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The raffinate was then sotvent (iewaxeg to address basestock quality issues such

as pour point. The ability of the solvent dewaxing process to meet increased
demands placed on basestock quality is limited since improvements in properties
such as pour point came at the expense of basestock yield. The solvent
dewaxing process is designed to separate wax from base oil thereby eliminating
the highest VI components of the waxy feed. Thus in order to achieve the target

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

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

VI over solvent dewaxing to the same target pour point. Dewaxing catalysts
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SUMMARY OF THE INVENTION

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

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

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

dewax the waxy hydrocarbon feed.
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| east about 15 wt. % wax, based on hydrocarbon feed

whi ch conprises: (a) contacting a dewaxi ng catal yst

Wth a streamcontaining at | east about 100 wppm

nmeasured as oxygen, of at Iea%t one oxygenate at a

tenperature of from 250 to 400C, a hydrogen pressure
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catal yst fromstep (a) with the hydr ocar bon feed and
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based on hydrocarbon feed which conpri ses:

dewaxing a mineral hydrocarbon feed containing at least about 15 wt.% wax,

based on hydrocarbon feed which comprises:

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

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

the hydrocarbon feed.

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

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

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

(b) contacting the catalyst from step (a) with hydrocarbon feed and
dewaxing the hydrocarbon feed under conditions effective to catalytically dewax
the feed.
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hydr ogen pressure of from 101 to 20786 kPa; and (b)
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dewaxing a Fischer-Tropsch wax and containing greater than 0.5 wppm sulfur,
based on Fischer-Tropsch wax, which comprises:

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

(b) contacting the catalyst from step (a) with the Fischer-Tropsch
wax and dewaxing the Fischer-Tropsch wax under conditions effective to

catalytically dewax the Fischer-Tropsch wax.

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

and VI compared to a non-activated catalyst.
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no oxygenate on a hydrotreated slack wax. DETAI LED

DESCRI PTI ON OF THE | NVENTI ON Feedst ocks [0015] The

feedstock used in the process of the invention are

wax-containing feeds that boil in the lubricating oil

range, typically having a 1098 di stillation poi nt

greater than 650F (343C), nmeasured by ASTM D 86 or

ASTM 2887, and are derived frommneral or synthetic

)1t Qf dstock is at |east
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100 wt. % wax. The wax content of a feed may be

determ ned by nucl ear nagneti c resonance spectroscopy
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derived fromsolvent refining processes such as
raffinates, partially solvent dewaxed oils,
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Fi scher Tropsch vvaxes Preferred feeds are sl ack
waxes and Fi scher-Tropsch waxes. Slack waxes are
Fegdstoeks y derived from hydrocarbon feeds by sol vent or
propane dewaxing. Slack waxes contain sone residual
oil and are typically deoiled. Foots oils are derived

(T, 22Phe SR Ko e P L ARG RIS Fo R Bntaining
FRGRIRSHIHAT A Tu bR PFhnge, tyg!ié%'l‘ly%@g 8110% distillation

catal ysts as wel 8, 9 or 10 neta

poirtigretter mnaﬂsxa&rf @4366) Juneasued by ASTMOD®G @keASTM 2887, and

hydr ogenat i on.
are derived from mineral or synthetic sources. The wax content of the feedstock

is at least about 15 wt.%, based on feedstock and can range up to 100 wt.% wax.
The wax content of a feed may be determined by nuclear magnetic resonance
spectroscopy (ASTM D5292), by correlative ndM methods (ASTM D3238) of
by solvent means (ASTM D3235). The waxy feeds may be derived from a
number of sources such as oils derived from solvent refining processes such as
raffinates, partially solvent dewaxed oils, deasphalted oils, distillates, vacuum
gas oils, coker gas oils, slack waxes, foots oils and the like, and Fischer-Tropsch
waxes. Preferred feeds are slack waxes and Fischer-Tropsch waxes. Slack
waxes are typically derived from hydrocarbon feéds by solvent or propane
dewaxing. Slack waxes contain some residual oil and are typically deoiled.
Foots oils are derived from deoiled slack waxes. Fischer-Tropsch waxes are
those prepared by the Fischer-Tropsch synthetic process such as that based on
iron containing catalysts as well as other Groups 8§, 9 or 10 metal sulfide

catalysts for use in carbon monoxide hydrogenation.
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feedstocks may contain fromO up to 0.2 wt. % of
ni trogen, based on feed and fromO up to 3.0 wt. % of
sul fur, based on feed can be processed in the present
process. The m ni mum sul fur content of synthetic
f eedst ocks based on Fischer-T?Opsch waxes prepared
using iron or other G oups 8, 9 or 10 netal sulfide
based catal ysts is about 0.5 ppnmw, based on feed.
Feeds having a high wax content typically have high
viscosity indexes of up to 200 or nore. Sulfur and
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Preferred alum nas are porous alum nas such as ganma
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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,
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individually or in m xtures, ranges fromabout 0.5 to
W@00M0336 based on the catalyst. In the case BET/US2003/033323

preferred m xtures of groups 9-10 netals with group 6

nmetals, the groups 9-10 netals are present in anmounts

of fromO0.5to 5 w.% based on catalyst and the

group 6 netals are present in_anmounts of fromb5 to 30

wt.% The anounts of netals 'n%y be neasured by atom c

absor ption spectroscopy, inductively coupl ed

pl asma-atom ¢ eni ssion spectronetry or other nethods
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ar ge e Slze ummnos cate zeolite su

nZehbdd speXified, by ASNIM, foZ bitidualabbal) or zeolite beta.
The zeolites may be used in various cationic and
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material, preferably a large pore size aluminosilicate zeolite guch 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
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bi nder such as silica, silica/alumna or alumna or
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zeolite will typically vary from 10:90 to 90: 10, nore

comonly from about 30:70 to about 70:30 (by weight).

[ 0021] Hydrotreating conditi ogs i ncl ude tenperatures

of from 150 to 400C, preferably 200 to 350C, a

hydrogen partial pressure of from 1480 to 29786 kPa

(200 to 3000 psig), preferably 2859 to 13891 kPa (400
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Hydr ocracki ng conditions include tenperatures of from
300 to 480C, preferably 315 to 425C, a hydrogen
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nost undesirable fromthe standpoint of naintaining

dewaxi ng catal yst activity, conditions are such as to
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reduce_the concentration of nitrogen-containi n%

(04 o3 G0psig), gpreferably 10443 to 1733 kPa (1500 to 2500 psig), a space

velocity of from 0.1 to 10 LHSV, preferably 0.5 to 5 LHSV, and a hydrogen to

feed ratio of from 178 to 1780 m*/m’ (1000 to 10000 Scf/B), preferably 356 to

1780 m*/m’ (2000 to 10000 Scif/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.
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species to essentially zero. WO 2004/ 033096
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ni trogen-contai ni ng contam nants such as hydrogen
sul fide and ammoni a are preferably separated fromthe
hydr oprocessed feed prior to dewaxing by stripping or
ot her separation techni ques [l known in the art for
separating gases fromliqui ds.” Dewaxi ng Sel ectivity
[ 0025] The present process for the catal yti c dewaxi ng
of waxy feeds utilizes a catalyst that has been
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12 channel . Exanpl es 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
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catal yst such as ZSM 5 can have altered dewax
properties by adjusting catal yst properties, such as
acidity tal dispersion and  catalyst particle size
U26hot eﬁhqnﬁewmgt«?@mlymasebczgml,mmysta—n@em ageQipheus.

Csr'ysecgﬁlsne 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 channe]. 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



are described in US Patent Nunbers 5,246, 566,

5,282,958, 4,975,177, 4,397,827, 4,585,747, 5,075, 269
w@n4433040, 871. MCM 68 is described in US WO PCT/US2003/033323

2004/ 033096 PCT/ US2003/033323 -11 Patent No.

6, 310, 265. MCM 71 and I TQ 13 are described in PCT

publ i shed applications WO 0242207 and WD 0078677.

Preferred catal ysts include % M 48, ZSM 22 and

ZSM 23. Especially preferred’i's ZSM 48. As used

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

are structurally equivalent to ZSM 48. The nol ecul ar
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waxl ng catalysts | ncl ude a um na uor i um na
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vegsell xtures thereof. Preferred net aIs are Groups 9 -10
netals. Especially preferred are G oups 9 - 10 noble
metal s such as Pt, Pd or mxtures thereof (based on
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exchange and ° i npregnation using deconposabl e net
andlot3R3,M4.al di spersi on techni ques and catal yst
particle size control are described in US Patent No.
5,282,958, Catalysts

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

with small particle size and well dispersed metal are preferred.

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

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



with small particle size and well dispersed netal are

preferred. [0029] The nol ecul ar sieves are typically
weorposioved with binder naterials that are reBCBHUSI03/033323

to high tenperatures and nmay be enpl oyed under

dewaxi ng WO 2004/ 033096 PCT/ US2003/ 033323 -12

conditions to forma finished dewaxi ng catal yst or may

be bi nderl ess (self- bound). The binder naterials are

usual Iy inorganic oxides such<as silica, alumna,

silica-alum nas, binary conbinations of silicas with

ot her netal oxides such as titania, nagnesia, thoria,
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hydrogen tr S from4 to 1780 n8/nmB8 (25
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5000 scf/B). [0031] Oxygenates used to selectively
activate the dewaxing catal yst are organic,
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wat er der ndition. Oxygenates

pirefefraﬂd)@ﬁ%ﬁlt@@i@‘l@ (pressuﬁa ofdteralv®llsto 20786 kdian ¢l (foioy3108),
esters, al dehydes, ethers, ketones and m xtures
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rates from 45 to 1780 m*/m® (250 to 10000 scf/B), preferably 89 to 890 m*/m’
(500 to 5000 scf/B).

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



ethers and carboxylic acids, especially alcohols. The

organo noieties contain at |east 1 carbon atom and
wOorg04/03309€@ up to oxygen contai ned in oxidi zed PCT/US2003/033323

hydr ocarbon feeds in the |ube boiling range (343C + as

nmeasured by ASTM D 86 or ASTM 2887). WD 2004/ 033096

PCT/ US2003/ 033323 -13 [0032] The feed used to

sel ectively activate (selectiyate) the catal yst

contains at |east about 1001 pm neasured as oxygen,

of at |east one oxygenate, preferably at |east about

400 wppm neasured as oxygen, of at |east one

A e F5at Fo Sery B EeREGR ) YiF 713G Contains
aBRYS SR 180185 o JEURN By BIOGEIPIEAL ori SYiehite,

total oxygen content o oxygenate can

prefesibledt st dbost A00ppal, mredsnestbasoicypens of etlieastione
activation analysis which may be conmbined with high

oxpgenaie. ohmprotsaf oxyereates gregtestthan 10,066 avepm naaysbe used if
R S B e B e P e S o

. oy
oYL ThE RIS RO RAT BT 35S GRPRl e DRALERR oy

iPRERs it Binktiods §licloxy SanPdsctivalsu 3RARGR WRithanhp bef
feeds (as oxygenate) nmay be determ ned by proton

connblimet withdngh resohdsmpnoten wrclear iegEnSic feS@BRceMgasi ous
t hods have peen g‘éﬁﬁosed for neasuring thq%é‘
CREQMaIPEA with Oy g danizphan eteptorofis Ghspmatperaphy-

B3 Rbaf by LgCEPDict BherBiibtad inEied sbeyReopy

N REivaEHH YhilysisSs p%ﬁéﬂ%@ﬁon‘é@ﬁtr@ﬂi@nsf SstyRRates.
severities to achieve different product pour poi'nts.

Oktygenatewenssmsnof fgds (@scxygenate) eay e déternindd dryemotdn
dewaxi ng may then be conpared with a reference

ngglear yeensiie FeseuarsMrdt GCdMer mi ne rel ati ve

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

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

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

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



selectivity. In US Patent No. 5,282,958, selectivity

is measured for a given nolecular sieve having a
waledounzcrystal lite size and pore di aneter byPCT/US2003/033323

measuring the isonerization of n-hexadecane under a

given set of test conditions. [0034] In the present

i nvention, selectivity for a glven catal yst is defined

as the fractional amount of I ube boi li ng range

i sonerate formed at the targéﬁ pour point fromthe

wax conmponent of the feed. The inprovenent in

selectivity as a WD 2004/ 033096 PCT/ US2003/033323 -14
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the hypothetical exanple given in the follow ng chart
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st f i
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dewaxing condltlons of temperature and space velocity to achieve equivalent
pour point.

Catalyst A Catalyst B

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

improvement %

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

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

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



Selectivity inprovenent 1.215 ** Relative selectivity
21.5 %* * * inprovenent % * Calculation: [61.0 -

WO 2@3/033090) ] / 90 = 56.7 [72.0 -(100 - 90)]/90 =pPGBUS2003/633323
68.9/56.7 = 1.215; no inprovenent is 56.7/56.7 = 1.0
**¥* (1.215 - 1.000) x 100 = 21.5 % [0036] For any

gi ven catal yst, isonerate yield should inprove with

i ncreasi ng wax content of the_feed. Thus feeds with

hi gher wax contents, e.g., 'Sllséater than 40 wt. %
based on feed, are preferred. WO 2004/ 033096

PCT/ US2003/ 033323 -15- H_ydrofinishing [0037]

Fol | owi ng the dewaxing step, it is preferred to

rof i.ni.sh the product resulting from dewaxing in
k&ﬂ!&ﬁt&&&l IFUBG ust product qualities to desired
specifications. Hydrofinishing is a formof mild
hydrotreating directed to saturating any |ube range

[0037] | nSF@ilslvingSthe delvalindgép, Gbisasreetdd BSyldPofifiaR thé'Broduct
any remai ni ng heteroatons and col or bodi es. The post
refaang frgnhgewaxtingiis loider toiadjuss peddugt qualitiesdoalesired
cascade wit he dewaxing.step, CGenerally the_
SH%?I@W%SS ﬁ@ﬁmlqilwl%w Bild hydreteegtmediecsed to
b 0 refernabl 80C t 0,,250C. .
sy PR AR, bR R A P PO 5, VS8 3340 romaving
. , o
b s AR lor v TR e ey drofinishing
ipusfatlyataiyedoutintaasadel with alinsldéwaxiagatept Goakradhstheat es
of from, 44.5 to 1780 nB/nB8 (250 to 10000 scf/B). o
hydepdayishipg mailibe camtied ouhetdeppesataes framw aboaiohBCHiontp0°C,

xoup,6 S on the | UPAC.Peri adic 1l e
RPN W0ty M CEnd cralattpistifcs ari pypiediiy fons 28385 20786
kPa (about 400 to 3000 psig) . Liquid hourly space velocity is typically from 0. 1
to 5 LHSV (hr), preferably 0. 5 to 3 hr' and hydrogen treat gas rates of from
44.5 to 1780 m*/m> (250 to 10000 scf/B).

[0038]  Hydrofinishing catalysts are those containing Group 6 metals (based
on the [IUPAC Periodic Table format having Groups from 1 to 18), Groups 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



metal s, and m xtures thereof. Preferred netal s include
at | east one noble netal having a strong

whyanosepat i on function, especially platinum Pel/UsSmH03M3323
and mxtures thereof. The mixture of netals may al so
be present as bulk nmetal catalysts wherein the anount
of nmetal is 30 wt.% or greater based on catal yst.
Sui t abl e netal oxide supports include | ow acidic
oxi des such as silica, alum™a,” silica-alumnas or
titania, preferably alumna. The preferred
hydrofinishing catalysts for aromatics saturation
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el ocities effectlno greater aromati cs saturation.

atalyst Prepaxationand P'rs d)eseripdionescri pti on [ 0040]

Si nce normal hydrocarbon feedstocks derived from
petrol eum cont ai n

[0040]  Since normal hydrocarbon feedstocks derived from petroleum contain

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

hydroprocessed feedstocks are then sent to the dewaxing step.

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

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



anmounts of sulfur and nitrogen that are detrinental to
dewaxi ng catal ysts, it is preferred that such

wo e@d®seks are hydrotreated and/ or hydrocr ackedI/ps1003/033323
to dewaxing. Thus the feedstocks to the present
catal yti c dewaxi ng process that contain unacceptable
| evel s of sulfur and nitrogen contam nants are
preferably hydroprocessed agg subsequently stri pped
to renove gaseous sul fur- and’ nitrogen-containing
contam nants such as hydrogen sul fide and ammonia. |f
hydrocracking is the node of hydroprocessing, the
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agent, or by contacting the catalyst w th hydrogen
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catal yst, the oxygenate or m xture of oxygenates may

dewazadiedligrnasively, the dewexingdataystivan teeetbctivelyeactivated and

dewaxed. Alternatively, the dewaxi ng catal yst can be
thepepraiskeafalyst paesh B dhé dawaring Dieeesyayuah gatiuptien may de
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feed containing at least about 100 wppm, measured as oxygen, of at least one
oxygenate is contacted with the dewaxing catalyst under dewaxing conditions.
Alternatively, the dewaxing catalyst can be selectively activated prior to use in
the dewaxing process. In this case, the dewaxing catalyst is heated at a
temperature of from 120 to 400°C and a hydrogen pressure of from 101 to 20786
kPa (0 to 3000 psig) in the presence of a feed containing at least about 100
wppm, measured as oxygen, of at least one oxygenate. The feed may be the
same or different from the hydrocarbon feed to be dewaxed. Thus the feed may
either be a carrier feed or the hydrocarbon feed to be dewaxed. 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.



separate fromthe dewaxi ng process itself. In the
former process, a hydrocarbon feed containing at
wo e@szmbout 100 wppm neasured as oxygen, of BCT/USHS$/033323
one oxygenate is contacted with the dewaxi ng catal yst
under dewaxi ng conditions. Alternatively, the
dewaxi ng catal yst can be selectively activated prior
to use in the dewaxing procgss. In this case, the
dewaxi ng catalyst is heated a  a tenperature of from
120 to 400C and a hydrogen pressure of from 101l to
20786 kPa (0 to 3000 psig) in the presence of a feed
contai ning at | east about 100 wppm nmeasured as
oxygen, of at |east one oxygenate. The feed nmay be the
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conditions defined above. Further oxygenate treatment may be added as needed

to maintain catalyst activity.

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

and improve toxicological properties.

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

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



as the carrier used to sulfide the catal yst. [0044]

Once the catal yst has been selectively activated with
wozegesmbe(s), the feedstock to be dewaxed i sPEUSINOE/@B3323
the reactor and dewaxi ng takes place under conditions

defi ned above. Further oxygenate treatnent may be
added as needed to maintain catalyst activity. [0045]
The product fromcatalytic dg&axing may be sent to
hydrofinishing in a separate&’reactor w thout any

i nterveni ng di sengagenent. Direct cascade from
dewaxer to hydrofinisher is preferred thus avoi di ng

oS SRR b G rLBhn EAR 5108
BRI DAL I e gl e, A

Griyls Bif hadestobROhavie Al5hitdtes cont@rf@0cwt. % obgdatks, a sulfur
enhance stability and inprove toxicol ogical

couteptesf natsmofe0han . 0thet.by ainda (Vi graater thandiftuti less then 120.
fractionated to i&isol at?1 desired . | ubri ca;ziér Ergflgcts K
APl Gronnillk bassstogks Bavs the g (SARIECTRrRSg g8 (arofp d! basestocks
attractive<as 96 PCT/ US2003/033323 -19
e%%??é@i‘%éﬁ%ﬁ&? %ﬁ%ﬁﬁéﬁ)?@up Il and Goup Il
requi renents. These Group classifications are those
used by the Anmerican PetroleumlInstitute (APl). API
[0840pp | ThéfdkstingenHaniing samples will servedatillodirad@the

W .%or greater, a sulfur content of not nore than
suhjod MWewHeIhd a VI greater than 80 but |ess than 120.

APl Group Il basestocks have the same requirenents as
Group Il basestocks except that the VI is greater
PRRs [0047] The followi ng non-limting exanples
toillustrate the subject invention.
EXAMPLES
Example 1

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

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



Exanple 1 [0048] This exanple denonstrates slack wax
i sonerates yield credit sustained by ZSM 48 cat al yst
W@ e00eo830v@t i on usi ng an oxygenate contai ned feReTEsOK033323
The selectivation was carried out on a dried and
reduced 0.6 wt.% Pt/ZSM 48 containing 35 wt. %
al um na. The reference commercial ZSM 48 catal yst,
0.6 w.%Pt/ZSM 48/ 35 wt. % al.ym na in netal oxide
form was dried at 180C undéP ~200 psig flow ng
nitrogen pressure for 3 hours. The catal yst was then
reduced at 260C under 200 psig flow ng hydrogen for 4

Qurs t.o produce th ri d. red catal.yst
TR Rl P s Gem S olle! 8527 PubBELIRt poG g Heppressure to
pF&’cﬂfc@t(Eaet%.ed 150N sl ack wax (table 1) was cut into the
unit. [0049] ZSM 48 sel ectivation (Cat-B) was

performed on a reduced catal yst (Cat-A) by processing

an oxi di zed t&%rpt reated 150N slack wax containing, )
(050 e nFawc) Gestainoo Gtesh ¥/ ¥, diameierasactors withrppromiate high

Acti vat i | ysis. 2004/ 096 /,US2003/ 033323
DTG3gT ROTEPIOES P Pish (RIS IR B ioRh gl BBt De
AN HRIE TR AR ol PRI e HRiricised HE Plia
bad Rt t@mpérdture RARE-BhtheeuiFeion ith 1 st €al @aters for

charged with 8 cc of catalyst nmaterial to be
teupdratitre ¢ontrdl. Apmroprigemechanicehcennestions sl instalteddosillow

rHstal I BB PIN U SR 100D R e Mg Bominal
L AREieRL i GEPLSPherpSRRRBA BT OB, cperati on

at nom nal pressure of 1000 psig (6.89 MPa) and

nom nal drying, reduction and test tenperatures from
[ABAT t dUBBaGtedd0Gafe dondeions themity fesdathydodredted byBN slack

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

for composition and quality.

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

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

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



wax) and gaseous high purity hydrogen (>99 vol. % H2)
are punped over the fixed catalyst bed.
w@a®e08®Ipr oduct are subsequently depressuri zePlCT/E8IH03/033323

sanpl ed periodically. Aiquots of

Li quid and

l'iquid product and

liquid feed are analyzed for conposition and quality.
[0052] Operating conditions were set to 332C, 1.0 h"1

Li quid Hourly Space Velocity (LHSV),
Hydr ogen. The hydrotreated 139N sl ack wax
is described in table 1. [0053] Catal yst

and 1000 psig

liquid feed
i soner at e

selectivity is assessed by cal culating cracking.

oA BufhERLS " ThaR

Iﬁég&ﬁ%tregmﬁeé g)aelﬁéﬂall | RbHRA

respectively, orrpare to hydr

aring yield of isonerate

af fod e R Eusift NAR (ryglear

olﬁﬁéﬁgy %%?rg%ﬂe uah such as
vcrsmpmy iahd aiscoSiay dextwasalbe aidaviiied dri‘caﬂﬁﬂﬁéduﬁﬁ‘@ sba/ndard

(370C pl us)

at

teseDAd6d4 arbDR2230iH) sistnger Houdlom Awtbmmated Viscometer

v,‘S%_l;?_ndard ASBg%@ggg/(D 97). WD 2004/ 033096

21 The branched chain properties
of isonmerate was checked using NVR (nuclear nmagnetic
resonance, particularly carbon 13 NWR).
guality such as viscosityTapk vi scosity index was
al so nmeasured or cal cul ated using standard ASTMtests
(D445- 94 and Hybpo-ecated ISONBSlackidViax compasitiomt ed

| soner at e

Visconeter wth a repeatability of 0.5%

Hydrotreat ed 150N Sl ack Wax conposition

Table 1
G ade 150 N

Sul fur (wpp rbrgdez Vistosity @ 106¢ 1(@3&) 36611

Sulfur (wppm) <2

Viscosity @ 100°C (cSt) 3.601

Wax content (Wt.%) 95.6

Oil 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 12.380 13.341
(cSt)
370+°C Isomerate K. Viscosity @100°C 3.262 3.501
(cSt)
370+°C Isomerate Viscosity Index 137 148
370+°C Isomerate Pour Point (°C) -20 -16




Wax content (W.% 95.6 QI in wax (W.% 4.6 Table 2
Cat-A Cat-B Treatnent Reduced Reduced + [0] treated
w@ayg/083096 | 58 29 Tenperature (' C) 332 332 3FOFUS2003/033323
Yield (Wt.% 61.9 73.9 Selectivity Inprovenent (%
Base + 21 370+C Isonerate K. Viscosity @O0C 12. 380
13.341 cSt 370+C Isonerate K. Viscosity @O00C 3. 262
3.501 cSt 370+C I sonerate Viscosity Index 137 148
370+C | sonerate Pour Point C2220 -16 WO 2004/ 033096
PCT/ US2003/ 033323 -22 [0054] Data reported in table 2
show about a 10 wt.%yvyield credit (adjusted to the
same pour point) for the oxygenate sel ectivated
catalyst. The error limts for yield and pour points

o] OE%Fa reponé&ﬁpfa%ﬁé g%ggw gt 4901w egl@kf&f dﬁﬁs@ﬂsted to

n poufr poi nt or " ea ree
thé s@fe hoRPpsint) fortlid bﬁig&@h’ﬁﬁb selécidedd chyatlit S{‘hb%r@rfﬁi’mts for

i mproved w th about nprovenent.~ The enhanced
yp@ldcamdtpm}m aplouttsv argeh ladislo: Berespecnme&y t ke Worrpctiqre fari ydsld
b§p14<§ (hggto Vi S|tya 100C (3.5 ¢cSt).

AFLOR @8%19%1 s 3 o\fpr eac egé%?s@t ange in pMIRANYe of
ﬁﬂ&leﬁlﬁ%’éf %H)&'uctﬂ 'qgghﬂru’ Alatdo; m%rollgcf WIS AP fr}lgrovement
The enhanced product quality can also be seen in the VI properties (148) in
comparison to viscosity at 100°C (3.5 ¢St). This feature of high VI at viscosity
is indicative of the unusually high quality of the present products.

Wax isomerate selectivity is defined as :

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

Selectivity =

Selectivity Improvement is defined as :

Selectivated Catalyst Selectivity.
Selectivity Improvement =

Base Catalyst Selectivity

Calculation example from ex.1

(73.9-4.6)/95.4 0.726

Selectivity Improvement = = = 1.21 or 21% over base ¢
fy frmp (61.9 - 4.6)/95.4 0.600 ° ase




Wax isonerate selectivity is defined as : 370C+ yield

(%9 - Feed oil content (% Selectivity = Feed Wax
W@omums09¢ %) Sel ectivity I nprovenent is defi nedI/as2003/033323

Sel ectivated Catal yst Selectivity. Selectivity

| mprovenent = Base Catal yst Selectivity Calculation

exanple fromex. 1 (73.9 - 4.6) / 95.4 0.726 0.600 =

1.21 or 21% over base case | ectivity Inprovenent =

(61.9 -4.6) /95.4 = WD 2004//¢33096 PCT/ US2003/ 033323

-23- Exanple 2 [0055] This exanple conpares isonerate

selectivity of ex-situ sulfided (Cat-C and in-situ

| £ (Cat-D) ZSM48 to that of the reduced
(Cat- A). This exanple al so denonstrates
yi el d advant age by oxygenate treat of the ex-situ

sul fided catalyst (Cat-E). [0056] All catalysts were
[0035¢d f Thisewamplé bemparss 1wmaatmmecﬂﬁzs@r¢ﬁ@@s1m sulfided

exanple 1 prior_to any treatnent. Eh Cat - C was

(Q.atc_rgg @ndllléléttuéklf&th(&wrﬂbszw 48 s thay pifthesduoed eatalysy(Cat-

AL Bt o enatiiesey Ef s ofipec prcpnal reat of the

ersqfu%ﬁ@écfﬁat&@Q&?At?@. wax. (b) Cat-D was dried under
en”sutti

ni trogen, d in-situin the reactor unit at

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

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

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

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

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



100 psig pressure and 200C for 48 hours using a spiked
i sonerate containing 400 ppm sul fur as

wal2emeobpbe di sul fide. (c) Cat-E was prepared i nPGT/US20051033323
the reactor by treating the pre-sulfided (Cat-C) wth
a spi ked isonerate contai ning 1000 ppm oxygen as
n-decanol. The selectivation was carried out at 100
psi g pressure, 200C for 48 hqurs. WD 2004/ 033096
PCT/ US2003/ 033323 -24 Table“3"Cat-A Cat-C Cat-D Cat-E
Treat ment Reduced Ex-situ In-situ Cat-C wth suffided
sulfided 0] treat Days on G| 58 8 8 8 Tenperature
(C 332 329 329 329 370+ Ylel .% 61.9 61.9 61.0
73.7 Selectivity Inprove /a Base 0 - 1.5 +20.5
370+C I sonmerate K Viscosity 13.28 12.785 12.859
12.858 40C (cSt) 370+C Isonerate K. Viscosity 3.262

3.371 3.354 3.446 100Q c$tat3x0+C C&Q{@rct@ﬁﬂpccm t@at—
137 143 138 153 | ndex B70+C | soperate Pour P0| nt

Ti'é}iﬁﬁén‘ti ~I7 (T 10057] éhlceld® E?c“sﬂ;gs fg 5 -c with
acti vi and sel ectivity equi val enc e
4 i i y- ng sulf N ISU d\e(i( St(% treat

D%Pmaihor e, no "58 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
69

[0057]  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).

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

over the untreated catalyst (Cat-C).

Example 3

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

polar compound such as nitrogen.



yi el d advantage is observed over the |ined-out

catal yst (Cat-A).

Thi s exanpl e al so shows that

reduced

wo0gesmbe sel ectivation of the ex-situ sul fi dedr/us2003/033323
catal yst (Cat-E) produces a nore sel ective catal yst
over the untreated

having a 10 wt. % vyield credit
catal yst (Cat-C).
the inmpact on selectivity by

pol ar conmpound such as nitrog A WO 2004/ 033096
25 Cat-F was prepared in-situ by

PCT/ US2003/ 033323 -

Exanpl e 3 [0058] This exanpl e shows

reat nent with ot her

treating the pre-sulfided (Cat-C) with an spi kled .
TR Py bR g %e%ﬁ#fpgﬁ%&?@%w%@ wingpiked
Bliméhi ARl 10 Fyiilifon ey in Ay P! T col MSpCiyéyment

witthn-bai 1 dindiesiwhd batrfegledut tak €60 p

eStré&) 2008 CBfoB 48 hours.

Tenperature (' C 329 329 329 370+C Yield (wt.% 61.9

73.7 52.7 Selectivity |nprovenent

370+C |l sonerate K. Viscosit
cSt 370+C Isonmerate K Vis
3. 390

% Base + 20.5 -

16

0C 12.785 12.858 12. 948
@o0C 3.371 3. 446

cSt 370+C Isonerate Viscosity Index 143 153 141

Cat-C Cat-E Cat-F

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

Days on Oil 8 8 3
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 @100°C | 3.371 3.446 3.390
(cSt)
370+°C Isomerate Viscosity Index 143 153 141
370+°C Isomerate Pour Point (°C) -19 -17 -17

[0059]

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

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

demonstrates the uniqueness of oxygenate over other polar compounds such as

nitrogen compounds,




370+C I sonmerate Pour Point C-19 -17 -17 [0059] Data

reported in table 4 denonstrate that treating the
we@ze08/08396ul fi ded ZSM 48 catal yst with nitrogkeI/Us2003/033323

conpound results in a selectivity debit. This

denonstrates the uni queness of oxygenate over other

pol ar conmpounds such as nitrogen conpounds. WO

2004/ 033096 PCT/ US2003/ 03332 6 -26- Exanple 4 [0060]

Thi s exanpl e denonstrates the"inmpact of higher

tenperature operation on selectivity on a

sel ectivated catalyst. This exanple also denonstrates

)ﬂﬂ'ﬁl | ectivation is reversible after a higher
ure operation as well as the possibility to
re-selectivated in-situ. [0061] The ex-situ sulfided

catal yst (Cat-C) was | oaded and dried according to

[00&9] pr oTEhrﬂ;Lﬂmnqﬂs dembﬁsltrates theampaet &f higheb Bmpgasiewvperation
he, Fi gure: * ge 1, the catalyst was |ined-out

% %€ Cawﬂbwg% ﬁ%l@@twaft@iacmwbtﬂ)éa@mmmo demonstumgs that

thecat s.then treated with t
seleRfifarton iy ERRe it 48ier Hinbarehiss OptaliSnagivell as the
8S611ith 88 r& el nt ai ni ng between 1000 and
p%OOO tggmroggggﬁ%ggl%i%enat e). After Stage 2, the
unit was washed using a nedicinal grade white 0|I to
renove all traces of polars and aromatics. The

ey ysTh¢ expéusulfidedestalysidai-tOrvaslodded ang Boied anceding
ite oil at, 1000 ure and mai ntai ned at 350C
t‘\?{\,g?el%’@ eﬂlggr@sc%lpch %ﬁ’gﬁ?g%ihours hol d, the

tenperature was reduced to the operating tenperature
of 328C, this operation was al so conducted under white

[6062]  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 catalyst was exposed to the oxidized hydrotreated
150N slack wax feedstock described in example 1 containing between 1000 and

3000 ppm oxygenate, at 328°C for 3 days.



* Stage 3, after the higher tenperature treatnent, was
run for 10 days using the sanme oxygenate free
whyanaosieat ed 150N sl ack wax used in stage 1. PCT/URM03/033323
end of stage 3, the catal yst was exposed to the

oxi di zed hydrotreated 150N slack wax feedstock

described in exanple 1 containing between 1000 and

3000 ppm oxygenate, at 328C faor 3 days. WO 2004/ 033096
PCT/ US2003/ 033323 -27 StagGZZf after the higher
tenperature treatnent, was run for 10 days using the

sane oxygenate free hydrotreated 150N sl ack wax used

a5 ) M
iy tgnlioboats sl gghufsinses, o

370+C Yield (W.% 61.9 73.0 67.7 72.7 Selectivity

| nprovenent % Base + 19 + 10 + 19 370+C |Isonerate K
12.785 13.798 13.695 12. 81KHabliScosity 40C (cSt) 370+C

| sonmerate K. 3.371 3.574-3-515-3-393 i-scosity—H00C
cSt 370+C I sonerate Vi gcoagel 145tage2 1415tage 3 | [dStage 4
ThbtmeaPMerate Pour - 19y Idnr A5Stde2 1 | Stage2 | Stage 3
sulfided | after [O] | after High | after [O]
freat Temp. treat
Days on Oil 8 14 38 49
Temperature (°C) 329 325 328 328
370+°C Yield (wt.%) 61.9 73.0 67.7 72.7
Selectivity Improvement (%) | Base +19 + 10 +19
370+°C Isomerate K. 12.785 13.798 13.695 12.814
Viscosity @40°C (cSt)
370+°C Isomerate K. 3.371 3.571 3.515 3.393
Viscosity @100°C (cSt)
370+°C Isomerate Viscosity 143 147 141 145
Index
370+°C Isomerate Pour -19 -19 -23 -19
Point (°C)

[0063] Data in table 5 and the Figure 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)

Example 5

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

treatment can also be achieved with an amorphous dewaxing catalyst.



Point C [0063] Data in table 5 and the Figure
denonstrate: - a partial loss of the yield credit
w@tdoa3dwgher tenperature treatnent (Stage 3 PRET/ENN03/033323
Stage 2) - that ZSM 48 can be "re-sel ectivated"
in-situ after processing an oxygenated containing
feedstock (Stage 4 versus Stage 3) Exanple 5 [0064]
Thi s Exanpl e denonstrates that the yield benefit from
an oxygenate treatnment can-&@%o be achieved with an
anor phous dewaxi ng catal yst. WO 2004/ 033096
PCT/ US2003/ 033323 -28 [0065] A 600N sl ack wax was
hydrotreated and then exposed to air while still hot,
and therefore subject to oxidation. A clean feed was

[Gqé%j uc 3%)(66\/%1\2 §13|c1r< g{:%%ﬁ%év?‘ ﬁgdﬂdwegﬁgm%g%gélg gé;g%s%ﬁ% L6 ffle still
hoat aldberefbichubliedd & bLidanpRs adcledn h’é&d Whd pRIduaBd i b €.

The hydr odewaxi ng cat al yst was an anor phous cat al yst,
integrated unfetwlrare thelhydratrested islackrwatewas dinectin fed G0he]

The resul.ts ar sho Tabl e 6. bIe6CIeanF d
hRT oA SRAK P eale 5L BEPOYT Brige @rpon tpo) A aBeRtRY
h§fd¥c§de§va§§ng yétaf'}%? whs fn amorphous catalyst, 0.9 wt.% Pton a 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.



* GCD = gas chromat ographic distillation. [0067] The
data in Table 6 show that an anorphous dewaxi ng

W@ 210al0y®b6 has i nproved yi el d when dewaxi ng OCRUF/ES1003/033323
the presence of feed containing oxygenates. WO
2004/ 033096 PCT/ US2003/033323 -29- CLAIMS: 1. A
process for catalytically dewaxing a waxy m ner al
hydrocarbon feed which conprjses: (a) contacting a
dewaxi ng catal yst with a stredm contai ning at | east
one oxygenate at a tenperature of from 120 to 400C
and a hydrogen pressure of from 101 to 20786 kPa; and
éﬂ)ilgg_t acting the catalyst fromstep (a) wth waxy

rbon feed and dewaxing the waxy hydrocarbon

feed under conditions effective to catalytically
dewax the waxy hydrocarbon feed. 2. A process for
cat allyti ca\ pyoateyvéoti oagalgticdlhedaaring aoeadsbarindrabblydrocarbon
containing at |east 15 wt.% wax, based on hydrocarbon
fredwhighhe@mpidenspr i ses: (a) hydrotreating the

oy L ORRGHRE Grdebibetii BBl st it Compiing at feast one
Jgﬁ/gegitg g@g térﬂﬁ d{aaﬁé otf‘fro‘?ﬁ 99446 480° AU gtﬂﬁ%rga} @%@% of

ur - trogen-contal ni ng cont

fﬁ(ﬁ‘pal()&ttbm@786&_ﬂaydmd)t reat ed feed from the sul fur- and
nit rogen- contai ning contamnants; (c) contacting a

dewax hg:onmcangéhe thal‘ylst from; %tep éa)a\mth@wy lyydrocarbon feed and
Iecul Si eve, con Iea t.one 10 or 12 ring
C@D ohkydrop Otl @e .%)g 1tiops Sitlestiviite ﬁatalytlcally

ﬁ@gﬁﬁgm&%})&g&rgggfmpm measured as oxygen, of at

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

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

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

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

(d) contacting hydrotreated feed from step (b) with activated catalyst
from step (c) under conditions effective to catalytically dewax the hydrotreated
feed.



one al cohol, carboxylic acid, ester, aldehyde, ketone

or ether at a tenperature of from 120 to 400 C and a
whyanaospeps pressure of from 101 to 20786 kPa; apdr/{82003/033323

contacting hydrotreated feed fromstep (b) wth

activated catalyst fromstep (c) under conditions

effective to catalytically dewax the hydrotreated

feed. WO 2004/ 033096 PCT/ US2003/033323 -30 3. A

process for catalytically dewaxXxi ng a Fi scher-Tropsch

wax containing greater than 0.5 wppm sul fur, based on

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

a dewaxin I whi,ch | t _least .on ecul.ar

Si ev\égq co% El?%%ﬁ%%éﬁ ca!taelgﬁ?algrn@eq%ugg aﬁsﬁrqgﬁr‘gheﬂéﬂh‘é(ﬁx
o S A T B e SRRl W, which
doaypeseat ure of from 120 to 400 C, a hydrogen pressure

of from791 to 20786 _kPa; and (b) contacting the _
cat al(@hconksHng udfswWaxingwatalyshwhihsis e least ope otolerlar sieve
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talpetatire oftfrdm VIR, toAOET, athyldedtbn presstite oP FiRBET91 @b 20786

any of the preceding clains wherei'n the dewaxing |
kPat angst contains at |east one nol ecul ar sieve

CO g bR e, 000 87 LIRS Chenel s T
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catalytically dewax the Fischer-Tropsch wax.

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

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

4, 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.

5. 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.

6. 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.



ZSM 57, ferrierite, EU-1, NU- 87, SAPO 11, SAPOG-4 1,

ITQ 13 or MCM7 1. 6. The process of any of the
w@e@amsiong cl ai ns wherein the nol ecul ar si evePCBHUS1003/033323

| east one of zeolite beta, ZSM 12, MCM 68, SAPO- 5,

SAPO-3 1, MAPO 36, ZSM 18, offretite, nordenite or

faujasite. WD 2004/ 033096 PCT/ US2003/033323 -31 7.

The process of any of the preceding clainms wherein the

mol ecul ar sieve is ZSM 48. 8! -The process of any of

t he preceding clains wherein the oxygenate is at

| east one al cohol, carboxylic acid, ester, aldehyde,

ket o or gther. 9. The cess qf any.of the,

pr ecedi ng %Pﬁ?ge%%@aé}yn&{tﬁgpbwg%a img whgggip the mglecular

&R Rraagss of any of the preceding clainms wherein the

oxygenate 1s present in an anount of at |east 100

wppm neasured as oxygen. 11. The process of any of

the preceding clains wherein catalytic dewaxing of

hydr dear bokhe pregesseafidnysofi the prgoedingriclgined whefein the oxygenate

dsonerate hoiling in the |l ube oi a at equi yal ent
i3 ghicashte dlAeh e naRoRYic asid Ger d@h&ﬁ?ﬁ%&%@m gr.
treatnment. 12. The process of any of the preceding
clainms wherein the inproved vyield is at |east 4

rel atg ve PEHCHIdcessIcE anl6T tRE pERR8ind clais Whefdif the oxygenate
precedi ng clainms wherein the conditions effective to

isatastryti cal |y dewax the feed include a tenperature of
from250 to 400C, a pressure of from 791 to 20786
kPa, a liquid hourly space velocity of from0.1 to 10

hr-1 d reat gaserat f from45.to 1730 nB/.nB.
T e or BB S Bl hins AR i eygpate
i PReseRMEdr Sinount of at least 100 wppm, measured as oxygen.

11.  The process of any of the preceding claims wherein catalytic
dewaxing of hydrocarbon 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.

13.  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’.

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

catalyst is sulfided, reduced, or sulfided and reduced.



catalyst is sulfided, reduced, or sulfided and
reduced. WD 2004/ 033096 PCT/ US2003/033323 -32 15. The
w@e@sos®I©f any of the precedi ng clai ns wher ei PCT/082003/033323
dewaxi ng catal yst bears a netal hydrogenation
conponent. 16. The process of any of the preceding
clains wherein the netal hydrogenation conponent is
at |east one Goup 9 or 10 nqghle netal. 17. The
process of claim3 wherein t'Hé¢ "ol ecul ar sieve is at
| east one of zeolite beta, ZSM 12, MCM 68, SAPO 5,
SAPO 31, MAPO 36, ZSM 18, offretite, nordenite or
fauj asite.

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.

17.  The process of claim 3 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.



