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LUBE BASE O LS FIELD OF THE I NVENTION [0001]This invention is directed to
a processwbanogprssbsaci ng hi gh viscosity index |ube base eciraistooonviraxy feeds
with high oil content. BACKGROUND OF THE | NVENTI ON [ 0002] There is an

i ncreasing demand for high quality lubricant oil basestocks for a variety
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| ess. [0006]In various enbodi ments, the nethod can be used to make a base
oi | [0003] Production of high viscosity index base o0il from a feedstock will

typically require some type of processing, such as a hydroprocessing sequence
of hydrotreatment followed by catalytic dewaxing. The severity of the
processing will depend on the nature of the feedstock being processed.
Processes with increased severity can be used to improve the VI of a base oil,
but such increased severity also typically results in dramatic reductions in
yield. Thus, practical and economic considerations limit the scope of initial

feedstocks that can be used for forming high viscosity index base oils.

[0004] What is needed is a method for expanding the types of initial

feedstocks that can be used for forming high viscosity index base oils.

SUMMARY OF THE INVENTION

[0005] In an embodiment, a method for producing a high viscosity base
oil having a VI of at least 140 is provided. The method includes hydrotreating
a feedstock containing at least 10 wt% oil in wax under effective conditions for
conversion of 4 — 15 wt% of the feed to products boiling below 370°C,
followed by catalytically dewaxing the hydrotreated feed under effective



wWith a viscosity of at least 4 cSt, or at least 5 cSt, or at least 6 cSt.
Alternatively, the nethod can be used to nake a base oil with a viscosity
of 4 cSt WO 20@s®8368r 5 cSt or less, or 6 cSt or |ess. [@QUASkovowarBdUS
enbodi nents, the nmethod can be used t® nake a base oil by using
hydrotreati ng conditions effective for converting at |least 4 wt% of the
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to various processes. PTI ON OF THE PREFERRED ENBODI MENTS

[ 0011] Thec$tnoreless, @ DeStoy less)\ws 6acTiroefless: ed net hod to nake high quality
base oil at unexpectedly high yields using a conbination of hydrotreatnent
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contents n not used to produce >140 VI products via wax
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[0010] Figure 2 shows low temperature properties and yield for base oils

produced according to various processes.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0011] The invention below shows a preferred method to make high
quality base oil at unexpectedly high yields using a combination of
hydrotreatment of high waxy feedstocks accompanied by hydroisomerization
of the resulting wax to produce an extra high VI lube of greater than 140VI and
at least -18 deg C pour point or less. The preferred combinations of conditions
identified below can surprisingly lead to unexpectedly high yields. This allows

the use of higher oil content (or lower wax content) feedstocks.



[ 0013] Hi gh viscosity index base oils are required to produce a variety of
high quality lubricants. In particular, a base oil which neets a variety of
properti esQ 20mciossdBng a VI greater than 140 and a pour pOTruS2@b/0018C or

| ess, can be incorporated into high edd lubricating oils, such as OWBO or
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conversion than reguired to renove organic sul fur and nitrogen. The
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to produce a base oil with a VI of at |east 140 and a pour point of-18C or
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identified that allows for formatjon of base qil.s having a,Vl of eater
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enbodi nen n oil content o reat y wei ght, such
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conversion than required to renove organic sul fur and nitrogen. The
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steps. This increases the avail able feed stocks that are econom cally

vi abl e f o# cfSt bdseoilpwhilé heayter bascolds (6/cSt)der beavedousing a slackhnwaker

enbodi ment, the invention can be used with lower oil in wax content feeds
to producW®ithdless hiang?QyoroMl I WAXhi gher quality, such as VI val ues wel | above
140. [0017] The above processes are enabl ed by the unexpected di scovery that
certain ranges of severe hydrotreating allow for higher yields fromthe
overal | hydrotreatnment process. Typically, a hydrotreatnent step or a

catal ytic dewaxing step will result in sone |oss of yield across the step.
Thus, producing a base oil froma feedstock using both a hydrotreatnent and
a catalytic dewaxing step woul d be expected to have yield | osses across
both steps. [0018] For the hydrotreatnent step, the |oss of yield can be
expressed in terns of "conversion” of nolecules within the feed relative to
a boiling point tenperature. In this application, conversion will refer to

e r




WO 2009/ 108368PCT/ US2009/ 001285 6 hydrotreatment conditions used to achi eve
the desired | evel of conversion are not critical. Instead, what is needed
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allows the feed to be used for efficient production of a higher value
product . Nbhigh vigcosityfiadax hiaseodls.hInyprethenembodineny; the invaationsa Bepe used

feed f fuel s hyd k VD 2009/,108368PCT/ US20Q9/ 001285 7
ot her | B IS eh otRiorax GRESHY (e 10 i RS PRS B RIRe coge 1 na

A ! . : ! . . S f
N A S S S T A G
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[0024] | ”ré?"(‘% %ve?@iﬁ?%é?ﬁgévle%%d%e& U185 2585, Heatdest 308, H8X, hi gh wax

cont ent at e, wax content vacuum distillate, high wax content

sl ack waxsdvepslydpldeetitated apadighe dawersiow tiein rqairkd ng refoyé organicont ent
soft wax, or other high wax content feed stock wth an oil content greater
than 10 wsukfwiand nitxagen. Jlherseyeradydydrotrented fead isdshemtdewaxest, aadanpl e, 1 ght

AT ONC DN T
suitable 5646 a84 Q%uir rﬁo}_lﬁtgte-lﬁC oAklE Ac%’x’@fng fStheIaVBAon, a range

of hydrotreatment has been identified that allows for formation of base oils

having a VI of greater than 140 while significantly improving the overall yield

of base oil across the combination of the hydrotreatment and dewaxing steps.

This increases the available feed stocks that are economically viable for

production of high viscosity index base oils. In another embodiment, the

invention can be used with lower oil in wax content feeds to produce base oils

with even higher quality, such as VI values well above 140.



Unit Test Method 150 Sl ack Wax Density (c) 60 C g/cnB ASTM D- 4052 0. 7911
Density @100C g/cnB8 ASTM D-4052 0. 7658 Kinematic Viscosity at 60 C mmR/s
(cSt) ASWODReeMBs®8112 Ki nematic Viscosity at 100 C nmR/ #CTaSL)oIABERS D- 445
3.761 Viscosity I ndex 5

[0016] In still another embodiment, a feed with an oil content of greater

than 20% by weight, such as at least 25%, or at least 30%, is severely

hydrotreated at a higher conversion than required to remove organic sulfur and

nitrogen. The severely hydrotreated feed is then dewaxed, and preferably

hydrofinished, to produce a heavy base oil (6¢St or greater) with a VI of at least

140 and a pour point of -18C or less. According to the invention, a range of

hydrotreatment has been identified that allows for formation of base oils having

a VI of greater than 140 while significantly improving the overall yield of base

oil across the combination of the hydrotreatment and dewaxing steps. This

increases the available feed stocks that are economically viable for production

of high viscosity index base oils. In another embodiment, the invention can be

used with lower oil in wax content feeds to produce base oils with even higher

quality, such as VI values well above 140.

[0017] The above processes are enabled by the unexpected discovery that
certain ranges of severe hydrotreating allow for higher yields from the overall
hydrotreatment process. Typically, a hydrotreatment step or a catalytic
dewaxing step will result in some loss of yield across the step. Thus, producing
a base oil from a feedstock using both a hydrotreatment and a catalytic

dewaxing step would be expected to have yield losses across both steps.

[0018] For the hydrotreatment step, the loss of yield can be expressed in
terms of “conversion” of molecules within the feed relative to a boiling point
temperature. In this application, conversion will refer to the weight percent of
molecules within a feed that are converted from boiling above 370°C to below
370°C. For dewaxing, severity is measured based on the desired pour point of
the finished product. Achieving a lower pour point requires an increase in

severity, and typically a decrease in yield for the dewaxing step.

[0019] In the process according to the invention, a range of severe
hydrotreating has been identified that leads to improved overall yields. The

hydrotreatment step is characterized relative to the amount of conversion. The



A_STM D- 2270 176 G| Content wt % ASTM D-3235 17 Sul fur wt % ASTM D- 2622 0. 15
Ni trogen Content wppm ASTM D- 4629 21 Distillation 0.5 W%
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hydrotreatment conditions used to achieve the desired level of conversion are

not critical. Instead, what is needed is the amount of conversion itself.

Preferably, the amount of conversion in the hydrotreatment step should be from

about 6 wt% to about 12 wt%. In an embodiment, the amount of conversion in

the hydrotreatment step is at least 4 wt%, or at least 6 wt%, or at least 8 wt%.

In another embodiment, the amount of conversion is 15 wt% or less, or 12 wt%

or less, or 10 wt% or less.

[0020] The hydrotreated feedstock, which has undergone the amount of
conversion specified, is then catalytically dewaxed. Typically, it would be
expected that the yield loss from the catalytic dewaxing step would be
cumulative with any yield losses due to the hydrotreatment step. However, it
has been unexpectedly found that the severe hydrotreatment according to the
invention allows for improved yields from the catalytic dewaxing step at a
given pour point. Thus, even though the severe hydrotreatment according to
the invention causes a direct loss in yield due to conversion, this yield loss is

mitigated by the improved yield in the catalytic dewaxing step.

[0021] The benefits of the invention are relative to the starting feedstock
used. Without being bound by any particular theory, it is believed that given a
particular starting feed, the invention will provide a lubricant product with a
higher percentage terminal fnethyl groups as compared to a process involving
mild or no hydrotreatment. When processed to achieve a target VI and/or
yield, the invention will provide a lubricant with an improved pour point and

cloud point relative to conventional processing.

[0022] Processing according to the invention can be used to achieve two
different types of benefits. For feeds with a higher oil in wax content (such as
greater than 10 wt% oil in wax), the invention allows the feed to be used for
efficient production of a higher value product. Normally, a feed with a higher

amount of oil in wax would be used as a feed for a fuels hydrocracker, or



C ASTM D-2887 341.5 5 wt % C ASTM D- 2887 376.5 10 wt % C ASTM D- 2887 387.6 20
wt % C ASTM D- 2887 399.1 30 wt % C ASTM D- 2887 409.3 40 wt %
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another lower value product. The invention expands the types of feeds that can

be used in creating high viscosity base oils.

[0023] The second type of benefit enabled by the invention is the ability to
further enhance the low temperature properties and yields for any type of waxy
feed. Thus, for feeds that are typically used to produce high viscosity base oils,
the invention allows for processing of the feed to produce a base oil with an

even higher combination of VI and yield at a given pour point.
Feedstock

[0024] In various embodiments, the feed stock can be a slack wax, high
wax content raffinate, high wax content vacuum distillate, high wax content
slack wax from solvent or propane dewaxing or deoiling, high wax content soft
wax, or other high wax content feed stock with an oil content greater than 10
wt% oil in wax. Such a feed can be used to make, for example, light viscosity
base oils (4 ¢St). For heavier viscosity base oils (6 cSt or greater), a greater
than 20 wt% oil in wax feed can be used. An example of suitable feed is

shown in Table 1.

Table 1
Waxy Feed Sample Unit Test Method | 150 Slack Wax
Density @ 60 °C g/cm® ASTM D-4052 0.7911
Density @ 100 °C 92/cm3 ASTM D-4052 0.7658
Kinematic Viscosity | mm“/s (cSt) | ASTM D-445 8.112
at60 °C
Kinematic Viscosity | mm®/s (cSt) | ASTM D-445 3.761
at100 °C
Viscosity Index ASTM D-2270 176
Oil Content wt% ASTM D-3235 17
Sulfur wt% ASTM D-2622 0.15
Nitrogen Content wppm ASTM D-4629 21
Distillation
0.5 wt% °C ASTM D-2887 341.5
5 wt% °C ASTM D-2887 376.5
10 wt% °C ASTM D-2887 387.6
20 wt% °C ASTM D-2887 399.1
30 wt% °C ASTM D-2887 409.3
40 wt% °C ASTM D-2887 418.2
50 wt% . °C ASTM D-2887 424.7
60 wi% °C ASTM D-2887 429.8




C ASTM D- 2887 418.2 50 wt % C ASTM D- 2887 424.7 60 wt % C ASTM D- 2887 429. 8
8 70 wt % C ASTM D- 2887 438.3 80 wt % C ASTM D- 2887
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70 wt% °C ASTM D-2887 438.3
80 wt% °C ASTM D-2887 446.8
90 wt% °C ASTM D-2887 455.4
95 wt% °C ASTM D-2887 463.0
99.5 wt% °C ASTM D-2887 491.6
MABP °C ASTM D-2887 423.1
Solvent Dewaxed
| Qualities
Pour Point oC ASTM D-97 -1
KV100 cSt ASTM D-445 4.839
KV40 cSt ASTM D-445 26.091
VI ASTM D- 106.7
2270

[0025] One aspect of the invention is that the feedstock is hydrotreated
more severely than is necessary for sulfur and/or nitrogen removal. Preferably,
feedstocks according to the invention have a sulfur content of 1 wt% of less, or
0.5 wt% or less, or 0.25 wt% or less. Preferably, feedstocks according to the
invention have a nitrogen content of 1000 wppm or less, or 500 wppm or less,
or 100 wppm or less. Sulfur and nitrogen contents may be measured by

standard ASTM methods D5453 and D4629, respectively.

Hydrotreating

[0026] Waxy feedstocks typically contain sulfur and/or nitrogen
contaminants in an amount unacceptable for lube oils. Conventionally, if a
waxy feedstock contains unacceptable amounts of sulfur and/or nitrogen
contaminants, such a feedstock would be contacted with a hydrotreating
catalyst under conditions suitable to remove at least an effective amount of the
sulfur and/or nitrogen contaminants to produce a hydrotreated feedstock. By
“effective amount’ is meant removal of at least that amount of nitrogen and

sulfur to reach an acceptable sulfur and/or nitrogen level for lube oils.

[0027] Conventionally, hydrotreatment can also be used to improve the VI
of the lube oil that will eventually be produced from a feedstock. A more
severe hydrotreatment will generally result in a lube oil with a higher VI.
However, more severe hydrotreatment is also typically results in substantial

yield loss after the dewaxing step used to form the lube oil. Due to the impact



446.8 90 wt % C ASTM D- 2887 455.4 95 wt % C ASTM D- 2887 463.0 99.5 wt % C ASTM
D- 2887 491.6 MABP C ASTM D- 2887 423.1 Sol vent Dewaxed
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of the additional yield loss, hydrotreatment beyond the amount needed to

remove an effective amount of sulfur and/or nitrogen is typically avoided.

[0028] The claimed invention provides a process where the typical inverse
correlation between yield and VI is avoided for the overall process. Although
the severe hydrotreatment step intentionally reduces the possible yield in a first
step, the resulting hydrotreated feed is more suitable for use in the subsequent
dewaxing step. As a result, the overall yield after the catalytic dewaxing step is

improved.

[0029] Hydrotreating catalysts suitable for use herein are those
containing at least one Group VIII metal, and preferably at least one Group
VIII metal, including mixtures thereof. Preferred metals include Ni, W, Mo,
Co 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. Preferred catalysts include
catalysts having nickel, nickel and molybdenum, cobalt and molybdenum, or

nickel and tungsten supported on a metal oxide support.

[0030] Non-limiting examples of suitable metal oxide supports include
silica, alumina, silica-alumina, titania or mixtures thereof. Preferred is
alumina. Preferred aluminas are porous aluminas such as gamma or eta
alumina. The acidity of metal oxide supports can be controlled by adding
promoters and/or dopants, or by controlling the nature of the metal oxide
support, €.g., by controlling the amount of silica incorporated into a silica-
alumina support. Non-limiting examples of promoters and/or dopants suitable
for use herein include halogen (especially fluorine), phosphorus, boron, yttria,
rare-earth oxides and magnesia. Promoters such as halogens generally increase
the acidity of metal oxide supports while mildly basic dopants such as yttria or

magnesia tend to decrease the acidity of such supports.



Qualities Pour Point oC ASTM D-97 -1 KV100 cSt ASTM D445 4.839 Kv40 cSt
ASTM D- 445 26. 091 VI ASTM D- 2270
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[0031] Bulk catalysts provide an alternative to supported catalysts. It
should be noted that bulk catalysts do not include a support material, and the
metals are not present as an oxide or sulfide but as the metal itself. These
catalysts typically include metals within the range described above in relation

to the bulk catalyst as well as at least one extrusion agent.

[0032] The amount of metals for supported hydrotreating catalysts, either
individually or in mixtures, ranges from about 0.5 to about 35 wt.%, based on
catalyst. In the case of preferred mixtures of Group VI and Group VIII metals,
the Group VIII metals are present in amounts of from about 0.5 to about 5
wt.%, based on catalyst and the Group VI metals are present in amounts of
from about 5 to about 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.

[0033] In an embodiment, effective hydrotreating conditions involve
temperatures in the range 280°C to 400 °C, preferably 300 °C to 380 °C at
pressures in the range of 1480 to 20786 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 treat gas rate of from 89 to
1780 m*/m> (500 to 10000 scf/B), preferably 178 to 890 m*/m’ (1000 to 5000
scﬂB).

[0034] Hydrotreating will reduce the amount of nitrogen and sulfur
contaminants in the waxy feedstock by converting these contaminants to
ammonia and hydrogen sulfide, respectively. These gaseous contaminants may
be separated from the hydrotreated feedstock using conventional techniques
such as strippers, knock-out drums and the like. In the alternative, if the
hydrotreated effluent from the hydrotreater contains amounts of contaminants
that will not interfere with a subsequent dewaxing or hydrofinishing stage, the
entire gaseous and liquid effluent from the hydrotreater may be sent to the first

dewaxing stage.



106.7 [0025] One aspect of the invention is that the feedstock is
hydrotreated nore severely than is necessary for sulfur and/or nitrogen
renmoval . Woebevmakieg, feedstocks according to the invent ipom/usacs/oai28ul f ur
content of 1 wt%of less, or 0.5 wt%Wdr less, or 0.25 wm% or |ess.
Preferably, feedstocks according to the invention have a nitrogen content

f 1000 I 500, I , 100 I . Sul f d
ni trogen EOInt s Ths hydroiestingabasion ARG DRSPMATEEA S ONSIEROTnd a2,
respect! valdg pEMJERLORAr Mcd AP ZH LA SRBROKACHRLER by HfipAkad n sul fur

and/ or nitiogen contam nan I'n"an anount unaccepta olls.

Convent i oggbYise bhe dr'Wioné dabfgstuek ofthé same, omnditteaitahy drodraatings of sul fur
and/ or nitrogen contam nants, such a feedstock would be contacted with a

hydr ot r eatatalyst AAlhgugh othee typesroficatalyss bedis tcablbe usedy Bxed beds ateeast an

effective anpunt of the sul fur and/or nitro contam nants to, produce a
hydr ot r eaPEderreddRichoathenypesof catalyst beds sH aebqpsfohg%nberp%p;qdegf at | east

t hat amougt.of njifro ; ur and/ or

i trogen. Neidired Bhds HBRARE Bes s abEa a3 Rafine Y drfeslee T ACL0 1 oo
be used tgohliY BVRedtlifl DetwknrBctbiast rehétid1aéney, bl bewesEnUathlystisedsr oduced
froma feedstock. A nore severe hydrotreatnment will generally result in a

| ube oi | M fhie santd gaetor \dr readtivavaome, van be emydopedyinco thedeswiurizationl so
typically results in substantial yield |oss after the dewaxing step used to
form t he raastioniis gemgrally sxpthermip ok portjgn obthyy hens senewaty /001285 9 of
the additjonal vi.eld |loss, hydrotggat ngnt,beyond the unt npeeded to
renove anhﬁﬁi}l‘) t‘I}g 3 GHFC%%’IS@I %ﬁr nﬁH? BFatrﬁeFP%%Ignoq%g)%[\g;ﬂogal |y avoi ded.

[ 0028] Thea@iigdb@%anﬁﬂ{)%ﬁ;bn Ii@girﬁg}fﬁ g\é} gi@ff%ﬁ?léa t}mﬁfgﬁ %ﬁn??iﬁilﬁfés i nverse

correl ati on betveen yie ded for the& overall process.

Al t hough &ilich seeslingwdteplor add, o tiroagk mise of artfyidooger guersdisteeant.Ha possi bl e
yield in a first step, the resulting hydrotreated feed is nore suitable for
use in t hthis ohweguantinemagcaetion taspperaires eashe moregasidy araintaingde| d af t er
the catalytic dewaxing step is inproved. [0029] Hydrotreating catal ysts

sui tabl e herein are those containing at |east one Goup VIII netal,
and pref e%‘aﬁ% | east one Group VIII netal, including m xtures thereof
Preferred netals include Ni, W Co .and m'xtureﬁ t hereof These netals or

mi ?t ures U1036d: al sT_B§ élemagsirtgaw@l'\y/gfr mayrhe dtheserysalline %Lﬂm?lal '9%50
s btk mah asothe HEy BT RIS ertdmt u e eGSR o 00 o Pearer

based on ion'? kidley E4PsthiilecUrttesal PhrtSheledalr Bieves ckel
ni ckel an?ﬁrﬁgggd%ﬁegg%ﬁ%ﬁgndgrm%glsbdemfm or nickel aend tungsten

suppor t edthan centiii at leaxt olee s0ppd2 tring addkeNand may bé baseeanpl es of suitabl e
nmet al oxi de supports include silica, alumina, silica-alumna, titania or

m xtures ahenisosilicatesdrealites)s onmay brbasedearealusingphesphatesarefssallys
| umi h : ta alumna. .Th i di f et i d t
can be- cole BTG By G PR INEND BBt p S PRIGNEHI rof | Tng ¢ he
nature of cm@swﬁ{@ nf?fffp@ﬁsi%ﬂﬁf?@-tme bé rinf nAIBAIEP LIV BI ExifAedent of
orate In -lrmtUln

silica incor 0 a silica-alum na”support. Non g exanpl es of

pr onot er ssgifdhecoiRs Mcude ZISMVIL 2, ZSMUESR; 28vEe3 5| 2901-48eZ 88 -6Gen
(especially fluorine), phosphorus, boron, %/ttri a, rare-earth oxides and
magnesi a. faerienite, dild- 15 INU-8% TNQ-b3end MEM+7l. Bxamplesabe the acidity of
nmetal oxide supports while mildly basic dgopants,such .as, yttyia-.or, nagnesi a
tend to daRweRoEhpsRhales sngingne diJeRstasokF tiag chaniel include SAPOS1

and SAPO-41. Preferred isomerizing catalysts include ZSM-48, ZSM-22,
ZSM-23, ZSM-12, and ZSM-35. 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 ex situ in another vessel.



WO 2009/ 108368PCT/ US2009/ 001285 10 [0031] Bul k catal ysts provide an
alternative to supported catalysts. It should be noted that bulk catal ysts
do not i nwbrd®/@msm8pport nmaterial, and the netal s are necTarse@eNd1285 an
oxide or sulfide but as the netal itself These catalysts typically include
metals within the range descri bed above in relation to the bul k catal yst as

|1 t t ' t. [0032].Th t of .
Suppor t ol AT ot r b AGvain SHEgSare haRnclianoh ARatrsy B PRIGH Bithks
f ] . . t f
or ot orr ect g g otk Cinlt Whicklis ARRR Oy GR0 Khetal BACKH TP T2 ¢

are presepiie GroaBUIU fetl, bF RifkaRed/thefedt. PrefebredimétalitartGroapsd-Ih cat al yst
and the G oup VI netals are present in anounts of from about 5 to about 30

W . % ThemztalsinfThess metdlalase et at theasite ofl 0bytoed bwitcYeabasaden on
spectroscopy, inductively coupl ed plasnqa-atom c_ e ssion spectronmetry or
ot her net FRIalysE almsegrwr%w%meraﬁ%ﬁlaganeﬁbeﬂ]m@ gmﬁgﬁﬁ AL an

enbodi nen et t [ 5 ' . r in the
ange 2800BPlrgE TS PALASP: 629 003 SRS Meshifon REMAE ibEERARREARS | 0 " Ot
1480 t0 2048R%Rati6R M9ined RO IREDR metdl §h1S. M1ktal AkpOrdion IthAiqueRand400 to
2000 psig), a space velocity of fromO0.1 to 10 LHSV, preferably 0.1 to 5
LHSV, andcatalystipagicte size @bntrabareadescribed imtd.89Pato Nioz S(2 823958 (aalystso 10000

scf/B), preferably 178 to 890 nB/nB8 (1000 to 5000 scf/B).
[ 0034] Hy dwathrssmall partigle sizeandorell dispsrsdrmetdl arg ngaﬁ?ﬂ?aﬁhe aplegylar

o & avEy edgRIreDy e douR Pt Rl B8 AR SEERAN AR 1 ¢ oy
be separ afepthdrhd @% @T?dfgﬁ é@?hﬁ&d;‘ﬁﬁgf ggev{af}k@; SShEABNER forfph t echni ques

such as strippers, In the alternative, if the

hydr ot r eafigithedl ldewaring catalyisher magrise bindedesc@slfebnmdiPhabmdet
contam nants that will not interfere with a subsequent dewaxing, or
hydr of i ni Biateripls argyesuallydnerganie oyisiss sueh aailicagalumians siliedralymmngss he

hydr ot t to.the fi d i . St . .
2%05? 162%@%@%&@3’%%&%11?% W%%&l}efﬁ@m%gglﬁfeﬁgﬁ&‘ ﬁ@g?aéﬁ%ﬂi on stage can
be CcOMpri 8dn6lia MBria! {iPbfalanliGfle PRE AnBACHRIS BMUIRASIOS dhofes within a

si ngl e reactor ea can conprise one”or nore catalyst beds of the

sane, or gkideskact as Sitidailu®aid-tibriedil yidica-aMimheugagotdier They amdunt
catal yst beds can be used, fixed beds are preferred. Such other types of
cat al yst ofu®lemilarditee frotheufirished dewaxing eatalyst isiftomd® todd), ebul | ati ng

beds, sl b i beds. Int t i heat,i bet

rgait O?sug];e%?r@g&s?%%ighmé& E’I/grbq%g w&&%@i@%%gﬁgo I rtlgﬂr%tr’??él%ggl ! regc\t,\grenor
o o st LR

Goner ar 1y MENdsRioh 3Bra BHANE LG ANEUEKE Hd dAlhgRo aRIIM ° 1 g

can be repovsieth thdhRIfdédbsunaiided Eaver andRpreferaislyatthevalfidell e,
conventional cooling may be perforned through cooling utilities such as

cool ing whdrar. or air, or through use of a hydrogen quench stream In this
manner, optinmumreaction tenperatures can be nore easily naintai ned.

Dewaxi ng ] Th ' . ' icR{ ©

anor phoust(ﬁgg?l onnggﬁ?ﬁlg %%&mgﬁ?}%ﬁ%%@ty@?péggﬁﬁ (r)rgﬁéé{v\gé((? 389 e

pr ef er ent priftrabRY2 56 BBO0 26t,is6ill hatdprefetably 2788k B5Y °Cpiestureh ofie materi al s
are nol ecul ar si‘eves that contain at |east one 10 or 12 ring channel and

may be bafreth 390 &b 2678 kPhi(¢60 ¢s 300@ pkig)epieferablynid8bto baxHkBa (200

al um nophosphates. Preferably, the | ecul si eve h at,; | east one 10 ring
channel . %O(bp@g},rlmla,hw ParG VOIS &r@ﬂmﬁéﬁgiﬂa;a pfﬁfeﬁ%lhlﬁfer ring
nmol ecul ar ,si.eve, -Examl ' ' [ 23,

Ton 35, - 2 e HRERY BRgh o bBO e o330 R0 7 1236 fod P00

Exanpl es Qﬁ@j ?‘i’éﬂ%‘i’dﬁl?%t@ﬁ) ﬁxéﬂﬁ%‘(ir@)'orl_ﬁ 5000 £38). one 10 ring channel

i ncl ude SAPO-11 and SAPO-41.” Preferred isomerizing catal ysts include

ZSM 48, ZSM 22, ZSM 23, ZSM.12, and ZSM 35. d herein, ZSW 48 includ

FU o, EULBDO Zevmenssieeniaieat dPe dertman ppodesh VaPGTOIBOUSW 45 The
| ecul ' , f it '

" o tu iR GafES ShoBikd O N ORHIBRRT O TrREHRIh AR 63, DOT

vessel. WO 2009/ 108368PCT/ US2009/ 001285




12 [0037] The dewaxi ng catal ysts are bifunctional, i.e., they are | oaded

with a netal hydrogenation conponent, which is at | east one Goup 6 netal,

at | east woeoosgs8- 10 netal , or m xtures thereof Prefecras$2omiai2ss ar e

G oups 9-10 netals. These netals are 13oaded at the rate of 0.1 to 30 wt. %

based on catal yst. Catal yst preparation and netal |oading nethods are

descri bed_.f or ﬁxa le,in 077, and inclluge for exanple
g t

i on exchaff§@ q ‘@’éﬁ&%ig{% dﬁ%&ﬁ&%é@%@é&ﬂp}é lyhs tangg letins gd

di spersi o hni tal j &l i ant ribed in
U & Pt PR LR CR LR I REmBDlle & I £ orBN I AR

di sper sedhe@ictoms andr@isr bedies. Tiee past dewaringhgdr@finigteng ypuaaillyy
conmposited with binder materials that are resistant to high tenperatures

and may bearcied ) énl casmide wighvehd depvaxingistems (senesally hpdrofimishisgevlldsvaxi ng
catal yst or y be binderl ess _(sel{-bound). . The.binder eld are

usual |y i?@?"}g‘}arﬂ‘—@ ah Jsraperatyres frpam §{’?‘i‘tc]$,b & [ﬂTgﬁ(&,é’sﬁ’rlef?fa- IW@E‘) bi nary
conbi nat i o@f S h 1 A ¢ i i magnesi a,
hori o zPrdan Lot hFeutsials MAlA TR0 2830 853078 ReRTabodclh TR0003
such as sad)wasigb.tmiqﬁ@d hbefly apaseivélotity & BipicalRafroRO04S0s hille amount  of
nol ecul ar sieve 1 n the finished dewaxing catalyst is from 10 to 100,

pr ef er abl preferabty 050tovd hr.%anddsatiogen trastagassatesifdhomat4es ye138@r e f or med by
met hods sugh §E)r52g dm/i ng, exSr usion and the |ike. The dewaxing catal yst
may be usBY/Mn(d3ktos§.PP@sal/By- unsul fided form and is preferably in the
sul fided form [0038] Dewaxi ng conditions include tenperatures of from

200- 500 Qoaavgf er apydra®8ishin 16sts asé tHdse Bohtaiingf GfalY VI afdtalsp 350 C,
pressures of from 790 to 20786 kPa (100 to 3000 psig), preferably 1480 to
17339 kPaGtagn VIH @sads, msidgnjxturegitherenfPiefersghmetal s inclindé etleast aneom 0.1 to
10 hr.-1, preferably 0.1 to 5 hi' and hydr.ogen treat,qs{saprates from45 to
1780 n8/ nRoblsgnetabhavingn stegngshydrggenatiomiuncgion; esnesialhgplsingBlo (o 5000

i rect ed. PUTRRRERAY Rk TEDert THERRnaP Ardhahl ml ol RERRGERS 09,

vell as tsurke(%vw}sp&%edaqaéﬂal datAR/std WheRin Y amBURi 6f Metd195 80&at 96Br and
col or bodies.” The ‘post dewaxi ng Hydrofinishing is usually carried out in

cascade wptdatdribmsdéwaxdataysit ep. General |y hydrofinishing will be carried
out at tenperatures from about 150C to 350C, preferably 180C to 250 C.

Total pre s ar VD I r 4 to 3000
psig). Li Wﬁhour‘F‘{/lg'ssglétggiev%f%gﬁ%ﬁgrs%ggétg}}égﬁﬁs l#gr:)gsn%((%g\?éﬁ S hr .- 1,

pref er abl yn@rphdud shibbfrate wiR@ GYSIPVEand/op Al G VAl eetal. from 44.5 to 1780
nB81lnB8 (250 to 10,000 scf/B). [0040] Hydrofi ni shing catal ysts are those

cont ai ni nglermatively, aedalite catbbelipcved imtieadubstrate] suth as Z&Mi48eor of
Preferred nmetals include at |east one nohle netal having a stron

hydr ogenaZS¥r-30urt is piciersed that she hydnofimshing Cﬁ@ﬂy%&emmﬁ@ﬁaﬁ}é@- t her eof
The m xtuge. of, metal s al sg be .nresent a ul n r . [ret al
catal ysts éb\ﬁ&’lg ilﬂet?L 8X%WP 0‘%){? “ﬁﬂﬁgﬁ’ ¥ agbﬁgﬁ'xui%s%}lgé Iag gﬁgc%’ %glg%l&gg n

cat al yst .  {f:00¢ i e I Rluhin . such as
- amor phons e biasl dARlaC pRUACERLY HhinTRE PR ebied T PAnishRte

Al t er nat i ysthlystsafor apbmitics satutetionwillidemiprise ableastibisd nmetal haviley as ZSM 48
or ZSM35. It is preferred that the hydrofinishing catalyst be a supported
cat al yst . redativelgIstrongthyidrogenasion fupetion on acperaus sepperti Bypicebsuppertsuch as
silica, alumng, .silica-alurnas or titania, preferably. alumna. The

or ef or T ed MRS IRRILAF AGICSERG 2 Y ialling GRde mpaietal FuEh AS AN corpr i se

at | east QRe, TR ALIAINNILLNHo HElY cSREAPD INLRASURALIDB. AUHtH A0 on a

porous support. Typical support materials Inc mor phous or- crystalline
oxi de mat gl 20 weight perédnt fonson-doblecaetadd) Nsblkimtetall argiusaally peesent al
content of the catalyst can be as high as about 20 wei ght percent for

non- nobl eimamansts nogieatarghan abeutel w4l A/pmfe@echhydmfgn@mngszamiysjr eat er

than about 1 wt. % A pref.erred hydrofjnishi cat al . yst, i s. a, nesopor ous

it oral 15 BRSPPRFOUS TRHEH RLDSIngingLS the MALS RiASS or Sty BualFe w5
famly of ' ' I W Lga, WO

20001 105380 (ST B S ERbFo R nd ot e i
described in J. Amer. Chem Soc., 1992, 114, 10834. Exanples included

MCM 41, MCM 48 and MCM 50. Mesoporous refers to catal ysts having pore sizes
from15 to 100 Angstrons. A preferred nenber of this class is MCM 41 whose
preparation is described in United States Patent Nunmber 5,098,684. MCM 41
is an inorganic, porous, non-|ayered phase having a hexagonal arrangenent
of uniformy-sized pores. The physical structure of MCM41 is |ike a bundle
of straws wherein the opening of the straws (the cell dianmeter of the

S o r o A= i A NN A o o e I



[ 0043] Production of a high viscosity base oil begins by selecting a
suitable feed, such as a feed with greater than 15 wt % or greater than 20
wt % oi | iwowan9/108868ypi cal hi gh wax content feed contai nipa@/uséo9manzsEont ai n
sul fur, nitrogen, aromatics, or otherl4contam nates such as ol efins that
woul d hinder the wax isomnerization process. The feed is hydrotreated in a

trolled t . sul f [ ti d
O oA ol e A OHE i SRR ChiifecOB,,
| mprove t iy AABDEIRRIALERARKRICK ], MEMLARLPMCIAISQN gher conversi on
in the hydrctreatér, greater an necessary to converf the sul fur and
ni trogen pMresbpsfousherersfo paalysts kavdng popevizbs fidimh 0930 100 Afgstmy. al

inprovenent in yield and | ow tenperature properties when used in
conbi nat i prefedredh meroberad fithiscclassoisayCM 4 lowhesepreparation/® described in

e AR Y e M) MM O M o o
contan naegred Bips A FRRR BT rrpReLAFRY GLAMARLARRIbbRTe

ni ckel  nopyRGEsIURuCHRLIIVMONIAIORNIKS a Bukdlelof siiaWselhérentiecspenirg of her
active hydrotreating or highly active hydrofinishing catalyst. Wthout

bei ng boutie stsaventheael idiarheter ofi dor pores } rangeb étonet §dotli0@tAngsdramgh severity

hydrotreati ng process de-al kylates ojl nol ecul es (believed. tq be a key
nechani snl\/tﬁlglrﬂ&h@graaa@}c syamesty aybis Q%Plflbﬁ‘hjf‘}/f exaamleily BitedStas ar i ns as

reflectedy,in | Qereas bbb wax ' seyere Lo ati

[ 0045] Tab?%te {gﬁﬂ&&%"ﬁ%\ﬁ $’29> %ﬁrﬁﬁw&@ﬁﬁ PX@‘“&\% c%ﬁ%éM?%%"‘ilncreases
Vi scosi ty.4 ; SNV Rh e B r&ioel Th

hydr ot rea%ér@ﬂ?@ﬁ?eﬁ%tgﬁffg%{n?giszgg)r?gggﬁt&ghtgﬁe feegleg?\%(\)/\rn? in ‘Igabl eel. The
feed was hwdb?(blfoﬁatmﬂetialsngaﬁbealmremdldiyldyogmﬂti(mbd(nnplbﬂdmt,swhmis at

catal yst. Table 2 shows that VI upgrade with conversion is steeper at

conver si oleagrone Gaeup5H wetads Biederred-are GramMed noble metaler®psh achi eved 25
VI upgrade qf e otreated oil ereas additional 6% conversion

achi eved B‘Pﬁ%ﬁr%’%ﬁgﬂéﬂ({ﬁ’r U‘bﬁ?‘é??e%eﬁf’\s?cal di stillate hydrocracking and

raf fi nate hydrotreating require rmuch hi gher conversion to achieve simlar

VI upgr adp0tsi2]i n t The fellewingreramplds stitlaHustnate thé émpeoweid effattivenessr at e
conversion (6% to achieve a high oil VI upgrade is also shown in the

mi ni mal dpEthe presensrinventiom bas peecnel mgantfotlppitihe Ressgnt MYSnHER &) AMYig nost

of high v'tassflosity materials (see Figure 1). [0046] Note that Figure 1 also
hi ghl i ght H&®-di f f er ence between the severe hydrotreating according to the
invention and a m|d hydrocracking process. In a hydrocracking process, the
change i nEkbmpdé $tillation curve woul d be nore pronounced throughout the
breadth of the curve. By contrast, the change in the distillation curve in

Figure 1, i.gh wasg._sphj.ect . r reat i ol heavi | y
f ocused Ol\ I o@?@%&‘?ﬁn@a@‘%ﬁ%ﬁ}s@y% g% ﬁiel ‘%%?EW i%léf%éls] As
i |1 ustrat geitdié $ad, sieh RS 81T8Ed With gichteYkhal $9 wids begsterithen ROGMEL I zed
product VI, and there seens to be an optiml HDT conversion to achi eve both
hi gh VI aoil igivedxd Aftypival highawak ebatent febdccontdinfrgoil nvays cargainysulfinex (V1)
of Hydrotreated O VI as Function of Conversion HDT 370C+ anver sion (W%
nitrogen, aromatics, or other contaminates such as olefins that would hinder the
wax isomerization process. The feed is hydrotreated in a controlled manner to
remove sulfur, nitrogen, aromatics, and other contaminates and to severely
hydrotreat the high wax content feed to improve the feed properties before wax
isomerization. The higher conversion in the hydrotreater, greater than
necessary to convert the sulfur and nitrogen to less than 50 ppmw S and 1
ppmw N, allows for the overall improvement in yield and low temperature

properties when used in combination with a catalytic isomerization step. The



HDT Sol vent Dewaxed G| VI Sol vent Dewaxed O Pour Point (0oC) 0.4 104.6
-14 2.3 111.7 -12 6.1 128.1 -12 11.8 136.9 -14 [0048] After hydrotreatnent,
the feed weo 20a@mB368i cal | y dewaxed. For exanple, a typi caCTus20009012851 zati on
process using a catalyst containing alsnoble netal (typically Pt) supported
on a zeolite can be used at |low or high pressure in the presence of
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| ubri cant ggmbROAA TR EnifrozBAWontamdiBat¥soduct VI and yield froma wax
| someri zation

[0044] The high severity hydrotreating process can use a nickel
molybdenum, cobalt molybdenum, nickel, nickel tungsten, or other active
hydrotreating or highly active hydrofinishing catalyst. Without being bound by
any particular theory, it is believed that the high severity hydrotreating process
de-alkylates oil molecules (believed to be a key mechanism of VI upgrade) and
may even partially isomerizes the paraffins as reflected in increased oil in wax

after the severe hydrotreating.

[0045] Table 2 shows how increasing hydrotreating (HDT) conversion
increases viscosity index of a hydrotreated solvent dewaxed oil. Prior to
hydrotreatment, the feed corresponded to the feed shown in Table 1. The feed
was hydrotreated using a commercially available NiMo supported catalyst.
Table 2 shows that VI upgrade with conversion is steeper at conversion <6%
than >6% conversion. For instance, 6% conversion achieved 25 VI upgrade of
the hydrotreated oil whereas additional 6% conversion achieved only 9 more
VI upgrade. Typical distillate hydrocracking and raffinate hydrotreating
require much higher conversion to achieve similar VI upgrade as in this slack
wax hydrotreating. The benefit of moderate conversion (6%) to achieve a high
oil VI upgrade is also shown in the minimal distillation change especially in the

backend thus retaining most of high viscosity materials (see Figure 1).

[0046] Note that Figure 1 also highlights the difference between the severe
hydrotreating according to the invention and a mild hydrocracking process. In
a hydrocracking process, the change in the distillation curve would be more
pronounced throughout the breadth of the curve. By contrast, the change in the
distillation curve in Figure 1, which was subjected to severe hydrotreating, is

more heavily focused on the lower boiling components of the feed.



process for the bottomthree hydrotreated feeds shown in Table 2. The feeds
were dewaxed to the stated pour point over a supported ZSM 48 catal yst that
i ncl uded woeoawBBI8. Fi gure 2 shows the 370C+ conver si orCTAB0000028D dewax
t he various HDT-product to different 16ube pour point. The figure shows that
the 6% HDT conversion feed has best wax isonerization selectivity as
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X

2.3 111.7 -12
6.1 128.1 -12
11.8 136.9 -14

[0048] After hydrotreatment, the feed is catalytically dewaxed. For
example, a typical wax isomerization process using a catalyst containing a
noble metal (typically Pt) supported on a zeolite can be used at low or high
pressure in the .:presence of hydrogen and high temperature to isomerize the
paraffins and saturate unsaturated compounds in the feed stock. This results in
higher viscosity, low pour point, low wax content lube base oils meeting or
exceeding group III lube base oil specifications for the blending of high quality

lubricants.

[0049] Table 3 shows lube product VI and yield from a wax isomerization
process for the bottom three hydrotreated feeds shown in Table 2. The feeds
were dewaxed to the stated pour point over a supported ZSM-48 catalyst that
included 0.6 wt% Pt. Figure 2 shows the 370°C+ conversion required to dewax
the various HDT-product to different lube pour point. The figure shows that
the 6% HDT conversion feed has best wax isomerization selectivity as
reflected by lowest conversion required to achieve a given lube pour point.
Along with this figure, Table 3 shows that although higher HDT conversion
continuously increases final lube product VI, the lube yield does not
continuously increase. Table 3 shows both the raw measured values for each
dewaxed feed, and the values when corrected to a pour point of -23°C. As

shown in the table, severe hydrotreatment to achieve a conversion of 6.1 wt%



Lube VI

Esti mat ed Lube VI

Corrected to -23C Pour Point Measured W% Yield

across Wax |Isonerizatio n Estinated W% Yi el d across Wax | soneri zation
Cor r ect edwD@009/@8368Pour Point 2.3 4.04 -21 142 141 35 3PCE/E2009/001285
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in the hydrotreatment step significantly increases the yield from the dewaxing
step. At 11.8 wt% conversion, the yield from the dewaxing step is still higher
than for the 2.3 wt% conversion case, but the difference in dewaxing yield is

less than the difference in the initial conversion.

Table 3
Wax Isomeration Product VI and Yields for Different Severity HDT Feeds
HDT Measured | Measured | Measured | Estimated Measured Estimated Wt%
3700C+ Lube Lube Lube VI Lube VI Wt% Yield Yield across Wax
Conversio KV100 Pour Corrected across Wax Isomerization
n (wt%) (cSt) Point (°C) to -23°C Isomerizatio Corrected to -
Pour Point n 23°C Pour Point

2.3 4.04 =21 142 141 35 33

6.1 4.04 -31 138 142 34 42

11.8 4.00 -33 141 145 252 35.2

[0050] Note that the products reported in Table 3 also underwent a

hydrofinishing step prior to measurement of pour point and VL

Example 2 — Yield benefit

[0051]
expected ability to achieve higher yields of desirable base oils by using feeds

In various embodiments, another aspect of the invention is an

with oil contents that are conventionally believed to be less desirable.

[0052]

oil would involve starting with a feed containing 8 — 10 wt% oil in wax. This

Conventionally, a process for producing a high viscosity 4 cSt base

feed would be hydrotreated to a conversion level sufficient to remove sulfur
and nitrogen. Typically, this would require less than 3% conversion, such as
between 0.5 and 2.5% conversion. The hydrotreated feed would then be
dewaxed to a sufficient pour point (such as -18°C) provide a base oil. The yield
across the combination of the hydrotreating and dewaxing steps would be in the

range of 30 — 40%.

[0053]

higher overall yield can be achieved using a feed that is conventionally

Using process conditions according to the invention, it is believed a

considered as unsuitable for forming a 4 ¢St high viscosity base oil. In fact, the



.4.04 -31 138 142 34 42 11.8 4.00 -33 141 145 25.2 35.2 [0050] Note that
the products reported in Table 3 al so underwent a hydrofinishing step prior
t o measurwoenes/o836pour point and VI. Exanple 2- Yield beaefiskofo@0zss | n
vari ous enbodi ments, another aspect of8 the invention is an expected ability
to achieve higher yields of desirable base oils by using feeds with oil

bel.j eved to be | es

contents that. are. conventional | desifabl e.

[ 0055] CortieH ispelisvgd (8 thsrgasad g0l bintiae i eases Bune FeBriey the o5t base
method of the invention. This additional benefit of increased yield from
increased oil in wax should continue until the feed contains enough oil in wax
that it is no longer feasible to generate the desired VI. At that point, further oil

in wax is believed to cause a sharp drop in yield under the inventive process.

[0054] For example, when making a 4 ¢St high viscosity base oil
according to the invention, a feed with higher oil in wax can be used, such as a
feed with at least 10% oil in wax, or at least 15%, or at least 20%, or at least
25%, or at least 30%. The severity of the hydrotreating can vary according to
the amount of oil in the wax. Higher yields are believed to be possible using
combinations of both higher severity and higher oil in wax. For example, a
feed with at least 25% oil in wax, or at least 30% oil in wax, could be
hydrotreated at a higher severity, such as at least 10%, or at least 12%, or even
up to 15%. After the following dewaxing step, it is believed that this more
severe hydrotreatment of a higher oil in wax feed could allow for yields up to
45% across the combination of the hydrotreatment and dewaxing steps. More
generally, by using the higher oil in wax content feeds according to the
invention, it is believed that higher yields can be achieved relative to

conventional methods, such as above 35% yield, or above 40%, or above 45%.

[0055] Similar correlations to the above should also apply for other grades
of oil, such as 5 ¢St base oil, or 6 ¢St base oil. Thus, by using a feed with at
least 15% oil in wax, or at least 20%, or at least 25%, or at least 30%, higher
yields should be possible for making 5 cSt base oils. By using a feed with at
least 20% oil in wax, or at least 25%, or at least 30%, or at least 35%, higher

yields should be possible for making 6 cSt base oils.



oil would involve starting with a feed containing 8 - 10 wt%ooil in
wax. This feed would be hydrotreated to a conversion | evel sufficient
to renove sul fur and nitrogen. Typically, this would require |ess

t han 3% conversion, such as between 0.5 and 2.5% conversion. The
hydrotreated feed would then be dewaxedl%o a sufficient pour point
(such as -18C) provide a base oil. The yield across the conbination
of the hydrotreating and dewaxi ng steps would be in the range of 30 -
40% [0053] Usi Process conditions according to the invention, it is
believed a overall yield can be achieved using a feed that is
conventional ly considered as unsuitable for formng a 4 cSt high
viscosity base oil. In fact, the A WO 2009/ 108368PCT/ US20Q9/ 001285 18
yield is believed todincreadisthed forprodyqng yhigh yiscerety bassetl hayingreVieeq
under the ngtibadiaf cbhgudiRyention. This additional benefit of
increased yield fromincreased oil in wax should continue until the

f eed contai ns enough ohydrptneafing atfi¢edstotk candaining hblage il S ehgiiloh evaxainder
generate thesdesired.Vl . At that. point, ,f ugt ik in X 4 S

bol | eved 1 ocHeize i Pleeblatiah Bt 842 Hin St B0 it Aadthid Fing el
[ 0054] For ezt end when making a 4 ¢St high viscosity base oil
according to the inventiagn,, feed with higher oil in wax can be
ised. such as a feed wAHYGETY g P mEYCAIIT R food yrdetelipliver 1506

or at |east g¥ionQko fodh@3HasesitavitQh AlorlapRadt 130%d . Sur PO bt Hge®br
the hydrotreating can vary according to the anount of oil in the wax.
H gher vyi el tss.are believed to be possible using conbinations of both
hi gher severity and higher oil in wax. For exanple, a feed with at

| east 25%o0il in wax, or at |east 30%oil in wax, could be

hydrotreated at a higher stwethddyfor gudivimsa high viassity bAS% oibliavitig 4 Ehsit
12% or even u 15% After the follow ng dewaxing step, it is
bel i eved th%‘tle?%ﬁﬁzgo ?ﬂ'i‘ra_e‘“gfé?\?’@f %tteﬁ%‘ﬁto{‘f%a‘i Wt a hi gher oil in wax
feed could all ow for yh@lre8cding b PecdNRI0ERASInk BElcsR TDLWAALIIAA vak uhb&
hydr ot r eat nrent and dewaxi ng steps. More generall usi ng the

) by
hi gher oil plfeoas consitiansforfesavirsiae ebé dilﬂgWV@ﬁth%K?ﬁdiHﬁ@ﬂlmfﬁ baiking below
bel i eved t hgdyopl g]{ygr yi el ds can be achieved relative to conventional
nmet hods, such a$ above 35%yield, or above 40% or above 45%
[ 0055] Si m | ar corr el at tadstitallytdeeaxdbgite ytinukested fegd uagpleffeétore ot her

grades of oil,.such as.5 cSt base.oil r ¢St _base oil.. Thus,,
5 g ot e ok RS h Podista baas g mithia et Rt Tap Srdaairziint obriseg b
| east 25% gpgs.at | east 30% higher yields should be possible for

making 5 cSt base oils. By using a feed with at |east 20%o0il in wax,
or at least 25% or at |least 30% or at |east 35% higher yields

shoul d be possi bl e for nakj 1St ik [EB@
for producing a hi gh3(')vi sco‘é?%&]ﬁﬁlggemg@?cﬁé%/#%}éVﬁ%ﬁ%%@ l#‘aea 12%1
conpri si ng: at least 140 and a visdoyitly off at &bt hetacoige@sigock cont ai ni ng at

| east 15 wt% o0il in Wa{x1 &Jn(jer. effeeati ve condi ti ons gr l;f?onl\/.er Si ondof
6- 12 w % of the feed PE'RFEIAEEIHIPHT FRTDRIEA 53D M1l in wax under
cat al yti cal kffeciovwaxidigonk - Joyiddrsibh 686 ed2faerbiunsred &f fr8@ldMiling below

conditions to produce a base oil with a VI of at |east 140 and a pour
poi nt of - 187G prks.

catalytically dewaxing the hydrotreated feed under effective
conditions to produce a base oil with a VI of at least 140 and a pour point of -18°C or

less.



2. A nethod for producing a high viscosity base oil having a VI of at
| east 140 and a viscosity of at least 5 cSt, conprising:

hydrotreating a feedstock containing at least 20 wt% oil in wax under
effective conditions for conversion of 6 - 12 ww% of the feed to
products boiling bel ow 370C;, and 20 catal ytically dewaxi ng

the hydrotreated feed under effective conditions to produce a base
oil with a VI of at |east 140 and a pour point of -18C or |ess.

3. A nmethod for prodycing cosi.ty.base,oil having a VI of at
Ceast 140 and & vi schei ty Dr eplefeoEr el S bbbl hulertionth
hydr ot reat i ag lgdfchestisigtdp ic anleadt Bivitgh. at | east 25 W% oi |l in wax under
effective conditions for conversion of 6- 12 w% of the feed to
products boiling bel ow 370C;, and catal ytically dewaxi ng
the hydrotreated feed Undefh@ﬁl&ﬁ&& by oPeithd PNS {Nﬁel@fnqgé’&ﬁlv@rsﬁﬂﬁﬁ
oil with a VI of at |east 140 and a pour poi nt of C or less.

4. The met hta hyflrodnegtingf stepl iaphigast 8v8%. wher ei n t he conver sion in the
hydrotreating step is at least 6 wt% 5. The nethod of any
of clainms 1 -3, wherein the conversion in the hydrotreating step is
at least 8 wt% 6. Bhe mhbtodet 49 fairady —Of whibrdinthe donvarsion in
wherein the conversion in the h drotreatlng step is 10 wt% or | ess.

7. The net hﬂ}?hé’firoérﬁﬁrm%ﬁ“?ﬂﬁlé19[’3‘6@6‘”&?5& ms, wherein the process further
conpri ses a hydrofinishing step. 8. The method of claiml,
wherein the base oil has a viscosit 5 cSt or less. 9.
The nmethod of cl ai m7l V\heTIE‘-’I rnetbwéogm@@fdwlabna%clalmﬁs wbosintthe prfoceps ¢ St
or |ess. for, producing a high viscosity base
oi | havi ng a@ler C?mpl}sef n%oﬁ%ghm%ﬂﬁ%ri si ng:

hydrotreating a feedstock containing at Ieast 10 w % oil in wax under
effective conditions for cgnver f the feed tq
products boiling belbw 3708 B OC?OfC?a‘ml w ere“&: %ﬁ@&ql{:‘éﬂﬂaw&e%afﬁg
t he hydrotrgatgdeskeed under effective conditions to produce a base
oil with a VI of at |east 140 and a pour point of -18C or |ess.

11. The nmethod of claim 10, wherein the base oil has a viscosity of
21 9. The method of claim 1, wherein the base oil has a viscosity of 4

cSt or less.

10. A method for producing a high viscosity base oil having a VI of
at least 140, comprising:
hydrotreating a feedstock containing at least 10 wt% oil in wax
under effective conditions for conversion of 6 — 15 wt% of the feed to products boiling
below 370°C; and
catalytically dewaxing the hydrotreated feed under effective
conditions to produce a base oil with a VI of at least 140 and a pour point of -18°C or

less.

11. The method of claim 10, wherein the base oil has a viscosity of

4 ¢St or less.



12. The net hod of claim 10, wherein the base oil has a viscosity of 5
cSt or less. 13.The nethod of claim 10, wherein the base oil has a
viscosity of 6 cSt or less. 14. The nethod of claim 10, wherein the
base oil has a viscosity of at least 5 c¢St. 15. The nethod of claim
10, wherein the base oil has a viscosityl of at least 6 cSt. 16. The
met hod of any of clains 10- 15, wherein the hydrotreating conditions
are effective for conversion of 6- 12%of the feed to products

17. Th t hod of f cl t
condi?igﬁs greoef?gg% Vecf€$3%8%9%Péa@ﬁpgﬁ“§Peﬁg§§Pa ggﬁgk&%¥§fto

products. 18.¢3h& 18kt hod of any of clains 10- 15, mhereln t he
hydrotreating conditions are effective for conversion of at |east 8%
of the feed to products. 19. The nethod of any of clainms 10- 15,

wherein the hydrotrepting fMEﬁlb@H?cIﬁﬁFl@wh@&tﬂ %ggﬁ%}[mﬁﬁ@\é%?s%%ﬁ?tgioﬂ

at least 10% of the feed to products. 20. The net any o

10- 15, whebebnortless. hydr ot reati ng condltlons are effective for
conversion of 12%or |less of the feed to products. 21. The net hod of
any of clainms 10- 15, wherein the hydrotreating conditions are
effective for converpi.on ofhel@¥hed of @sitn I, wheeir ©€8adeila0dWikssity of

at least 5 cSt.

15. The method of claim 10, wherein the base oil has a viscosity of

at least 6 cSt.

16. The method of any of claims 10 — 15, wherein the hydrotreating

conditions are effective for conversion of 6 — 12% of the feed to products.

17. The method of any of claims 10 — 15, wherein the hydrotreating

conditions are effective for conversion of at least 6% of the feed to products.

18. The method of any of claims 10 — 15, wherein the hydrotreating

conditions are effective for conversion of at least 8% of the feed to products.

19. The method of any of claims 10 — 15, wherein the hydrotreating

conditions are effective for conversion of at least 10% of the feed to products.

20. The method of any of claims 10 — 15, wherein the hydrotreating

conditions are effective for conversion of 12% or less of the feed to products.

21. The method of any of claims 10 — 15, wherein the hydrotreating

conditions are effective for conversion of 10% or less of the feed to products.



22 22. The nethod of claim 10, wherein the hydrotreating
conditions are effective for conversion of 6- 12% of the feed to

pr oducts. 23. The nethod of claim 10, wherein the
hydrotreating conditions are effective for conversion of 8 - 12% of
the feed to products. 24. The2aret hod of any of clainms 10-
23, wherein the feedstock contains at |east 15%o0il in wax.

25. The nethod of any of clainms 10- 23, wherein the feedstock

contains at least 20% oil 1, : . 26. Th t hod of of
sl ms 10 23, wher e t helFababebRteEBniE%in tF Bulbiotis Spndiips
wax. are cffddtive FOEcOMMERRE 0B DY 6f the kWS prbdnctg3, wherein the
feedstock contains at |east 30%oil in wax. 28. The net hod
of any of clains 10- 23, wherein the process further conprises a

hydrofini shing step.j3 The method of claim 10, wherein the hydrotreating conditions

are effective for conversion of 8 — 12% of the feed to products.

24, The method of any of claims 10 — 23, wherein the feedstock

contains at least 15% oil in wax,

25, The method of any of claims 10 — 23, wherein the feedstock

contains at least 20% oil in wax.

26. The method of any of claims 10 — 23, wherein the feedstock

contains at least 25% oil in wax.

27. The method of any of claims 10 — 23, wherein the feedstock

contains at least 30% oil in wax.

28. The method of any of claims 10 - 23, wherein the process

further comprises a hydrofinishing step.





