2 9 MAR 2007 -1 WAX | SOMERATE YI ELD ENHANCEMENT BY OXYGENATE PRETREATMENT
OF FEED FIELD OF THE I NVENTION [00011 This invention relates to ﬁ 83 Xi ng
process. Mre particularly, waxy hydrocarbon feed is catalyticéﬂl9 xed
by contacting the feed containing at |east one oxygenate and dewaxi ng the
oxygenate containing feed wth demaxinq catal yst. The catalyst is

sel ectively activated by the oxygenate. "™ BACKGROUND OF THE | NVENTI ON (00021
Hi storically, lubricant oil basestocks were prepared by a sol vent

extraction process in which a cut froma vacuumdistillation unit is solvent

extracted to produc f ' ' raffi n extract rich in
aromatics. The raffmm&ﬁmg{ﬁmm&ﬂess basest ock
qual ity issues such BY QXN¥GENATE PRETREATMENT OFRFEED/ent dewaxi ng
process to neet increased demands placed on basestock quality is |[imted

since inprovenents in properties such as pour point canme at the expense of
basest ock ¢l , }Xi Ng process i s designed to separate wax
from baseFXE lﬂﬁlﬁ ﬁm t he hi ghest VI conponents of the waxy
feed. Thus in order to achieve the target pour point, high VI conponents
are reno her ] ! ' 00031 An,alternative nethod for
prepari ngY@t}ii Ca’ﬁlﬁﬁ%&m‘@ﬁé}&%}%@f@% gé‘g@gbg@??%‘sdm{ﬁ l?f’gac'&&ﬁé{r ytic

dewaxi ng ?@g Ya ' \g}ﬂ,rr&ﬂ.n ' . rocracking or
hydr oi som@ygﬁdﬁ@%&. ewaxl ngil cél a ysts?El i C ?ﬁng | onﬂagg hydr ocr acki ng

gener al | y comaitlihg iah1d2856xd oxygenatd dal dovpaxihig @€ ogpiRtabbtairing feddover than

sol vent dewaxi ng. Dewaxing catalysts wth an isonerization function can
convert wawith dewaddg tcatal ysindihetcatadysias selgetively activated by the oxygenate.

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



2 9 MAR 2007 WO 2004/033095 PCT/ US2003/032094 -2 yield and VI over sol vent
dewaxi ng to the sane target pour point. Dewaxing catalysts which function
by hydroi sonerization take |ong chain waxy paraffins and i sQ AiRZfﬁ t hemt o
branched cWeioogpsmises having desirable |ow tenperature gEhgyss. %jzﬁtj"ty
properties. Under actual operating conditions, it is not expected that a
dewaxi ng catalyst will function exclusively by either node of dewaxing.
100041 Dewaxi ng catal ysts with a hydroi sonmerization function are generally

i ntol erant of heteroatom contam nants, and typically enploy a hydrotreating
step before dewaxing in order to remfe heteroatom contam nants fromthe
feed as such contam nants result in accel erated catal yst deactivation.
100052 ' Alt hough dewaxing catal ysts with an isonerization function are well

known in § ar. there is still, a need for catalysts whigh result in better
yi el ds Hlfggﬁflég}ﬂ&veﬁ salvent a%wwngitﬁi 53R, tqg@rmrmlehgﬁﬁws&mmw OF THE

I NVENTI ON_[ 00061, | -been.di;scover t hat ,the rrmance of..dewaxi ng
cat al yst gat[“&'f% g&mﬁ,ﬁﬁ%@@agg}&fiﬁ%ﬁé&gﬁ%t&p eg%]l%gh% e"g'flx%l??:@mv%gl y, the
present ,J F%% ; Al ' a waxy
m ner al a'wyrocé%c}h%gggﬁ%ﬁ% ‘Q{S‘%ﬁ%%éésﬂ?‘g‘?é ?g%i%mﬁlgl%%r%g@pgﬁéﬁ&%ont ai ni ng
the waxyahd dbmiaivt)b?foﬁee@@b. AUfdért acthflaperaiiiny ConAIRORS, ¢t isaitd ekpecte@nt act i ng
the mxture fromstep (a) with a dewaxing catalyst undér conditions
ef f ect i vthat a destaxing catalyistywalé fianctidneexchesively by dukier 200de whlewaxiag033095
PCT/ US2003/ 032094 -3

[0004] Dewaxing catalysts with a hydroisomerization function are generally

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 in the art, there is still a need for catalysts which resuit in better yields

and product qualities by minimizing hydrocracking .

SUMMARY OF THE INVENTION

[0006] It has been discovered that the performance of dewaxing catalysts
can be improved by the addition of oxygenates. Accordingly, the present
invention relates to a process for catalytically dewaxing a waxy mineral
hydrocarbon feed which comprises:

(a) forming a mixture containing the waxy hydrocarbon feed and at
least one oxygenate; and

(b) contacting the mixture from step (a) with a dewaxing catalyst under

conditions effective to catalytically dewax the feed.

\_—‘y



[ 00071 ' Anot her enbodi nent relates to a process for catalytically dewaxing a
m neral hydrocarbon feed containing at | east 15 wt. % wax, based on
hydrocarbon feed which conprises: (a) formng a mxture cont g Qwgoihe

hydr ocar bowd megosansk at | east one oxygenate wherein the l@érﬂg 005)‘1‘, pxygenat e
in the mxture is at |east about 100 wppm neasured as oxygen, e} ("b)
contacting the mxture fromstep (a) with a dewaxi ng catal yst which

contains at | east one nol ecul ar sieve containing at |east one 10 or 12 ring
under conditions effective to catalytically dewax the feed. [00081 A
further enbodinent relates to a procgss for catalytically dewaxing a

m neral hydrocarbon feed containing at | east 15 wt. % wax, based on

hydr ocar bon feed which conprises: (a) formng a mxture containing the

hydr ocarbon feed and at |east one,Z al cohol, carboxylic acid, ester,

al dehydel000g} onéAB?t?‘é’E ﬁ@&voamréirﬁlaﬁwomeﬁmfpr crbgwallydewaxing &t ure i s at

I b 1 d ok D ' h '
from st epReit by AR DS RER SRR AL oo SR B SHRAPRERN | dast one.
nol ecul aﬁg&l‘gﬁ(ﬂaoﬁoﬁtﬂmﬁ&gcg@?ﬁ%@ét one 10 or 12 ring channel under

condi tion ective to cat tically dewax the feed. 100091 Yet another

enbodi ment re{#t fgniifg a MixeeROtaihingaha hytdrsvatbon fedevumd didest Ghoer al
hydr ocarbon feed contai ning at |east 15 . % wax, based on hydrocarbon feed

whi ch conpygenate whatein $iifr amount ¢foxygeaateyid the trivome isatdeast aboat pe@sence of a
hydrotreati ng catal yst under hy(gr otreating conditions to produce a
hydr ot r eHPPHI, IESYT QXNEAy ADGnd ni trogen-cont ai ni ng contami nants; (b)

separating the.hydrotreated feed £rom.the . sulfurc and nitr N+ .gont ai ni ng
Sontam nant s: CACFOURFRE it HORAEE by 3ith 4 dewARing carai3F Wnicl

contains at least one molecular sieve containing at least one 10 or 12 ring under

conditions effective to catalytically dewax the feed.

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

(a) forming a mixture containing the hydrocarbon feed and at least one
alcohol, carboxylic acid, ester, aldehyde, ketone or ether wherein the amount of
oxygen in the mixture is at least about 100 wppm, measured as oxygen, and

| (b) contacting the mixture from step (a) with a dewaxing catalyst which
contains at least one molecular sieve containing at least one 10 or 12 ring

channel under conditions effective to catalytically dewax the feed.

[0009]  Yet another embodiment relates to 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 hydrotreating conditions to produce a hydrotreated
feed and sulfur- and nitrogen-containing contaminants;

(b) separating the hydrotreated feed from the sulfur- and nitrogen-

containing contaminants;



PCT/U Z 0310 3 219 4 -4 (c) forming a mixture containing the separated =
hydrotreated feed and at |east one al cohol, carboxylic acid, ester,

al dehyde, ketone or ether wherein the amount of oxygen in the seﬁar ted
hydr ot r eatwd 26i8@d3a9s at | east about 100 wppm neasured % d (d)
contacting the mxture fromstep (c) with a dewaxing catalys ("R
contains a nol ecul ar sieve containing at |east one 10 or 12 ring channel
under conditions effective to catalytically dewax the feed. [00101 A
further enbodinment relates to a process for catalytically dewaxing a

m neral hydrocarbon feed containing-4 |east 15 w.% wax, based on

hydr ocar bon feed which conprises: (a) formng a m xture containing the

hydr ocarbon feed and at | east one alcohol, carboxylic acid, ester,

al dehyde, ket88? or. et her, wherein, the anmount 2% Sx gen ip the mxture is at
| east about {Bb IPPIAE hmRHFeePHINNE tiersepared hy teck fesd apA@t i xt ur e

of foct i st Ghe HchhoF, ARRRIRAGES 'Fied kb s wslohe R ek KEFIR BRI ronc
r el at eSaffuflt BF 92988 [iPtheBparaldd Iriirbite SN Ids alelli ot 109Clr 0carbon feed

contai ni ng at out 15 wt.%Wwax, base n hydrocarbon feed, which

corrpri_sazp' nﬁ,aheﬁmraaagogygémtande contai ni ng the hydrocarbon feed and wat er
wherein the anount of oxygen in the mxture is at |east about 100 wppm
measur ed as {d)ygontacting tﬁleal)nim:n from sigpt(bpwithyt deveaXingroatdlpst whichwi t h a
dewaxi ng catal yst which_ K contains at |east one nplecul ar sieve containing at

| east oRentamss mplequlasievacomtainng aeagtang 10 omb? sngehenpel undesat al ytical |y
devax g, 1558 eHoAId RLATIORRF GEMRAA fidd Y19x007

[0010] A further embodiment relates to a process for catalytically dewaxing
a mineral hydrocarbon feed containing at least 15 wt.% wax, based on
hydrocarbon feed which comprises:

(é) forming a mixture containing the hydrocarbon feed and at least one
alcohol, carboxylic acid, ester, aldehyde, ketone or ether wherein the amount of
oxygen in the mixture is at least about 100 wppm, measured as oxygen, and

(b) contacting the mixture from step (a) with a dewaxing catalyst which
is ZSM-~48 under conditions effective to catalytically dewax the feed.

[0011] A 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) forming a mixture containing the hydrocarbon feed and water
wherein the amount of oxygen in the mixture is at least about 100 wppm,
measured as oxygen, and

(b) contacting the mixture from step (a) with a dewaxing catalyst which
contains at least one molecular sieve containing at least one 10 or 12 ring

channel under conditions effective to catalytically dewax the feed.



-5 [0012] "A still further enbodinment relates to a process for catalytically
dewaxi ng a Fi scher-Tropsch wax containing greater than 0.5 wppm sul fur,
based on Fi scher-Tropsch wax, which conprises: (a) formng a m xt

cont ai ni ng h&WPR8Tar bon feed and at | east one oxygenaperiR ,§M§;gﬂf5
anount of oxygenate in the mxture is at |east about 100 wppm neasured as
oxygen, and (b) contacting the mxture fromstep (a) wth a dewaxing

catal yst which contains at |east one nol ecul ar sieve containing at |east
one 10 or 12 ring under conditions effective to catalytically dewax the
feed. [0013] The catal ytic dewaxi ng 9F wax-containing feeds using the

sel ectively activated dewaxin catalyst according to the invention results
in a product with at |east one of inproved isonerate yield, viscosity, |ow

1 1 - - - i t al t. BRI EF
beabn arioRfpIRE R Sl AR ARG RIR OGS 10 DO Tt LBl o VoL PRI
of the edév%émgfa Fi@&i/éien%?&ﬂ Wﬁﬁhﬁﬁﬁ‘inﬁﬁgr EstePhad /9 s@ffyg hydrotreated
sl ack wax. WD 211114/0331195 2 9 MAR 10 PCT/ US21103/032094 " -6 DETAI LED

DESCRI PThdskd On HisEhdrNPiayittOMax Fedideh ookpris8115] The feedstock used in the
process of the invention are wax- containing feeds that boil in the

| ubricating ofa) foaneg amyisturacoptainug the hydovarbinsliepd landiabteasbone gr eat er
oo o BB e R aE e G Uh e are o TEsabB I 5 | o
about 15w¥;\f)m(:/3né%§1§?e% &”&ﬁ%ﬂfﬁ;ﬁfk and can

' (b) contacting the mixture from step (a) with a dewaxing catalyst which

contains at least one molecular sieve containing at least one 10 or 12 ring under

conditions effective to catalytically dewax the feed.

[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.

BRIEF DESCRIPTION OF THE DRAWING

[0014]  The Figure is a graph showing a comparison of the effect ot

oxygenate treatment versus no oxygenate on a hydrotreated slack wax.



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 correlative ndM.
met hods (A@;H\%Qﬁgﬁﬁgq or by solvent neans (ASTM D3235). The waxyl§ Héfedl§] may
be derived froma nunber of sources such as oils derived PEOHS2083DI20N
refining processes such as raffmates, partially solvent dewaxed oils,
deasphalted oils, distillates, vacuumgas oils, coker gas oils, slack waxes,
foots oils and the |ike, and Fi scher-Tropsch waxes. Preferred feeds are

sl ack waxes and Fi scher-Tropsch vvaxgs. Sl ack waxes are typically derived
from hydrocarbon feeds by solvent or propane dewaxi ng. Sl ack waxes contain
sone ,residual oil and are typically deoiled. Foots oils are derived from
deoi l ed sl ack waxes. Fischer-Tropsch waxes are prepared by the

Fi scher -DETAIIEDYDESCRIPTIONGFSTHEINVENTEONbased on iron contai ning
catal ysts as well as ot her G oups 8, 9 or 10 netal sulfide catalysts for

use in carbon nonoxi de hydrogenation. [00161 Feedstocks may have hi gh
contents_of nitrogen- and sul fur- containing contam nants. M neral based
feedstoMont ain fromO up to 0.2 w.%of nitrogen, based on feed and
fromO up to 3.0 w.% of sulfur, based on feed can be processed in the
present process. The m ni mum sul fur content of synthetic feedstocks based

on Fisc rop f@@d%‘f | ' . 334)95 2 9 MAR 2007
PCT/ USZQ@%[/SJBZOZE}Q - oﬁ%@ﬁg’qgﬁg%ﬂ@&gs %{&%dﬁﬁ%%’?%ﬁ’?’ge based catal ysts
i's abouboﬁtaﬁnmrmedbﬁﬁ%oilﬁﬂtli@l%@ricﬁﬂﬁgﬁilftaﬁgélg:yﬁichléﬁha%ﬁfg £00¥gnt typically
have high viscosity indexes of up to 200 or nore. Sulfur "and nitrogen

cont ent distdation peint greater than 65GIFA@43° G Ttasatddobls ASTMID S6cbrD4629,
respectlvelﬁllj1 Feedst ock Hydroprocessing [00171 Feedstocks having high

cont ent ADFM288 b anel argslgrived from guneral ar pgpthetic 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) or 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 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 sulfide catalysts for use in carbon monoxide hydrogenation.

[0016] Feedstocks may have high contents of nitrogen- and sulfur-
containing contaminants. Mineral based feedstocks may contain from 0 up to
0.2 wt.% of nitrogen, based on feed and from 0 up to 3.0 wt.% of sulfur, based
on feed can be processed in the present process. The minimum sulfur content

of synthetic feedstocks based on Fischer-Tropsch waxes prepared using iron or



contam nants are preferably hydroprocessed prior to dewaxing.

Hydr opr ocessi ng may be by hydrotreati ng or hydrocracking. [00181 For
hydrotreating, the catalysts are those effective for hydrotreat wgg such as
catal ysts oanbmisping G oup 6 netals (based on the |1 UPAC Peri odi 1
format having Groups fromlto 18), Goups 8 - 10 netals, SnHURM#OTEY
thereof. Preferred netals include nickel, tungsten, nolybdenum cobalt and
m xtures thereof. These netals or mixtures of netals are typically present
as oxides or sulfides on refractory netal oxide supports. The m xture of
netals may al so be present as bul k metal catal ysts wherein the anount of
nmetal is 30 wt.%or greater, based on catal yst. Suitable netal oxide
supports include oxides such as silica, alumna, silica-alum nas or
titania, preferably alumna. Preferred alum nas are porous alum nas such as
gama or othea Grohps 8n wntl Oahetabmilfids basdd tetalysisds aboutad.5yppow] asetxt ur es,
ranges fromabout 0.5 to 35 w.% based on the catalyst. In the case of

pr ef er r e@D A§6: ukE8dHhaving dkigh wax santentdypigatly bgve bigloviseesitys, the groups
9-10 netals are.pres i_n_ano of from0.5 to 5 w_% based on catal yst
and the G155 8f fRfa P00 grdnite St And gt Coterte AN B Msagered o6 The
anount s ' | on spectroscopy,
inducti'vg §@§%‘f‘é§qﬁfl§§%‘§5§??§§3%ﬁ]d?%‘fg?r??f%%g‘gﬁ’%lﬁ{mry or ot her methods
specified by ASTM for individual nmetals. 2 9 MAR 2007 WD 2004/ 033095

PCT/ US2003/ 032094 -8 [00191 For hydrocracking, the catal yst may be any

cat al yst Feedstotk Hydroprocessikg ng. Such catal ysts typically enploy an acidic,
| arge pore size zeolite within the porous support material with an added
nmetal hydrogenation/ dehydrogenation function. The acidic functionality in

e Y OTGRE P SRRk KRbiryhiBh Q5 ISRt LRI oRiGing™ ™" POV

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 [UPAC 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, either individually or in mixtures, ranges from about 0.5 to 35 wt.%,
based on the catalyst. In the case of preferred mixtures of groups 9-10 metals
with group 6 metals, the groups 9-10 metals are present in amounts of from 0.5
to 5 wt.%, based on catalyst and the group 6 metals are present in amounts of
from 5 to 30 wt.%. The amounts of metals may be measured by atomic
absorption spectroscopy, inductively coupled plasma-atomic emission

spectrometry or other methods specified by ASTM for individual metals.



such as alumna, silica-alumna or silica or by a |arge pore size
crystalline material, preferably a |large pore size alumnosilicate zeolite
such as zeﬁjd}o&/& o3V ZSM3, ZSM 18, ZSM 20 or zeolite beta. Thy Heb1Riee es
may be used 1n V3M%us cationic and ot her fornms, prefera®bCHUBHONE32094 hi gher
stability so as to resist degradation and consequent |oss of acidic
functionality under the influence of the hydrothermal conditions
encountered during the hydrocracking. Thus, fornms of enhanced stability
such as the rare earth exchanged | arge 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 dealum nized Y or deal um ni zed nordenite.
Hydrotreati ng and hydrocracking catalysts are comrercially avail able from
catal yst manufacturers. 100201 The hydroprocessing catal ysts may include a
bi nder such as silica, silica/alumna or alumna or other netal oxides

e.g., ety a, Fbirhgdf@radﬁﬂg,tnhe cafabfst mayfbdameestalyst need ifére Wi | | typically
vary from 10:90 to 90:10, nore conmmonly fromabout 30:70 to about 70:30 (by
wei ght ) . hydroorackingd rStchecatalysts dppigally emplaynan acidia, daggerpongrsize of from 150 to
400C, prefterably 200 to0350C, a hydrogen partial pressure of from 1480 to
29786 kF%Polléezwﬁhﬂb&@dWOB%ﬁwmrbﬂ@Fm BigH smaddedmetalor «pa (400 to 2000

o n ny BB RARE o dabo B Rty DR R iRaghe 801 o teed
ol . [t B Bl e B RO B Biidl 300 o
(020786 Thn {1000, 5 3000 e ey o ey ar Bbr B A 158 KRG (1500 10 2500

material, preferably a large pore size aluminosilicate zeolite such 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
ratio of binder to zeolite will typically vary from 10:90 to 90:10, more
commonly from about 30:70 to about 70:30 (by weight).

{0021)  Hydrotreating conditions include temperatures of from 150 to 400°C,
preferably 200 t0350°C, 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 from 0.1 to 10 LHSV, preferably 0.1 to S LHSV, and a hydrogen to



psig), a space velocity of fromO0.1 to 10 LHSV, preferably 0.5 to 5 LHSV,
and a hydrogen to feed ratio of from178 to 1780 nB/nB (1000 to 10000
Scf(B), preferably 356 to 1780 mB/n8 (2000 to 10000 ScfB). [00ZFMAR 2007
Hydr otreatWr?g’“BV"-}%?l‘r ocracki ng converts sul fur- and nitr oBEnUSHOMRNNI NY
contam nants to gaseous species such as hydrogen sulfide and anmmonia. Since
nitrogen-containing contamnants are typically the nost undesirable from
t he standpoint of maintaining dewaxi ng catal yst activity, conditions are
such as to reduce nitrogen-containing species to acceptable levels with
regard to maintaining catal yst activifty. Hydroprocessing conditions which
are sufficient to reduce the concentration of nitrogen-containing

contam nants to acceptable levels will reduce oxygen-containing species to

cont am nish £ BF Aol &g IR0 (U L0, SEEDEBETRARI 2IBMIR0 < cpar at e

from t hem*hydr oprocessed feed prior to dewaxi ng by stripping or other
separation techniques well known in the art for separating gases from
liquids. 2 9 MAR 2007 WD 2004/ 033095 PCT/ US2003/ 032094 -10 Dewaxi ng

Sel ectivitg [ 0025] . The present_ process for the cat %Isyti c dewaxi ng of waky
feeds uti002Hes Hayd,ra@@pﬁmg qonskitionsdinglidy termperattes o yraB308dei ng t he

o devand il pReRRE RS E 425 o R For Gt T PP VRO n ol i mg |
poi nts iy hhee idigglb &Ff&oodcﬁgig@i;qr%fé?aﬁﬁa%éh@fi ‘i%%{am(%ﬁ? 250 her
crystal lTTie’ or “anor phous: y I ne tertals are nolecul ar Sieves that

cont ai n gdio), @aphc@®Pelotily OF ffein 0.1 16 LS| prafstabRY0 840 FABHY VO and
alum nosilrcates (zeolites), or may be bassed ,0N
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 Sc/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.

{0024]  Gaseous sulfur- and nitrogen-containing contaminants such as
hydrogen sulfide and ammonia are preferably separated from the
hydroprocessed feed prior to dewaxing by stripping or other separation

techniques well known in the art for separating gases from liquids.



al um nophosphat es. Zeolites used for oxygenate treatnent may contain at

| east. one 10 or 12 channel. Exanples of such zeolites incl udaﬁm\@ﬂ
ZSM 11, Wl\zéé{(, §§M23, ZSM 35, ZSM 48, ZSM 57, ferrierite, EU, 237,
| TQ- 13 and > Exanpl es al uni nophosphat es cont ai ni nd'G{U$28¢34132094e 10
ring channel include SAPO 11 and SAPO 41. Exanpl es of nol ecul ar sieves
containing 12 ring channels include zeolite beta, ZSM 12, MCM 68 SAPO 5,
SAPO 31, MAPO- 36, ZSM 18, nordenite, faujasite and offretite. It should be
noted that a dewaxi ng catal yst such @ ZSM5 can have altered dewaxi ng
properties by adjusting catalyst prdi)1 Tties, 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, 95DewaxiikbSdléctivity, 397, 827, 4, 585, 747, 5,075,269 and 4, 440, 871. MCM 68
I's described I n atent No. 6, 310,265. MCM 71 and I TQ 13 are described in
PCT published applications WD 0242207 and WD 0078677. Preferred catal ysts

i nclude @ ZSM 48, ZSM 22 and ZS%LZ% Especially preferred_is ZSM 48. As used
herei n, BORFlag iTheipiasent process gor the caglytic-dmwavingfowany feeds utibizes al | y

equi val ent _t M 48. . The | ecyl ar _sj eves ..are eferably in the hydrogen
o e trtefist ik s ety adtiy3ed Y saitaciine vl GasRivst RiBaoxYastdfe "or oo
occur 2 . ex situ in another
Decsel - PPl Yoy ol QOB RO, Fbed AU Mg g8y 0¥ Seeal um e,

si | i ca- alsoefigingl WaRdleculss td Ranfiratel Rathisilisg poiits h e Ribe rdA@ed Wi th
Goup 3 netals. Such catal ysts are described for exanple in US " Patent No.

4,900, 707 and 6, 383, 366. (0027] The dewaxi ng catal ysts are bifunctional,

i.e., they are |oaded with a ,netal hydrogenati on conponent, which is at
| east oni@028loup Thedepaxing catalyst may be either crystal?me orrzrlrl)norphous.

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
Patent No. 6,310,265. MCM-71 and ITQ-13 are described in PCT published
applications WO 0242207 and WO 0078677. Preferred catalysts include
ZSM-48, ZSM-22 and ZSM-23. Especially preferred is ZSM-48. As used
herein, ZSM-48 includes EU-2, EU-11 and ZBM-30 which are structurally
equivalent to ZSM-48. The molecular sieves are preferably in the hydrogen

form. Reduction can occur in situ during the dewaxing step itself or can occur



one Goup 8 - 10 netal, or mxtures thereof. Preferred nmetals are G oups 9
-10 netals. Especially preferred are G oups 9 - 10 noble nmetals such as Pt,
Pd or mixtures thereof (based on the | UPAC Peri odic Tabl e for gt Mifallilhg

G oups frevo nolieszh8). These netals are | oaded at the rate of 0.1 to 30
wt, % based on catalyst. Catalyst preparation and netal FSE(H?HEP’H?E’?MS are
described for exanple in US Patent No. 6,294,077, and include for exanple

i on exchange and inpregnation using deconposable netal salts. Metal

di spersion techniques and catalyst particle size control is described in US
Patent No. 5,282,958. Catalysts wi thijsmall particle size and well dispersed
netal are preferred. 10028] The nol ecul ar sieves are typically conposited
with binder materials that are resistant to high and may be enpl oyed under
dewaxi ng conditions to forma finished dewaxi ng catal yst or may be

bi nder | e®% it & anasbemvgsselrndmasphens dewarang aatalysissingbidel alymiinar gani ¢ oxi des

T I A e o
ke e R R AR e S BT

fi ni shedpgteneXiong, 908l 7v4iid 638836 10 to 100, preferably 35 to 100 wt.%
based on. catal yst. Such catalysts are fornmed by nethods such spray drying,

extrusion and the |ike. The dewaxing catalyst may 2 9 MAR 2007 WD
2004/ 033095 PCT/ US2003/Q32094 -12 he used in the sulfided or  unsulfided
form antP0RE pr diberdenraxing catalysty areihifnctippalyi-e), teyogredesdsd withobndi ti ons

R T N IS S SR L S
(200 to &?@@r&iﬂ L 10! thatdl, br1iKthes IRE%6E. 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 is described in US Patent No. 5,282,958.

Catalysts with small particle size and well dispersed metal are preferred.

[0028] The molecular sieves are typically composited with binder materials
that are resistant to high and may be employed under dewaxing conditions to
form a finished dewaxing catalyst or may be binderless (self-bound). The
binder materials are usually inorganic oxides such as silica, alumina, silica-
aluminas, binary combinations of silicas with other metal oxides such as
titania, magnesia, thoria, zirconia and the like and tertiary combinations of
these oxides such as silica-alumina -thoria and silica-alumina magnesia. The
amount of molecular sieve in the finished dewaxing catalyst is from 10 to 100,
preferably 35 to 100 wt.%, based on catalyst. Such catalysts are formed by
methods such spray drying, extrusion and the like. The dewaxing catalyst may



velocities of from0.1 to 10 hf 1, preferably 0.1 to 5 hi' and hydrogen
treat gas rates from45 to 1780 nB/nB (250 to 10000 scfB), preferably 89 to
890 nmB/ M8 (500 to 5000 scfB). 100301 Oxygenates used to sel ecti 9@IMAR 2067
activate tW® We4iIsg catal yst are organic, oxygen- cont ap@tpeade SeRgsNdS
(organo-oxygenat es) which formwater under hydrodewaxi ng conditions.
Oxygenat es include carboxylic acids, alcohols including polyols, esters,

al dehydes, ethers, ketones and m xtures thereof, or an inorganic oxygenate
which is water. Preferred oxygenates are alcohols, ester, ethers and
carboxylic acids, especially al cohokE2- The organo npieties contain at |east
1 carbon atom and nay range up to oxygen contained in oxidized hydrocarbon
feeds'in the |lube boiling range (343C + as neasured by D 86 or ASTM 2887).

y [003 The, feged d.to sel i,vely activat el.ectiva he cat al yst
cont ai niﬂeai‘sq%e'ﬁgﬁe Qﬁ‘iﬁﬁd%@%ﬁﬁ edrfgg\éufngglsgega,{é,@gr}p th? S‘a‘kﬁcie@;st one
oxygenatt%mpreferably at | east about 400 wppm neasured as oxygen, of at

| east on€ Oxygenate. Ampunts of oxygenates greater than 10,000 wppm wi | |
not adversely affect the dewaxi ng process or products. The total oxygen
content of an oxygenate can be measured by instrumental nethods such as
neut r on [8029}vat Dewaxieg yenditiohs oichude teneperatmbssneftfrom 250 ¢60f@sol ut i on

proton nucl ear magnetic _resonance, gas chromatography with oxygen flame 2 9
VAR 200 preforably 2 B3ec0°Gmessos of w5k t0 20456 kRar kG et or , gas
pect r oSy PrOETORO TREL § B LIPA RO 2 apsighditii botngimege
concent rahh Gfigs 8F 8%y 95 £ nr VHBRIZLIG P16 SH® Al Hyiftdgen treat gas

rates from 45 to 1780 m*/m® (250 to 10000 scf/B), preferably 89 to 890 m*/m’

(500 to 5000 scf/B).

[0030] Oxygenates used to selectively activate the dewaxing catalyst are .
organic,'oxygen—containing compounds (organo-oxygenates) which form water
under hydrodewaxing conditions. 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, ester, 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).

[0031] The feed used to selectively activate (selectivate) the catalyst
contains at least about 100 wppm, measured as oxygen, of at least one
oxygenate, preferably at least about 400 wppm, measured as oxygen, of at
least one oxygenate. Amounts of oxygenates greater than 10,000 wppm will
not adversely affect the dewaxing process or products. The total oxygen
content of an oxygenate can be measured by instrumental methods such as
neutron activation analysis which may be combined with high resolution

proton nuclear mégnetic resonance, gas chromatography with oxygen flame



(as oxygenate) may be determ ned by proton nucl ear nagnetic resonance or by
GC- M. [0032] Various nethods have been proposed for nmeasuring %hﬁ
selectivit demaX|ng catal ysts. In one nethod described in 43 &%g@ﬂy5|s
1984, 86, 4)§T”m§"‘feedstock is catalytically dewaxed ovECT/UbR0ZE2hd4 €
whose selectivity is determined at various reaction severities to achieve
di fferent product pour points. The conversion required to achieve a given
degree of dewaxing may then be conpared with a reference catal yst such as
ZSM5 to determine relative select|V|ty In US Patent No. 5,282, 958,
selectivity is neasured for a glven-fhnlecular si eve having a deflned
crystallite size and pore dianeter by neasuring the isonerization of

n- hexadecane under a given set of test conditions [0033] In the present

i nventio e fractional
anmount opm}fﬁ (ﬁg&étigét%éanggoﬂh %galﬁls}eﬂllﬁ égagﬂ?{q?pﬁgarge Eour poi nt from
the vax gRiFRGPAisférm fﬂfﬁhré&@ﬁect?ﬁ%@o OﬁDN‘éﬁ&Hﬁ@btWﬂl&?hﬁﬂS{éfé'l& y as a result
of oxygenate treatnent for a given dewaxing catalyst is"to Isonerize at
| east 4 pedfetred for%towneencehtrhtions\akoxygenatesntOxygenateudontets lof figedsange
| sonerate at the Eour poi nt target, preferably nore than 6 relative % nost
pr ef er ab(as onygesatehmay e deprningd by probusayclgaramegnetia respagndergnivenent for
any gi vep%gméi ng catal yst may be <calculated as illustrated in the
hypot het Mcat**exanpl e given in the following chart show ng isonerate yield
| mprovenent at equival ent pour poi nt for Z 9 MAR 2007 WD 2004/ 033095
PCT/ US2003/ 032094 - 14 dewaxi ng' a waxy feed. Catalyst A and Catalyst B
("-g/[“ ch i bﬁf}t 3' W%%‘loﬁs h{e@ﬁ’é&ﬁha\?@liéén@fﬁﬂ@d&ﬁ%} mehberidg ehélsdledtivifeoexanpl e is
obt ai ned by adjusting if

ldewaxmg 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-35 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.

[0033] Inthe 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
result of oxygenate treatment for a given dewaxing catalyst is to isomerize at
least 4 relative % more of the wax component into lube boiling range isomerate

at the pour point target, preferably more than 6 relative %, most preferably

more than 10 relative %.

[0034]  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 irhprovement at equivalent pour point for



necessary dewaxi ng conditions of tenperature and space velocity to achieve
equi val ent pour point. Catalyst A Catalyst B (untreated) (oxygpg;ﬁmezg[]']
treated) wW§sor@nseRt of feed 90.0 %90.0 % Yield of isonerate 61.0 w.%
72.0 wt.% at targef pour Isonerate selectivity 56.7 * 6FCT/USI003EERINI ty

| mprovenent 1.215 ** Relative selectivity 21.5 %*** inprovenent %*

Cal culation: [61.0 - (100 - 90)]/90 =56.7 [72.0 -(100 - 90)]/90 = 68.9 **
68.9/56.7 = 1.215; no inprovenent is 56.7/56.7 = 1.0 *** (1.215- 1.000) X
100=21.5 % [ 0035] For any given cat_qhyst, i sonerate yield should inprove
with increasing wax content of the feed. Thus feeds w th higher wax
contents, e.g., greater than 40 w.% based on feed, are preferred.
Hydrofi ni shing [0036] Follow ng the dewaxing step, it is preferred to

hydr of milsWwaking 'a prangtfe¢d. r Eatalyst Agarid CatakestdX (whichns Gatalyst A teghitedst product
qualities to desired__specifications. Hydrofinishing is a formof mld

hydr ot r wath oy genate)t ddietyield for threxzoaple ivobtadeedd g adpstingif US2003/ 032094
-15 saturatin ny l.ube range ol.efins and residual ,aromatics as well as to
- enovi nBECeSFEY AR GoRditbRs af IRPSABITE APS SPARSIYHSCIOT KR AFRIEYE dewaxi ng
hydr of n.écfﬁ]ivgﬁnitf)oﬂfﬂgﬂalty carried out in cascade with the dewaxi ng step.

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 - 50)}/90 = 68.9
** 68.9/56.7 = 1.215; no improvement is 56.7/56.7 = 1.0

#%%  (1.215-1.000)x 100=21.5%

[0035]  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.

Hydrofinishing

[0036]  Following the dewaxing step, it is preferred to hydrofinish the
product resulting from dewaxing in order to adjust product qualities to desired

specifications. Hydrofinishing is a form of mild hydrotreating directed to



ot T A S Sl e o A

Generally the hydrofm shing will be carried out at tenperatures from about
150C to 350C, preferably 180C to 250C. Total pressures are typically from
2859 to 20786 kPa (about 400 to 3000 psig) . Liquid hourly spadd MAR dBity is
typical |y woami@assdsto 5 LHSV (hf'), preferably 0. 5 to 3chiusiroBaskobydr ogen
treat gas rates of from44.5 ib 1780 n3/nB (250 to 10,000 scf/B). 100371
Hydr ofi ni shing catal ysts are those containing Goup 6 netals (based on the
| UPAC Periodic Table format having G oups froml to 18), Goups 8 - 10

metal s, and m xtures thereof. Preferred netals include at | east one noble
metal having a strong hydrogenation-tdmction, especially platinum palladium
and m xtures thereof. The m xture of nmetals may al so be present as bulk
netal ‘catal ysts wherein the anount of nmetal is 30 wt.% or greater based on
cat al yst &%b‘,]nny ' - S i di | such as
silica, saﬁ# rtn a, slﬁiplég%q I d%gﬁga@%?és?@f%%%#g%?ge%&a Iag téréﬁrgnbﬂlgl% The

pref er r egny PtHARIAGhétBdAtRShAd ¥6lox Uoﬁiesaflq{@ﬁds@ﬁeﬁrﬁkﬁfgat ion will conprise
at |east one netal having relatively strong 'hydrogenation function on a

por ous shyfrofinishifig s wsually cpproed owteinarasedde with theldewaringisteps or crystal | ine
oxi de materials _such as .alumna, silica, and silica-alumna. The netal

conte n';) I Gpnﬁlffl’éll)fdh? z!ilb’g?lﬁlliﬁﬁng il begarried :Quhgt teppgrameEsfeomraboger cent f or
Chan abobsd Tt 350% Brae BBl L0t 2 Moty SR are BRA S 42 whose
5 098, gtsaﬂgs&gg(}’y%gﬁg@bg%@%@g?gg% Piig) Z&?@%ﬁ%@ﬁg éﬁ%&y%gﬁ% 20041033095

PCT/ US21iybicdlly fomh 6. Pth 5 LUSV 0038 Iprefarablyod. Do 3 he' akdR{dpeAdfcatet ers of
the hydrdfinishing step offers yseful way of varying the stability of the

pr oduct sgasTtateshyfiiironmi 44.5 ko hE8Q m%émyé&SO to 10,000 scf/B).

[0037]  Hydrofinishing catalysts are those containing Group 6 metals (based
on the [UPAC Periodic Table format having Groups from 1 to 18), Groups 8§ - -
10 metals, and mixtures thereof. Preferred metals include at least one noble
metal having a strong hydrogenation function, especially platinum, palladium
and mixtures thereof. 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 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 in amounts no greater than about 1wt.%. A preferred
hydrofinishing catalyst contains MCM-41 whose preparation and use for
hydrogenation is described in US Patent No. 5,098,684, 5,227,353, 5,573,657

and 5,264,641.



together with tenperatures of about 150-350 C (446-572F) will mnimze
aromatics. They will al so provide products having good oxi dati zg Mﬂ?%ﬁ?l ity,
W light syabbhbids¥eesand thermal stability. Space velocity in t

hydr of mi sher ~ also offers a potential for aromatics sat urf&t/BHIHRIY with
the | ower space velocities effecting greater. aromatics saturation. Catalyst
Preparation and Process Description 100391 Since normal hydrocarbon

f eedst ocks derived from petroleum contain amounts of sulfur and nitrogen
that are detrinmental to dewaxing ca#1 lysts, it is preferred that such

f eedst ocks are hydrotreated and/or ~ @drocracked prior to dewaxi ng. Thus the
feedstocks to the present catalytic dewaxing process that contain
unacceptable I evels of sulfur and nitrogen contam nants are preferably
hydr opr qoe3sied '@osudl b gruenition Paraniied dfthe hedRfmidARL Qe Sffersw - and

ni t rogen-contai ni ng contam nants such as hydrogen sulfide and ammonia. If
hydr ocr askfulgvaysof varymgithestathlityr ofthequeducty, Thechydrpfinishing katdlyst oduct may
be both st rt'bpped and fractionated to isolate specific _cuts for dewaxing.

The hydrieistheewitbdempermturss of ageut { pndS8eht(446°-DieF) yeilbsmmignize ep. [ 0040)
Th t al yst in.th talytic d ' t €. l. h d
froma exdmhfer " Hiey il BfedtbOidiorbaiFt byt &G o figRitE Shbill. Pl bad ng t ne
t al t : ' ' -al = t ed
revi o]y NS dnd erfidl Babiley SpddeydIBRY i BRIRAbAAICLY "Gionxi ng

cat al ystaiay dfferd LpsrentislTabhoni@ic sabdhation ¢ohtrobwath th8ldWesspdce € J. .
pl ati numtetram ne conplex followed by heating. Sulfiding can be WD

211111/ Gehadtieveffedviiz ZroafEr aRIMASOGO®AGBA094 - 17 acconpl i shed by treating
the netal |oaded catalyst with a sulfiding m xture

Catalyst Preparation and Process Description

[0039]  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.

[0040]  The catalysts used in the catalytic dewaxing step are usually
purchased from a catalyst manufacturer. The user has the option of metal-
loading the catalyst or purchasing the catalyst in the metal-loaded form. As
noted previously, metal loading can be accomplished by impregnating the
dewaxing catalyst with a decomposable metal salt such as an amine salt, e.g.,

platinum tetramine complex followed by heating. Sulfiding can be



such as hydrogen/ hydrogen sul fide or other sulfiding agent, or by contacting
the catal yst wth hydrogen and a feedstock spiked with a sul fiding agent or
by wusing a feedstock containing organo sul fur conpounds. 1004%lMApnzgey der to
sel ecti vel YO2H03349%8 t he dewaxi ng catal yst, the oxygenat CToUSznasame of
oxygenates may be added directly to the hydrocarbon feed to be dewaxed.
Alternatively, the dewaxing catal yst can be selectively activated and the
activated catal yst used in the dewaxi ng process. In the former process, a
hydr ocar bon feed containing at |east, about 100 wppm neasured as oxygen, of
at | east one oxygenate is contacted Wwth the dewaxi ng catal yst under

dewaxi ng conditiohs. Alternatively, the dewaxing catal yst can be

sel ectively activated prior to use in the dewaxing process which activation
may be spaffplidhéd O tidating deaviidtdldond@raaslyst wahfa sul Adiny miaase, the

dewaxi ng catalyst is heated at a tenperatire of from 120 to 400C and a

hydr ogersuchessydeogén/hydnopdm dulfide it ®iBe subfading apent @ Byp=ingicting t he presence
of a feed containing at |east about 100 wppm, neasured as oxygen, of at
least  orfbe SRVdeAviED hyeogea and deipedttock seiked wettor sallidieg agentiard | he

hydr ocar bon fge%%;&o be Qewaxed. Thus,.the feed .may either be a carrier feed
or the HMSHRIFHIFOThENFIEotgang SBHUr fempRndsaey is a carrier feed, it is

preferred that the carrier be a hydrocarbon such as product resulting from
the present catal ytic dewaxi ng process. As noted previously, the dewaxing

cat al ysggom be Thi9ederi 16 stleetisell factodteabe dosakirigdakalisr, thaoRygenatde reduced.
(00421 talyst preparation and subsequent dewaxi ng”can be acconplished in

a si ngl eormxtuxe ofooxygenatep mat be addert directlyl to the hydfomariech feddadibeent, a nobl e

netal | oaded ZSM 48 dewaxi ng catal yst | | aced in a reactor and hydrogen
and a ¢ axed; duljermatikely oiedeardng oo ﬁ@Fﬁ%}l be selectvri¥ activatedendeact or . 1t

's 29 I\ﬂq\eR agtqggtex\@a?a%(?s%/u(s)g’dg Pngé)ep e“/raL)JcSn%g 8130]@%18382 01%4the 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 .
conditiohs. Alternatively, the dewaxing catalyst can be selectively activated |
prior to use in the dewaxing process which activation may be separate from the
dewaxing process itself. 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. If the 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 unsulfided form and may be

reduced.

[0042]  Catalyst preparation and subsequent dewaxing can be accomplished
in a single reactor or in separate reactors. In a preferred embodiment, a noble
metal loaded ZSM-48 dewaxing catalyst is placed in a reactor and hydrogen

and a carrier feedstock containing sulfiding agent added to the reactor. It is



-18 preferred that the carrier feedstock be simlar to a basestock cut
expected as a final product, e.g., a 100N oil. The catal yst is reduced,

sul fided o ﬁmﬁﬁgpn duced and sul fided. The reduced and/ or sulflb%HAkﬂm&Iyst
can then bé 3 I'vel y activated by contacting with a cBfVISIEBRIM ni ng
at | east one oxygenate. The carrier can be either the feedstock to be
dewaxed or sone other hydrocarbon feedstock such as the carrier used to

sul fide the catalyst. [0043] Once the catal yst has been selectively
activated with oxygenate(s), the feggstock to be dewaxed is added to the
react or and dewaxi ng takes pl ace r conditions defined above. Further
oxygenate treatnent nmay be added as needed to nmaintain catalyst activity.

[ 0044] The product fromcatal ytic dewaxi ng may be sent to hydrofinishing in
a separ apreferzed that the tivvier feedgtdcktber similantp dibasesyedecreixpetiedasta cascade
from dewaxer to hydrofinisher is preferred thus av0|d|ng t he expense

i nvol ved ln?lrpl‘@d:jl &8 @)ﬁgONsﬁl} i Bb@f ﬁ@ahftsé;ﬁ refyerds sul ﬁﬁdrfgb@hdope i nht he
Peact | onreeRed ARG saTdeds Fhe teed apda a@‘i@ﬂaﬁaﬁwﬁ@hﬁgﬁéouég} il to
b oper t | SE G abivatef @Q@Sﬁn?bﬁg@hb%aﬁ@% oBRiife IS BRY: ca <0 i sot ate

desired g e)”éab'gia&ﬁ“‘!‘h@b%&bﬁnb@@ﬁhbﬁﬂie%é’&ﬁbcl@t&ﬁe QEwhrdd bf §hthe offipduct s are

attractiv asestocks for nmeeting Goup Il and Goup |11 reqwrerrents

These Glpydrocatbansietdstatk such aurthe ichmriar used do bylfidecthéwrtalystn Pet r ol eum
Institute (API). APl Goup Il basestocks have a saturates content of 90
wt. % or greater, a sul fur content of not nore than 0.03 wt.% and a VI

greater 80 ess oup,.l 1| est ocks have the sane
r eqw r en@ﬂgg] Jib I“IElt 55?(‘% 5€ Eﬁ%\éedy agﬂg@teflﬁ@ XYReRRSher than 120.
29 MR t%g%edstock 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.

[0044]  The product from cata'lytic dewaxing may be sent to hydrofinishing
in a separate reactor without any intervening disengagement. Direct cascade
from dewaxer to hydrofinisher is preferred thus zvoiding 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.

[0045]  The hydrofinished product is then fractionated to isolate desired
lubricant products. The individual cuts of lubricants products are attractive as
basestocks for meeting Group II and Group IIl requirements. These Group |
classifications are those used by the American Petroleum Institute (API). API
Group II basestocks have a saturates content of 90 wt.% or greater, a sulfur
content of not more than 0.03 wt.% and a VI greater than 80 but less than 120.
API Group III basestocks have the same requirements as Group II basestocks

except that the VI is greater than 120.



WD 2004/ 033095 PCT/ US2003/ 032094 -19 [0046] The foll ow ng non limting
exanples will serve to illustrate the subject invention. gAR Banpl e
1 [0047] This exanpl e denpnstrates slack wax isonerates yi eI d cre

sust ai ned YO 2R8BABS cat al yst sel ectivation using an oxygeaatus2meRtavned

f eedst ock. The sel ectivation was carried out on a dried and reduced 0.6 Wm.%
Pt/ ZSM 48 containing 35 wt. % al um na. The reference conmmercial ZSM 48
catalyst; 0.6 w.% Pt/ZSM 48/ 35 w.% alumna in nmetal oxide form was dried
at 180C under 200 psig flow ng ni troggn pressure for 3 hours. The catal yst
was then reduced at 260C under 200 psfg flow ng hydrogen for 4 hours to
produce the dried and reduced catal yst (Cat-A). Tenperature was then reduced
to 150C and hydrotreated 150N sl ack wax (table 1) was cut into the unit.

[ 0048] ZSM 48 sel ectivation (Cat-B) was perforned on a reduced cat al yst
(Cat-A) by processing an oxidi zed hydrotreated 150N sl ack wax contai ni ng

bet ween [0046] andrizofillowing Aondanitigsenanbloy will gervertoAllutyatt it Anal ysi s.

The sel ectivation was carried out at 332C under 1000 psig hydrogen pressure
to pr odu@@]@!&tmmnt!mwl Four 3 16 stainless steel, 3/8" dianmeter reactors
wi th appropriate high pressure connectors were each charged with 8 cc of
catalyst material to be evaluated and 2 cc inert. The catal yst | oaded

reactorggmsed ina fluid bed, constant tenperature sand-bath
equi ppe trical heaters for tenperature control. Appropriate

mechani cgkaffl@qcti ons were installed to 2 9 MAR 2007 WO 2004/ 033095
PCT/ USZO'UBT‘S%‘UQH .

{
[0047)  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.% P/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.

[0048]  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.
The selectivation was carried out at 332°C under 1000 psig hydrogen pressure

to produce Cat-B.

[0049]  Four 316 stainless steel, 3/8" diameter reactors with appropriate high
pressure connectors were each charged with 8 cc of catalyst material to be
evaluated and 2 cc inert. The catalyst loaded reactors are immersed in a fluid

bed, constant temperature sand-bath equipped with electrical heaters for ,

temperature control. Appropriate mechanical connections were installed to



-20 allow reactor operation at nom nal pressure of 1000 psig (6.89 MPa) and
nom nal drying, reduction and test tenperatures from 150C to 350C.N{0050]
Under Steaﬂfﬁ]ﬂ)ﬁﬁﬁo onditions liquid feed (hydrotreated 150 N EN 208Ax)
and gaseous high purity hydrogen (>99 vol. % H2) are punpeRCHUS003/42094 | xed
catal yst bed. Liquid and gaseous product are subsequently depressurized and
sanpl ed periodically. Aliquots of liquid product and liquid feed are

anal yzed for conposition and quality. [0051] Operating conditions were set
to 332C, 1.0 h"' Liquid Hourly Space,_ Velocity (LHSV), and 1000 psig

Hydr ogen. The hydrotreated 150N sl acd0-wax liquid feed is described in Table
1. 100521 Catalyst isonerate selectivity is assessed by cal culating
cracking. Cracking is calculated neasuring gas and |liquid effluents

i - ' : jcydistillation b
ASTh 26 16 orfbr At at Horktna P RftsChe SO POTREPAEMPAM s " ™
conposi trigdfinalCafydhy Sledusi@resid 16st temSeriRirey fFbRETS0C wo3geRd.ng yiel d of

i somerate (370C plus) at equival ent pour. Pour points are determ ned by
standard ASTMtest (D 97). The branched chain properties of isonerate was

?23%?&[:@’5%%  Upderigiea :Etam”é‘%{}ﬁﬁi%ﬁs hwd fesd 2@&3&%&&1”' facko measur o
' 1M ; 94 [2270-9 [

Fout 1| oV ekisaows RER Ry 19458 et YR ArPlinbd G9T dleg " Nm 2607 vo

2004/ 03303y BERLHBAPI1GAAMNE gasédus'AroldaetarthdbHqueRiig deprblurtbafk Vax

Conposi t1on
and sampled periodically. Aliquots of liquid product and liquid feed are

analyzed for composition and quality.

[0051]  Operating conditions were set to 332°C, 1.0 h”! Liquid Hourly Spacé '
Velocity (LHSV), and 1000 psig Hydrogen. The hydrotreated 150N slack wax
liquid feed is described in Table 1.

[0052)  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).
The branched chain properties of isomerate was checked using NMR (nmuclear
magnetic resonance, particularly carbon 13 NMR). Isomerate quality such as
viscosity and viscosity index was also measured or calculated using standard

ASTM tests (D445-94 and D2270-91) using a Houillon Automated Viscometer
with a repeatability of 0.5%. |



Grade 150 N Sul fur (wppm < 2 Viscosity @100C (cSt) 3.601 Wax content
(W.% 95.6 QI inwax (W.% 4.6 Table 2 Cat-A Cat-B Treatnent Reduced
Reduced +[0] treated Days on Ol 58 29 Tenperature ('C) 337 B 2870+C
Yield (w . WP2B/B3PF. 9 Selectivity | nprovenent (% Base PETAIS20&7 0304

| sonmerate K. Viscosity @OC (cSt) 12.380 13.341 370+C Isonerate K
Viscosity @O0O0C (cSt) 3.262 3.501 370+C Isonerate Viscosity Index 137 148
370+C I sonmerate Pour Point (C) -20 -16 [0053] Data reported in table 2 show
about a 10 wt.%yield credit (ad] USt-Eg to the sanme pour point) for the
oxygenate sel ectivated catal yst. The“error 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 change in pour point. 2 9 MAR 2007 WD 2004/ 033095
PCT/ US2003/ 032094 -22 Furt hernoreTapl@tiuct quality is also inproved with
about a 10 VI inprovenent. The enﬁanceawroduct quality can al so be seen in
the VI properties ( otnea ¢ x Swgnpositiap 100C (3.5 cSt). This
feature of

Grade 150 N
Sulfur (wppm) <2
Viscosity @ 100°C (cSt) 3.601
[ Wax content (Wt.%) 95.6
0il in wax (Wt.%) 4.6
Table 2
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 (cSt) 12.380 13.341
370+°C Isomerate K. Viscosity @100°C (cSt) 3.262 3.501
370+°C Isomerate Viscosity Index 137 148
370+°C Isomerate Pour Point (°C) -20 -16

[0053]  Data reported in table 2 show about a 10 wt.% yield credit (adjusted
to 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 change in pour point.



high VI at viscosity is indicative of the unusually high quality of the
present products. Wax isonerate selectivity is defined as 370C+ Yield (% -
Feed oi | %)85&;]@3#@ Selectivity = Feed Wax content (%  Sel eddiMARtAI07

| nprovement i s detined as : Selectivated Catal yst Sel ect PET(UB200303209¢i vity
| mprovenent = Base Catal yst Selectivity Calculation exanple fromex. 1
(73.9 - 4.6) / 95.4 0.726 Selectivity Inprovenent = (61.9 - 4.6) 95.4 =
0.600 = 1.21 or 21 % over base case Exanple 2 [00541 This exanpl e conpares
i sonerate selectivity of ex-situ sul_,j(‘]i_ded (Cat-C) and in-situ sulfided
(Cat-D) ZSM 48 to that of the reduced catalyst (Cat-A). This exanple al so
denonstrates yi el d advantage by oxygenate treat of the ex-situ sulfided
catalyst (Cat-E). [0055] All catalysts were dried follow ng the sane

pr ocedurkurtiesniorggstodact qrabitpisaalso mpmwvetwidhnyboviteal &M . Z 9 MAR 2007 WO
2004/ 033095 PCT/ US2003/032094 -23 (a) Cat-C was pre-sul fided ex-situ by
usi ng a inpooypgmeni2 SThoenhanged groduect quakty eanciso haseceroat the Vbs | oaded, dried

and wetted with N i sonerate tior,.to Lng hydrotryeated. 150N sl ack
vax. | ( byronetties (LS ki anagn ta viscogishat 0BT SE5 E8gedt M LSO Ph the
react o.r hlfgﬁ Vi viscosity is indicative of the unusually high quality of the present

products.

Wax isomerate selectivity is defined as :

370°C+ yield (%) - Feed oil content (%)
Feed Wax content (%)

Selectivity =

Selectivity Improvement 1s defined as :

Selectivated Catalyst Selectivity

Selectivity Improvement = '
electivity Imp Base Catalyst Selectivity

Calculation example from ex.1

(13.9-4.6)/95.4 0.726

ivi ent = = = 121 or 21% over base case
Selectivity Improvemen (619-4.6)/954 0.600 °

Example 2

{0054]  This example compares isomerate selectivity of ex-situ sulfided
(Cat-C) and in-situ sulfided (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).

[0055]  All catalysts were dried following the same procedure described in

example 1 prior to any treatment.



Days on Q|

143 138 153
reporte
ex-situ
yield a
MAR 200

© and in-situ

di sul fi de.

200C for 48 hours.

004/033095 PCT/ US2003/ 032094
prior to processing hydrotreated 150N slack wax.

VUi 890 bt o
;ﬂ«meﬂ treat mﬂamuwaymdeﬂedhe@aﬂd awdttedexditl edONaisahmsdte( Cat - A) .

f

(c) Cat-E was prepared i
(Cat-C) with a spiked is
The sel ecti vat iram/uSaer3mazoes ed out
Table 3 Cat-A Cat-C Cat-D Cat-E
Treat nent Reduced Ex-situ In-situ Cat-C sulfided sulfided with [ treat
58 8 8 8 Tenperature C 332 329 329 329 370+C Yield (w
61.9 61.0 73.7 Selectivity Irrproverrg t % Base O -

| somerate K. Viscosity 13.28 12.785°

Sabhmia
ysts.

i

100 psig pressure and 200C for 48 hours using a spiked isonerate containing
400 ppm sul fur as di net hyl -
reactor by treating the pre-sulfided
cont ai ni ngv@@YB/ BT oxygen as n-decanol .
at 100 psig pressure,

1.5 +20.5 370+C

. 859 12.858 40C (cSt) 370+C I sonerate
K. Viscosity 3.262 3.371 3.354 3.446 100C cSt 370+C | sonerate Viscosity 137
| ndex 370+C | sonerate Pour Point -20 -19 -20 -17 C 10056] Data
dg(a&atdt@ lv@as rélyam&@texvmw

cy between
t her nor e,

- (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.

Table 3
Cat-A Cat-C | Cat-D | Cat-E
Treatment Reduced | Ex-situ | In-situ | Cat-C
sulfided | sulfided | with [O]
treat
Days on Qil 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

O

[0056]

Data reported in table 3 show activity and selectivity equivalency

between ex-situ (Cat-C) and in-situ (Cat-D) suifided catalysts. Furthermore, no

yield advantage is observed over the lined-out reduced catalyst (Cat-A).

Db

% 61.9




-24 This exanple al so shows that oxygenate sel ectivation of the ex-situ
sulfided catalyst (Cat-E) produces a nore selective catalyst having a 10
wt . % vyi el OQJogﬂﬁstogfver the untreated catal yst (Cat-C). Exanpl & 33MAROI8I71

Thi s exanpl e"shows the i npact on selectivity by treat menPCRUSRI03®81904 pol ar
conpound such as nitrogen. [00581 Cat-F was prepared in-situ by treating the
pre-sulfided (Cat-C) with a spiked isonerate containing 20 ppmnitrogen as
n- butyl am ne. The catalyst treatnent with n-butylam ne was carried out at
100 psig pressure, 200C for 48 hours. Table 4 Cat-C Cat-E Cat-F Treat nent
Ex-situ Cat-Cwith Cat-Cwith sulfi“déd [01 treat rNI treat Days on Gl 8 8
8 Tenperature ('C) 329 329 329 370+C Yield (W.9% 61.9 73.7 52.7

Sel ectivity Inprovenent (% Base + 20.5 - 16 370+C Isonerate K. Viscosity
@O0C 12Th§beddnSR%uIR shds tHaSoxpénate belecvatich of thYekcosi dulfided 71 3. 446
3.390 100C eSt” 370+C | sonerate Viscosity Index 143 153 141 370+C |Isonerate
Pour Pocatalyst {Cat-E) prediitey\® mae4el2ive car gst MaRiIEDH T0 wACKH/ }ekD03/ 032094

credit over the untreated catalyst (Cat-C).

Example 3

[0057]  This example shows the impact on selectivity by treatment with

other polar compound such as nitrogen.

[0058]  Cat-F was prepared in-situ by treating the pre-sulfided (Cat-C) with a
spiked isomerate containing 20 ppm nitrogen as n-butylamine. 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) 329 329 329
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 3.371 3.446 3.390
@100°C (cSt)
370+°C Isomerate Viscosity Index 143 153 141
370+°C Isomerate Pour Point (°C) -19 -17 -17




-25 [0059) Data reported in table 4 denonstrate that treating the ex-situ
sul fided ZSM 48 catalyst with a nitrogen conpound results in a selectivity
debit. This denonstrates the uniqueness of oxygenate over othgg Mapligy
conpounds SYRRMA43308F t r ogen conpounds. Exanple 4 [00601 TRES ¥R Roy
denonstrates the inpact of higher tenperature operation on selectivity on a
sel ectivated catalyst. This exanple also denonstrates that selectivation is
reversible after a higher tenperature operation as well as the possibility
to re-selectivated in-situ. [00611 The ex-situ sulfided catalyst (Cat-C) was
| oaded and dried according to the pi2deedure described in Exanple 1. [00621
As shown in the Figure: * Stage 1, the catalyst was lined-out with an
oxygenate free hydrotreated 150N slack wax. * Stage 2, the catal yst was

then tre Wi t he oxi di.z hydr ot reat ed, 150N . sl ack wax f st ock

descri begﬁqeéﬂl ex faerePOEtS&f%Fa??il%%%GB}%&ﬂtel gloreaime: Sﬁx‘sﬁﬁ’rﬁ‘ﬁﬁaﬁ n (as
oxygenat ek: . ; | ' Q. h.C ..grade white
oil to rgﬁowggg't?%?g@g? %lwggﬁglr)@pan d%ﬁ? clézsl.e[#ﬁlgltggfyg ygﬁ{ 1P enperature
was t hendemonsgated thé anidabhessdfokypbhdte o9tt ottler HORP cBRIpBURAHS SSeH & and |

mai nt ai ned at 350C for 36 hours. After the 36 hours hold, the tenperature
was redundrbgen ¢cdmpoypedsati ng tenperature of 328C, this operation was al so
conducted under white oil. * Stage 3, after the higher tenperature

treatment, was run for 10 days using the sane oxygenate free hydrotreated
150N sl ai,‘k wa thed In stage 1. WO 20041033095 PCT/ US2003/03209?7?B1 - 26
xample

I
i

[0060]  This example demonstrates the impact of higher temperature
operation on selectivity on a selectivated catalyst. This example also
demonstrates that selectivation is reversible after a higher temperature
operation as well as the 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 in 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 catal yst was exposed to the oxidized hydrotreated
150N sl ack wax feedstock described in exanple 1 containing between 1000 and
3000 ppm at 328C for 3 days. * Stage 4, after the hi
t enper at u?@?‘?’gﬁﬁent was run for 10 days using the saR@T/dbsyiz 4@%&4@1 ee
hydrotreated 150N sl ack wax used in stage 1. Table 5 Stage | Stage 2 Stage 3
Stage 4 Treatnent Ex-situ Stage 1 Stage 2 Stage 3 sulfided after [Q after
High after [0] treat Tenp. treat Days on G| 8 14 38 49 Tenperature C 329
325 328 328 370+C Yield (Wm.% 61. a 73.0 67.7 72.7 Selectivity Inprovenent
% Base + 19 + 10 + 19 370+C | sone gte K. 12.785 13.798 13.695 12. 814
Vi scosity 40C (cSt) 370+C Isonerate K. 3.371 3.571 3.515 3.393 Viscosity
100C cSt 370+C I sonerate Viscosity 143 147 141 145 1ndex 370+C | sonerate
Pour - 13ttHdend3f sthge ?ﬁéﬁatﬂyéﬁ@ﬁ@éxﬁ&bd to thé akidezed Iydtofreatede 1
denonstrate: - a partlal | oss of the yield credit after higher terrperature
t r eat rehfONMagjewax feedstock dsagbedjn example Zstntdmingbetvecetr B)0fel ect i vat ed"”
in-situ af aer processi ng an oxg‘%?at eg cont ai ni ng feedstock

e, at 32 ays.

0 ppm oxygenat or 3
_ * Stage 4, after the higher temperature treatment, was run for 10 days using the

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

Table §

Stagel | Stage2 | Stage3 Stage 4
Treatment Ex-situ | Stage 1 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)
1 370+°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 Figure 1 demonstrate:
- 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).



(Stage 4 versus Stage 3). 2 9 MAR 2007 WD 2004/ 133095 PCI/ US20037/032094 =-27
Exanpl e 5 [0064] This Exanpl e denonstrates that the yield benefit froman
oxygenate treatnent can al so be achieved with an anorphous devvggi,,@ﬁzm
catal yst. MO6&RIA6HPON sl ack wax was hydrotreated and then _expose tg air
while still hot, and therefore subject to oxidation. A cPEXVSIW&A32Res
produced in an integrated unit where the hydrotreated sl ack wax was
directly fed to the hydrodewaxing catal yst w thout being exposed to hot air
or noisture. The hydrodewaxi ng catal yst was an anor phous catalyst, 0.9 w.%
Pt ona 1.1 w.% fluorided alum na. 40066] The results are shown in Table

6. Table 6 O ean Feed Oxidi zed Feed " 370C+ yield (% 69 73.3 (GCD¥)
Kv@ooC 5.78 5.78 VI 135 137 * GCD = gas chromatographic distillation

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

i mpr oved Exanglefien dewaxi ng occurs in the presence of feed containing
oxygenates. 2 9 MAR 2001 -28 CLAI Ms:

[0064]  This Example demonstrates that the yield benefit from an oxygenate

~ treatment can also be achieved with an amorphous dewaxing catalyst.

[0065] A 600N slack wax was hydrotreated and then exposed to air while
still 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.

t

[0066]  The results are shown in Table 6.

Table 6
Clean Feed Oxidized Feed
370°C+ yield (%) 69 73.3
(GCD¥)
KvV@100°C 5.78 5.78
\% | 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.



1. A process for catalytically dewaxing a waxy m neral hydrocarbon feed
which conprises: (a) formng a m xture containing the waxy hydr gqmﬁqmmfeed
and from 100 wopmto 10000 wppm of at | east one oxygenate; and )
contacting the mxture fromstep (a) with a dewaxi ng catal yst which
functions by isonerizing waxy nol ecul es under conditions effective to
catalytically dewax the feed. 2. A proceds for catalytically dewaxing a

m neral hydrocarbon feed containing at |east 15 wt.% wax, based on

hydr ocar bogl EeEcj whi ch conprises: (a) hydrotreating the hydrocarbon feed in
t he prese hydrotreati ng catal yst wunder hydrotreating conditions to
produce a hydrotreated feed and sul fur- and nitrogen- containing

contam nants; (b) separating the hydrotreated feed fromthe sul fur- and

ni t r ogen- cbnt aiAprgessdoneasiyticatly dewpxing awaknminese! hiydroserben fed avhighdr ot r eat ed
feed at |eggst rl‘[§ al cohol, carboxylic acid, ester, aldehyde, ketone or
ether wher@ i the amount of oxygen in the separated hydrotreated feed

m xture is at |@pfoimigathixh(e compiringahe WA0hydpgrarbor dsddrand fasen 000/ gppn tand (d)
contacting thS m xture from stegﬁg(c v(yith a dewaxi ng catal yst which
functions W00 Woamentiat least aRs O YSREFECH%s and contains a mol ecul ar si eve

contai ni ng at | @asinRRRe 4 Ak okl A GHAINE UeWRIRE AAJAHIANRNELE B ve to

catal ytically Wwax the feed. 3. process for catalytically dewaxing a

Fi scher - Trisperizingwaxonegcwlenendgr eandéions pffective thcamdpiinalip idewax thedeadd on

Fi scher-Tropsch wax, which conprises: (a) formng a m xture containing the
hydr ocarbon feed and at | east one oxygenate wherein the anpbunt of oxygenate

in the mix2ure Aproabsslfonsialgdivally ddwikingpmincpal h§OROarbpd fed comaimitpe least
oxygen, and (b) contacting the m xture fromstep (a) with a dewaxing
cat al yst V\)rﬁ%[)/"f“ﬁﬂ%‘epi‘sﬁﬁ§“%ydr°%’ PR rfpesl Wi cheBPTiseY - ecul es and contains at

et aea") ) SN ST 05 e 1ok
under hydrotreating conditions to produce a hydrotreated feed and sulfur- and nitrogen-
containing contaminants;

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

{c) adding to the separated hydrotreated feed at least one alcohol, carboxylic acid,
ester, aldehyde, ketone or ether wherein the amount of oxygen in the separated hydrotreated
feed mixture is at least about 100 wppm to 10000 wppm measured as oxygen; and

(d) contacting the mixture from step (c) with a dewaxing catalyst which functions by

isomerizing waxy molecules and contains a molecular sieve containing at least one 10 or 12

ring channel under conditions effective to catalytically dewax the 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:

(a) forming a mixture containing the hydrocarbon feed and at least one oxygenate
wherein the amount of oxygenate in the mixture is at least about 100 wppm to 10000 wppm,
measured as oxygen, and

(b) contacting the mixture from step (a) with a dewaxing catalyst which functions by
isomerizing waxy molecules and contains at least one molecular sieve containing at least one

10 or 12 ring under conditions effective to catalytically dewax the feed.



2 9 MAR 2007 -29 4. The process of claiml| wherein the oxygenate is at

| east one al cohol, carboxylic acid, ester, aldehyde, ketone orjgMARMITS-
The process of claim| wherein the oxygenate is water. 6. The process of
claim| wherein the dewaxing catalyst contains at |east one nolecular sieve
containing at |east one 10 or 12 ring channel. 7. The process of any of the
precedi ng claims wherein the mol ecul ar S2%ve is at |east one of ZSM5,

ZSM 11, ZSM 22, ZSM 23, ZSM 35, ZSM 48, ZSM 57 ferrierite, EU-1, NU 87,

SAPC- 11, SAPO I The ocess of apy, of t rec d|n
ol whobern TisraRssRLaR hbven G ab il B8 s e hbnf eibSeRasais T,
MCM 68, SAREraldebPiHIbne YARRES6, ZSM 18, offretite, nordenite or
faujasite. 9. The process of any of the preceding clains wherein the

nol ecul ar sieve is ZSM48. 10. The process of any of the preceding clains

wherein the c?nﬁ{t %E%gﬁ%g%b%gegeg] thé S@Iup{gﬂé Fs%%té(r dewax the feed include a

tenperature o a pre re of from 791 to 20786 kPa, a
liquid hourly space velocity of from0.1 to 10 hr'' and a treat gas rate of
from45 to_1780.,n8/nB. 11. .Th roce any of the rece d|n

wherei n cabial vt RIBPTIHEY | PBBAT BEA S s OURRS grieistot mPo at e
boi | i ng i ngighe:chtaln®itl ledstbrael (Bdr 10GH\RA@RE. pour over the dewaxing catal yst
wi t hout oxygenate treatnment. 12. The process of any of the preceding clains

wherein the inproved yield is at | east 4 relative percent. 2 9 MAR 2007
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catalyst is su uce suI
of ZSM-5, ZSM-11, ZSM 22, ZSM 23, ZSM 35, ZSM-48, ZSM-57, ferrierite, EU-1, NU-87,

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

8. 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, offretite,

mordenite or faujasite.
9. The process of any of the preceding claims wherein the molecular sieve is ZSM-48.

10.  The process of any of the preceding claims wherein the conditions effective to
catalytically dewax the feed include a temperature of from 250 to 400 °C, a pressure of from
791 to 20786 kPa, a liquid hourly space velocity of from 0.1 to 10 hr'' and a treat gas rate of
from 45 to 1780 m*/m’

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

dewaxing catalyst without oxygenate treatment.

12.  The process of any of the preceding claims wherein the improved yield is at least 4

relative percent.



14. The process of any of the preceding clains wherein the dewaxi ng catal yst
bears a netal hydrogenation conponent. 15. The process of any M#{@Q
precedi ng clains wherein the netal hydrogenation conponent is { one
G oup 9 or 10 nobl e netal
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13.  The process of any of the preceding claims wherein the dewaxing catalyst is sulfided,

reduced, or sulfided and reduced.

14.  The process of any of the preceding claims wherein the dewaxing catalyst bears a

metal hydrogenation component.

15.  The process of any of the preceding claims wherein the metal hydrogenation

component is at least one Group 9 or 10 noble metal.





