é)rm@??@?%separ ation techni ques well known in R ’2“%?’%8&%

separating gases fromliquids. Dewaxin Selectivity [0025] The present
process for the catal ytic dewaxi ng of waxy feeds utilizes a catalyst that
has been activated by contacting the catalyst with an oxygenate. A
preferred dewaxi ng catal yst is one whosqpuode of dewaxing is by isonerizing
wax nol ecules to isonmerates with boiling points in the |ube range. [0026]
The dewaxing catal yst may be either crystalline or anorphous. Crystalline
materials are nol ecul ar sieves that contain at |least one 10 or 12 ring

channel angpozay beGhedad salful! e Aigsén-coniaming ebhiahfifidnts@ickhBy be based on
al um nophosphates. Zeolites used for oxygenate treatnment may contain at

| east  onehygdrogen salfudeaandeamnoraaptegureferablyseparatdd frem thediyddepraSidsed

ZSM 11, ZSM 22, ZSM 23, .ZSM 35, ZSM 48, ZSM 57, ferrierite, EU-1, NU 87,
ITQ- 13 andeadaniorto by stripRing pRethsk seraratiomieshniques srell kagwn ghe 10
ring chanpel_include PO 1 1.and,.SARO- 41. Exanpl es of nol ecul ar sieves
cont ai ni ng AT ??{gseBﬁ%?fﬁ&|gst%§Pthq‘i‘981 ite beta, ZSM 12, MOM 68 SAPO- 5,
SAPC 31, MAPO- 36, ZSM 18, nordenite, faujasite and offretite. It should be
noted that a dewaxi ng catal yst such as ZSM5 can have altered dewaxi ng

properties Adhe Seloegivitgt al yst properties, such as acidity, netal
di spersion and catalyst particle size as noted in US Patent No. 6, 294, 077.
The nol ecul ar sieves are described in US Patent Nunbers 5, 246, 566,
5,282,958, 4 975,177, . ) ye
[0025) j’IYhe present process for the catalytic dewaxing of waxy feeds utilizes a
catalyst that has been activated by contacting the catalyst with an oxygenate. A
preferred dewaxing catalyst is one whose mode of dewaxing is by isomerizing

wax molecules to isomerates with boiling points in the lube range.

[0026] The dewaxing catalyst may be either crystalline or amorphous.
Crystalline materials are molecular sieves that contain at least one 10 or 12 ring
channel and may be based on aluminosilicates (zeolites), or may be based on
aluminophosphates. Zeolites used for oxygenate treatment may contain at least
one 10 or 12 channel. Examples of such zeolites include ZSM-5, ZSM-11,
ZSM-22, ZSM-23, ZSM-35, ZSM-48, ZSM-57, ferrierite, EU-1, NU-87, ITQ-13
and MCM-71. Examples aluminophosphates containing at least one 10 ring
channel include SAPO-11 and SAPO-41. Examples of molecular sieves
containing 12 ring channels include zeolite beta, ZSM-12, MCM-68 SAPO-5,
SAPO-31, MAPO-36, ZSM-18, mordenite, faujasite and offretite. It should be
noted that a dewaxing catalyst such as ZSM-5 can have altered dewaxing
properties by adjusting catalyst properties, such as acidity, metal dispersion and
catalyst particle size as noted in US Patent No. 6,294,077. The molecular sieves
are described in US Patent Numbers 5,246,566, 5,282,958, 4,975,177,
4,397,827, 4,585,747, 5,075,269 and 4,440,871. MCM-68 is described in US



4,397,827, 4,585,747, 5,075,269 and 4, 440,871. MCM68 is described in US WD
2004/ 033096 PCT/ US2003/ 033323 -11 Patent No. 6,310,265. MCM 71 and |1 TQ 13
are described in PCT published applications WO 0242207 and WD 0078677.

Pr ef er r edWOLMV/4239% i ncl ude ZSM 48, ZSM 22 and zZSM 23. REIFERMBB2Hr ef erred
Is ZSM48. As used herein, ZSM 48 includes EU-2, EU-11 and ZBM 30 which are
structurally equivalent to ZSM 48. The nol ecul ar sieves are preferably in

t he hydrogen form Reduction can occur in situ during the dewaxing step
itself or can occur ex situ in another_ j;yessel.. [0027] Anorphous dewaxing
catal ysts include alum na, fluorided alumna, silica-alumna, fluorided
silica-alumna and silica-alumna doped with Goup 3 netals. Such catal ysts
are described for exanple in US Patent No. 4,900,707 and 6,383,366. [0028]

qhe devaxi pehlB! 5318, 52 MO hRMAFO- 15 fe de%%ﬁ@@n(g??ﬁﬁﬂgl’tﬁ h a metal

hydr ogenation conponent’, Whi st one east one

G oup 8 - dfplivatiahs WO 0042207 eadtWer GBTS677r ePriféreed oRuR)sSs intRideZ8Ms 9 - 10
nmetal s. Especi al Iil)preferred are Goups 9 - 10 noble nmetals such as Pt, Pd

or m xt ur4$ Z30dr2dand a2 on Bspecitilppeiemed cdf SMFdB! &\ useddter¢iayi ng Gr oups
fromlto 1 Thes t | pad the rate of 0.1 to 30 wt.% based
on catal yzéM‘égtlﬁ‘ﬁ}‘ggs EL@BZE&FI bﬁmigg Oa‘i"mcgaﬂ# ﬁB’“MH&M%qLHV@eH%@CH bed
for exanp I Do USSP, t o 4 [ e for anpl e J.on
exchange a%gM"iH%’pr%glgeﬂéﬁggﬁmg&e%gegg'ée;ﬁ%‘g%%@lgﬁg tﬁébgﬁro%ptfg%@eﬁcgﬁg per si on
techni quescangocys  aity %ihriﬂ%rthé abfaing &GPl Pbr @rfodts @kiAadn aRotler Pat ent
No. 5,282,958. Catal ysts th small “particle size and well dispersed netal
are prefervesgel
{
[0027] Amorphous dewaxing catalysts include alumina, fluorided alumina,
silica-alumina, fluorided silica-alumina and silica-alumina doped with Group 3
Y p

metals. Such catalysts are described for example in US Patent No. 4,900,707
and 6,383,366.

[0028]  The dewaxing catalysts are bifunctional, i.e., they are loaded with a
metal hydrogenation component, which is at least one Group 6 metal, at least
one Group 8§ - 10 metal, or mixtures thereof. Preferred metals are Groups 9 -10
metals. Especially preferred are Groups 9 - 10 noble metals such as Pt, Pd or
mixtures thereof (based on the [UPAC Periodic Table format having Groups
from 1 to 18). These metals are loaded at the rate of 0.1 to 30 wt.%, based on
catalyst. Catalyst preparation and metal loading methods are described for
example in US Patent No. 6,294,077, and include for example ion exchange and
impregnation using decomposable metal salts. Metal dispersion techniques and
catalyst particle size control are described in US Patent No. 5,282,958. Catalysts

with small particle size and well dispersed metal are preferred.

[0029]  The molecular sieves are typically composited with binder materials

that are resistant to high temperatures and may be employed under dewaxing



[ 0029] The nol ecul ar sieves are typically conposited with binder materials
that are resistant to high tenperatures and nay be enpl oyed under dewaxi ng
WO 2004/ Og‘f&ﬁg{ %C)I)T/ US20031033323 12 conditions to forma fini shed dewaxi ng
cat al yst 34/3 2?hi nderl ess (sel f- bound). The binder Wel/BP3U8y&33E.

usual |y inorgani c oxides such as silica, alumna, silica-alumnas, binary
conbi nations of silicas with other netal oxides such as titania, magnesia,
thoria, zirconia and the like and tertiary conbi nations of these oxides
such as silica-alumna -thoria and sil|iga-al um na nmagnesia. The anount of
nol ecul ar sieve in the finished dewaxing catalyst is from110 to 100,
preferably 35 to 100 w. % based on catal yst. Such catal ysts are fornmed by
met hods such spray drying, extrusion and the |ike. The dewaxi ng catal yst nmay
be used incéhfitishd fdﬂﬂﬁl@fmwhéahéwqﬁﬁltgf&mys%}%a bBbRhAr RIS Yselfd t e
sulfided form [0030] Dewaxing condi tions”include tenperatures of from 250
- 400C, pbedimi)allhe Bififlet matvldls arprgaslly asrginit osidedSuch as 201686 kPa (100 to
3000 psig), preferably 1480 to 17339 kPa (200 to 2500 psig), liquid hourly
space vel alyminassibi¢a-f s, binary romnationsefetiieasovith othertmetal pxides and
hydr ogen treat s .rates from45 to 1780 250 ta 10000, scf./ B),

pr ef er abl ySlg% 3@%‘ =%§513(@953t@r%a§@%%&5é P@%W%&%@MP@QH sed to

sel ecti vel ' N a 10 o - t ai ni ng
ool oot | el Wt R Uaks hon AURKL AR AAEANGHs BSR40, AUARTE a0
condi ti on. afuALHRISecultE! iR iAaR Ainished deKialthg @lt8I950k Frorh @ t8digng pol yol s,
esters, al dehydes, ethers, ketones and m xtures thefeof, or an inorganic

oxygenat e piefetablys3 ves €00 wRI%6f easeé dnaetaipstatSexhantalpdts ateofosmeddtyer s, et hers

and carboxylic acids, especially alcohols., The organo npieties contain at
inethods such spray drying, extrusion and the like. The dewaxing catalyst may

be used in the sulfided or unsulfided form, and is preferably in the sulfided form.

[0030] Dewaxing conditions include temperatures of from 250 - 400°C,
preferably 275 to 350°C, pressures of from 791 to 20786 kPa (100 to 3000
psig), preferably 1480 to 17339 kPa (200 to 2500 psig), liquid hourly space
velocities of from 0.1 to 10 hr’’, preferably 0.1 to 5 hr' and hydrogen treat gas
rates from 45 to 1780 m’*/m* (250 to 10000 scf/B), preferably 89 to 890 m*/m’
(500 to 5000 sct/B).

[0031]  Oxygenates used to selectively activate the dewaxing catalyst are
organic, oxygen-containing compounds (organo-oxygenates) whibh form water
under hydrodewaxing condition. Oxygenates include carboxylic acids, alcohols
including polyols, esters, aldehydes, ethers, ketones and mixtures thereof, or an
inorganic oxygenate which is water. Preferred oxygenates are alcohols, esters,
ethers and carboxylic acids, especially alcohols. The organo moieties contain at
least 1 carbon atom and may range up to oxygen contained in oxidized
hydrocarbon feeds in the lube boiling range (343°C + as measured by ASTM D
86 or ASTM 2887).



| east 1 carbon atom and nmay range up to oxygen contained in oxidized

hydr ocarbon feeds in the |lube boiling range (343C + as neasured by ASTM D
86 or ASTM 2887). WD 2004/ 033096 PCT/ US2003/033323 13 [0032] The feed used
to sel ect VM H36vat e (sel ectivate) the catal yst cont RCRAIS23/0BBAEt about
100 wopm neasured as oxygen, of at |east one oxygenate, preferably at

| east about 400 wppm neasured as oxygen, of at |east one oxygenate.
Anmount s of oxygenates greater than 10,000 wopm nmay be used if desired as
such amounts will not adversely affect_{he dewaxing process or products.
The total oxygen content of an oxygenate can be neasured by instrunental
nmet hods such as neutron activation analysis which may be conbined with high
resol ution proton nuclear magnetic resonance, gas chronatography with

oxygen f'f{@pn 10N TRk L4 gféd%ts% ecti9®) &E&Q{?@&%&M}é} 2&%&% try

(GC-M5) o ourier trans ormln rare spectroscopy activation

anal ysi s iat ledsehbouter0(f wpphgmsa@m@drﬁsroaygem&m& stvaﬁ@aky@enat&ygenat e
contents of feeds (as oxygenate) may be determ ned by proton nuclear

magnet i c rpystarablyeat deashgb@e-408. memeamd@&gxyg@mmfsﬂ keestobeen proposed

for measurin thes Iect|V| dewaxm ca ts. In one netho
descri bed 9% ﬁéwgeng@s gpoat tha f B%W?X%8é{55¢9 ically

dewaxed OVl ri ous
redcti on <3 g%??.s éﬁ&l* é*ﬂ‘égﬁﬂo*@? sty %frfé% o PR R pRhes 68,0
conversi o \’;\};)rbﬁﬁé{br %et@ta?%ﬁggéﬁ?c:(ﬁltgﬁtvﬁrhn Rat@lcafl BeamENGréPYyy then be
conpar ed th a reference tal yst such SM5 to determ ne reI ative
sel ecti vi tinstrinnehtal Redthods Mieh a5 n2Gfof aBtivatidrentalydis which magdbered for a given
{ .
combined with high resolution proton nuclear magnetic resonance, gas
chromatography with oxygen flame ionization detector, gas chromatography-
mass spectrometry (GC-MS) or fourier transform infrared spectroscopy.
Neutron activation analysis is preferred for low concentrations of oxygenates.
Oxygenate contents of feeds (as oxygenate) may be determined by proton

nuclear magnetic resonance or by GC-MS.

[0033]  Various methods have been proposed for measuring the selectivity of
dewaxing catalysts. In one method described in J. Catalysis, 1984, 86, 24-31, a
feedstock is catalytically dewaxed over the zeolite whose selectivity is
determined at various reaction severities to achieve different product pour
points. The conversion required to achieve a given degree of dewaxing may
then be compared with a reference catalyst such as ZSM-5 to determine relative
selectivity. In US Patent No. 5,282,958, selectivity is measured for a given
molecular sieve having a defined crystallite size and pore diameter by measuring

the isomerization of n-hexadecane under a given set of test conditions.

[0034] In the present invention, selectivity for a given catalyst is defined as
the fractional amount of lube boiling range isomerate formed at the target pour

point from the wax component of the feed. The improvement in selectivity as a



nol ecul ar sieve having a defined crystallite size and pore di aneter by
nmeasuring the isonerization of n-hexadecane under a given set of test

condi tiong, 4] .Jn the present invention, selectivity '

cat al yst ?goégﬁﬁﬁéﬁlas the fractional amount of | ube bo?éﬂﬁaﬁp%hégﬁ

I sonerate fornmed at the target pour point fromthe wax conponent of the
feed. The inprovenent in selectivity as a WD 2004/ 033096 PCT/ US2003/ 033323
-14 result of oxygenate treatnment for a given dewaxing catalyst is to

i somerize at |east 4 relative % nore ofi4t-he wax conponent into | ube boiling
range i sonerate at the pour point target, preferably at least 6 relative %
nore preferably at least 10 relative % [0035] The selectivity inprovenent
for any give dewaxing catal yst may be calculated as illustrated in the
hypot het i catsulixefigiygegatedareatmentfor agilemdewaxingrdatal gdtasioisonsaviverat e yi el d

| nprovenent at equival ent pour point for dewaxing a waxy feed. Catalyst A
and Cat al yé¢a834(rglat1§ﬁ % sage of theswax comneneat wite hﬁm@xghn&mqge spmetatel d f or

t he exanpl e, i,s obtai ned by adjpusting,if cessar dewaxi condi.tions of

{ orper at or 8¢ M RoB aiek b R i <asbd EARTE ot RO AL 4Dt af yst A
Catal yst B 0(1#&%%%%') (oxygenate treated) Wax content of feed 90.0 %

90. 0% Vi el(} of I'sOmerate 61.0 wt.% 72.0 wt.% at target pour |sonerate
selectivity 56.7 * 68.9 Selectivity inprovenment 1.215 **

[0035)  The selectivity improvement for any give dewaxing catalyst may be
calculated as illustrated in the hypothetical example given in the following chart
showing isomerate yield improvement at equivalent pour point for dewaxing a
waxy feed. Catalyst A and Catalyst B (which is Catalyst A treated with
oxygenate). The yield for the example is obtained by adjusting if necessary

dewaxing conditions of temperature and space velocity to achieve equivalent

pour point.
Catalyst A Catalyst B
(untreated) (oxygenate treated)
Wax content of feed 90.0 % 90.0 %
Yield of isomerate 61.0 wt.% 72.0 wt.%
at target pour
Isomerate selectivity 56.7*% 68.9 *
Selectivity improvement 1.215 **
Relative selectivity 21.5 % ***

improvement %

* Calculation: [61.0 - (100 - 90))/90 = 56.7 [72.0 -(100 - 90)1/90 = 68.9
** 68.9/56.7 = 1.215; no improvement is 56.7/56.7=1.0
k%% (1.215-1.000)x 100=21.5%

[0036]  For any given catalyst, isomerate yield should improve with
increasing wax content of the feed. Thus feeds with higher wax contents, e.g.,

greater than 40 wt.%, based on feed, are preferred.



Rel ative selectivity 21.5 % *** inprovenent % * Calculation: [61.0 - (100 -
90)]/90 = 56.7 [72.0 -(100 - 90)]/90 = 68.9 ** 68.9/56.7 = 1.215; no

i nprovenent is 56.7/56.7 = 1.0 *** (1.215-1.000)x100=21.5% [ 0036] For any
gi ven cat $Q240338%nerate yiel d should i nprove with i ncdi &St/ 48R3 cont ent
of the feed. Thus feeds wth higher wax contents, e.g., greater than 40
wt.% based on feed, are preferred. WO 20414/ 033096 PCT/US2003/033323 -15-
Hydr of i ni shing [0037] Followi ng the dewaxing step, it is preferred to
hydrof m sh the product resulting fromgewaxing in order to adjust product
qualities to desired specifications. Hydrofinishing is a formof mld
hydrotreating directed to saturating any |ube range ol efins and resi dual
aromatics as well as to renoving any remai ning heteroatons and col or

bodi es. The post dewaxi ng hydrofinishing is usually carried out in cascade

with the dw. Generally the hydrofm shing will be carried out at
t enper at ur t 150C to 350C, preferably 180C to 250C. Tot al

pressures are typically from2859 to 20786 kPa (about 400 to 3000 psig)
Liquid hourly space velocity is typically fromO. 1 to 5 LHSV (hr"),

pref er abl y @375 t ddldwingrible Hydnrimerstep, ebts pyeferredite hiydfofimisiothe prbdbct o 1780
nB8/ nB (250 to 10000 scf/B). [0038] Hydrofinishing catalysts are those

cont ai ni ngTesubine Bomedewaxing i etrler do adivst prodae qealitisgite desised f or et havi ng

?e? :”p: T LgEﬁ%éﬁgqt%q%aﬁc&ﬁﬁﬁﬁgmgﬁ%@gﬁt% r?lild%r)]igrorpre)%ttilrjlfgedslre}c?eedr t%Of - Preferred

saturating any lube range olefins and residual aromatics as well as to removing

‘ any remaining heteroatoms and color bodies. The post dewaxing hydrofinishing
is usually carried out in cascade with the dewaxing step. Generally the
hydrofinishing will be carried out at temperatures from about 150°C to 350°C,
preferably 180°C to 250°C. Total pressures are typically from 2859 to 20786
kPa (about 400 to 3000 psig) . Liquid hourly space velocity is typically from 0. 1
to 5 LHSV (hr), preferably 0. 5 to 3 hr’ and hydrogen treat gas rates of from
44.5 to 1780 m*/m’> (250 to 10000 scf/B).

[0038]  Hydrofinishing catalysts are those containing Group 6 metals (based
on the [IUPAC Periodic Table format having Groups from 1 to 18), Groups § - 10
i metals, and mixtures thereof. Preferred metals include at least one noble metal
having a strong hydrogenation function, especially platinum, palladium and
mixtures thereof. The muxture of metals may also be present as bulk metal
catalysts wherein the amount of metal is 30 wt.% or greater based on catalyst.
Suitable metal oxide supports include low acidic oxides such as silica, alumina,
silica-aluminas or titania, preferably alumina. The preferred hydrofinishing
catalysts for aromatics saturation will comprise at least one metal having
relatively strong hydrogenation function on a porous support. Typical support
materials include amorphous or crystalline oxide materials such as alumina,
silica, and silica-alumina. The metal content of the catalyst is often as high as

about 20 weight percent for non-noble metals. Noble metals are usually present



havi ng a strong hydrogenation function, especially platinum palladiumand
m xtures thereof. The m xture of netals may al so be present as bul k netal
catal ysts rej e anount of netal is 30 wt.%or gre
catalyst.“Mgﬁwﬁggp%pnetal oxi de supports include |OM/aCﬁ%f%U%§?@§%£§uch as
silica, alumna, silica-alumnas or titania, preferably alum na. The
preferred hydrofinishing catalysts for aromatics saturation will conprise
at | east one netal having relatively strong hydrogenation function on a
porous support. Typical support materi-dbs include anorphous or crystalline
oxi de materials such as alumna, silica, and silica-alumna. The netal
content of the catalyst is often as high as about 20 wei ght percent for
non-nobl e nmetals. Noble netals are usually present WD 2004/ 033096

PCT/ US2003/19 3i8fts nd greater domuabbcutriovtdoead prefetred hathmfinishihg Yatakyspr ef err ed
hydrofi ni shing, catal yst contains MCM 41 whose preparation and use for

hydr ogenat confains Méddr4 bwhosepreparationcaand uss.fos hpdwgesationisxdercrbel is, 573, 657

and 5, 264, 0039] t r.gl r t ters of the

hydr of ni shi?fépgt%ﬂbﬁg’ffs@%’ég%’ é%‘ﬁﬁn&%ﬁ%ﬁ %%ggr@'lstabi lity of the
products. The hydrofinishing catalyst together with tenperatures of about
150-350 C (446-572F) will mnimze aromatics. They will al so provide

products hgpt39y 9o0entexl sfahé Yeactionarahytersdf theilgdiofitighinki stép offes 4 her mal
stability. Space velocity in the hydrofm sher also offers a potential for
aromat i cs satfnl stayef vaoying che siiability loé theopredusisac €he blyduifiistang effadesti ng
greater aromatjcs saturation. talyst Preparation _and Process Description
£0040] S néeBetkamHath hTapeaRITEL AT FerlidS8uY Reddid 72 Ermilminimaiam cont ai n

amount s of 54l Lt Ayl 995 Brb 0k REGATRAHE B3N SRaRARH TP Yot S
light stability, and thermal stability. Space velocity in the hydrofinisher also
offers a potential for aromatics saturation control with the lower space velocities

effecting greater aromatics saturation.

Catalyst Preparation and Process Description

[0040]  Since normal hydrocarbon feedstocks derived from petroleum contain
amounts of sulfur and nitrogen that are detrimental to dewaxing catalysts, it is
preferred that such feedstocks are hydrotreated and/or hydrocracked prior to
dewaxing. Thus the feedstocks to the present catalytic dewaxing process that
contain unacceptable levels of sulfur and nitrogen contaminants are preferably
hydroprocessed and subsequently stripped to remove gaseous sulfur- and
nitrogen-containing contaminants such as hydrogen sulfide and ammonia. If
hydrocracking is the mode of hydroprocessing, the hydrocracked product may be
both stripped and fractionated to isolate specific cuts for dewaxing. The

hydroprocessed feedstocks are then sent to the dewaxing step.

[0041]  The catalysts used in the catalytic dewaxing step are usually

purchased from a catalyst manufacturer. The user has the option of metal-



preferred that such feedstocks are hydrotreated and/or hydrocracked prior to
dewaxi ng. Thus the feedstocks to the present catal ytic dewaxi ng process that
contai n unacceptable | evels of sulfur and nitrogen contani nants are

pr ef er abl WO HYHPBPMocessed and subsequent |y stripped to REMRNE0A3BSuS

sul fur- and nitrogen-containing contam nants such as hydrogen sul fide and
ammoni a. |f hydrocracking is the node of hydroprocessing, the hydrocracked
product may be both stripped and fractionated to isolate specific cuts for
dewaxi ng. The hydroprocessed feedstockg;are then sent to the dewaxing step.
[0041] The catalysts used in the catalytic dewaxing step are usually
purchased froma catal yst manufacturer. The user has the option of netal WO
2004/ 033096 PCT/ US2003/033323 - 17 l|loading the catal yst or purchasing the

catal yst i Toddifg ! ckal aaﬁrgﬁl Eidsig M cabllyfdn BENePUSbYded R, 1a2di ng can
be acconpl i shed” by irrp?egn tirng St hge dcgwa;,i n% cat al yst vﬁth a deA(é})orrposabI e

met al sal t netedpresicaslyamenal leadihg can e, accomplisiiadby ahprpgnating dupl ex ol | owned
by heating. Sulfidi ngi can, be acconplished by treating the netal | oaded
cat al yst wdgwasingfatalystigithpydegpmposaiie mesalisalisvgh as Ap@nvge sakkg.gi. de or

th | fidi t,. b ti he. t wth hyd d

Fecdst ook SpitRdEr REmine campEH ety bring” reftilmee4uiiust ockecontai ni ng
| _ i .

devai ng car SRR At mélaPlodicy RaRg) SR AGINABE IALE SG

directly tag hgﬂrd@edn@@wgvmuﬂﬁ@@lof othee suldRhvix@tbnt Ariter edithm@lg/thet he dewaxing

catal yst can be selectively activated and the activated catal yst used in
t he dewaxi egtatysowatshydrogen and a fetdstockrspykdsewith apaiadiagfagent oihley demaxi ng
process itself. In the former process, a hydyocarbon

a feedstock containing organo sulfur compounds.

[0042]  In order to selectively activate the dewaxing catalyst, the oxygenate or
mixture of oxygenates may be added directly to the hydrocarbon feed to be
dewaxed. Alternatively, the dewaxing catalyst can be selectively activated and
the activated catalyst used in the dewaxing process which activation may be
separate from the dewaxing process itself. In the former process, a hydrocarbon
feed containing at least about 100 wppm, measured as oxygen, of at least one
oxygenate is contacted with the dewaxing catalyst under dewaxing conditions.
Alternatively, the dewaxing catalyst can be selectively activated prior to use in
the dewaxing process. In this case, the dewaxing catalyst is heated at a
temperature of from 120 to 400°C and a hydrogen pressure of from 101 to 20786
kPa (0 to 3000 psig) in the presence of a feed containing at least about 100
wppm, measured as oxygen, of at least one oxygenate. The feed may be the
same or different from the hydrocarbon feed to be dewaxed. Thus the feed may
either be a carrier feed or the hydrocarbon feed to be dewaxed. Ifthe feed is a
carrier feed, it is preferred that the carrier be a hydrocarbon such as product
resulting from the present catalytic dewaxing process. As noted previously, the
dewaxing catalyst may be used in the sulfided or unsuifided form and may be

reduced.



feed containing at | east about 100 wppm neasured as oxygen, of at |east one
oxygenate is contacted with the dewaxi ng catal yst under dewaxi ng conditions.
Al ternati dewaxi ng catal yst can be selectively activated prior to
use in t@%"e’ﬁggﬁ%g process. In this case, the dewaxi ngPCHV29H433328 heat ed
at a tenperature of from 120 to 400C and a hydrogen pressure of from 101 to
20786 kPa (0 to 3000 psig) in the presence of a feed containing at |east
about 100 wppm neasured as oxygen, of at |east one oxygenate. The feed may
be the sane or different fromthe hydngcarbon feed to be dewaxed. Thus the
feed may either be a carrier feed or the hydrocarbon feed to be dewaxed. If
the feed is a carrier feed, it is preferred that the carrier be a

hydr ocar bon such as product resulting fromthe present catal ytic dewaxi ng
process. As noted previously, the dewaxing catalyst nay be used in the

sul fided or unsulfided formand may be reduced. WO 2004/ 033096

PCT/ US20030@13B32 L atalyst ptnmatio@aamf/ subseqirenp denaxing cardbs atcomplshed dewaxi ng

can be accolri:&[;ished in, a si ngle react or orfjnﬂgep rate rea%gis. In a

pr ef er r ed 2L FASHIT O FERRBIGREREIOTS. | B BEFIOTERE £ Nhg noatametal | s

pl aced in r hydr o n rri feedst ock nt @i_ni ng

sul fidi ngl‘gagdgﬁma‘é%{f%é{#‘ﬁ& c%gaggﬁdgpﬁﬁ&?%aﬁ%gtgfm%hyﬁw&%ﬁtaﬂ dcarrier

f eedst ock oS Ierd : - ngly t, e.g.,
a 100N oi |°.Qﬁ”féhg%dgﬁi%%’ﬁ?lgiii?e%ﬂ%%@?%ﬁf@i AR @inBlofoidt TRls pREGIUEL, © 9
The reduce¢idataineléaties idddstbedt beadimliMs to & basdstowk g expeeetliagalfinalcti vated by

contacting with a carrier containing at | east one oxygenate. The carrier can

be ei t her pro@ict.cegs 8 dORN oil hdhd eatabest ioredyoed suifided aybeboaduend dnskdst ock
such as tsgﬁid%a.r rjfﬁer: reucﬁl%gdtag or lsmfgd%dtcgtea&s@ctc%ln%ﬁéﬁ be selectively activated

by contacting with a carrier containing at least one oxygenate. The carrier can

be either the feedstock to be dewaxed or some other hydrocarbon feedstock such

as the carrier used to sulfide the catalyst.

[0044)  Once the catalyst has been selectively activated with oxygenate(s), the
feedstock to be dewaxed is added to the reactor and dewaxing takes place under
conditions defined above. Further oxygenate treatment may be added as needed

to maintain catalyst activity.

[0045]  The product from catalytic dewaxing may be sent to hydrofinishing in
a separate reactor without any intervening disengagement. Direct cascade from
dewaxer to hydrofinisher is preferred thus avoiding the expense involved in an
additional stripping step. Hydrofinishing is done in the presence of hydrogen
and a hydrofinishing catalyst. The hydrofinishing reaction conditions are noted
hereinbefore. Hydrofinishing is useful to remove color bodies, enhance stability

and improve toxicological properties.

[0046]  The hydrofinished product is then fractionated to isolate desired

lubricant products. The individual cuts of lubricants products are attractive as



[ 0044] Once the catal yst has been selectively activated with oxygenate(s),
the feedstock to be dewaxed is added to the reactor and dewaxi ng takes

pl ace under conditions defined above. Further oxygenate treatnent may be
added as n¥E@RYWSWommi ntain catal yst activity. [0045] TRETAISNIW833RF om
catal ytic dewaxing may be sent to hydrofm shing in a separate reactor

w t hout any intervening di sengagenent. Direct cascade from dewaxer to
hydr of i ni sher is preferred thus avoiding the expense involved in an

addi tional stripping step. FNdrofinisthg_is done in the presence of
hydrogen and a hydrofm shing catal yst. "The hydrof m shing reaction
conditions are noted hereinbefore. Hydrofinishing is useful to renove col or
bodi es, enhance stability and inprove toxicological properties. [0046] The

hydr of i ni S?Jﬁ%ﬁ&?&&% Yo} xﬂe%tigg @oﬁ?ﬁ%%c? ?@é‘?ﬁjéﬁ g?%xggééﬁérﬁsd ?‘ﬁ’a{ete r04 bri cant

products. I ndir vi dual ts o Sare attractive as WO

2004/ 03309¢1R6TLEBRO B3R Bsed thPHeasmstionk PefrolouE RistiRge GARER APJand Group

Il requirenents. These Group classifications are those used by the
Anmer i can Pé&inoup dlibasesticks haee 6 ARuratep\ponted el wt.% as gedatarks shifie a
saturates content _.of 90 w.% or_greater, a sulfur, content of not nore than

0.03 wt . % &ABieRt of ngtmarethaphis 8d-% and pdkgrentes tham30 buplesethannl 20 |

b t ock th i t €] [] b t t that
tho Vi 15 daom i RRestoeRd BB RS Rcgts Aot paeBRpl es w1
serve to i 'ekHéﬁtrtHﬁﬁhEhﬁ is%‘r'@it&%ahrl‘ﬁg.”t ion. EXAMPLES Exanple 1

[0047]  The following non-limiting examples will serve to illustrate the

subject invention.
EXAMPLES

Example 1

[0048]  This example demonstrates slack wax isomerates yield credit
sustained by ZSM-48 catalyst selectivation using an oxygenate contained
feedstock. The selectivation was carried out on a dried and reduced 0.6 wt.%
Pt/ZSM-48 containing 35 wt.% alumina. The reference commercial ZSM-48
catalyst, 0.6 wt.% Pt/ZSM-48/35 wt.% alumina in metal oxide form, was dried at
180°C under 200 psig flowing nitrogen pressure for 3 hours. The catalyst was
then reduced at 260°C under 200 psig flowing hydrogen for 4 hours to produce
the dried and reduced catalyst (Cat-A), Temperature was then reduced to 150°C
and hydrotreated 150N slack wax (table 1) was cut into the unit.

[0049] ZSM-48 selectivation (Cat-B) was performed on a reduced catalyst
(Cat-A) by processing an oxidized hydrotreated 150N slack wax containing
between 1000 and 3000 ppm O, as measured by Neutron Activation Analysis.



[ 0048] This exanpl e denonstrates slack wax isonerates yield credit
sustai ned by ZSM 48 cat al yst sel ectivation using an oxygenate contai ned

feedstockwa'g Nﬁ.@joggti vation was carried out on a dried gggﬁuéﬁﬂ%éf}gkg 6 W.%

Pt/ ZSM 48 contal nihg 35 wt. % al um na. The reference conmerc

catalyst, 0.6 w.% Pt/ZSM 48/ 35 w.% alumna in netal oxide form was dried
at 180C under 200 psig flow ng nitrogen pressure for 3 hours. The catal yst
was then reduced at 260C under 200 psig flowi ng hydrogen for 4 hours to
produce the dried and reduced catal yst-20Cat-A). Tenperature was then
reduced to 150C and hydrotreated 150N sl ack wax (table 1) was cut into the
unit. [0049] ZSM 48 sel ectivation (Cat-B) was perforned on a reduced
catalyst (Cat-A) by processing an oxidized hydrotreated 150N sl ack wax
cont ai ni ng Thbatiseanation varndndaDoutmy 380C andor &000 psighhy diege pressiwe tyat i on
Anal ysis. WD 21104/ 033096 PCT/ US2003/033323 -20 The sel ectivation was
carri ed oupragucgdat-Bnder 1000 psig hydrogen pressure to produce Cat-B.

[ 0050] Four 316 stainless steel, 3/8" dianmeter reactors with appropriate

hi gh pressure connectors were each charged with 8 cc of catalyst materi al

o be, evaii@opd abh?s sl sl 82 mlte d9BRRCAABLA0AL fidie se

inafluid constant nperatdre san a rical

heaters f oPrests@waﬁieuﬁﬁs Gié B&th chARRIORIthE & FESRAYSEMateFRIASBEI ONS wer e
installed to allow reactor operation at nom nal préssure of 1000 psig (6.89

MPa) and newalnated airdy? ng inert dihetdatalystioadedsteactorpaeammersed moaflisdC t o 350C.
[ 0051] Under steady state conditions liquid feed (hydrotreated 150 N sl ack
wax) and gheddenskingkeppenature syed-badrquipped, witheleetiicalhealsasdtd over the

temperature control. Appropriate mechanical connections were installed to allow
reactor operation at nominal pressure of 1000 psig (6.89 MPa) and nominal

drying, reduction and test temperatures from 150°C to 350°C.

[0051)  Under steady state conditions liquid feed (hydrotreated 150 N slack
wax) and gaseous high purity hydrogen (>99 vol.% H,) are pumped over the
fixed catalyst bed. Liquid and gaseous product are subsequently depressurized
and sampled periodically. Aliquots of liquid product and liquid feed are analyzed

for composition and quality.

[0052]  Operating conditions were set to 332°C, 1.0 h! Liquid Hourly Space
Velocity (LHSV), and 1000 psig Hydrogen. The hydrotreated 150N slack wax
liquid feed is described in table 1.

[0053]  Catalyst isomerate selectivity is assessed by calculating cracking.
Cracking is calculated measuring gas and liquid effluents composition (370°C
minus) by GC and GCD (gas chromatographic distillation by ASTM 2887)
respectively, compared to hydrotreated 150N slack wax composition. Catalyst
selectivity is determined by comparing yield of isomerate (370°C plus) at

equivalent pour. Pour points are determined by standard ASTM test (D 97).



fixed catal yst bed. Liquid and gaseous product are subsequently
depressurized and sanpled periodically. Aliquots of |iquid product and
liquid feed are anal yzed for conposition and quality. 003%% CFerating
condi ti onYARPEOBEY {0 332C, 1.0 h"1 Liquid Hourly Spac&CTHPYRZ LHSY) ,
and 1000 psig Hydrogen. The hydrotreated 150N slack wax liquid feed is
described in table 1. [0053] Catalyst isonerate selectivity is assessed by
cal culating cracking. Cracking is calculated nmeasuring gas and liquid
effluents conposition (370C mnus) by_&C and GCD (gas chromat ographic
distillation by ASTM 2887) respectively, conpared to hydrotreated 150N

sl ack wax conposition. Catalyst selectivity is determ ned by conparing
yield of isonmerate (370C plus) at equival ent pour. Pour points are

det er mi nedThy beimhea claMPhe@es of Rodrate W24 03 3996 MU [RR903/ 033323
-21 The branched chain properties of isonerate was checked using NVR

(nucl ear nmgneti¢ cesoasnoea perticufmhyt carbbmil B N )b dsorh8rakdvBhality sacknat e qual ity
such as viscosity and viscosity index was al so nmeasured or cal cul ated using

standard Seesiteand vispasity. index Was pisormeasiyed, oF palculates peing stapdatsirat ed

Vi t it bi i 50 Table 1 t d 150N Sl ack
Wi composSTo teds kBF 58 daada o Pupiihg S 3Rarugn RemeRy Motes:) 5 so1
Viax: cont entyi\Vy refeafBilfty of 0.5%.

Table 1
Hvdrotreated 150N Slack Wax composition

Grade 150N

Sulfur (wppm) <2

Viscosity @ 100°C (cSt) 3.601

Wax content (Wt.%) 95.6

Oil in wax (Wt.%) 4.6

Table 2
i
Cat-A Cat-B

Treatment Reduced | Reduced + [O] treated
Days on Oil 58 29
Temperature ('C) 332 332
370+°C Yield (wt.%) 61.9 73.9
Selectivity Improvement (%) Base +21
370+°C Isomerate K. Viscosity @40°C 12.380 13.341
(cSt)
370+°C Isomerate K. Viscosity @100°C 3.262 3.501
(cSt)
370+°C Isomerate Viscosity Index 137 148
370+°C Isomerate Pour Point (°C) -20 -16




Gl inwax (W.% 4.6 Table 2 Cat-A Cat-B Treatnent Reduced Reduced + O
treated Days on Q| 58 29 Tenperature ('Q 332 332 370+C Yield (W\t.% 61.9

73.9 Selectivity |nmprovenent (% Base + 21 370+C |sone K. . Vi.sgosity
@ocC 12. 383® 3084/439496 (cSt) 370+C Isonerate K. Viscosity &‘8@5@5@."%2%. 501

cSt) 370+C |l sonerate Viscosity Index 137 148 3 70+C Isonerate Pour Point C
-20 -16 WD 2004/ 033096 PCT/ US2003/ 033323 -22 [00541 Data reported in table
2 show about a 10 wt.%yvyield credit (adjusted to the same pour point) for
the oxygenate sel ectivated catalyst. Theserror limts for yield and pour
points are 1 and 3, respectively. The correction for yield based on pour
point is 0.55 %for each degree C change in pour point. Furthernore,
product quality is also inproved with about a 10 VI inprovenent. The
enhanced product quality can also be seen in the VI properties (148) in
conparison to viscosity at 100C (3.5 c¢St). This feature of high VI at
vi scosity [0054] ndiDatairepontéd irhtablen2ishiawlabobi gh0guedd yigldéretiit€adueednd
products. Wax isomerate selectivity is defined as :

the same pour point) for the oxygenate selectivated catalyst. The error limits for

yield and pour points are * 1 and + 3, respectively. The correction for yield
based on pour point is 0.55 % for each degree C change in pour point.
Furthermore, product quality is also improved with about a 10 VI improvement.
The enhanced product quality can also be seen in the VI properties (148) in
comparison to viscosity at 100°C (3.5 ¢St). This feature of high VI at viscosity
is indicative of the unusually high quality of the present products.

Wax isomerate selectivity is defined as :

370°C+ vield (%) - Feed oil content (%)
Selectivity =
e Feed Wax content (%)

Selectivity Improvement is defined as :

Setectivated Catalyst Selectivity.
Selectivity Improvement = .
Base Catalyst Selectivity

Calculation example from ex.1

(73.9-4.6)/954 0.726

Selectivity Improvement = = = 1.21 or 21% over base case
(61.9-4.6)/95.4 0.600




370C+ yield (9% - Feed oil content (% Selectivity = Feed Wax content (%
Selectivity Inprovenent is defined as : Selectivated Catal yst Selectivity.
Sel ectivity | nprovenent = Base Catal yst Selectivity Calculation exanple from
ex. 1 (73VWP10X0FP9%G 95 4 0.726 Selectivity |nprovenent BECYBRIPNIIRIG) 95 4
= 0.600 = 1.21 or 21% over base case / WD 2004/033096 PCT/ US2003/033323
-23- Exanple 2 [0055] This exanple conpares isonerate selectivity of ex-situ
sulfided (Cat-C) and in-situ sulfided (Cat-D) ZSM 48 to that of the reduced
catalyst (Cat- A). This exanple al so de_g_ygrjstrat es yield advant age by
oxygenate treat of the ex-situ sulfided catalyst (Cat-E). 100561 All

catal ysts were dried followi ng the sane procedure described in exanple 1
prior to any treatnent. (a) Cat-C was pre-sulfided ex-situ by using a 400

ppm H2S corﬂﬁ%' RP hydrogen treat gas. Cat-C was | oaded, dried and wetted
wi th 150N S0 e prior to processing hydrotreated 150N sl ack wax. (b)

Cat-D was dried under nitrogen, then sulfided in-situ in the reactor unit at
100 psig pressure and 200C for 48 hours using a spiked isonerate containing
[0055]  This example compares i1somerate selectivity of ex-situ sulfided
(Cat-C) and n-situ suifided (Cat-D) ZSM-48 to that of the reduced catalyst (Cat-
A). This example also demonstrates yield advantage by oxygenate treat of the

ex-situ sulfided catalyst (Cat-E).

[0056]  All catalysts were dried following the same procedure described in
example 1 prior to any treatment.

(a) Cat-C was pre-sulfided ex-situ by using a 400 ppm H,S containing hydrogen
treat gas. Cat-C was loaded, dried and wetted with 150N isomerate prior to
processing hydrotreated 150N slack wax.

(b) Cat-D was dried under nitrogen, then sulfided in-situ in the reactor unit at
100 psig pressure and 200°C for 48 hours using a spiked isomerate containing
400 ppm sulfur as dimethyl-disulfide.

(c) Cat-E was prepared in-situ in the reactor by treating the pre-sulfided (Cat-C)
with a spiked isomerate containing 1000 ppm oxygen as n-decanol. The

selectivation was carried out at 100 psig pressure, 200°C for 48 hours.



400 ppm sul fur as dinethyl-disulfide. (c) Cat-E was prepared in-situ in the
reactor by treating the pre-sulfided (Cat-C) wth a spiked isonerate

cont ai ni n 000 m oxygen as n-decanol. The selectivat] i ed out
at 100 psi% Bﬁ”é@’gﬁ?“e, 200C for 48 hours. WD 2004/ 033096 @P%@%@?@s%%
-24 Table 3 Cat-A Cat-C Cat-D Cat-E Treatnment Reduced Ex-situ In-situ Cat-C
wth sulfided sulfided [0l treat Days on Gl 58 8 8 8 Tenperature (C) 332
329 329 329 370+C Yield (W\.9% 61.9 61.9 61.0 73.7 Selectivity Inprovenent
(% Base 0 - 1.5 +20.5 370+C Isoneratesl. Viscosity 13.28 12.785 12.859
12.858 40C (cSt) 370+C Isonerate K. Viscosity 3.262 3.371 3.354 3.446 100C
cSt 370+C I sonerate Viscosity 137 143 138 153 |Index 370+C | sonerate Pour
Point -20 -19 -20 -17 C [00571 Data reported in table 3 show activity and
sel ectivity equival ency between ex-sTime3Cat-C) and in-situ (Cat-D)

sul fided catalysts. Furthernmore, no 7yrerd advantage is observed over the

| i ned-out reduced catalyst (Cat-A).

Cat-A Cat-C Cat-D Cat-E

Treatment Reduced | Ex-situ | In-situ | Cat-C with
sulfided | sulfided | [O] treat

Days on Oil 58 8 8 8
Temperature (°C) 332 329 329 329
370+°C Yield (wt.%) 61.9 61.9 61.0 73.7
Selectivity Improvement (%) Base 0 - 1.5 +20.5
370+°C Isomerate K. Viscosity 13.28 12,785 | 12.859 12.858
@40°C (cSt)
370+°C Isomerate K. Viscosity 3.262 3.371 3.354 3.446
@100°C (cSt)
370+°C Isomerate Viscosity 137 143 138 153
Index
370+°C Isomerate Pour Point -20 -19 -20 -17
(Y]

[0057}  Datareported in table 3 show activity and selectivity equivalency
between ex-situ (Cat-C) and in-situ (Cat-D) sulfided catalysts. Furthermore, no
yield advantage is observed over the lined-out reduced catalyst (Cat-A).

This example also shows that oxygenate selectivation of the ex-situ sulfided
catalyst (Cat-E) produces a more selective catalyst having a 10 wt.% yield credit
over the untreated catalyst (Cat-C).

Example 3

[0058])  This example shows the impact on selectivity by treatment with other

polar compound such as nitrogen.



Thi s exanple al so shows that oxygenate selectivation of the ex-situ sulfided
catal yst (Cat-E) produces a nore selective catalyst having a 10 wt.%yvyield
credit over the untreated catalyst (Cat-C). Exanple 3 [00581 This exanple
shows t heWiOni¥at433ee sel ectivity by treatnent wth ot her PGIAIR0308#M3dund such
as nitrogen. WO 2004/ 033096 PCTI US2003/033323 -25 Cat-F was prepared
in-situ by treating the pre-sulfided (Cat-C) with an spiked isonerate
containing 20 ppmnitrogen as n-butyl anm ne. The catalyst treatnent wth

n- butyl am ne was carried out at 100 pri%%é)_ressure, 200C for 48 hours. Table
4 Cat-C Cat-E Cat-F Treatnent Ex-situ -Cwith Cat-Cwith sulfided O
treat [NJ treat Days on Gl 8 8 8 Tenperature 'C) 329 329 329 370+C Yield
(wt.9% 61.9 73.7 52.7 Selectivity Inprovenent % Base + 20.5 - 16 370+C

Vi soos ty GobE gy iEs %?&?ﬁ%@ﬁ@%ﬁ%ﬁ@ﬁg@%ﬁ@% et e 143

153 141 37{ibfet40 EBARIANE2O PP nittoden ash-bikt§/larhe. The catalyst treatment

with n-butylamine was carried out at 100 psig pressure, 200°C for 48 hours.

Table 4

Cat-C Cat-E Cat-F

Treatment Ex-situ { Cat-C with | Cat-C with
sulfided [O] treat [N] treat

Days on Qil 8 8 8
Temperature ('C) 325 325 329
370+°C Yield (wt.%) 61.9 73.7 52.7
Selectivity Improvement (%) Base +20.5 - 16
370+°C Isomerate K. Viscosity @40°C 12.785 12.858 12.948
(cSt)
370+°C Isomerate K. Viscosity @100°C | 3.371 3.446 3.390
(cSt)
370+°C Isomerate Viscosity Index 143 153 141
370+°C Isomerate Pour Point (°C) -19 -17 -17

[0059]

Data reported in table 4 demonstrate that treating the ex-situ sulfided

ZSM-48 catalyst with nitrogen compound results in a selectivity debit. This

demonstrates the uniqueness of oxygenate over other polar compounds such as

nitrogen compounds.




100591 Data reported in table 4 denonstrate that treating the ex-situ
sul fided ZSM 48 catalyst with nitrogen conpound results in a selectivity

debi t nstrates the uniqueness of oxygenate oy, ar
conpoundshéh%ﬁ”ggognltrogen conpounds. WD 2004/ 033096 Pdﬁ?ﬁg§%§g&%§é323
-26- Exanple 4 [0060] This exanple denonstrates the inpact of higher
tenperature operation on selectivity on a selectivated catalyst. This
exanpl e al so denonstrates that selectivation is reversible after a higher
tenperature operation as well as the p@gsibility to re-selectivated
in-situ. [0061] The ex-situ sulfided catalyst (Cat-C) was | oaded and dried
according to the procedure described in exanple 1. [0062] As shown in the
Figure: * Stage 1, the catalyst was lined-out with an oxygenate free

hydr ot r eat @kahpl4 sl ack wax. * Stage 2, the catalyst was then treated with

t he oxi di zed hydrotreated 150N sl ack wax feedstock described in exanple 1
cont ai ni ng bet vveen 1000 and 3000 ppm oxygen (as oxygenate). After St age 2,

th it I d t d ot

of pol ars TRAUE: ontiseaede SeBpiahles ferbasl ot Sefiss cmperetine poition o
350C und t for 36
hoursunAﬂ gﬂeﬁ%ﬁ%k&rr@uré@g&}\%?écﬁ%ﬂﬁl?enpera?)[l;h‘riln vv:azgdra% uce%{.attg’slit?l e ggeratl ng
t enper at ur gejettividftn 1strBV§rs£hQ€ Eftér £Righ®P tedhySetafiPd BplaBidn WS 411 ddhke oi l . ~

Stage 3, after the higher tenperature treatment, was run for 10 days using
t he possibility to re-selectivated in-situ.

[0061]  The ex-situ sulfided catalyst (Cat-C) was loaded and dried according

to the procedure described in example 1.

[0062]  As shown m the Figure:

* Stage 1, the catalyst was lined-out with an oxygenate free hydrotreated 150N
slack wax.

* Stage 2, the catalyst was then treated with the oxidized hydrotreated 150N
slack wax feedstock described in example 1 containing between 1000 and 3000
ppm oxygen (as oxygenate).

After Stage 2, the unit was washed using a medicinal grade white oil to remove
all traces of polars and aromatics. The catalyst temperature was then increased to
350°C under white oil at 1000 psig pressure and maintained at 350°C for 36
hours. After the 36 hours hold, the temperature was reduced to the operating
temperature of 328°C, this operation was also conducted under white oil.

* Stage 3, after the higher temperature treatment, was run for 10 days using the
same oxygenate free hydrotreated 150N slack wax used in stage 1.

At the end of stage 3, the catalyst was exposed to the oxidized hydrotreated
150N slack wax feedstock described in example 1 containing between 1000 and
3000 ppm oxygenate, at 328°C for 3 days.



sanme oxygenate free hydrotreated 150N sl ack wax used in stage 1. At the end
of stage 3, the catal yst was exposed to the oxidized hydrotreated 150N
sl ack wax _feedstock described in exanple | containing between 1000 and 3000
ppm oxygeX4P 0044830898C for 3 days. WO 2004/ 033096 PCT/ UPOUEFHEHGIHP3 27 =+
Stage 4, after the higher tenperature treatnent, was run for 10 days using
the sanme oxygenate free hydrotreated 150N slack wax used in stage 1. Table
5 Stage 1 Stage 2 Stage 3 Stage 4 Treatnment Ex-situ Stage 1 Stage 2 Stage 3
sulfided after [0] after High after [0]_,8r_eat Tenp. treat Days on Gl 8 14
38 49 Tenperature C 329 325 328 328 370+C Yield (w.% 61.9 73.0 67.7 72.7
Sel ectivity |Inprovenent % Base + 19 + 10 + 19 370+C Isonerate K. 12.785
13.798 13.695 12.814 Viscosity a 40C (cSt) 370+C Isonerate K. 3.371 3.571
3.515 3. 39% 0sf I | ' 41 145
hdex 370:C T EEver are Do endf JmpgRts RATRER, Raplri 61 10 adf ettt

same oxygenate free hydrotreated 150N slack wax used in stage 1.

Table §

Stagel | Stage2 | Stage3 Stage 4
Treatment Ex-situ | Stage | Stage 2 Stage 3

sulfided | after [O] | after High | after [O]

treat Temp. treat

Days on Oil 8 14 38 49
Temperature (°C) 329 325 328 328
370+°C Yield (wt.%) 61.9 73.0 67.7 72.7
Selectivity Improvement (%) | Base +19 + 10 +19
370+°C Isomerate K. 12.785 13.798 13.695 12.814
Viscosity @40°C (cSt)
370+°C Isomerate K. 3.371 3.571 3.515 3.393
Viscosity @100°C (cSt)
370+°C Isomerate Viscosity 143 147 141 145
Index
370+°C Isomerate Pour -19 -19 -23 -19
Point (°C)

[0063]

Data in table 5 and the Figure demonsirate:

- a partial loss of the yield credit after higher temperature treatment (Stage 3

versus Stage 2)

- that ZSM-48 can be "re-selectivated" in-situ after processing an oxygenated

containing feedstock

(Stage 4 versus Stage 3)

Example 5

[0064]

This Example demonstrates that the yield benefit from an oxygenate

treatment can also be achieved with an amorphous dewaxing catalyst.




[00631 Data in table 5 and the Figure denonstrate: - a partial |oss of the
yield credit after higher tenperature treatnent (Stage 3 versus Stage 2) -
t hat ZSM s re-selectivated" in-situ after proceggi enat ed
cont ai ni nép@?ggﬁg'?%é?( (Stage 4 versus Stage 3) Exanple S%F:S@%i?&fﬁ%paanpl e
denonstrates that the yield benefit froman oxygenate treatnment can al so be
achi eved wi th an anor phous dewaxi ng catal yst. WO 2004/ 033096

PCT/ US2003/ 033323 -28 [00651 A 600N sl ack wax was hydrotreated and then
exposed to air while still hot, and thexgefore subject to oxidation. A clean
feed was produced in an integrated unit where the hydrotreated slack wax
was directly fed to the hydrodewaxing catalyst w thout being exposed to hot
air or noisture. The hydrodewaxing catal yst was an anor phous catal yst, 0.9
w.%Pt onallw.% fluorided alumna. [0066] The results are shown in
Table 6. Table 6 Clean Feed Oxidized Feed 370C+ yield (% 69 73.3 (GCD")
KV@00C 5. 18065]78 AH00N slack wax warhydrofiestedranshithen gxppsedotogis whilestillon.

hot, and therefore subject to oxidation. A clean feed was produced in an
integrated unit where the hydrotreated slack wax was directly fed to the
hydrodewaxing catalyst without being exposed to hot air or moisture. The
hydrodewaxing catalyst was an amorphous catalyst, 0.9 wt.% Ptona 1.1 wt.%

fluorided alumina.

[0066]  The results are shown in Table 6.

Table 6
Clean Feed Oxidized Feed
370°C+ yield (%) 69 733
(GCD¥)
KV@100°C 5.78 5.78
VI 135 137

* GCD = gas chromatographic distillation.

[0067]  The data in Table 6 show that an amorphous dewaxing catalyst has
improved yield when dewaxing occurs in the presence of feed containing

oxygenates.



[ 0067] The data in Table 6 show that an anorphous dewaxi ng catal yst has

i nproved yi el d when dewaxi ng occurs in the presence of feed containing
oxygenates. -29- CLAIMS: 1. A process for catalytically dewaxing a m nera
hydrocarbon feed containing at |east about 15 wt. % wax, based on

hydr ocar bon feed, which conprises: (a) Egntacting a dewaxi ng catal yst which
functions by isonerizing waxy nol ecul eS“and which is at |east one nol ecul ar
sieve containing at |east one 10 or 12 ring channel with a stream
containing at |east about 100 wpopmto 10000 wppm neasured as oxygen, of at
| east oneCLafM$enate at a tenperature of from 120 to 400C., a hydrogen
pressure of from 791 to 20786 kPa wherein the catalyst is selectively
activated and bears a netal hydrogenation conponent; and (b) contacting the

cat al yst f.rom ghpRRedsabr WitdlkidaNg dBWEHIAE @ Fdalf§arbcaben HRWRVhIABIdI W least

hydrocarbon feed under conditions effective to catalytically dewax the
hydr ocar bdwut Byt %o wax, hesescerslydresarkegilfegdy whichicpypeisstaxi ng a” mi ner al

hydr ocar bon f Al Qi . O : n
Foed, whi ch coupeamurh PP Shs LEATk witth Hherqfl 8 TontaRid 0y RUEAREAAP
presence whichistay asioneabienglacadvalcysthiningdeleast efid Hodril2 eing oleainglivaths seédnect i ve

to hydrotreat .the, feed t roduce drotreat cd ,feed and sul fur- and
Wt ogen ceamtrina s St P RERTCS 1 Do Sabhs Beti o Sy, ah4LlaeEef aed {1 om

the sul f usxygarie &ialte@PEARANGREdth 190 tCADOP@NE H?{B}bFén fréssue AN Frd3mt70M g Z7g6Vaxi ng
catal yst which functions by isonerizing waxy nolecul es and which contains
at | east Wireviieminthgcatalystiieteteciehy aativpied and biassasmeghiydrogesatiameampegenthannel
with a stream containing 100 wopmto 10000 wppm neasured as oxygen, of at
| east one al cohol ,

(b} contacting the catalyst from step (a) with the hydrocarbon feed and dewaxing the

hydrocarbon feed under conditions effective to catalytically dewax the hydrocarbon feed.

2. A process for catalytically dewaxing a mineral hydrocarbon feed containing at least
15 wt. % wax, based on hydrocarbon feed, which comprises:

(a) hydrotreating the hydrocarbon feed in the presence of a hydrotreating catalyst under
effective conditions effective to hydrotreat the feed to produce a hydrotreated feed and sulfur-
and nitrogen-containing contaminants;

(b) separating the hydrotreated feed from the sulfur- and nitrogencontaining
contaminants;

(c) contacting a dewaxing catalyst which functions by isomerizing waxy molecules
and which contains at least one molecular sieve containing at least one 10 or 12 ring channel
with a stream containing 100 wppm to 10000 wppm, measured as oxygen, of at least one alcohol,
carboxylic acid, ester, aldehyde, ketone or ether at a temperature of from 120 to 400°C and a
hydrogen pressure of from 101 to 20786 kPa wherein the catalyst is selectively activated; and

(d) contacting hydrotreated feed from step (b) with activated catalyst from step (c)

under conditions effective to catalytically dewax the hydrotreated feed.

3. A process for catalytically dewaxing a Fischer-Tropsch wax containing greater than 0.5

wppm, sulfur, based on Fischer-Tropsch wax, which comprises:



carboxylic acid, ester, aldehyde, ketone or ether at a tenperature of from
120 to 400C and a hydrogen pressure of from 101 to 20786 kPa wherein the
catalyst is selectively activated; and (d) contacting hydrotreated feed from
step (b) with activated catalyst fromstep (c) under conditions effective
to catalytically dewax the hydrotreated_feed. 3. A process for catalytically
dewaxi ng a Fi scher-Tropsch wax cont ai ni'r‘?b'greater than 0.5 wppm sulfur,
based on Fi scher-Tropsch wax, which conprises: -30- (a) contacting a

dewaxi ng catal yst which functions by isomerizing waxy nol ecul es and which is
at | east one n@)ewudcting sidewexiogodtalystiwigchafundtmas by oomedifing wat molengescindnnel

with a strea ntai nin t l.east about 10 to, 10000 M neasured as
oxygen, oD s e SRt e e ondRRE s e oiE ot B2 fig Sheard B adRaRat one
or ether aintamingRes dout BOpphyt6 M0b3 &Py, ARASreda @ at [B4sE S8 IEhEl, from
791 to 20786 kPa wherein tﬁippcat al yst plbs sel eé%i ngjlé@"gggti Stat ed; and (b)

cont act i népregRliceniciesien aldehyde.deetope prathaipt atemperatresf fom 105p 40 Cuinbiydragn
dewaxi ng gl{‘é%%;reF £5oRefo1 16 mh(PrQ%F%gg@& c&%gg'ié %@é&%@& %&R&ieaﬁanho

catal ytic ewax the gl sche rocess of any of the
precedi ng cl ai (bg coitactmghd dagalysd freoudtar (apwith theilsscher-Tropsh voaxeand dewzShg the
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claims wheagin the nol ecular sieve is at |east one of zeolite beta, ZSM 12,
MCM 68, SAPO-5, SAPO 31, MAPO 36, ZSM 18, offretite, nordenite or faujasit.
6. The process of any of the preceding clains wherein the nol ecular sieve is

ZSM 48. . Th . i, @i F\@eg j ; [ ne
al cohol , g'ar bo%]/ |r§8§§|§tdz%/ (gélt?éel??eéeg et@*c?g,“; @%tllgﬁé%?;%gﬁﬁégy@%ak '%ﬁ%tosgocess
of cl ai m of ZEMdreZSM-hé N GEnASM-2F Akd-85, ZSM-48, ZSM-57, ferrierite, EU-1, NU-87,

SAPO-11, SAPO-41, ITQ-13 or MCM-71.

5. The process of any of the preceding claims wherein the molecular sieve is at least one
of zeolite beta, ZSM-12, MCM-68, SAPO-5, SAPO-31, MAPO-36, ZSM-18, oftretite,
mordenite or faujasit,

6. The process of any of the preceding claims wherein the molecular sieve is ZSM-48.

7. The process of claim | wherein the oxygenate is at least one alcohol, carboxylic acid,

ester, aldehyde, ketone or ether.

8. The process of claim | wherein the oxygenate is water.

9. The process of any of the preceding claims wherein catalytic dewaxing of hydrocarbon
feed results in improved vield of isomerate boiling in the lube oil range at equivalent pour over

the dewaxing catalyst without oxygenate treatment.

10, The process of any of the preceding claims wherein the improved yield is at least 4

relative percent.



9. The process of any of the preceding clains wherein catal ytic dewaxi ng of
hydrocarbon feed results in inproved yield of isornerate boiling in the

| ube oil range at equival ent pour over the dewaxing catalyst wthout
oxygenate treatnent. 10. The process of any of the preceding clains wherein
the inproved yield is at least 4 relatbge percent. -31- 11. The process of
any of the preceding clains wherein the“conditions effective to
catalytically dewax the feed include a tenperature of from 250 to 400C, a
pressure of from 791 to 20786 kPa, a liquid hourly space velocity of from
0.1 to 10lhr - i Therpdo@ess elamty ogase prededingfclaims e the caidB@ons8fe@ivel®. The
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clainms 2 pri 3 20089 ifaNa lihe ddhowax sige cababysttirdaearn so a0 ket ald a fsdpageraki on
conmponent, 14. The rocess of claiml| wherein the netal hydrogenation

conponentr@§4§ﬁ°ﬂ 1 /Bhe Goup 9 or 10 noble metal. 15. The process of
claim3 wherein the nol ecul ar sieve is at | east one of zeolite beta, ZSM

12, MCM 68, SAPO- 5, SAPO-3 1, MAPO 36, ZSM 18, offretite, nordenite or
faujasit.12. The process of any of the preceding claims wherein the dewaxing catalyst is sulfided,

reduced, or sulfided and reduced.

13.  The process of any of claims 2 or 3 wherein the dewaxing catalyst bears a metal

hydrogenation component.

14, The process of claim 1 wherein the metal hydrogenation component is at least one

Group 9 or 10 noble metal.

15, The process of claim 3 wherein the molecular sieve is at least one of zeolite beta, ZSM-

12, MCM-68, SAPO-5, SAPO-31, MAPQO-36, ZSM-18, offretite, mordenite or faujasit.





