WD 2005/ 047432 PCT/ US2004/ 036108 A PROCESS FOR MAKI NG LUBE O L BASESTOCKS

FI ELD OF THE | NVENTI ON [ B001] This invention relatesat 0 a process for
preparing lubricating oil basestocks fromlube oil boiling range
feedstreanWO 20¥M7arti cul arly, the present invention isp@i/iSHbosids a
process wherein a wax containing feedstock is hydrotreated over a stacked
bed catal yst systemthereby producing a |ube oil boiling range basestock.
BACKGROUND OF THE | NVENTI ON [ 0002] It has |ong been recogni zed that one of

t he nost val uabl e products generated through the refining of crude m neral
oils is lubricating oils. It is comon.jpractice to recover |ubricating oi
basest ocks by sol vent extracting, with a selective solvent, undesirable
conponent s such as sul fur conpounds, oxygenated conpounds, and aronatics
fromstraight distillates. However, with the decline in the availability of
paraffinic base crudes, and a corres-ondlno increase in the proportion of
napht heni ¢ and asphXlH K38 FOR M UBE Ol BASESTOGCKS vy  difficult
to neet the demand for Iubrlcat|ng oi | basestocks, or base oils. For

exanpl e, 0 ute (APl) requirenents for Goup |

basest ock s—content of at |east 90% a sulfur content of
0.03 wt.%or |ess and a V|sc05|ty I ndex (VI) between 80 and 120. Thus,

there is nd t focks |nstead
of Group TSI CC, This dBFentiRerdites iR pfesl Rol epktiay RubricaiBS1 001
basest ock $atdaaickifrorndabé ofl bdinﬁg@a%fé feb@dire@®y) Oore paﬁwmmly aht pedsens, etc.
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invention is directed at a process wherein a wax containing feedstock is

hydrotreated over a stacked bed catalyst system thereby producing a lube oil

boiling range basestock.

BACKGROUND OF THE INVENTION

[0002] It has long been recognized that one of the most valuable products
generated through the refining of crude mineral oils is lubricating oils. It is
common practice to recover lubricating oil basestocks by solvent extracting, with a
selective solvent, undesirable components such as sulfur compounds, oxygenated
compounds, and aromatics from straight distillates. However, with the decline in
the availability of paraffinic base crudes, and a corresponding increase in the
proportion of naphthenic and asphaltic base crudes, it is becoming increasingly
difficult to meet the demand for lubricating oil basestocks, or base oils. For
example, American Petroleum Institute (API) requirements for Group II basestocks
include a saturates content of at least 90%, a sulfur content of 0.03 wt.% or less and
a viscosity index (VI) between 80 and 120. Thus, there is a trend in the lube oil
market to use Group II basestocks instead of Group I basestocks in order to meet
the demand for higher quality basestocks that provide for increased fuel economy,

reduced emissions, etc.



[ 0003] Conventional techniques for preparing basestocks such as

hydr ocracking or solvent "extraction require severe=®perating conditions
such as hi $ ressure and tenperature or high solvent:oil ratios and high
extracti obf9 é{gﬂ?@f‘yﬁﬁr es to reach these higher basestock PSTAIS2004086108i t her
alternative invol ves expensive operating conditions and |ow yields. [0004]
Hydr ocr acki ng has been conbined with hydrotreating as a prelimnary step.
However, this conbination also results in decreased yields of |ubricating
oils due to the conversion to distillates that typically acconpany the
hydrocracki ng process. [0005] Thus, as-2he dermand for quality |ube oi
basestock continues to increase, the search for new and different
processes, catalysts, and catal yst systens that exhibit inproved activity,
i ncreased yields, selectivity and/or longevity is a continuous, ongoing
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catal ysts and catal yst systens were on stream -r 20051047432
PCT/ US20041e38 ddglter-tseSobhvigialities. TEEhdrNVENTAtON in@ODESs ckipengive epetatingvent i on
is directed at, a process to prepare lubricating oil basestoclcs fromlube

oil boili ﬁgﬂfﬂi&iﬁ’géaﬂééa‘éftﬁ@@: The process conpri ses:

[0004] Hydrocracking has been combined with hydrotreating as a preliminary
step. However, this combination also results in decreased yields of lubricating oils
due to the conversion to distillates that typically accompany the hydrocracking

process.

[0005] Thus, as the demand for quality Iube oil basestock continues to increase,
the search for new and different processes, catalysts, and catalyst systems that
exhibit improved activity, increased yields, selectivity and/or longevity is a
continuous, ongoing exercise. Therefore, there is a need in the lube oil market to
provide processes that can produce lube oil basestocks that meet the demand for

increased fuel economy, reduced emissions, etc.

BRIEF DESCRIPTION OF THE FIGURE

[0006) The Figure is a piot of the relative volume activity of various catalysts
and catalyst systems versus the days the respective catalysts and catalyst systems

were on stream.



a) contacting a lube oil boiling range feedstock with a stacked bed
hydrotreating catal yst systemin a reaction stage opgrated under effective
conditions thereby producing a hydrotreated effluent conprising at |east a
gaseous prwduedssangza hydrotreated lubricating oil boil iggaa86skRgdst ock;
and b) stripping the hydrotreated effluent to renove at |east a portion of
the gaseous product fromthe hydrotreated effluent thereby producing at

| east a lubricating oil basestock. [0008) In one enbodi nent of the instant

i nvention, the stacked bed hydrotreating catalyst systemconprises a first
and second catalyst, the first catalyst _sconprising a conventional
hydrotreating catal yst having an average pore dianeter of greater than 10
nm and sai d second catal yst conprises a bulk nmetal hydrotreating catal yst.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0009) It should be noted that the
terms "feedstock” and "feedstreant as used herein are synonynous. [0010)
The presen? RY OF BHI INVEINIIOMNt i ng a |ubricating oil feedstock with
a stacked bed hydrotreating catal yst systemin a reaction stage operated

comr i i ngOID71 | o E PREAEE SRS oa SRR § R BT ip SRPBAeLBRC LR ) of |
St 11 pped 1 PaRbiR FPHBE (i orlih mhRd Rk Tne IR GABANES T e 1

hydrotreated eff)l uentorRaff0Y iHeasiVbbMhgtanke AsddstodkURith GAltha@dBdd

. du
basest ock. Lube “oil basestocks having a sat%rat es content c% atq?east 90% a
sul fur hydrotreating catalyst system in a reaction stage operated under

effective conditions thereby producing a hydrotreated effluent
comprising at least a gaseous product and a hydrotreated lubricating
oil boiling range feedstock; and

b) stripping the hydrotreated effluent to remove at least a portion of the
gaseous product from the hydrotreated efftuent thereby producing at

least a lubricating oil basestock.

[0008] Inone embodiment of the instant invention, the stacked bed
hydrotreating catalyst system comprises a first and second catalyst, the first catalyst
comprising a conventional hydrotreating catalyst having an average pore diameter
of greater than 10 nm and said second catalyst comprises a bulk metal

hydrotreating catalyst.

DETAILED DESCRIPTION OF THE INVENTION

{0009] It should be noted that the terms "feedstock™ and "feedstream" as used

herein are synonymous.

[0010] The present process involves hydrotreating a lubricating oil feedstock
with a stacked bed hydrotreating catalyst system in a reaction stage operated under
effective hydrotreating conditions to produce a hydrotreated effluent comprising at

least a gaseous product and a hydrotreated lubricating oil feedstock. The



content of 0.03 wt.%or less, and a viscosity index (VlI) between 80 and 120
can readily be produced through the use of the instant invention.

Lubri cati ' stocks [0011] Feedstocks suitable for use in the present
i nvent i onng}rogo\l/)\?e{!’;ﬁggnt aining feeds that boil in the | ubrPERUSHY483410% ange,
typically having a 10% distillation point greater than 650F (343C) and an
endpoi nt greater than 800F (426C), neasured by ASTM D 86 or ASTM 2887.
These feedstocks can be derived frommneral sources, synthetic sources, or
a mxture of the two. Non-limting exanples of suitable lubricating oil

f eedst ocks include those derived from sotrces such as oils derived from
sol vent refining processes such as raffinates, partially solvent dewaxed
oils, deasphalted oils, distillates, vacuumgas oils, coker gas oils, slack
waxes, foots oils and the |ike, dewaxed oils, automatic transm ssion fluid

f eedst ock ' | b BS | “ATF")
f eedst ock zlyar e aﬁ%%@%ﬁm?i%ﬁ??@ 8@ ﬁgﬂ?f’ﬁg hglr{a%fnﬂ)lé’gﬁﬁ@ﬁ ﬁﬁlér%g Bé)‘ih#l%g ((él ? t\i\/e en
200C and  fPoihGhe hpdrosredfith efifhient tiairélnprsdudingdatdsigia lubABaRPGil ATF
feedstocks are typically 75-110N feedstocks.” [0012] These feedstocks nmay

al so have hasegtoddont.ebe oil basestockmkaving adatuates contam bfiat least 90%Eesdifur

cont ai ni ng uEetO 8.ééswtb%of nitrogen, based on_feed and u& to 3.0 w. % of
sul fur carFoBtEnsPE Wh % A {958, Prdba yifcopity sndex (Va betwern 8t gnd 130180 wax

content typi I have high visgosity.i,ndexes. of up.to 200 or nore. Sul fur
and nitr g%‘ﬁ?yc%%P@ﬁ/ emoﬂghﬁﬁ%’ﬁ?égﬂﬁyméfa&ﬁ%‘?e@ R8TM et hods D5453 and
D4629, respectively. a WO 2005/047432 PCT/ US2004/ 036108 - 5-

‘ Lubricating Oil Feedstocks

[0011) Feedstocks suitable for use in the present invention are wax-containing
feeds that boil in the lubricating oil range, typically having a 10% distillation point
greater than 650°F (343°C) and an endpoint greater than 800°F (426°C), measured
by ASTM D 86 or ASTM 2887. These feedstocks can be derived from mineral
sources, synthetic sources, or a mixture of the two. Non-limiting examples of
suitable lubricating oil feedstocks include those derived from 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, dewaxed oils, automatic transmission fluid
feedstocks, and Fischer-Tropsch waxes. Automatic transmission fluid ("ATF")
feedstocks are lube oil feedstocks having an initial boiling point between 200°C and
275°C, and a 10% distillation point greater than 300°C. ATF feedstocks are
typically 75-110N feedstocks.

[0012] These feedstocks may also have high contents of nitrogen- and sulfur-
contaminants. Feeds containing up to 0.2 wit.% of nitrogen, based on feed and up
to 3.0 wt.% of sulfur can be processed in the present process. Feeds having a high
wax content typically have high viscosity indexes of up to 200 or more. Sulfur and
nitrogen contents may be measured by standard ASTM methods D5453 and D4629,

respectively.



Hydrotreating [0013] It should be noted that the term "hydrotreating" as
used herein refers to prdcesses wherein a hydrogen-®ontaining treat gas is
used int e of a suitable catalyst that is primarily active for

t he remvgﬁo%&z‘@? rzoatoms such as sul fur, and nitrogenPCHHPLOLHIGI®W i on of
aromatics. In the practice of the present invention, the lubricating oil
feedstock is hydrotreated with a stacked bed hydrotreating catal yst system
in a reaction stage operated under effective hydrotreating conditions to
produce a hydrotreated effluent conprising at | east a gaseous product and a
hydrotreated lubricating oil feedstock. -§0014) The catal yst system used
herein conprises at least a first and second hydrotreating catalyst. By
"stacked bed" it is nmeant that the first catal yst appears in a separate
catal yst bed, reactor, or reaction zone, and the second hydrotreating

catal yst appears in a separate catal yst bed, reactor, or reaction zone
downstream in relation to the flow of the lubricating oil feedstock, from
the first ﬂgﬂﬂ,u—@ﬁﬁngoow] The first hydrotreating catalyst is a supported
catal yst. Surtable hydrotreating catalysts for use as the first catal yst of
the present catal yst system include any conventional hydrotreating

cat al yst. [00h3Ent loshwiuldbd notedtuat the termt hiydedtrenting® ed iised diercin sefeesatt t o
refer to those which are corrprlsed of at least one Goup VIII netal,

pr ef er abl wrp@esse%wahcaelmua mpgew@ﬂmgwe@bgaw/wdm th%\nepsemef areferably
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2005/ 047432 PCT/ US2004/ 0361

hydrotreating catalyst system in a reaction stage operated under effective

hydrotreating conditions to produce a hydrotreated effluent comprising at least a

gaseous product and a hydrotreated lubricating oil feedstock.

[0014]  The catalyst system used herein comprises at least a first and second
hvdrotreating catalyst. By "stacked bed" it is meant that the first catalyst appears in
a separate catalyst bed, reactor, or reaction zone, and the second hydrotreating
catalyst appears in a separate catalyst bed, reactor, or reaction zone downstream, in

relation to the flow of the lubricating oil feedstock, from the first catalyst.

[0015]  The first hydrotreating catalyst is a supported catalyst. Suitable
hydrotreating catalysts for use as the first catalyst of the present catalyst system
include any conventional hydrotreating catalyst. Conventional hydrotreating
catalyst as used herein is meant to refer to those which are comprised of at least one
Group VIII metal, preferably Fe, Co and Ni, more preferably Co and/or Ni, and
most preferably Ni; and at least one Group VI metal, preferably Mo and W, more
preferably Mo, on a high surface area support material, preferably alumina. The
Group VIII metal is typically present in an amount ranging from 2 to 20 wt.%,
preferably from 4 to 12%. The Group VI metal will typically be present in an
amount ranging from 5 to 50 wt.%, preferably from 10 to 40 wt.%, and more



-6 preferably from20 to 30 wt.% Al netals weight percents are on support.
By "on support" we mean that the percents are based on the weight of the
support. K e, if the support were to weigh 100 g. then 20 wt.%
Group VI| I‘%n)eztogﬁi&\j\qg%l d mean that 20 g. of Group VIl met=f TR
support. [0016] However, not all conventional hydrotreating catalysts
fitting the above- described criteria are suitable for use in the present

i nvention. The inventors hereof have unexpectedly found that the average
pore dianmeter of the first catalyst nust have a specific size to be
suitable for use herein. Thus, in the préctice of the present invention, a
conventional catalyst, as described above, but having an average pore

di aneter greater than | Onm as neasured by water adsorption porosinetry,
nmust be used as the first catal yst of the present stacked bed catal yst

system | tp_réﬁgrﬂ%l TR6mSH) 1030 withe. AMEhReMs Wﬁht%é‘@&{tﬁ’ ardbn f%ﬁﬁgl(f:ﬂt.r . “on

catal yst, "i. e conventional hydrotreating ‘catalyst, o e preésent

st acked beuppattilwe meay mamlbﬁer@nmrbasé@mlthé wightfehe rsaﬁpmb IFprgr eat er
than 12nm [0017]. The second hydrotreating catalyst is a bulk netal

cat al yst . esamplekifitee support werestonwaigh 1hg. thies 20avaly Sreup Vdllumstad poouldd
wherein the bulk t al articles  conprise 30 - 100 wt. % of at |east one
Group VI | Im?ﬂ)‘hﬂ}%é @.@ﬁ'}gp{agﬁﬁlﬁ{nqtzgégqs Ohthe YNPOF- VI B et al, based on the
total weight of the bulk catalyst particles, calculated as netal oxides and
wherein the bul k catal yst particles have a surface area of at |east 10

10 O A S R A M s

catal ysts ~ used herein conprise 50 to

to 100 wt.déscribed atitdrzagt soigbierforinse/in theadsdip henitiing| T ihw@htdre detegine
G oup VIB netal, based on the total weight of the particles, calculated as

met al oxi dewe unexpactodiyt found tlariche averRgepdréediumetet of theofirsh obtadystenusts can
easily be determ nefd VI B ) ) ) .
have a specific size to be suitable for use herein. Thus, in the practice of the
present invention, a conventional catalyst, as described above, but having an
average pore diameter greater than 10nm, as measured by water adsorption
porosimetry, must be used as the first catalyst of the present stacked bed catalyst
system. It is preferred that the average pore diameter of the first catalyst, i.e. the
conventional hydrotreating catalyst, of the present stacked bed catalyst system be

greater than 11nm, more preferably greater than 12nm.

[0017] The second hydrotreating catalyst is a bulk metal catalyst. By bulk metal,
it is meant that the catalysts are unsupported wherein the bulk catalyst particles
comprise 30 - 100 wt.% of at least one Group VIII non-noble metal and at least one
Group VIB metal, based on the total weight of the bulk catalyst particles, calculated
as metal oxides and wherein the bulk catalyst particles have a surface area of at
least 10 m%/g. It is furthermore preferred that the bulk metal hydrotreating catalysts
used herein comprise 50 to 100 wt.%, and even more preferably 70 to 100 wt.%, of
at least one Group VIII non-noble metal and at least one Group VIB metal, based
on the total weight of the particles, calculated as metal oxides. The amount of
Group VIB and Group VIII non-noble metals can easily be determined VIB
TEM-EDX.



TEM EDX. WD 2005/ 047432 PCT/ US2004/ 036108 -7 [0018] Bul k cat al yst
conpositions conprising one Goup VIII non-noble nmetal and two G oup VIB
netals are preferred. It has been found that in this case, the bulk

catal yst p#Qloedes4dre sintering-resistant. Thus the aCti}‘@T/%FEJo%ﬁﬁJ ea of
-the bulk catalyst particles is maintained during use. The nolar ratio of
Goup ViIBto Goup VIII non-noble netals ranges generally from10:1 - 1:10
and preferably from 3:1 - 1:3. In the case of a core-shell structured
particle, these ratios of course apply to the netals contained in the

shell. If nore than one Goup VIE netal 4s contained in the bulk catalyst
particles, the ratio of the different Goup VIB netals is generally not
critical. The sane hol ds when nore than one Group VIII non-noble netal is

applied. In the case where nol ybdenum and tungsten are present as G oup VIB
nmetal s, the nol ybenumtungsten ratio preferably lies in the range of 9:1
-1:9. Preferably the Goup VIIl non-noble netal conprises nickel and/or

cobalt. It j fupt her eferred that the Goup VIB ne conprjses a
conbi nat | JAOTE] néuﬁﬁe@gfym EQMIPPTIHGES EAMPRSHIZORGIFOUR Y, Ren-Rehls retal

e oA HoA EH ARMEI Whv s, o
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oxi di ¢ corpalldbatalyat phiiRlescie miARRORNS AeriARLS¢.SThemblhr FiR 6RGRWSVIB to

conposition has Been sul fided, sulfidic ~conpounds of the correspondi ng
metal s. [ Gaxbap VHI nenaloble metd]s ramses tgeaerallyeframl 10: tretlal 0 byd potiesddy figpm
catal ysts used herein have a surface area of at_ |east 5Q n2/g and nore
pref er abl B:bf 15} Inthecaseof agore-shell structured particle, these ratios of Course apply

to the metals contained in the shell. If more than one Group VIB metal 1s contained
in the bulk catalyst particles, the ratio of the different Group VIB metals is
generally not critical. The same holds when more than one Group VIII non-noble
metal is applied. In the case where molybdenum and tungsten are present as Group
VIB metals, the molybenum:tungsten ratio preferably lies in the range of 9:1 -1:9.
Preferably the Group VIII non-noble metal comprises nickel and/or cobalt. It is
further preferred that the Group VIB metal comprises a combination of
molybdenum and tungsten. Preferably, combinations of
nickel/molybdenum/tungsten and cobalt/molybdenum/tungsten and
nickel/cobalt/molybdenum/tungsten are used. These types of precipitates appear to
be sinter-resistant. Thus, the active surface area of the precipitate is remained
during use. The metals are preferably present as oxidic compounds of the
corresponding metals, or if the catalyst composition has been sulfided, sulfidic

compounds of the corresponding metals.

[0019] It is also preferred that the bulk metal hydrotreating catalysts used herein
have a surface area of at least 50 m*/g and more preferably of at least 100 m¥g. It
is also desired that the pore size distribution of the bulk metal hydrotreating
catalysts be approximately the same as the one of conventional hydrotreating

catalysts. More in particular, these bulk metal hydrotreating catalysts have



Is also desired that the pore size distribution of the bul k netal
hydrotreating catal ysts be approxi mately the sane asat he one of conventi onal
hydrotreating catalysts. More in particular, these bulk netal hydrotreating
cat al ysts W&200047¥8> 2005/ 047432 PCT/ US2004/ 036108 - 8- pr eCensbioyossipor e
volume of 0.05 - 5 m/g, nore preferably of 0.1 - 4 m/g, still nore
preferably of 0.1 - 3 nl/g and nost preferably 0.1 - 2 ml/g determ ned by
nitrogen adsorption. Preferably, pores smaller than | nmare not present.
Furthernore these bul k netal hydrotreating catal ysts preferably have a

medi an diameter of at least 50 rim norg.preferably at |east 100 run, and
preferably not nore than 5000 mand nore preferably not nore than 3000 n.
Even nore preferably, the nedian particle dianeter lies in the range of 0.1
- 50 mand nost preferably in the range of 0 5 - 50 m [0020] The reaction

o osent | rBAEREN § BATGROILTIRR 03 oy e T fer Erauly f b d UBCHAN s or
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ot i zed EEgReH a0 FEfEanly Whtksniiiler HRET o) 6PN pSter®0, TG, age
cool i ng or Fiighéinfsre thede'MAR nictaChpdi®ired Eh&'lys%@ﬁﬁeraﬁlly hgtogarediad al yst

beds in the sane reactor, can be enpl oyed since sone olefin saturation can
t ake pl acediaarederodfedtileass §0umy more preferabhe atleast O nmnaend preferatily aot ar e
generally exothermc. A portion of the heat generated during hydrotreating
can be recowes Sin JNE pmianidsmoeapraferabliengt more than 3@0hge. Hvenmoree,

conventional cooling may_ be perforned through cooling utilities
preferably, the median particle diameter lies in the range 6£ 0.1 - 50 pm and most

preferably in the range of 0 5 - 50 pm.

[0020] The reaction stage containing the stacked bed hydrotreating catalyst
system used in the present invention can be comprised of one or more fixed bed
reactors or reaction zones each of which can comprise one or more catalyst beds of
the same or different catalyst. Although other types of catalyst beds can be used,
fixed beds are preferred. Such other types of catalyst beds include fluidized beds,
ebullating beds, slurry beds, and moving beds. Interstage cooling or heating
between reactors, reaction zones, or between catalyst beds in the same reactor, can
be employed since some olefin saturation can take place, and olefin saturation and
the desulfurization reaction are generally exothermic. A portion of the heat
generated during hydrotreating can be recovered. Where this heat recovery option
is not available, conventional cooling may be performed through cooling utilities
such as cooling water or air, or through use of a hydrogen quench stream. In this

manner, optimum reaction temperatures can be more easily maintained.

[0021] The catalyst system of the present invention comprises 5-95 vol.% of the
first catalyst with the second catalyst comprising the remainder, preferably 40-60
vol.%, more preferably 5 to 50 vol.%. Thus, if the catalyst system comprises 50

vol.% of the first catalyst, the second catalyst will comprise 50 vol.% also.



such as cooling water or air, or through use of a hydrogen quench stream In
this manner, optinmumreaction tenperatures can be npre easily maintained.
[ 0021] The catal yst system of the present invention conprises 5-95 vol. % of

the firstwoabedssizawi th the second catal yst conprising tder ;&880 s
preferably 40-60 vol.% nore preferably 5 to 50 vol.% Thus,% thgfs

catal yst system conprises 50 vol.%of the first catal yst, the second
catalyst will conprise 50 vol.%also. Rr WD 2005/047432 PCTI US2004/ 036108
-9- [00221 Effective hydrotreating conditions include tenperatures of from
150 to 400C, a hydrogen partial pressurg of from 1480 to 20786 kPa (200 to
3000 psig), a space velocity of fromO0.1 to 10 liquid hourly space velocity
(LHSV), and a hydrogen to feed ratio of from89 to 1780 nB/n8 (500 to 10000
scf/B). 100231 As stated above, the contacting of the |lube oil boiling range
feedstock wth the stacked bed hydrotreati ng catal yst system produces a
hydrotreated effluent conprising at |east a gaseous product and a

ot pped 1 Bteekoy EtftciedSiiratgama GdionnnoiedgporsREARk POl e
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met hods, nepdvogen 6 faridoaes ofSrom B8 1edE780 m¥n’d50080 10000EHBIL or s, knock- out
drunms, steam stripping, etc. 100241 The above description is directed to

preferred enbodi nents of the present invention. Those skilled in the art

will recognize that other enbodinments  that_ are equally effectjve caquld be
devi sed f o002 r yihystaind abovesfierqontagtinggidthe lube o1 %oxlmg range feedstock

with the stacked bed hydrotreating catalyst system produces a hydrotreated effluent
comprising at least a gaseous product and a hydrotreated lubricating oil feedstock.
The hydrotreated effluent is stripped to remove at least a portion of the gaseous
product from the hydrotreated effluent thereby producing at least a lubricating oil
basestock The means used herein to strip the hydrotreated effluent is not critical to
the present invention. Thus, any stripping method, process, or means known can be
used. Non-limiting examples of suitable stripping methods, means, and processes

include flash drums, fractionators, knock-out drums, steam stripping, etc.

[0024] The above description is directed to preferred embodiments of the
present invention. Those skilled in the art will recognize that other embodiments
that are equally effective could be devised for carrying out the spirit of this

invention.

[0025] The following examples will illustrate the improved effectiveness of the

present invention, but is not meant to limit the present invention in any fashion.



i nvention. [00251 The follow ng exanples will illustrate the inproved

ef fectiveness of the present invention, but is not aeant tolimt the
present invention in any fashion. W 2005/ 047432 PCT/ US2004/ 036108 -10-
EXAMPLES BXA\Mb#z0474320026] A nedi um vacuum gas oil havi ng pOBUSIOMEIGILS
outlined in Table 1 was processed in an isothermal pilot plant over three
catal ysts systens at 1200 psig hydrogen partial pressure. The catal yst
systens and operating conditions are given in Table 2. Catalyst Bis a
conventional hydrotreating catalyst having 4.5 w.% Goup VI netal, 23 w.%
Goup VIIl metal on an alum na support a has an average pore size of 14.0
iun. The bul k nmetal hydrotreating catalyst was a comercial bul k netal
hydrotreati ng catal yst marketed under the nane Nebul a by Akzo-Nobel. [0027]
In the Exanples, all the catal yst systens were |lined out at 50 days on

stream Amtgr ki netic nodel with an activation energy of 31, 000
cal / gnol 0 conpare volune activities between the catal ysts. TABLE

1 Medium Vacuum Gas G| Density at 70C |l ee 0.88 N trogen (wppnm) 700 Sul fur
Ww.%?2.6 Mﬁ@ﬁoi ling Point C 334 GCD 50 W% Boi ling Point C 441

[0026] A medium vacuum gas oil having the properties outlined in Table 1 was
processed in an isothermal pilot plant over three catalysts systems at 1200 psig
hydrogen partial pressure. The catalyst systems and operating conditions are given
in Table 2. Catalyst B is a conventional hydrotreating catalyst having 4.5 wt.%
Group VI metal, 23 wt.% Group VIII metal on an alumina support and has an
average pore size of 14.0 nm. The bulk metal hydrotreating catalyst was a
commercial bulk metal hydrotreating catalyst marketed under the name Nebula by
Akzo-Nobel.

[0027] In the Examples, all the catalyst systems were lined out at 50 days on
stream. A first order kinetic model with an activation energy of 31,000 cal/gmol

was used to compare volume activities between the catalysts.

TABLE 1
Medium Vacuum Gas Qil
Density at 70°C (g/cc) 0.88
Nitrogen (wppm) 700
Sulfur (wt.% ) 2.6
GCD 5 WT% Boiling Point (°C) 334
GCD 50 WT% Boiling Point (°C) 441
GCD 95 WT% Boiling Point (°C) 531




GCD 95 W% Boiling Point ("C) 1 531 AN WD 20051047432 PCTI US2004/ 036108
TABLE 2 50 vol . % Catal yst 8 100 vol . % 100 vol . % f ol4®owed by Catal yst
System Cat al yst. B.Nebula 1 50 vol.% Nebula 1 Average Catal yst 370 380 370
Tenper at ur'&P47433ui d Hourly Space 2 1 1 Veloci hr-1 SGHBREMHEHSt or 227
17 34 Effluent N trogen Content (wppm) Nitrogen Renoval 1 1.18 1.34

Rel ative Volunme Activity [0028] The Nitrogen Renoval Rel ative Vol une
Activity ("RVA") for each catalyst systemwas cal culated by sinple first
order kinetic nodeling. As shown in Table 2, the 50150 vol. % stacked bed
catal yst system with the |arge average-ldere size Catal yst B upstream of
the bulk netal catal yst, showed higher nitrogen renoval activity than
either of the single catal yst systens denonstrated on their own. EXAMPLE 2
[ 0029] The hydrotreating ability of different stacked beds of Catalyst B and

TABLF 2
50 vol.% Catalyst B
100 vol.% 100 vol.% followed by
Catalyst System Catalyst B Nebula 1 50 vol.% Nebula 1
Average Catalyst 370 380 370
Temperature (°C)
Liquid Hourly Space 2 1 1
Velocity (hr ™)
Stripped reactor 227 17 34
Effluent Nitrogen
Content (wppm)
Nitrogen Removal 1 1.18 1.34
Relative Volume
Activity

[0028] The Nitrogen Removal Relative Volume Activity ("RVA") for each
catalyst system was calculated by simple first order kinetic modeling. As shown in
Table 2, the 50/50 vol.% stacked bed catalyst system, with the large average pore
size Catalyst B upstream of the bulk metal catalyst, showed higher nitrogen
removal activity than either of the single catalyst systems demonstrated on their

OWi.

EXAMPLE 2

[0029] The hydrotreating ability of different stacked beds of Catalyst B and
Nebula were analyzed by hydrotreating different feedstreams over the stacked beds
in the in two parallel reactor trains of the same isothermal pilot plant unit used in
Example 1 above. The feedstreams used were Medium Cycle Oils("MCO") from
an FCC unit and blends of the MCO with a virgin feedstock were tested in two

paraliel reactor trains. The feed properties are described in Table 3, below.



Nebul a were anal yzed by hydrotreating different feedstreans over the stacked
beds in the in tw paral hel reactor trains of the sanme isothermal pil ot
plant unit used in Exanple 1 above. The feedstreans used were Medi um Cycl e
Q| s("MCOwofhuemi7an FCC unit and bl ends of the MCO wi t h RCWUSQ04036emdst ock
were tested in two parallel reactor trains. The feed properties are
described in Table 3, bel ow. WO 2005/ 047432 PCT/ US2004/ 036108 -12 [00301 In
this Exanple, one reactor train consisted entirely of a conventional N M
on Alum na hydrotreating catalyst, Catalyst C, with an average pore

dianeter of 7.5 nm The other reactor trg-n contained a stacked bed system
wth 75-vol. %of Catalyst C followed by 25-vol. %of Catalyst A a bulk
multimetallic sulfide catalyst having an average pore dianmeter of 5.5 nm

[ 00311 The separate reactors in both trains were imersed in a fluidized

25 w0l oo BI03Bs: 0 s 1%3%&1%335 Fhclol R SRRSO RRTS R e PomYeigua Lsir ai
| 2. Li i - . =1 i

sane ¢ enpe TS AL Hfe Pidrpfeaife sotit i CRARISLE, affth S Bl bobB° rE, LGy e
| Exam egneha<il 8 e THERMAREHSY taliPhifaliRd SRRy ARPr e

reactor vessels where the tenperature of t first 75-

vol . % of tTevoht%slof CathlgetiCrivlloived tat 25-at t%rof Caralydt B¢ aibidie pauldenithlic
controlled fromthe | ast 25-volunme % of catalyst. [00321 The operating
condi t i onssulfide catalysthaving arsaverage pea0dipsieteried, 5.pingi d  hourly space
velocities ("LHSV') of 1.4 vol./hr/vol., and 5500-6300 SCF/ B of hydrogen.
The tenperature schedule for both trains is described'in Table 4 below. a

VO 2005/ 04[%%3] P hléss%?)grd'z{tg Igf?alcgc?rs in both trains were immersed in a fluidized

sandbath for efficient heat transfer. Thus, the temperature of the first 75-vol. % of
Catalyst C was at the same temperature whether it was in train 1 or 2. Likewise,
the last 25-vol. % of Catalyst C in train 1 was at the same temperature as the last
25-vol. % of Catalyst A in train 2. Therefore, In Example 2, each of the two
reactor trains was divided into two separate reactor vessels where the temperature
of the first 75-volume% containing 75 vol.% of the catalyst loading of that reactor

could be independently controlled from the last 25-volume % of catalyst.

[0032] The operating conditions for the two trains were 1350 psig H,, liquid
hourly space velocities {("LHSV") of 1.4 vol./hr/vol., and 5500-6300 SCF/B of
hydrogen. The temperature schedule for both trains is described in Table 4 below.



-13- TABLE 3 50% 67% 100% 100% Nornmal Normal Normal Heavy FEED FCC MCO FCC
MCO FCC MCO FCC MCO APl Gravity 18.1 15.0 9.5 7.0 Hydrogen, wt.% 10. 65
10.04 8.77 8.61 Sulfur, w.%3.23 3.53 4.28 4.40 N trogen, ppm 959 1153
1485 1573 wireondi - Mono, w.%- - 12.0 8.8 Aromatics- G 00 macined3. 9
41.7 Aromatics-Poly, wt.%- - 22.4 30.7 Distillation, s lospios’s oo 105
485 493 50 627 625 618 642 90 703 705 706 749 95 726 721 724 777 TABLE 4
Days on O | Feedstock 75% 25% Tenperatures, F 4-6 50% FCC MCO 585/ 650 7-15
67% FCC MCO 585/ 650 16-30 100% FCC MCO 585- 610/ 650-675 31-50 100% Hea FCC
MCO 610- 635/ 675-700 [00331 The relative HDN volune activity of the stacked
bed Catal yst C/ Catalyst A conpared to falyst Ais shown in the figure

bel ow. Note that for the 50%

TABLE 3
50% 67% 100% 100%
Normal Normal Normal Heavy
FEED FCCMCO FCCMCO FCCMCO FCCMCO
API Gravity 18.1 15.0 9.5 7.0
Hydrogen, wt.% 10.65 10.04 8.77 8.61
Sulfur, wt.% 3.23 3.53 4.28 4.40
Nitrogen, ppm 959 1153 1485 1573
Aromatics-Mono, wt.% - - 12.0 8.8
Aromatics-Di, wt.% - - 43.9 41.7
Aromatics-Poly, wt.% - - 224 30.7
Distillation, D2887 GCD
10 498 493 485 463
50 627 625 618 642
90 703 705 706 749
95 726 721 724 777
TABLE 4
Days on Oil Feedstock 75%/25% Temperatures, °F
4-6 50% FCC MCO 585/650
7-15 67% FCC MCO 585/650
16-30 100% FCC MCO 585-610/650-675
31-50 100% Heavy FCC MCO 610-635/675-700

[0033] The relative HDN volume activity of the stacked bed Catalyst C/Catalyst
A compared to Catalyst A is shown in the figure below. Note that for the 50%,

‘ 67% and 100% FCC MCO feeds the stacked bed system with only 25-volume % of
Catalyst A shows a stable activity advantage of 275%.



67% and 100% FCC MCO feeds the stacked bed systemw th only 25-vol une % of
Catal yst A shows a stablesactivity advantage of 275%a WO 2005/ 047432

PCTI US2004/ 036108 -14 10034] As shown in the Figure, when the 100% Heavy
FCC MCO wawOzdesioHIs32 t he feed note the activity advant agep€pustiwossiscked
bed catal yst system containing begins to decrease from275%to 225% and
then was subsequently reduced over 20 days to slightly |less than 150%
EXAMPLE 3 10035] In this Exanple, a stacked bed catal yst system contai ni ng
75 vol . % of Catalyst B and 25 vol. % Nebul a, both as described above, was
used to hydrotreat a |ight cycle cat oikgfeed ("Feed A') and a heavier

medi um cycle cat oil feed ("Feed B") as described in Table 5 bel ow. Exanple
2 was conducted in the sane two reactor train pilot plant unit as described
i n Exanpl e 2 above. The operating conditions for the two trains were 1200

psig H2, uid hourly space velocities of 2 vol./hr/val and 5000 SCFI B
of hydrogeH’ J4do36As wneacﬂn@Flgncmbmﬁl%ﬂ%&tlca\ppﬁaqmonva&wdrasl n an

R

of this oxaagins & et 2%%#5%2?5?%1%‘%% %%‘vﬁa%%ﬂ%é@‘sﬁﬂﬂﬁ@&d%f%s“' e
PCTI US2004 4236 dPiottlybedfBlet BOPEED Feed, A Feed B

EXAMPLE 3

[0035] In this Example, a stacked bed catalyst system containing 75 vol.% of
Catalyst B and 25 vol.% Nebula, both as described above, was used to hydrotreat a
light cycle cat oil feed ("Feed A") and a heavier medium cycle cat oil feed ("Feed
B") as described in Table 5 below. Example 2 was conducted in the same two
reactor train pilot plant unit as described in Example 2 above. The operating
conditions for the two trains were 1200 psig H,, liquid hourly space velocities of 2
vol./hr/vol., and 5000 SCF/B of hydrogen.

[0036] The reactor effluents were stripped with nitrogen in an oven at 100°C to
remove substantially all of the gaseous reaction products. The nitrogen content of
the liquid reactor effluent was then analyzed by ASTM 4629. The temperature
schedules for both trains along with the results of this example are described in
Table 5 below.



APl Gavity 0.973 0.9 Sulfur, wt.%2.6 2.50 N trogen, ppm 713 742
Distillation, D2887 GCD 5 427 448 50 551 590 95 704 755 EP 764 823

Cat al yst B Tenperature 570 617 Nebula Tenperature 645 692 Stripped Reactor
Ef fl uent NwOnegs7Gantent 2 7 Nitrogen Renpval Rel ative p@hyedRofskiog ty
1.75 1.75 [0037] As can be seen in Table 5, when a conventional catalyst
havi ng an average pore dianeter of |4nmwas used in the first 75 vol. % of
the reactor, the N trogen Renoval Rel ative Volune Activity ("RVA") for the
catal yst system renmai ned constant when the heavier feed was used. In
conparing the results of Exanple 3 to }jRose obtained in Exanple 2, one can
see that when a catalyst having a pore volune of 7.5nm preceded the bul k
metal catal yst, the RVA of the catalyst system decreased. However, in
Exanple 3, the heavier feed did not negatively inpact the RVA of the

catal yst system -16- CLAIMS 1. A process to prepare |lubricating oil
basestocks froma tube oil TABLE 5

FEED Feed’ A Feed B
API Gravity 0.973 0.9
Sulfur, wt.% 2.6 2.50
Nitrogen, ppm 713 742
Distillation, D2887 GCD

5 427 448
50 551 590
95 707 755
EP | 764 823
Catalyst B Temperature 570 617
Nebula Temperature 645 692
Stripped Reactor Effluent

Nitrogen Content 2 7
Nitrogen Removal Relative

Volume Activity 1.75 1.75

[0037]  As can be seen in Table 5, when a conventional catalyst having an
average pore diameter of 14nm was used in the first 75 vol.% of the reactor, the
Nitrogen Removal Relative Volume Activity ("RVA") for the catalyst system
remained constant when the heavier feed was used. In comparing the results of
Example 3 to those obtained in Example 2, one can see that when a catalyst having
a pore volume of 7.5nm preceded the bulk metal catalyst, the RVA of the catalyst
system decreased. However, in Example 3, the heavier feed did not negatively

impact the RVA of the catalyst system.



boiling range feedstock conprising: a) contacting a lithe oil boiling range
feedstock having a distillation endpoint of greater than 800F (426C)
nmeasured by ASTM D 86 or ASTM 2887, with a stacked bed hydrotreating

catal yst systemconprising at least a first and second hydrotreating
catalyst in a reaction stage operated dhder effective hydrotreating
conditions thereby producing a hydrotreated effluent conprising at |east a
gaseous product and a hydrotreated HJSEI [cgati ng oil boiling range feedstock;
and b) stripping the hydrotreated ef to renove at |east a portion of
t he gaseous product fromthe hydrotreated effluent thereby producing at

| east a lubricating oil basestock; wherein said first hydrotreating catal yst
is selected from sﬁpp’oprmmgqumpm@lubrigatmg anl;kms@tod«s;ﬁ;omim@bz ab 20 wt. %
of at least,one Goaoup VIII netal, and about 10 to 40 wt. % of at |east one
Goup VI heiling range feadstiekoOmMPrsingr ea support material having an average
pore dianeter of greater than 10 nm and said second hydrotreating catal yst
is selected frombulk netal hydrotreating catalyst conprising 30 to 100 wt.

% of at |east one Gaupontactingiehsbeodil boiliigatange deatistdekdmtvingie G oup VI B
netal, based on the total weight of the bul k cat alé/st particles, calcul ated

as netal oxides and whedistilatior endpoint ebgreatesthamBO0H CR6A&) measuweds ace area
of at least 10 nR/g. 2. The _pr.ocess ac ing_to,¢laiml-wherein said

| ubricating oil feedstbﬁﬁs{&ggsﬁa‘%ﬂggwﬁﬁgﬁ ‘Bﬁﬁ@oﬁ“\‘ﬁkeg\r%t er than 650F
(343C), neasured by -17: SIrM &86 o[ ASTM 2887, and a“a der'i.vetd f,rom

mi neral sources, synt hepydrotreating catalyst Systern coniprisig at leasta first and

second hydrotreating catalyst in a reaction stage operated under
effective hydrotreating conditions thereby producing a
hydrotreated effluent comprising at least a gaseous product and

a hydrotreated lubricating oil boiling range feedstock; and

b) stripping the hydrotreated effluent to remove at least a portion
of the gaseous product from the hydrotreated effluent thereby

producing at least a lubricating oil basestock;

wherein said first hydrotreating catalyst is selected from
supported hydrotreating catalysts comprising 2 10 20 wt. % of at least one
Group VII metal, and about 10 to 40 wt. % of at least one Group VI metal on a
high surface area support material having an average pore diamcter of greater than
10 nm and said second hydrotreating catalyst is selected from bulk metal
hydrotreating catalyst comprising 30to 100 wt. % of at lcast one
Group VIII non-noble metal and at least one Group VIB metal, bascd on the total
weight of the bulk catalyst particles, calculated as metal oxides and wherein the

bulk catalyst particles have a surface area of at least 10 m%/g.

2. The process according to claim 1'wherein said lubricating oil

feedstock has a 10% distillation point greater than 650°F (343°C), measured by



sources, or a mxture of the two. 3. The process according to claim2
wherein said lubricating oil feedstock is selected fromthose derived from
sources such as oils derived from solvent refining processes such as
raffinates, partially solvent dewaxed o0ils, deasphalted oils, distillates,
vacuum gas oils, coker gas oils, slack'ﬁaxes, foots oils and the Ilike,
dewaxed oil s, autonatic transniSS|on fluid feedstocks, and Fi scher- Tropsch
waxes. 4. The process according to claim2 wherein said |ubricating oi

f eedst ockAGIM I 86 dﬂmS'DW288Wand°fir@Hcﬂt;éd foanmiberabdooes, kgnthekici cating oi |
feedstock, and up to 3.0 w. % of sulfur, based on the |ubricati ng oil

f eedst ockso@ccs]'beapnmmfahemwdl ng to cI aim1l wherein said Goup VIII netal
of said first hydrotreating catalyst is selected fromCo N, and m xtures
thereof, said. Goup VI netal of said first hydrotreati ng catalyst is

rface, ar e‘? support

sel ected from M, nd m xtures there] 520 h .

material is sel ect%dﬁf&?@g?qsli\?ﬁmd‘% Al 2w CFHI}?%E@E‘?RI tho'?’: 6. TheI

o+ seornsdeRds ielete i Wi derfhehiThot MibiCThon ns BUSTBRLER 1ol P21 &1 V!
the mol araél?&ﬁ@'ﬁ% rg)ﬁiggeéﬁeﬁ shién & PsHﬁn?{ieF :ﬂﬂgn%’m\@nf'ﬁ \ﬁb)?ed 6?&;965 from

10: 1-1: 10 s according to c erein the at ast one

Goup VI aéas@ﬁahéwbﬂ@ dmmdtcﬁ%ca&ml £RYilsOB6kerpau pily] Hadewalxes AobtsiRsent as
oxidic conpounds of ‘the correspondl ng netals, or if the catal yst

conposi ti and theslike dewak8d odls) {autdnﬁncsttdnfsmxmmﬂp@faédsmbks remddtisclespondi ng
netals. 8. The process according to claim1l wherein the bulk netal
Tropsch waxes.

4. The process according to claim 2 wherein said lubricating oil
feedstock contains up to 0.2 wt. % of nitrogen, based on the lubricating oil
feedstock, and up to 3.0 wt. % of sulfur, based on the lubricating oil fecdstock.

5. The process according to claim 1 wherein said Group VIII metal of
said first hydrotreating catalyst is selected from Co Ni, and mixtures thereof, said
Group VI metal of said first hydrotreating catalyst is selected from Mo, W, and
mixtures thereof, and high surface area support material is selected from silica,

alumina, and mixtures thereof.

6. The process according to claim 1 wherein said bulk metal
hydrotreating catalyst comprises one Group VIII non-noble metal and two Group
VIB metals wherein the molar ratio of Group VIB to Group VIII non-noble metals
ranges from 10:1-1:10.

7. The process according to claim 6 wherein the at least one Group
VIl non-noble metal and at least one Group VIB metals are present as oxidic

compounds of the corresponding metals, or if the catalyst composition has beep



hydrotreati ng catal ysts have a surface area of at |east 50 n2/g, a pore size
vol unme of about 0.05 to about 5 nil/g, and a nedi an dianeter of at |east 50
nni. 9. The process according to claim1l wherein said effective
hydrotreating conditions include tenperatures of from150 to 400 C, a
hydrogen partial pressure of from 1480 to 20786 kPa (200 to 3000 psig), a
space velocity of fromO.1 to 10 liquid hourly space velocity (LHSV), and a
hydrogen to feed ratio of from89 to 1780 nB8/nB §500 to 10000 scf/B). 10.
The pr ocessulfided, sulfidic comgpoundsiofithe cerraspandingimétalst system of  the present

win Lé’”séﬁg‘g;i Py oB ot IMECRIRESS ARbaIug T 6, LYHETeIm i BHkTRele] - 11 The
nvent’ on. RoorRaubE sl Bt § i hos 8 SRaTlotSL a0 KFIE A e sl ThERST o1

with the sgeanduty8s o6 AEAL 9'h1/2hAA Y ShehRidmbRe of RE1ehS™SY ATST

9. The process according to claim 1 wherein said effective
hydrotreating conditions include temperatures of from 150 to 400° C, a hydrogen
partial pressure of from 1480 to 20786 kPa (200 to 3000 psig), a space velocity of
from 0.1 to 10 liquid hourly space velocity (LHSV), and a hydrogen to feed ratio
of from 89 to 1780 m*/m’ (500 to 10000 scf/B).

10. The process according to claim 1 wherein the catalyst system of
the present invention comprises about 5-95 vol. % of the first hydrotreating

catalyst with the second hydrotreating catalyst comprising the remaindcr.

11. The process according to claim 1 wherein the catalyst system of
the present invention comprises about 5-50 val. % of the first hydrotreating

catalyst with the second hydrotreating catalyst comprising the remainder.



