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dewaxi ng process. Mre particularly, waxy hydrocarbon
feed is catalytically dewaxed by contacting the feed
containing at | east one oxygenate and dewaxi ng the
oxygenate containing feed wth dewaxing catal yst. The
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extraction process in which a cut froma vacuum
distillation unit is solvent extracted to produce a
FIELD ONTIEE TNVENTIONaf f i ns and an extract rich in
aromat1 cs. The raffinate was then sol vent dewaxed to
address basestock quality issues such as pour point.
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the target pour point, high VI conponents are renoved
thereby lowering the yield. [0003] An alternative
BAGCEKIGROWND ﬂl’eﬂIEiiNVE_l_ETi[@t oi | basestocks is

catal yti c dewaxi ng. Catal yti c dewaxi ng may be
acconpl i shed by two dewaxi ng nmechani sns:
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i somerate boostin
aromatics. The raffinate we?s 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 compdnents 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
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sol vent dewaxing to the sane target pour point.
wOoewBsys catal ysts which function by PCT/US2003/032094

hydr oi sonmeri zati on take | ong chain waxy paraffins and

i somerize themto branched chain species having

desirable | ow tenperature and volatility properties.

Under actual operating conditions, it is not expected

that a dewaxing catalyst +#l1 function exclusively by

ei ther node of dewaxing. - [0004] Dewaxing catal ysts

Wi th a hydroi sonerization function are generally
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been di scovered that the performance of dewaxing
catal ysts can be inproved by the addition of
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enbodi ment relates to a process for catalytically
[Oom%XAhhowgh dewaxing catalysts with an isomerization function are well

known in 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 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.



m neral hydrocarbon feed containing at |least 15 wt. %

wax, based on hydrocarbon feed which conprises: (a)
woanwoagpa m xture contai ning the hydrocarbon Peeasa0d/032094

at | east one oxygenate wherein the anmount of

oxygenate in the mxture is at |east about 100 wppm

nmeasured as oxygen, and (b) contacting the m xture

fromstep (a) with a dewaxi ng catal yst which contains

at | east one nol ecul ar si-8ve containing at |east one

10 or 12 ring under <conditions effective to

catal ytically dewax the feed. [0008] A further
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hydrocarbon feed in the presence of a hydrotreating
catal yst under hydrotreating conditions to produce a
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cont ani pant % WD 2004/ 033095 PCT/ US2003/ 032094
hydrocarbon feed which comprises:

(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;



-4 (c) formng a mxture containing the separated
hydrotreated feed and at |east one al cohol,

woanhawsydosc aci d, ester, al dehyde, ketone or ePO®MUS2003/032094
wherein the anount of oxygen in the separated
hydrotreated feed is at |east about 100 wppm neasured
as oxygen; and (d) contacting the m xture fromstep
(c) with a dewaxing catalyst which contains a
mol ecul ar si eve containi aér at | east one 10 or 12 ring
channel under conditions effective to catalytically
dewax the feed. [00101 A further enbodi nent relates to

f tal viie
1 A B o
least?)?éea‘iic&{bl % Xtﬁﬂﬁr R é‘s&?dal\dﬁh  d@fmie rasher(wherein the

re containi ng t hydrocar bon feed and
amou?ﬁt dﬁﬂ%‘geﬁnﬁtheadepafméd hydnrohtea‘gddl teedds at least ahout 100
ehyde, ketone or ether wherein the anmount of

wppmxyrgeasm:jed astoxygenctande is at | east about 100 wppm
fmr;@i”g%&?naé’tﬁé%%hgeﬁﬂm? s RITG § B Batiiyintich
ZSM 4

cont@mﬁf)%gg% 1%99 Fgﬁif%ﬁ%\% ie%%f & 10 @r ¢atritpyétiapmkl ynder

urt her enbodi nent relates to
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Con(ﬁ[@?ocar blor‘13 f eed y;:kont'zzlll(‘dr;}dl ng at | east about 15 wm.%

wax, based on hydrocarbon feed, which conprises: (a)
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hyd&egﬂoﬁ%ewhqéhc(ﬁﬁ tigdsns at | east one nol ecul ar si eve -
contalnlng at least one 10 or 12 ring chann nder
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004/ 033095 ol U?(fquf eoéeztone or ether wherein the amount of

alcohol, carboxylic acid, ester, a
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 7ZSM-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 [00121 A still further enbodinent relates to a
process for catalytically dewaxing a Fischer-Tropsch

woan4masmai ni ng greater than 0.5 wppm sul fur, POafsen06/M32094

Fi scher-Tropsch wax, which conprises: (a) formng a

m xture containing the hydrocarbon feed and at [ east
one oxygenate wherein the anobunt of oxygenate in the
m xture {s at |east about 100 wppm neasured as
oxygen, and (b) contactifig the m xture 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
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feedstock used in the process of the i nvgﬁtl 32t ar e -
contaiax at IeastiarieThalgonlse disve isaniaseing 3t feashent §BoF d ey ais

! range, typically having a 10% distillation point

condgiangteffectivgio Gé%b’t{cé%%ﬁ,w chg 3?%‘@ by ASTM D 86 or
ASTM 2887, and are derived frommneral or synthetic
sources. The wax content of the feedstock is at |east

[001HPOUThtRatlyfle dbResidg of waedsitaiting fiebds ansing 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 of

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 nuclear nmagnetic resonance
weoepewtss®sopy (ASTM D5292), by correl ati ve ndMPCT/US2003/032094
nmet hods (ASTM D3238) or by sol vent neans (ASTM D3235).
The waxy feeds may be derived froma nunber of
sources such as oils derived from solvent refining
processes such as raffinates, partially sol vent
dewaxed oils, deasphalt et 0|Is distillates, vacuum
gas oils, coker gas oils, slack waxes, foots oils and
the like, and Fi scher- Tropsch waxes. Preferred feeds
2 3 Nﬁﬁfﬁgmaxes. Sl ack
DET 1cc jfés',Picg¥ﬁ€QH§?§§@u fTomr_fydr ocar bon, feeds
by sol vent or propane dewaxi ng. Slack waxes contain
sone residual oil and are typically deoil ed. Foots
FeedSidcksare derived from deoil ed slack waxes.
I scher-Tropsch waxes are prepared by the
Fischer Tropsch synthetic process such as that based
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rogen- cont ai ni ng
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



contami nants are preferably hydroprocessed prior to

dewaxi ng. Hydroprocessing may be by hydrotreating or
waypdumssmski ng. [ 0018] For hydrotreating, the earaiSy®s®32094

are those effective for hydrotreating such as

catal ysts containing Goup 6 netals (based on the

| UPAC Periodic Table format having Goups from1l to

18), G oups 8 - 10 netals, and m xtures thereof.

Preferred netal s include-® ckel, tungsten, nolybdenum

cobalt and m xtures thereof. These netals or m xtures

of nmetals are typically present as oxides or sulfides

oS 5 o ol AR T iy et
o I AT s o iy g, e

indeilcéb%ﬂg?to P00 B£facveC BuHer sid hitvogealconionts may be measured
silica-alumnas or titania, preferably alum na.

by stenédrdr ASTM msthodsD4 S pad D4628) espeivelYich as gammma
or eta. The anobunt of netals, either individually or
in mxtures, ranges fromabout 0.5 to 35 w.% based
n tth‘I talyst..ln the case of preferred m xtures of
%M&w LO&ES with group 6 netals, the groups
9-10 netals are present in anmpbunts of from0.5 to 5
wt . % based on catalyst -and the group 6 netals are .
(0017 €S @eeditocksthaving high cdntemts f niiragennang,suifye CORIHMNG
, of netals ma)f/ be measured by _ atom c , absorption
contspévnto gy ferpblysdrorogesssd Priog to ASWAR NS oni ¢
em ssi on spect r.onet Qr.. ot peci fied by
Hydpraresie may edap drerar e QEuiBEPEs s
PCT/ US2003/ 032094 -8 [0019] For hydrocracking, the
catal yst may be any catal yst used for hydrocracking.
[00181Ch Fattaldyetreatingitlenddtlystsprothase edtsictive for bydretrgaiing

size zeolite within the poro ort terial. with
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function. -The, acidi.c functi ' j .
Tableylorwar BedaSRRPa et 118 1EPIAcRS &'t etels, anq mixtures
ther&oF. ePref‘e'}Pe!dOﬁ%%bsls TR ﬁkkel, 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
woOang®3pose size alumnosilicate zeolite such BET/US2003/032094

zeolite X, Y, ZSM3, ZSM 18, ZSM 20 or zeolite beta.

The zeolites may be used in various cationic and

other fornms, preferably fornms of higher stability so

as to resist degradation and consequent | oss of

acidic functionality unde8- the influence of the

hydr ot hermal condi ti ons encountered during the

hydr ocracki ng. Thus, forns of enhanced stability such

as the rare earth exchanged |arge pore zeolites,

e.g., REX and REY are preferred, as well as the
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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
fafio 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 5 LHSV, and a hydrogen to



psig), a space velocity of fromO0.1 to 10 LHSV,

preferably 0.5 to 5 LHSVY, and a hydrogen to feed
woabti4m3sdsfrom 178 to 1780 nB/ nB8 (1000 to 1000@CEHEiSLB}/032094

preferably 356 to 1780 nB/n8 (2000 to 10000 Scf/B).

[ 0023] Hydrotreating or hydrocracking converts sul fur-

and nitrogen- containing contam nants to gaseous

speci es such as hydrogen sulfide and amonia. Since

ni t rogen-contai ni ng conta% nants are typically the

nost undesirable fromthe standpoint of maintaining

dewaxi ng catal yst activity, conditions are such as to

reduce.nit ensgontsai nj '
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T &duce the concentration of nit rogen-cont ai ni ng
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oxygen-contai ni ng species tq essentiallg zergp 0024]
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catal yst is one whose node of dewaxing is by
i somerizing wax nolecules to isonerates with boiling
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undeosri]rable from the standpoint of maintaining dewaxing catalyst activity,
conditions are such as to reduce nitrogen-containing species to acceptable
Jevels 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
treatnment may contain at least, one 10 or 12 channel.
waxzenpBa®s of such zeolites include ZSM5, ZSM BAT/US2003/032094
ZSM 22, ZSM 23, ZSM 35, ZSM 48, ZSM 57, ferrierite,
EU-1, NU-87, ITQ 13 and MCM 71. Exanpl es
al um nophosphates containing at |east one 10 ring
channel include SAPO 11 and SAPO-4 1. Exanpl es of
mol ecul ar sieves contaiRrll®g 12 ring channels include
zeolite beta, ZSM 12, MCM 68 SAPO- 5, SAPO 31,
MAPO- 36, ZSM 18, nordenite, faujasite and offretite.
|t ,shg d.b noted that a dewaxi ng catal yst such as
t e altered dewaxi ng properties by
adj usting catal yst properties, such as acidity, netal
di spersion and catalyst particle size as noted in US
[0025Rt eMthd¥reséht deed Tor fHoaatatytic dewnxingi afeaxyafaeds utilizes
described in US Patent Nunbers 5,246, 566, 81 282, 958,
a cathlyst St hids been a6tivased by £08Bsting the catalyst Waidl apherysenate.
4,440,871. MCM 68 i s described i Pat: :
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ZSM 23. Especially preferred is ZSM48. As used

herein, ZSM 48 includes EU-2, EU- 11 and ZBM 30 which
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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

De

v

noted that a dewaxing catalyst stich as ZSM-5 can have altered dewaxing
properties by adjusting catalyst propetties, 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 m xtures thereof. Preferred

netals are Goups 9 -10 netals. Especially preferred
wanre4@3s9ps 9 - 10 noble netals such as Pt, PdPOT/US2003/032094

m xtures thereof (based on the | UPAC Periodic Table

format having Goups from1l to 18). These netals are

| oaded at the rate of 0.1 to 30 w.% based on

catal yst. Catal yst preparation and netal | oading

met hods are described fotll-exanple in US Patent No.

6,294,077, and include for exanple ion exchange and

i npregnati on using deconposable netal salts. Metal

o HARORPS LA eyt st ghe s

fluor eI, Ylich-cHiiha, FRdr e Gilédaz uatica wad il itiasqlemsea
nmetal are ' preferred. [0028] The nol ecul ar sieves ar

dopelypitis @rbup 8 ongtalsi tSubhviatalyts atkedeseribed ifor exanplgrinds
resistant to high and may be enpl oyed under dewaxing

Patentd¥ali4, 9@h#07 end 6e383,304.i ni shed dewaxi ng catal yst or
may be binderless (self-bound). The binder materials
are usually inorganic oxides such as silica, alumna,

11 g ' ' beRblisRL 0N sthel sk loxted with b
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t hori d
one Gidtipch- A0 wnetab oramibuFahereel. EiRiamd BF b i ranps 9 -10
metal g spepUb S PGS On0s vt LS aiihls shoh a8 Pd bF
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mixtiresth RO AR ol fie TG PARE PRYpd LM Forbd bt R Brouns,

fron{'"ﬁi/o 20044 933 aRrP134dea2 AR £32690.1 o130 be. Yaskased on
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catallybe GathTyistiprtpatation arjdoetyl Iosiing meghedsmsrdesrbehiarude

{ t f 1 - ,400C ferahly
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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 hr- 1, preferably 0.1 to

5 hr-1 and hydrogen treat gas rates from45 to 1780
wo00B38@50 t o 10000 scf/B), preferably 89 to 800/usBionB32094

(500 to 5000 scfB). [0030] Oxygenates used to

sel ectively activate the dewaxi ng catal yst are

organi c, | oxygen-containi ng conpounds

(organo- oxygenat es) which formwater under

hydr odewaxi ng condi ti ons=12exygenat es i ncl ude

carboxylic acids, alcohols including polyols, esters,

al dehydes, ethers, ketones and m xtures thereof, or

an .i nor i,C,0Xxyge ' | S WP
be ussdlpdarabg) 8 HERODHE kil M RROIIEUR AdeS
formaCi ds, especially alcohols. The organo noieties

tontain at |east 1 carbon atom and may range up to
oxygen contained in oxidized hydrocarbon feeds in the

| ube boiling range (343C + as neasur b ST 6
[0029]r Agmazfaaygqonqigg@éinm@ eERRTaidEey 0? gf(g’él&é@ﬂ %&98
activate Lectivate e c i t ast
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. oxyaen ORid), FidQidbeumsl ce
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veloARBY BE foftf (OKKIEDAtEpreferabler0.1 hah ht© a0dhywppgeivireat gas
not adversely,lgaff3ect t he dewaxi ng proga;ﬁs gr %gg)dug:} 3.
rates Themt4si @l 1 780ygm’ (250 te A P0Q seffBhpyeferaily 894R 70 m/m
measur ed b¥ instrunmental nethods such as neutron
(5004et50081F8R)-anal ysi s whi ch may be combined with high

resol ution proton nuclear magnetic resonance, gas
chromat ogr aphy wi th oxygen flane WO 2004/ 033095

| [003€|CT/ 341832880 seldctivaly aetivate thbed@veaxing cgtalyst are '
: hr omat’ogr aphy- mass spectronetry (GC-M5) or . {} urier
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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
coﬁtent of an oxygenate can be measured by instrumental methods such as
neutron activation analysis which may be combined with high resolution

proton nuclear ma{gnetic resonance, gas chromatography with oxygen flame



GC- M5. [0032] Various methods have been proposed for
nmeasuring the selectivity of dewaxing catalysts. In
woneo4rmesdesd described in J. Catal ysis, 1984, 88CTAK21®3/032094
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 achi eve a given degree of
dewaxi ng may then be coeidpared with a reference
catal yst such as ZSM5 to determne relative
selectivity. In US Patent No. 5,282,958, selectivity
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GC-d8bectivity as a result of oxygenate treatment for a
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relative % nore of the wax conmponent into | ube boiling
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adjusting if necessary dewaxing. condition
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selectmitye Tatlis @atemt Nep 2628 S setegtiyy é%me@glérea f3r 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 Iube boiling range isome;ate

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 improvement at equivalent pour point for



equi val ent pour point. Catalyst A Catalyst B
(untreated) (oxygenate treated) Wax content of feed
wOQ0@M39050% Yi el d of isonerate 61.0 wt. % 72. OPGA/URR00a1032094
target pour Isonerate selectivity 56.7 * 68.9
Selectivity inmprovenent 1.215 ** 21.5 %*** Relative
selectivity inprovenent %* Calculation: [61.0 - (100
- 90)]/90 =56.7 [72.0 -(100 - 90)]/90 = 68.9 **
68.9/56.7 = 1.215; no inmpovenent is 56.7/56.7 = 1.0
*** (1.215-1.000)x100=21. 5% [ 00351 For any given
catal yst, isonerate yield should inprove with
i ncreasin X~C t : itfeAted
dewai s A e brC BT A Cllfyst 3 b8 CuEAGR Jics
. f o d.is bisthirdd by adjusting 00361
with ngg‘%lvﬁ?ﬁg 1?%?16 g@i%ﬁé’g%% it is prbg; edgyr_ed %o )
neceRYEF @Watiah cohéitions of tarhpereturt pd gpaceoveldeiinio aghieye
order to adjust product qualities to desired
equivaibattipfouc pbindns. Hydrof i ni shing is a formof mnild

hydrotreating dirgcted to WO 2004/ 03
PCT/ US2003/ 032094 agﬁXs turating n%%ﬁéggi}%
ol efins and resi duBtreatediat i cs as Me LTUINS vi ng

any remai ni ng heteroatons and col or bodi es. The post

Wax U8HEeH: B8 feddydr of i niggl0 g i s usual |y cadfi®¥ out in
cascade with the dewaxi ng step.

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)1/90 = 56.7 [72.0 -(100 - 90)]/90 = 68.9
wx 68.9/56.7 = 1.215; no improvement is 56.7/56.7 = 1.0

Aeker (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, €.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



Generally the hydrofinishing will be carried out at
tenperatures from about 150C to 350C, preferably 180C
WOQoRB0E095 Tot al pressures are typically from PB8BASLM®3/032094

20786 kPa (about 400 to 3000 prig) . Liquid hourly
space velocity is typically from0O. 1 to 5 LHSV
(hr-1), preferably 0. 5 to 3 hfl and hydrogen treat
gas rates of from44.5 to, 1780 n3/nB (250 to 10, 000
scf/B). [0037] Fwdrofini§ﬁ'hg catal ysts are those
containing Goup 6 netals (based on the | UPAC
Periodic Table format having Goups from1l to 18),

satufdt lube Hehgwilatfifs add desidud] WrGRatitieientll aPietanoeilg
nmetal s i nclude at | east one noble netal having a

any s¢maingng hetenatoras and colordodies, Beppast dewaximgat i num
pal l.adium and m xtures thereof. The m xture of netals
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2859t¢D078@HPa (Wtduo#0dits BOOY psi) allignid Homtlysspavaveleity is
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typieallyafromedyl tot § bHEP Valir dgpredenably @.unta 3 bhq?@md hygiogsdreat

gas EEet kom 4 R5 SsGEPRE BRSO AR o S e,

silica, and silica-alumna. The netal content of the
catalyst is often as high as about 20 wei ght percent

[0037P" NGpdrePRishinEetahlystsNad tRogedaitsinigy @rotguéinstals (based
present in anmobunts no greater than about Iwt.% A
on tie BIRAGEBeriddid flablenfosman havimgabyosmps dem di tas! 3)ycfraups 8 - -

10 il P HFdBPELEn P red e aBalics i pstafe nobl
mergl B bR fspBE By Byeeda @ gbon. BRI M. palladiv,

and BAKARES Blesed?  tThe tiveiref dfithetalyhay tabio e presentaas bidlef ul
way of varying the stability of the products. The

metdlyoataifstaivdtereig thagmiopst 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 also
weonroemiodsn9pr oduct s havi ng good oxi dati ve st abi | PCY/US200%/032094

light stability, and thermal stability. Space velocity

in the hydrofinisher also offers 'a potential for

aromati cs saturation control with the | ower space

velocities effecting greater aronatics saturation.

Cat al yst Preparation and-I8-ocess Description [0039]

Si nce normal hydrocarbon feedstocks derived from

petrol eum contain anmounts of sulfur and nitrogen that

[0038]r df&oﬁa@r@gﬁghﬁ' roaion Basuite ST IR TR PRI stgp offers s
i .1. i h
useffliyghp SE OGSk BlelRAniiey SR OBcu R Ihc RIDARRALAS Ralyt

togetiBPRGEPlAcRath RV abOh $50-B380 °@rd46t-57 Y will minimize
contam narnts are preferably hydroprocessed and

aronftios e Thentwill alda propate producsimvergeeubesidative gabiliyd
ni trogen-contai ni ng contaninants .such. a ogen
UV lightfstaislith @nd thesa .Sta%?lﬂbrryrépw YIRS @eﬁﬁ'@ﬂ@a’éh‘é‘%
hydr oprocessi ng, the. h I got h
also gHieTbRatEaTA 1 26T ancn S BEORELRGoRMAELEL 1Rk cket
Or Fﬂg@,{ﬂ?% driepsaeesiond feedstocks are then
Velo"télglﬁg 0 greggé\?\'g)r(%g 1step. [ 0040] The catal ysts used
in the catalytic dewaxing step are usually purchased
! froma catal yst manufacturer,. The user has the option
CatalfstnBreparationdindgProgess PesekiptioB; pur chasing t he
catalyst in the netal -l oaded form As noted
previously, netal |oading can be acconplished by
hpr | Y‘?@ﬂ SRCRS Wekivéd fronBpetroleum
[003 co%ﬁ@géa%%&r@?gr&?a t g%gh as an 1‘zsllm' ne s%l t, e.g.,
contRin3irhSiies of HE arl siompeaxhitairt detrimentahteedewigring
Sul fiding can be WD 2004/ 033095 PCT/ US20Q3/ 032094 - 17
catalystspitrib pséfededshat sach forgistasks geq Bydioggats % yst
hydrvc;ﬁciarc]:kgd %lgllofr ItcgjI 'd&%a%‘n’é? U fius 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 nitfogen-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 catalyst w th hydrogen

wanaa4@3medst ock spi ked with a sul fidi ng agent POT/US003/032094

usi ng a feedstock containing organo sul fur conmpounds.
[00411 In order to selectively activate the dewaxing
catal yst, the oxygenate or m xture of oxygenates may
be added directly to the hydrocarbon feed to be
dewaxed. Alternatively, t¥e dewaxi ng catal yst can be
selectively activated and the activated catal yst used
in the dewaxing process. In the forner process, a

accoﬁg%ﬁe&* %ﬁﬁg%&ﬁf& 'l&hd&l @&alt/aa@ﬁh aksmﬁdlﬁge e

asured” as oxygen | east one oxygena

such @8 Hyded gsh/My drbgéh sulfideax Ioltitibrtsalﬁxlmg tagemitier by eoatdchigg
conditions. Alternatively, the dewaxing catal yst can

the cb‘eﬂ}s&i Iveith hydiiogen end wfeedstog spiked witisesulfdingagrniexibig
ce ich .activation ratefromthe
usm&ié&ﬁ‘?@fﬁ%&‘g‘f%@%“g Qrgane SUW?WBO t he dewaxi ng
catalyst is heated at a tenperature of from120 to
400C and a hydrogen pressure of from 101 to 20786 kPa

[004110 t@n%ﬁ@é} 6 Selabtivelytabtiviteahe dewaringacatalpst, dunoaygunate
| east about 100 wppm neasured as oxygen, of at

or mi)&am ofoey gengige nzrtyebe added disettlyslp the hydrasashorefesd to be
di fferent fraomthe hydrocarb n fee
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hydr¥&b6h éfé&%brﬁyﬁnlgaét 1eaﬁca%6ht 10@ S4plpint, 1Bedsueed 4dhexygen, of
present catalytic dewaxi ng process. As noted -
at legst evie ouybynate ecomanted iwith tetdewastingreatalyst usder dawaxiag -
sul fided or unsulfided formand may be _reduce
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or an ydrogen and a carriér feedstock
tempegdtiied of frgnsLA(f iod00§Camyrihd hydichgen poesshee okfronot0l ta s

2078\2@1(1-"2210 % /tg %88(? gsgﬂr/l Hlsézgr%:sgérﬁ:%zo%gadrfeed 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
waQeM/003d95 The catal yst is reduced, sulfided oPChaiSEn03/032094

reduced and sul fided. The reduced and/or sulfided

catal yst can then be selectively activated by

contacting with a carrier containing at | east one

oxygenate. The carrier can be either the feedstock to

be dewaxed or sonme ot her-l&ydrocarbon feedstock such

as the carrier used to sulfide the catal yst. [00431

Once the catal yst has been selectively activated with
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hydr{j\%%{jehhfgd&@?% s?hlang catal yst. The hydrofi m%l ng
reaction conditions are noted hereinbefore.
Hydr of i ni shing is_useful to renove, col
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ractive as basestoc meet i ng G oup and

need&l @8 Pndihtaid egulyseaitis,. These G oup classifications
are those used by the Anerican PetroleumlInstitute

(API'). API G oup Il basestocks have a saturates

ooy Geoni 1555l SR ingody b epr TREShnBhipe

{ ERcadTe
s b5 B ol SR fasgstanc, i cacqs
from\dew$xcdt6 dly@fofiiser ls?ﬁreferred 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.

[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 III 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
followng non-limting exanples will serve to
woRkbugBsmse t he subject invention. EXAMPLES Bgamsk@3/32094
[0047] This exanpl e denonstrates slack wax isonerates
yield credit sustained by ZSM 48 cat al yst
sel ectivation using an oxygenate contai ned feedstock.
The sel ectivation was carrjed out on a dried and
reduced 0.6 w.% Pt/ ZSM-4% cont ai ni ng 35 wt. %
alum na. The reference conmercial ZSM 48 catal yst,
0.6 m.%Pt/ZSM 48/ 35 w. % alum na in netal oxide
form was dried at 180C under 200 psig flow ng
nitrogen pressure for 3 hours. The catalyst was then
[0046pdUCEkk f5llo3GAEnondanitRP0expsngles wallisexychy dilogeate the 4
hours to produce the dried and reduced catal yst
subjedanveptiofenper at ure 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

< AREPE] d on a reduced catalyst (Cat-A) by processing
E—-a-rr-%%—?zed hydr ot reat ed 150N sl ack wax cont ai ni ng

Exa@wqen 1000 and 3000 ppm 0, as neasured by Neutron

Ctivation Analysis. The selectivation was carried
out at 332C under 1000 psi g hydrogen pressure
roduce Cat - B 0049] Four, 316 st.ai nl ess steel , .3/ 8"

(00481 arel s cRamplilamapstRta R I HrRHe iF o

sust P BY S YRR RERIECRIAER A et of el oliRly

feedb%ﬂeq‘hé QEeL RV atichl Wad GATRled st on Adfitdiint rddded OB RLAG
enper ature sand-bath equi pped with electrical heaters

Pt/ZSM-48t eomeinaty d5%wt.86 ahwhinaAfhe opference copuhensial ISM-48

connections were | r)st alled to WO 2004/ 033 915
catab@u'/ngd(g/ #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
wanaw4a3wst enperatures from 150C to 350C. [ 0058 TAUS®B/032094

steady state conditions liquid feed (hydrotreated 150

N slack wax) and gaseous high purity hydrogen (>99

vol . % H2) are punped over the fixed catalyst bed.

Li qui d and gaseous product are subsequently

depressurized and sanpl£0-periodically. Aliquots of

liquid product and liquid feed are analyzed for

conposition and quality. [0051] Operating conditions

were set to, 332C, 1.0 h-' Liqui ur |
allovingtaraperatiow nogHbaLITse 5k B L IRYPS g SR and
hydrotreat ed 150 I 158ed th350escr i bed
nomlpﬁld & rf.guﬁt%’g'%ﬁ@ﬁ g{nﬁgi‘a Wtég%@tlggsgl te)ct ivity is
assessed by cal culating cracking. Cracking is
cal cul ated nmeasuring gas and liquid effluents

TR s b SS e ok
wax)tdh e o YERIE it By LEpeen (RI9 VO Ob ERs HETBtRPed U (i
e EETBER S o ey
o SR PR AT O et d e

'analyl%ﬁlfiﬁf tb@positioh sadepality.was checked using NVR (nucl ear

magneti c resonance, particularly carbon 13 NWR).
| sonerate quality such as viscosity and viscosity

oSSt SRS 60 B S A A A S
verHTTRSS M i, RS SN v

liquitifEE Pl @Rtfbed AOTIZeACk Wax Conposi tion

[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 (nuclear
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

3.601 Wax content (W.% 95.6 QO
woabl4m3ogat - A Cat-B Treat nent Reduced Reduce#CHUS2]03/032094
58 29 Tenperature ('C) 332 332
% 61.9 73.9 Selectivity |nprovenent

treated Days on Q|
370+C Yield (wt.

(wppm < 2 Viscosity @100C (cSt)
in wax (W.% 4.6

(%9 Base +21 370+C Isonerate K. Viscosity @OC (cSt)

12.380 13.341 370+C Iso
(cSt) 3.262 3.501 370+C

Pk

ate K. Vi scosHy @ 100C
somerate Viscosity Index 137

148 370+C I sonerate Pour Point (C) -20 -16 [00531
Data reported in table 2 show about a 10 wt. % yvyield
credit (adjusted to thEapRE pour point) for the
oxygenate sel ectivated cat aI yst The error limts for
yi el d andHydvetrpated: K503 gk Compasifiert i vel y. The
correction for vyield based on pour point is 0.55 %
for each degree change in pour point. WO 2004/ 033095
PCT/ USZOWMWWW quality is
al so i npt OV&F wi th about a 10 VI| “inprovenept. The
enhanced [Tty can alsjo<be seen ip the Vi
properti sg{lm@p@ﬁ?comarl son tjo viscosityjat 100C
(3.5 cSt) vistakizy [@d00PE (68t) 3.601
Wax content (Wt.%) 95.6
0Oil 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
hi gh quality of the present products. Wax isonerate

woeebamsswsty is defined as : 370C+ yield (% PCEaS2003/032094

oil content (% Selectivity = Feed Wax content (%
Selectivity Inprovenent is defined as : Selectivated
Catal yst Selectivity Selectivity Inprovenent = Base
Catal yst Selectivity Calculation exanple fromex.1
(73.9-4.6)/95.4 0.726 Set®&tivity |nprovement = (61.9
- 4.6) 95.4 = 0.600 = 1.21 or 21% over base case /
Exanpl e 2 [0054] This exanpl e conpares isonerate

ro B ey L i1, 1

improRkAlens! Thé Gakaried prodisctepalin! carpdiso bdsemmit thet ¥b
yi el d advantage by oxygenate treat of the ex-situ

propgtt_iésij (dféﬂl) limd:qzhpmﬁshothatmE)QSity@@SQ@O@\(?r-5 @&tc)gu Thisdeqreof
.. dried followi ng the sa procedqure. descre.i bed in
higheVboYiscasiBiis GIIEE ey B RHORGAD) Diap SO B isgaresent
PCT/ US2003/ 032094 -23 (a) Cat-C was pre-sul fided
prod¥¢tSsit y by using a 400 ppm H2S containing hydrogen
o CAtirFivashidcdegted, dried and wetted with
Waﬁg@ﬁe{%gr%rglreat eft%ri o} to processing hydrotreated 150N

sl ack wax.
370°C+ vield (%) - Feed oil content (%)

Feed Wax content (%)

Selectivity =

Selectivity Improvement is defined as :

Selectivated Catalyst Selectivity

.. ht = N .« .
Selectivity Improveme Base Catalyst Selectivity

Calculation example from ex.1

4 (73.9-4.6)/95.4 0.726 121 21% over base case
.o u = = = ¢ or o OV
Selectivity Improvement (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.



then sul fided
100 psig pressure and

(b) Cat-D was dried under nitrogen,
in-situ in the reactor unit at

waQee/Bsms 48 hours using a spiked i sonmerate CcORCEIUS20G/032094

400 ppm sul fur as dinmethyl-disulfide. (c) Cat-E was
prepared in-situ in the reactor by treating the
pre-sulfided (Cat-C) with a spiked isonerate
contai ni ng 1000 ppm oxygen_as n-decanol. The

sel ectivation was carried2dut at 100 psi g pressure,
200C for 48 hours. Table 3 Cat-A Cat-C Cat-D Cat-E
Treat ment Reduced Ex-situ In-situ Cat-C sulfided

& ! . . .

(@) ‘?%"n% i o 4R by 1BRKE 00 Bhoin BES ﬁgﬁt(a \%lxl.ng/a 61. 9

hyd@%eﬂ tedat gaiiﬁal—c Sek ¢edded, tyied amd ovettaeinyithol BONeisomerdte 5
+Z20.5 370+C |Isonerate K. Viscosity 13.28 12.785

prioft & pawesdng bgdrot@atedciiON slagk@axsonerate K. Viscosity
3.262 3.371_3.354 .3.446 . 100 St, .370+C | t .

(b) QeisBowpi griad pinder iagen, S5 PHEER STBHE I S35 BRGRS TBLAL
POLEt -8 - : .

100 21 BygsQltp abil 2900 1945 Hopfiite FRpACUIRTNLAR, Linbhhe

400 $pis sl 5dinfethyddisilfidsi tu (Cat-D) sul fided

talysts. Furthernore, no yield advantage is “
(c) OdtsE wadprepaned titvsith iim db wactordyueestingtha pyesulfided- A) .

(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
i
Cat-A Cat-C | Cat-D | Cat-E
Treatment Reduced | Ex-situ | In-situ | Cat-C
sulfided | sulfided | with [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
)

[0056]

Data reported 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).




WD 2004/ 033095 PCT/ US2003/ 032094 -24 This exanple

al so shows that oxygenate selectivation of the ex-situ
weoeubdsiodads catal yst (Cat-E) produces a nore sSePeETHIS®3/032094

catalyst having a 10 wt.%yield credit over the

untreated catal yst (Cat-C). Exanple 3 [0057] This

exanpl e shows the inpact on selectivity by treatnent

with other polar conpound such as nitrogen. [0058]

Cat-F was prepared in-sitdf-by treating the

pre-sulfided (Cat-C) with a spiked isonerate

containing 20 ppm nitrogen as n-butylam ne. The

S e T T e s b o e
catal&ﬂ@% %&tc%tgtgélgé’és dmold §AEEBAY catalyst ﬁawlﬁ@a-w Wit Wyﬁhi C

ed Otreat treat Days on 8 8 8
credff@%ﬁﬂ?dum@ea(te@atﬂ?@t@m@m 370+C Vi el d (wt.% 61.9
.7 52.7 Selectivity Inprovenent (% Base + 20.5 -
16 370+C I sonmerate K. Viscosity @O0C 12.785 12.858
12.948 ¢St 370+C Isonerate K. Viscosity 3.371' 3.446
Exampled 100C cSt 370+C I sonerate Viscosi ty I ndex 143
153 141 370+C I sonerate Pour Point C -19 -17 -17

[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-bptylamine 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

i 8
Days on Oil 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




WO 2004/ 033095 PCT/ US2003/ 032094 -25 [00591 'Data

reported in table 4 denonstrate that treating the
wexewiossnsul fi ded ZSM 48 catal yst with a nitr 8gems2003/032094

conpound results in a selectivity debit. This

denonstrates the uni queness of oxygenate over other

pol ar conmpounds such as nitrogen conpounds. Exanple 4

[ 00601 This, exanple denonstrates the inpact of higher

tenperature operation of25electivity on a

sel ectivated catal yst. This exanple also denonstrates

that selectivation is reversible after a higher

t enperature per.at.i gn, as I . i kL d

(00s1c- ShaeFrmpaeadnale Bl Hhh H O RE R At Hule
al yst éﬁ;}g @ og,ifg&ﬁld%gul@srineaﬂs@s&m i debit.t This

ZSM?%%%%&% ac%tg | ée n Exanple 1. [0062 u:‘Asﬁlsshoil/vn

L EREs fleQiHiQientssSh B@ey genateever atlensiannpo -sygh as
dem&\)/\nﬁlstt% an oxyg@%ate free hydrotreated 150N slack wax. *
nitrogéAgeniounlde catal yst was then treated with the

oxi di zed hydrotreated 150N slack wax feedstock

described in exanple 1 containing between 1000 and

30Q0 , ppm oxygen (as oxygenate). After Stage 2, the
Mﬂiﬁv\as washed using a nedicinal grade white oil to

renove all traces of polars and aronmatics. The

catal yst tenperature was then increased to 350C under
(00681 t L1k bxatple0dinqustates the smpectofchisherEBPSEIVER  350C

opermiapenaeipebois o) SRSE I A ot
328C, [ J ! ,
demgm;t_rates g}agalglse t’cl)\g)ag{q%él:s ?ﬁ%@%lé;h@% %g%@? ge?%?égﬁﬁﬁé ite
opert8§§§té'1g§{;@ell ?érl\gl‘e% I{ﬁ’%ibﬁ 1d Qe dadsstivigteddnisita. sane

rotfeated 150N sl ack wax used in
stage 1. (

[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.



WD 2004/ 033095 PCT/ US2003/ 032094 -26 At the end of

stage 3, the catal yst was exposed to the oxidi zed
waypdnuossmat ed 150N sl ack wax feedstock descri bed/uiSzno3/032094

exanpl e 1 contai ning between 1000 and 3000 ppm

oxygenate, at 328C for 3 days. * Stage 4, after the

hi gher tenperature treatnent, was run for 10 days

using the sanme oxygenate free hydrotreated 150N sl ack

wax used in stage 1. Tabi2®- Stage 1 Stage 2 Stage 3

Stage 4 Treatnent Ex-situ Stage 1 Stage 2 Stage 3

sulfided after [Q after Hi gh after [Q treat Tenp.

e e A e G M Sy BB

150N ElsRR it Bk SRR

and 0 bRl

Point C [

SaMeIeRYERNAS gg g'd%%atf?i%eltdunkﬁt@?%@%éﬁid‘ﬁ

Vi

s%idQH I's

e yle

after higher tenperature treatnent (Stage 3

143 147

refor 14553 skl
Fd(%% clr'edi t

iKocBagple 1 tOnthidifg bet®eerBTOBA
798 13.695 12.814 Viscosity

2Adte, 43D Cafioe 3Kday8. 371 3.571 3.515 3.393
00C cSt 370+C | sonerate
* Stabeld, bfter thebigheBeopEratyshiedmenboyps

the

Table 5
Stage1 | Stage2 | Stage3 Stage 4
i 3

Treatment Ex-situ | Stagel Stage .2 Stage

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

treat Temp. freat
on Oi 49

Days on Oil 8 14 38
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 -
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).




versus Stage 2) - that ZSM 48 can be "re-sel ectivated"
in-situ after processing an oxygenated contai ning
wobeedaBsok (Stage 4 versus Stage 3). WO 2004/ 0BBDAS2003/032094

PCT/ US2003/ 032094 -27 Exanple [0064] This Exanple
denonstrates that the yield benefit froman oxygenate
treatnent can al so be achi eved with an anorphous
dewaxi ng catal yst. [0065] A 600N sl ack wax was
hydrotreated and then expd&ed to air while still hot,
and therefore subject to oxidation. A clean feed was
produced in an integrated unit where the hydrotreated
sl ack, wax was directly fed to the hydrodewaxing

;EXEEﬂﬂﬁﬁ&st wi t hout being exposed to hot air or noisture.
The hydrodewaxi ng catal yst was an anor phous cat al yst,
0.9 wt.%Pt ona l.1 wm.% fluorided alum na. [0066]

[oocE1e rERIHGnle deinonsates faltlee Bield bersfis fDan0KyBeBae

i dized Feed 370C+ yield (% 69 73.3 ., %Gﬁtﬁ; KV@

treattR§HE dan AlscBbe7achianedrgBh aeamerphops deyaxing catalyst.
chromat ographic distillation [0067] The data in Table
6 show t hat an anor phous dewaxi ng catal yst has

100652 2K 5h0K] Ghel WIS T AP BeaRAGHThEN X ARG 2R WELe'

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.
]

[0066]  The results are shown in Table 6.

Table 6
Clean Feed Oxidized Feed
370°C+ yield (%) 69 73.3
(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.



WD 2004/ 033095 PCT/ US2003/ 032094 -28 CLAIMS: 1. A
process for catalytically dewaxing a waxy m ner al

waydumszmdbon feed which conprises: (a) form ngC&US2003/032094

m xture contai ning the waxy hydrocarbon feed and at
| east one oxygenate; and (b) contacting the m xture
fromstep (a) with a dewaxi ng catal yst under
conditions effective to catal ytically dewax the feed.
2. A process for catalyti-g&8 |y dewaxi ng a m neral
hydrocarbon feed containing at |east 15 wt. % wax,
based on hydrocarbon, feed which conprises: (a)
hi/drotreati ng the hydrocarbon feed in the presence of
CLAIMSr ot reating catal yst under hydrotreating
conditions to produce a hydrotreated feed and sulfur-
. and nitrogen-contai ning contam nants; (b) separating
thg hydropsRatemricastytic0ly ddvendng & waxyaniharakrysyeearbon
cont ai ni ng cont ani nants; ]?c) addi ng to the separated
feedWHic canpéstsf eed at | east one al cohol, carboxylic

acid, ester, aldehyde, ketope or ether |

Ao fomping /IS ¢or MBI M OF PP Rar B R E el

m xture is at |east about 100 wppm neasured as
leashQpe OXYSEHRC @M contacting the m xture from step (c)

Vi (B 3 RN Al Atk RY Horbieplta) eiihtedovedngubiniyst ander

Si containi,ng at |east one 10 or 12 ring channel
contitink effRtide td eatalyeichiy tdewaxttbe feedal yti cal Iy dewax the

feed. 3. The process of any of the preceding clains

wherein the waxy hydrocarbon feed contains at | east

gg%f bség@\gtm%%@ o ca?zﬂ?/ﬁgal?}p dé&gﬂng%ﬁggﬁ/ 13R208abon 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;

(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,
measured as oxygen; and

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

conditions effective to catalytically dewax the feed.

3. The process of any of the preceding claims wherein the waxy

hydrocarbon feed contains at least about 15 wt.% wax, based on feed.



-29 4. The process of any of the preceding clains
wherein the oxygenate is at |east one al cohol,
woanhawsydosc aci d, ester, aldehyde, ketone or eChnIS2003/032094
The process of any of the preceding clainms wherein the
oxygenate is water. 6. The process of any of the
precedi ng clainms wherein the anobunt of oxygenate in
the m xture is at | east about 100 wppm neasured as
oxygen. 7. The process of-28ny of the preceding clains
wherei n the dewaxi ng catalyst contains at |east one
nol ecul ar sieve containing at |east one 10 or 12 ring
chagnnel ., 8. e . Pl f ' cl ai ns
whdr o n TRTEReRIRGY VT fE pledRls ARTERRERTA Bt 0 0 8
AR JoarBSM18Pacid Pted Saldelsidd, Ketone or
oxygéﬁért%é??ﬁ?ﬁéﬁel, NU-87, SAPO- 11, SAPO- 41,ﬁIMTQ 13 or
cthdyCM 71. 9. The process of any of the preceding clains
wherein the nolecular sieve is at |east one of
zeolite beta, ZSM 12, MCM 68, SAPO- 5, SAPO- 3 1,
MAPO- 36,,.,ZSM 18 fretd I ' a asite.
105 The THERIAESSS %ff&@gpﬁ%%%?‘g“el s apdth B,

ing clalnms wherein

ar sieve is ZSM48. 11. The process of any
oxyggﬁ‘%tggé g"réléggédi ng clains wherein the conditions

effective to catalytically dewax the feed include a
t enper ature of. WD 2004/ 033095 PCT/ lfSZOOS/ 032094 - 30-
f r dm 250 heprooess@f anymidhe preceding ¢lams wherein she agount

o 5 B Sl B0 o o pSBR

12. The process of any of the preceding clains wherein
catal ytic

7. The process of any of the preceding claims wherein the dewaxing
catalyst'contains at least one molecular sieve containing at least one 10 or 12

ring channel.

8. The process of any of the preceding claims wherein the molecular
sieve is at least one 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.

9. 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-3 1,
MAPQ-36, ZSM-18, offretite, mordenite or faujasite.

10.  The process of any of the preceding claims wherein the molecular

sieve is ZSM-48.

11.  The process of any of the preceding claims wherein the

conditions effective to catalytically dewax the feed include a temperature of



dewaxi ng of feed results in inproved yield of

i sonerate boiling in the lube oil range at equival ent
wQauw4/0039F t he dewaxi ng catal yst w thout oxygeRraras2003/032094

treatnment. 13. The process of any of the preceding

clainms wherein the inproved vyield is at |east 4

relative percent. 14. The process of any of the

precedi ng clains wherein the dewaxing catalyst is

sul fided, reduced, or sul f3¢%ed and reduced. 15. The

process of any of the preceding clains wherein the

dewaxi ng catalyst bears a netal hydrogenation

o35 % pEARRLETER 8, 407 I RGOSy cocs

erein ion’co
velbity @8 Fon? 08 16" W R Sar a HRangk ratd'®t fbm 45 to 1780 m’/m’.

12.  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.

13.  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 claims wherein the dewaxing

catalyst is sulfided, reduced, or sulfided and reduced.

15.  The process of any of the preceding claims wherein the dewaxing

catalyst bears a metal hydrogenation component.

16.  The process of any of the preceding claims wherein the metal

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



