WD 2007/ 035380 PCT/ US2006/ 035724 AN | NTEGRATED LUBRI CANT UPGRADI NG PROCESS
USI NG ONCE- THROUGH. HYDROGEN- CONTAI NI NG TREAT GAS FI ELD OF THE | NVENTI ON

[ 0001] The invention relates to a process for preparing lubricating oi
basest ocks from | ube oil boiling-range feeds. Mre particularly, the
invention is directed at a process wherein a wax-containing feedstock is
sol vent ewbremesist o produce at |east a |ube oil bJAUUYWe/EEA raffi nate,
and the raffinate is hydrotreated to produce a hydrotreated raffinate. The
hydrotreated raffmate is dewaxed toiproduce a dewaxed raffinate, and the
dewaxed raffrmate is hydrofini shed. BACKGROUND CF THE | NVENTI ON [ 0002]
Lubricating oil products for use in applications such as autonotive engine
oi I s gener al | ANINTBGR AAED EVBRICANTOUBERIATOING PROCESSEISNG - can be

conbi ned wi t h™ agNCELTRROUGH, BYDRO GRNCONTADIRGS TRHAPGARET ti es to make a
suitable finished Tubricafing ol product. An Tncreasingly stringent

r egul at or environnent _has led to increased performance requirenents for
bot h fi ni SHERD Qff JEMEINVE estock. American PetroleumlInstitute (API)
u

i Q.oup..I | tocks ipclude .a saturat tent of at
oot 0508l O e RaRrioh reIRSE areses B Proeuns BRHORE Qhosi ty | ndex (V1)
Dot veen B8 thol o THBS i il s bk MCRE pheaRy 8Bl USe Group |1

basest ocks instead of Goup | ~baSestocks in order to neet the demand for
hi gher qualirettyd bissprotess kdheeaimla Waikrtioslaindng febdstocktis sojventlexpreatetlitot s t hat

provi de for gdesirable,.propgrti.es such_ as ingreas fuel econony and reduced

eni ssi onsF* %gt]leq%ﬁ\;@mq{f@?ﬂ‘m&.ﬁagg%?g@gat?,iap ﬁ?erla i §ues known to those

skill ed i Rydfoficated fo srbdhdeds hydedtidatedFhifinfe0 aBS hiyhirehied rAlfiRf8Ed Ng i nproved
oup | and Goup 11 basestocks, such as hydrocracking or solvent

ext r act i ofewixedito praduee a dewaked rainglgi and the dewexedgalmeteiy conditi ons such as
hi gh presay&rgﬂgﬂge&.errperature or : _

BACKGROUND OF THE INVENTION

[0002] Lubricating oil products for use in applications such as automotive
engine oils generally contain at least one basestock. The basestock can be
combined with additives to improve specific basestock properties to méke a
suitable finished lubricating oil product. An increasingly stringent regulatory
environment has led to increased performance requirements for both finished
product.and basestock. American Petroleum Institute (API) requirements for
Group II basestocks include a saturates content of at least 90%, a sulfur content

Q of 0.03% or less, and a viscosity index (VI) between 80 and 120. Thereisa

' 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 and
finished lubricating oil products that provide for desirable properties such as

increased fuel economy and reduced emissions.

[0003] Conventional processes (i.e., techniques known to those skilled in the
art of lubricating oil processing) for preparing improved Group I and Group I
basestocks, such as hydrocracking or solvent extraction of aromatics, often

require severe operating conditions such as high pressure and temperature or




WO 2007/ 035380 PCT/ US20061035724 -2 high solvent:oil ratios and high
extraction tenperatures. Such processes can be costly. Mreover, solvent
extraction processes have significantly | ower basestock yield as process
severity is increased. [0004] In addition to hydrocracki ng and sol vent
extraction, paraffinic |lubricating oil feedstocks are dewaxed in order to
produce basestaskswhi ch will remain fluid when the RGTASNESE dori cating oil
is used at a low tenperature. Dewaxing is the process of separating or
converting hydrocarbons which solidify readily (i.e., waxes) in petrol eum
fractions. Conventional catalytic dewaxing of C waxy feeds boiling in the
lubricating oil range generally utilize catalysts conprising at |east one
mol ecul ar bighvelventrgilantos amiriigingxtiaeticd tenperatireqn Buehtprocessels @amberg one or nore
G oup VIl and/ G oup VILE netals of the Periodi.c Table of the El enents.

[ 00051 | ncPasHEi %f;o‘@f,ﬁPW&%#ﬁxuﬁgwrwseaéﬁ?ﬁlﬁ@#&@@ﬁ@?ﬁ# i cations have

resulted i s@st&ﬁﬁﬂ%]}ﬁ?ﬁPﬁﬁ:\%sas@gergtgfigiﬁéﬁﬁedprOcesses’ catal ysts, and catal yst.

systems that ex nproved tivity, 1 ncreased yields, selectivity

and/ or |on ty. there is.a need,fo rogesses jhat can produce | ube
oil basest@ﬁﬂ:‘ i gnéggﬁghitﬁgyfgagﬁaﬁﬂ%ﬂﬁﬁ?éwpfﬁt ‘\RB?H’d’aﬁ’éﬁ%‘ﬁi tabl e for making
an 1 npr Ovelﬁblti@hg%ﬂtfb&,ﬁto%ké are dOWYIR ofder 1 Fro ﬁbé%és@ék[m@ﬁmh an

enbodi nment , rnvention relates to a process to prepare ubricating oil
basest ocksremabrilid whenithe fidsheddybricatingoil isffsed att elofctetperabues. The process

conprises:(a)..contacting acl ube .oil boiling-range,raffinate.f.eed containing
i trogon DRt Puft robes Br ot B pr. ey BRIV ARSRR BhRRPUIR L 2°Ti rot
reaction rgAdBqi.epeaRdsyéh peretisune frb@ivink.v€ofieaiiondl @afalyiig de®afinglopns i n the
presence of a hydrogen-containing gaseous product. froma third reaction

stage to radeeds beilingdp Sie ubxiesting sflangecenengllp stlizaomsdBts PCT/ US2006/ 035724

comprising at least one molecular sieve component and at least one component

containing one or more Group VIII and/or Group VIB metals of the Periodic
Table of the Elements.

[0005] Increasingly siringent basestock performance specifications have
resulted in a need for new and different processes, catalysts, and catalyst systems
that exhibit improved activity, increased yields, selectivity and/orllongevity.‘
Thus, there is a need for processes that can produce Iube oil basestocks in ever-

increasing yields that would be suitable for making an improved lubricating oil.

SUMMARY OF THE INVENTION
( [0006] In an embodiment, the invention relates to a process to prepare
lubricating oil basestocks from lube oil boiling-range raffinate feedstreams. The

process comprises:

(a) contacting a lube oil boiling-range raffinate feed containing nitrogen
and sulfur heteroatomns with a hydrotreating catalyst in a first reaction
stage'opcrated under effective hydrotreating conditions in the presence
of a hydrogen-containing gaseous product from a third reaction stage

to produce a hydrotreated raffinate;




-3 (b) stripping the hydrotreated raffnmate by contacting the hydrotreated
raffinate with a first fresh, once-through, hydrogen-containing treat gas
to separate sul fur-containing and nitrogen-containing species from the
hydrotreated raffmate to produce a striped raffinate; (c) contacting t he
stripped raffinate with a catalytically effective anmunt 2 hydr odewaxi ng
cat al yst mwo wbro3gsesence of a second fresh once- thr 6‘?‘?2006/035 24

hydr ogen-containing treat gas in a second reaction stage operated under
effective hydrodewaxi ng conditions t-3-produce a - second-stage reaction
product conprising a second-stage gaseous product and a second-stage liquid
product, wherein the second-stage gaseous product conprises hydrogen and
the second- st e dtiipping thefirydrbirztted oaffinats by gomtaciingthe Hydrafréatedt e (d)
cascading, wth di sengage . At |eas 0 on of the seco reaction
stage product to & &ﬁ%ﬁl ’roé‘&ﬁi}lfﬁ?ﬁ’sﬁ Qgeft’%‘an*t}w;@? fng the
cascaded portion g %a&@é’ﬁﬂﬂlﬂc@ﬁtﬁhﬁx&"ﬁnﬁtﬂﬁ?geﬁfc%ﬁﬁﬁﬁn eTciEs &opptal ytically
ef fective anmount 0of a hydrofinishing catalyst %hl rd reaction stage
oper at ed under efﬂiehjfdmé'eatgtﬂra&ﬁmawmrn@.we@rsttmedaaﬂina‘tw produce a third-stage

reaction product conprising the third-stage gaseous product conprising
hydrogen and &)t monthcsnggm stripped deffinate with a cxtahyticaly nffemvleuhmunatl ng oil

basest ock, mhere cond-sta eous duct i des hydrogen for
the third reactl g{;@%wﬂ“}'g%tﬁg'ﬁta’f‘qﬁrgprﬁf'@“‘gﬂ EF"Q{‘ th%&c@ous product

fromthe third stﬁg,@l 18AfddeRRoRaRECkeat aEbcdiRiTeAfiocNGtage third-stage
gaseous product, %out het eroat om™ di sengagenent, to the first reaction

stage. [0007] In @nﬁﬂ@m@nﬁ&!ﬁmhﬁmd%pmdmmmmmdumpr| ses: WO

286 7 /035380 PCT/ USZO%%ESs/ta?g%SnZaZcﬁon product comprising a second-stage gaseous

product and a second-stage liquid product, wherein the second-stage
gaseous product comprises hydrogen and the second-stage liquid

product comprising a dewaxed raffinate;

(d) cascading, with disengagement, at least a portion of the second

reaction stage product to a hydrofinishing reaction stage;

(e¢) contacting the cascaded portion of the second reaction-stage product
with a catalytically effective amount of a hydrofinishing catalyst in the
third reaction stage operated under effective hydrofinishing conditions
to produce a third—stage reaction product comprising the third-stage
gaseous product comprising hydrogen and a third-stage liquid product

(— comprising a lubricating oil basestock, wherein the second-stage

gaseous product provides hydrogen for the third reaction stage;

(f) separating the third-stage gaseous product from the third stage

reaction product; and

(g) cascading the third-stage paseous product, without heteroatom

disengagement, to the first reaction stage,

[0007] In another embodiment, the process further comprises:




(a) extracting a lubricating oil feed in a solvent extraction zone with an
extraction solvent under conditions effective at producing at |east an
aromatics-lean raffinate solution containing extraction solvent; and (b)
removing at |east a portion of the extraction solvent fromthe
aromatics-lean raffrmate solution to produce at |east %ﬂé‘,&%@ﬁﬂ%' boi |'i ng-
range raf Wiorz8@7@3338kdst ream BRI EF DESCRI PTI ON OF THE 2f00081 Fi gure
1l is asinplified process flow diagram. which shows the reactor C
configuration, treat gas circul ati ord4-heat integration, and product recovery
facilities. [00091 Figure 2 is a schematic di agram of the hydrogen fl ow
through the instant invention. DETAILED DESCRI PTI ON OF THE | NVENTI ON [ 0010]
The present i (@ erexirectingsl librieating ol feaddo @selvent exfractiiorczong wittbari cat i ng oi |
basestocks from |l u ethi I goi{ i rag-rag e feﬁdcéi Sé?h ﬁs Jaffinates. The process
i nvol ves cont act i“Ag S e Bt FrahT I ﬂﬁ’-nfﬁ GeP At PTOfUTias 8 ?Ri ng nitrogen
and sul fur het eragsth&tits-lvdr fafffhalt)sdidion @ahthithgCaibiGi sdlvent;@dPr esence of
hydrogen- containing treat gas in a first reaction stage. The first reaction
stage is Oper@PeQemHﬂﬂgﬁtﬁﬁétﬁ%ﬂib%m&ﬂa@ﬁéﬂmv&@ﬂ‘éﬁﬂ]é’ns to produce a
hydrotreated effluent “conprising at |least a first-stage gaseous product and
a hydrotreated raforhatiesdeancaffinatersolgion éwpmodnéet at depsta labd ofl bofling- het er oat ons
than the | ube oil_-boil} g: range feed. The hydrotreated raffrmate is stripped
usi ng fresh, onc&% 6{%@3 RSAT&Yen- containing treat gas as the stripper

gas. The HRIERDESC bﬁ@ﬁ_ﬁwortion of the sul fur-containing

and nitrogen-contar nrny. Specres hydrotreated effluent to produce a
stripped ygjof naﬁi?%né_ g5 & shdptified Pidkads oNSdiagdm) Wi iGRBws BRYeAUA N9 speci es
stri pped f[r omyt he "hydr ot re.atpedl_ rgﬁ?)fi I’Slat e, e.g., anmmoni asand hydr ogen

sl fi de, serfipwaithngtreat gasvairculatiom heat integyatians andrprodudctnegnyery raffmate is  then
dewaxed i &Sﬁgsecond reaction stage by contacting it wwth a catalytically WO
2007/ 0353 ¥¥ US20061035724 :

[0009] Figure 2 is a schematic diagram of the hydrogen flow through the
instant invention. '
DETAILED DESCRIPTION OF THE INVENTION

[0010] The present invention relates to a process for producing lubricating oil

basestocks from lube oil boiling-range feeds such as raffinates. The process
involves contacting a lube il boiling-range raffinate containing nitrogen and
sulfur heteroatoms with a hydrotreating catalyst in the presence of hydrogén—
containing treat gas in a first reaction stage. The first reaction stage is operated
( under effective hydrotreating conditions to produce a hydrotreated effluent
comprising at least a first-stage gaseous product and a hydrotreated raffinate
containing fewer nitrogen and sulfur heteroatoms than the lube oil boiling-range
feed. The hydrotreated raffinate is stripped vsing fresh, once-through, hydrogen-
containing treat gas as the stripper gas. The stripping separates at least a portion
of the sulfur-containing and nitrogen-containing species from the hydrotreated
effluent to produce a stripped rafﬁnafe. The sulfur-containing and nitrogen-
containing species stripped from the hydrotreated raffinate, €.g., ammonia and
hydrogen sulfide, are conducted away from the process. The stripped raffinate is

then dewaxed in a second reaction stage by contacting it with a catalytically




-5 effective anbunt of a dewaxing catalyst in the presence of the

once-t hrough, hydrogen-containing treat gas which can be obtained fromthe
same source as the fresh treat gas used in the prior stripping stage. In
ot her words, the fresh first and second once-through treat gas can be
obtained froma common treat gas source. The second reaction stage

oper at ed wodearomsiect i ve dewaxi ng conditions. The ESHW§@WWH§n6f the
stripped raffinate with the dewaxi ng catal yst produces a second- stage
reaction product conprising at |east5a second-stage gaseous product and a
second-stage liquid product, wherein the second-stage gaseous product

- conprises hydrogen and the second-stage liquid product conprises a dewaxed
raf | nat e effttivecazunt opa dewanng éatdlyst ils’écan@emmﬁﬁhmqsﬂhﬁmgh, i s cascaded,

wi t hout |1 |d vapar. di senga shing reaction stage,
referred thg g?%pﬁn%g@q%ea?ﬁ%rﬁﬁnégmbeoﬂﬁgﬁ%ﬁ ﬁ%‘%"&r‘?@o be noted that
the phraseye ﬂ“ésh*%&'di gds! 1&8&1 th ﬁi@ﬂéﬁbr Hi @ﬁﬂ?ﬁﬁ%'%‘o&e@%&é@%&’ﬁéﬁsﬁ'ﬂﬁtmans t hat
the particul arbgaseous (vapor) produ %@Id product, etc i s not

depr essur apéseco Dmﬂnrmugétt’e@tg%@anbedﬂé@!éd m scaymen &ealgas st ri ppi ng
stages. In_the drof reactlo third reaction stage, at
east a poRiFe Y R AR IS Pt BRAR soBlinle UebbBrey Wt h &

cat al yti cabnditisHsf %Telcwﬁtaamwnth@ﬁm iseadﬁtﬁnaw with 1@ dedlaringSchtalydt t he presence
of a hydrogen-containin gas, wt t he second-stage gaseous product

treat
conpri si ngra¢y @ﬁscﬂgséﬁo%rsgﬁgﬁgeaﬁbomPi@dW&F’@QﬁﬁﬂgébhﬁﬁlaﬁP@@drﬂt% gas therein.

The conta ﬁﬁr!?_ 2985 eaction product
with the %éslg&gsfé} %ﬁéﬁ%ﬁ%ﬁ%ﬁfoﬂﬁ%@gﬁ@@ Egéu& ere?xg 8";% P e::t|on product
conpri si ngasabusllﬁa&mctaombmcilgﬂﬁgenmtﬁeuseopdathgem«;amq;raduct hird-stage liquid
pr-oduct. The third-stage seous product, conprises hydrogen _and the

t hi r d- st afRPHEEHRACH i Igast a pontien of the sepppdofcpctipiguedust k. At | east

a portion pm the
third-st algsggséﬁggddwgfr?qu?%@ aj ang Paeggﬁféggg%%lel%drﬁ %ﬁgtgahet eroat om
di sengagestege, refemed tocherdin ns merthianttdaciinrs.d.t@e It sldoe}dealso behotakthar at ed

S ese o QL OEE 3 YSeiBem P W RS SO o2t g0 T

partlculaz' gaseous (vapor) product, liquid product, etc., is not depressurized
between the respective reaction stages and/or stripping stages. In the
hydrofinishing reaction stage, or third reaction stage, at least a portion of the

- second-reaction product is contacted with a catalytically effective amount of
hydrofinishing catalyst in the presence of a hydrogen-containing treat gas, with
the second-stage gaseous product comprising hydrogen serving as the hydrogeh—

( contammg treat gas therein. The contacting of the cascaded portion of the

second-stage reaction product with the hydrofinishing catalyst produces a third-
stage reaction product comprising at least a third-stage gaseous product and a |
third-stage liquid product. The third-stage gaseous product comprises hydrogen
and the third-stage liquid product comprises a lubricating oil basestock. At least
a portion of the third-stage gaseous product is separated from the third-stage
reaction product and then cascaded, without heteroatom disengagement, to the
first reaction stage, wherein the separated third-stage gaseouns product serves as

the hydrogen-containing treat gas in the first reaction stage.



WO 2007/ 035380 PCT/ US2006/ 035724 -6- [0011] In an enbodi nent, the process
makes | ubricating oil basestocks from |ube oil boiling-range feed (al so
commonly referred to as "feedstock™ and/or - "feedstreani). Thus, the process
may optionally further conprise solvent extracting a |ubricating oi
feedstock in a sol vent extraction zone under condi I ve at

produci ngv¥aeeor8¥3® an aromatics-lean raffmte solutﬁggﬂégﬁﬁ%gﬁ% I ng
extraction solvent. At |east a portion of the extraction solvent can be
separat éd and conduct ed away fromth& aromatics-1ean raffinate solution to
produce a raffinate f eedstream cont ai ning nitrogen and sul fur heteroatons.

Lubricati n@o Feeds 0012] In an enbodi ment, the_ |l ube oil feeds used in
t he proced@0idi e \Imne!@éwmeﬁﬁ,ﬁzynr@@a%mﬂ%ubmgm Wﬁ%ﬁﬁ'@@ and boil in

the | ubri stlllatlon

poi nt grez'?ote d?g%‘gir]\ﬁ%%%# F%éﬂ%@@&%gé %ﬁ%hi’ %ﬁ%@%@ M 2887. As used
her ei n, t Hfzetigream"). Uﬂtmpﬂtlpng:ess(m&y bpthm}a.llpﬁirt}feeeﬂmmambfeat feed to one or
nor e processes t hat, pakes or |lube aqil basestock, such as sol vent

extract i ofXrasHing &{pbriratiag Pﬁéeeﬁéfaﬁ%m ﬁ%vena@%eﬁ%zorfq HWidehi ng,
hydr of i ni 38 dienstbelivd 4P Sd%ﬁig% 13&%%&ﬁ§rﬂc§~1é&ﬁaﬁ%rawﬁﬁuu&nr om ni ner al

sources, synthetic sourc or 'a mxture of the two limting exanples
of sui t abkenthining extraction srmiwenf eftleast apbriita afithesexteactioresblvend namsd vent

BELLBLQF’t Bipacird £ SOVeRT avBLon B aThmaae- s BITEgR EUGR 0, | o ol ack
waxes, ubd 4 FtfitlAYAkairea do% B AR aid Al heRidARbd i d T eedst ocks,

and Flsch Tropsch waxes. [0013 not required, feeds may have hlgh
ntents phpMlatiheeRFaad sul fur contam nants. For exanple, feeds containing
-2 vw.%ﬁ?_‘n;“‘lgr%——ﬁased on the weight of the feed and 3.0 wt. % of
sul fur, c e S. fur nitrogen contents nmay be
measur ed @9 Ef %fﬂi@ﬁ?}ﬁﬁ@ﬁﬁg@ O&SIS uﬁﬁ% l%gggﬁoce? pgg{‘;l vely. Feeds .
28\6' ng a dsm@jnmgfeem@Maabnthmmydﬁich&ohaﬂ@bmhhgmewwmg yil boitiages of up to
or nore.
range, typically having a 10% distillation point greater than 650°F (343°C),
measured by ASTM D86 or ASTM 2887. As used herein, the term "lubricating

(or lube) oil feed” means a feed 1o one or more processes that makes a lube oil or

Iube oil basestdck, such as solvent exiraction, solvent dewaxing, catalytic
dewaxing, finishing, hydrofinishing, and trim dewaxing. Such feeds are derived
from mineral sources, synthetic sources, or a mixture of the two. Non-limiting
examples of suitable lubricating oil feeds include oils derived from solvent
refining processes such as raffinates, partially solvent dewaxed oils, deasphalted
Q ~ oils, distillates, vacuum gas oils, coker gas oils, slack waxes, foots oils, dewaxed

oils, automatic transmission fluid feedstocks, and Fischer-Tropsch waxes.

[0013] Though not required, feeds may have high contents of nitrogen and
sulfur contaminants. For example, feeds containing 0.2 wt.% of nitrogen, based
on the weight of the feed and 3.0 wt.% of sulfur, can be used in the process.
Sulfur and nitrogen contents may be measured by standard ASTM methods
D5453 and D4629, respectively. Feeds having a high wax content typically have

high viscosity indexes of up to 200 or more,.




WO 2007/ 035380 PCT/ US2006/ 035724 -7- Sol vent Extraction [0014] In an
enbodi nent, the process relates to producing lubricating oil basestocks
fromtube oil boiling-range feeds. For exanple, the lubricating oil feed
(e.g., adistillate such as a tube distillate) is solvent-extracted to
roduce a raffinate and an extract. The sol vent extracti cess
gel ecti vewp 20¢7493%Bves the feed's aromatic conponentPgTﬁ'ﬁfoga%jﬁgzgromat I cs-rich
extract while |eaving the nore paraffinic conponents in an aromatics-1|ean
raffi mate. Naphthenes are distributéd between the extract and raffinate
phases. By controlling the solvent- to-oil ratio, extraction tenperature and
met hod of contacting distillate to be extracted with solvent, one:can
control t HolypagExaetionhydr ocar bon speci es separation between the extract

and raffi ph : : i ract f the e.,0oil feed occurs
in a sol vgg{)ﬁgxt ﬁg%f‘ieg)ﬂr]\)%égé%%%ﬂggégs ?ﬁ%e%l%g@fc?n%lggﬂca&%l%togct s the

extract i orbasatocksfromlnbe o boitiagiraiye fealsy Bof exangle, gy Rbiicdtmggt critical and
can be any. so| vent t%%@?@ﬁ an_affjni té for aromatic hydrocarbons in

pr ef er encdeed(crprh dif Ay adubedigidiats) isgetvent-exiractaddo prasdips s of such
sol vents i f €5 rol i done

(" NMVP") . f@@f@?ﬁ?@%ﬁ@ﬂ%é‘ﬁwt eaotﬁgﬁg’%ocﬁsa%%cﬁ?er%g-g%sgarqg%ﬂéed with the
extract i orfeedscdrysmatic campdrenia dito ap khrasietids-bigh axtyacs wihilalidagirgaheent extracti on
net hod i ncl udin C conventiqQnal net hods. N,ﬁf?'_l i %g&pexa | es of such
ncl ude bR PABEHAIC GAPEPRCHSD 4B ARGt ican Fetimatep NepBBRRRs AFhat ¢ he

extract i ORisRiRRES BetRBefithe @brach W@f{nﬁt@ﬁ&%éﬁ. W@oﬂtﬁoll‘i@nt{ff@?ﬁvﬂ{tﬁf erred that

the continuous process be operated in a counter-curr ashion. In a -
cgunt er - c to-pH matio; enfracgion dempenaturetanid snqthosf aff coptactimpdistidieta hebe oi |

boiling-range. feed, be introduced into the bgottqm of an el ongated contacting
zone or tSﬁ?aﬁﬁwﬂhéﬁé’ ’?QFCPPSWWQ%&% Y&@@P&e%i le the '
extract i oBerapdtioRHetwéeniths EARAUERE @finhRSHHagR. of the tower and allowed to flow
in a downward direction, counter-curréent to the upflow ng tube oil

boi I'i ng-r ﬁﬂﬁg] Solvent extraction of the lube oil feed occurs in a solvent exiraction

zone, where the lube oil feed contacts the extraction solvent. The extraction

solvent used herein is not critical and can be any solvent that has an affinity for
aromatic hydrocarbons in preference to non-aromatic hydrocarbons. Non-
limiting examples of such solvents include sulfolane, furfural, phenol, and N-
methyl pyrrdlidone ("NMP").

[0016] The contacting of the lube 0il boiling-range feed with the extraction
solvent can be accomplished by any suitable solvent extraction method including |
( conventional methods. Nén—limitillg examples of such include batch, semi-
batch, or continuous. It is preferred that the extraction process be a continuous
process, and it is more preferred that the continuous process be operated in a
counter-current fashion. In a counter-current conﬁguration, it is preferred that
the lube oil boiling-range feed be introduced into the bottom of an elongated
contacting zone or tower and caused to flow in an upward direction while the
extraction solvent is introduced at the top of the tower and allowed to flow in a
downward directioﬂ, counter-current to the upflowing lube oil boiling-range

feed. In this configuration, the lube oil boiling-rarige feed flows counter-




feed. In this configuration, the tube oil boiling-range feed flows counter
WO 2007/ 035380 PCTI US20061035724 -8 currently to the extraction sol vent,
resulting in the intimte contact between the extraction solvent and the

| ube oil boiling-range feed. The extraction solvent and the |ube oil

boi l i ng-range feedstreamthus mgrate to opposite ends fﬂﬂt}(}ses,, Lcont acting
zone. [O00WA 20¥HesBONt acti ng of the |ube oil boili ng-\2 BUPRETF i th t he
~extraction solvent produces at |east an aromatics-lean raffinate sol ution,
whi ch contains extraction solvent. e aromatics-lean raffinate solution is
then treated to renove at |east a portion of the extraction sol vent
contained therein, thus producing a raffinate. The renoval of at |east a
portion of curtantlante thecatreetianaiolusnt, resuhing e thednlemple cantpcihebeeendbef f ective for

separating at l.east, a_ pokt,i of., an.. extracti.on.solvent from.an

aromati cs- ?@ﬁ{l?’éf 917’?{598& gbc?ﬁﬁlfei ‘8%3"41?1%%?&? ﬁ%edc gﬁ'\?gﬁt-m“t Molst V_eliltr eat nent
processes. ai @t aRiVbdilies-faaké FRadtRamSthudiaae ¢6lopposie Balsafiy at | east a
portion of the first extractron solvent fromthe ‘aromatics-lean raffinate

sol uti on ie¢pngacingizpid.ng or distillation tower. By at |least a portion, it is .
meant that at |east about 80 vol.% preferably about 90 vol.% nore

pr ef er abl y[o8%7)v ol The éintacting ofthie lwhet dilsbikiyg-kape fded 3ith the exthuetian omat i cs- | ean
raffinate solution, is renmoved fromthe aromatics-lean raffinate sol ution.

Mbst pr ef efohesng progueasa iestean ajoraatiesdean rpfnatsqolution; Which 6pigisé i s renpved.
10018] |t shauhsh Rave! ofle bibdilRaPiERRAe sALARSIfS &Ry hal 1 nal e
solution” I's not synonynous wth the term™raffinate”. The phrase

"ar onat i csrelnexe at whdtiapettion cfdhexbtaotion silems comainbbtherediguiniss of sol vent
extraction befgre the sol yent has, bee removed, .i.e., distilled or stripped
[ fom t he rESERERs o rtbnaee Lhe Temevalkatar opstia PORlowof i Fsiaction oGy er  al { hat
remai ns af I ivaf ingdni N the

"aromat i cs"{aﬁﬁgﬁb}lggﬁﬁﬁ% eo@ gsg}egi?%‘%"fo%%iggggééﬁg§t§%§mpemved. As di scussed,
t he raffi rextraction solent frabil an droaticsdedngfimate fobgtbnf mchwdivg coprvaress.

tional treatment processes. Preferably the raffinate is produced by separating at

least a portion of the first extraction solvent from the aromatics-lean raffinate
solution in a stripping or distillation tower. By at least a portion, it is meant that
at least about 80 vol.%, ‘preferably about 90 vol.%, more preferably 95 vol.% of
the extraction solvent based on the aromatics-lean raffinate solution, is removed
from the aromatics-lean raffinate solution. Most preferably, substantially all of

the extraction solvent is removed.

[0018] i should be noted that the phrase "aromatics-lean raffinate solution” is
(- not synonymous with the term "raffinate”. The phrase "aromatics-lean raffinate
solution" refers to the products of solvent extraction before the solvent has been
removed, L.e., distilled or stripped from the respective phases. The term
"raffinate" refers to the material that remains after at least a portion of the
solvent contained in the "aromatics-lean raffinate solution" is separated and
removed. As discussed, the raffinate is a suitable lubricating oil feed for the

process.




WO 2007/ 035380 PCT/ US2006/ 035724 -9- Hydrotreating 100191 The term
"hydrotreating" as used herein refers to processes wherein a treat gas that
contains hydrogen is used in the presence of a catalytically effective
anount of a catalyst that is active for the renoval of heteroatons such as
sul fur, and/or nitrogen, and for the saturation of aromatics. In an 1
enbodi mrerwo 20f/015888 present process, the |ube oil boF?Tfﬁﬁzp?Gé?ﬁﬂé“feed (e.g., a
raffmate) is contacted with a hydrotreating catalyst in a first reaction
stage operated under conditions eff%®ctive for heteroatomrenoval and/or
aromatics saturation. The C contacting of the Tube oil boiling-range feed
with the catalyst in the presence of hydrogen produces a hydrotreated

ef fl uent Elydmtieaiimg at | east a first reaction stage gaseous product and a
hydrotreated product (e.g., a hydrotreated raffinate) containing fewer
ni trogen topul i el By aRkeATe! BatkclerdiRrotd prosaes URBERk The choi ce of
hydrotreating catal ysts and hydrotreating conditi'ons used in-the process is
not criti trast gasthat eentaias Bydrogen is used) in Hhegmesenexef meptdgiicallyst  and condi ti ons.

one. ot ai eS¢ BERUACEA AR ) Kiblye R LIERHURRE il AR, 5, Srencs
( Sar gent - ¥eédubfar, SRR nitfdgen Gadrarte sakBia8dn of remafley. iladhembalbingnt  preferably

Fe, Co and Ni, nore preferably Co and/or N, and nost aggferably Ni; and at
| east oneofiBe Rresem|nseqesyl the lyhe ol boilingrmgstesd(s.gnapiiieie) Mabl e, preferably

Mo and W - ' e mat eri al ,

pr ef er abl @@{cﬁeﬁgﬁ gﬁllﬁglloée%@lﬁ (%Pillﬁt ir}riefggfsﬂ'%é ypslt%ﬁ?’ﬁ& g‘%@@% I n an anount

rangi ng fconditidne effe@ivanfdr BQerobtofih repioedlandiok wrohiatios sdtmuationt Tlee 12 wt . % The
oup VI nmetal, wll typically be present, in an anount rangi ng_.from about 5

tq\e- 50 m?%acaflép‘éﬂlgmgﬁe ?lﬂawﬁ%mc?wdtvaﬂu@em it Rihe PSFRCHPES er abl y from

about ' 20njaocthl phbafles fhlarBbabd URLGRcoRBHERRLPIALS MR SupRRT L. The term "on

support" at the” percents wel ght of the support.
For exanydiage gaeous ipeodughial & hydasirdatedpeodyivt (0f), yhylretreatidiaffBdita) . % Group VI I |

et al V\Duéo?ltaining fewer nitrogen and sulfur heteroatoms than the lube oil feed.

[0020] The choice of hydrotreating catalysts and hydrotreating conditions
vsed in the-process is not critical and can be conventional hydrotreating catalyst
and conditions. Conventional hydrotreating catalysts include those which
comprise at least one metal selected from Group VIII of the Periodic Table of
the Elements (Sargent-Welch Scientific Company, 1968), the "Periodic Table",
preferably Fe, Co and Ni, more preferably Co and/or Ni, and most preferably Ni;
and at least one metal selected from Group VIB of the Periodic Table, 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 about 2 and 20 wt.%, preferably from about 4 to 12 wt.%. The
Group VI metal will typically be present in an amount ranging from about 5 to
50 wt.%, preferably from about 10 to 40 wt.%, and more preferably from about
20 to 30 wt.%. All metal weight peréents are on support. The term "on support”
means that the percents are based on the weight of the support. For example, if
the support was to Weigh 100 grams, then 20 wt.% Group VIII metal would
mean that 20 grams of Group VIII metal was on the support.




mean that 20 granms of Group VIII netal was on the support. WD 2007/ 035380
PCTI US2006/ 035724 -10 [0021] Effective hydrotreating conditions are those
conditions effective for renoving at |east a portion of the nitrogen and
sul fur heteroatons fromthe lube oil feed. Preferably, the conditions are
those conditions that result in a hydrotreated raffinate haying a sulfur
content lyeo ar/edsdat 200 wopm nore preferably IessPCEWésﬁwf‘gE?Tprm and nost
preferably less than 100 wopm In an enbodi nent, effective hydrotreating
conditions are those that reduce thd0-nitrogen content of the hydrotreated
raffmate to bel ow about 50 wopm nore preferably |ess than 25 wppm and
nost preferably less than 10. In an enbodi nent, the hydrotreating

condi t i onfP02AL| uB&ectiviegwdratwating enditioosraaitbose conditiens effeativaifor400C, a
hydrogen parti.al .pressure of .f.rom about - 1..48 MPa to abo .8 MPa (about
200 psig egwavb%?tqeoa@g%p %@i]oa)of{lg mitgoEgn and @ﬁﬁlhgwfé&?att%%jﬂ?m%‘? ®VPa to about
34. 58 MPapf) sduPr&fefdbls the codigibere B3O chriiitions thiteés@ltaphy about 7.0 MPa to
about 20.8 MPa (1000 psig to about 3000 psig), a space velocity of from
about 0. 1hydsoleated rafitnate haying ssdiur yordent beloyeabsut 260 wppg\umoreand ~ a

hydr ogen-{ 0=f aed I at.i froma 89 t 1 ns/ 500 to 10, 000
SCF H2/ B) ?I%W%qéleég#égégg@ﬁ’ﬂ’ y® ?b‘%?’%% fﬁ%ﬁg’iﬁé%%%ﬁf?@%ﬁ%g%i | feed may
occur undgnbedifmest tffectivy dy@btrefingtanditiod Ak @ise that rddacdhef erred that the
cracking be limted to |l ess than about 35 wt.% conversion, based on the

wei ght ofnitragen eopfaniaf e hydigiresiod eaffinate to balew aba SOvmpm, myweat 20 wt. % and

nost pref 0 ' the treat gas used in the
hydr ot reaﬁ%ﬁegib\g]f%g%mﬁagwg%ﬁ&%%tgg%y%%%ﬁ% ﬁ'yaélr of m shing stage, the
tootal pr esshodimentgithe hydrongatiingmntitiohs chils tonspepdiudeb of froinl sbbuf t he

dr of i ni shi ng stage will typi Calélgrﬁ exceed the total gressure and hydrogen
partial ph393Gie abat 400E, p hydrosest pariie prespuesi feom aboyt .43 34Pa (0022]

compr 5o BRLAE M GhoBaEBRET Bh 30 sl 38 Ariobig i RhAN on withoone
3.55 MPa to about 34.58 MPa (about 500 psig to about 5000 psig), preferably
about 7.0 MPa to about 20.8 MPa (1000 psig to about 3000 psig), a space
velocity of from about 0.1 to about 10 liquid hourly space velocity (LHSV), and
a hydrogen-to-feed ratio of from about 89 to about 1780 m*/m® (500 to 10,000
SCF H,/B). While some cracking of the componénts of the lube oil feed may

occur under effective hydroh'eating conditions, it is preferred that the cracking'
be limited to less than about 35 wt.% conversion, based on the weight of the
_ raffinate feed, more preferably less than about 20 wt.%, and most preferably to
(" less than about 10 wt.%. Since the treat gas used in the hydrotreat.ing stage is
typically cascaded from the hydrofinishing stage, the total pressure and
hydrogen partial pressure at the outlet of the hydrofinishing stage will typically
exceed the total pressure and hydrogen partial pressure at the inlet of the
hydrotreating stage.

[0022] Hydrogen-containing treat gases suitable for use in the reaction stage
can comprise substantially pure hydrogen or hydrogen in combination with one
or more species typically found in refinery hydrogen streams. In an embodiment,
the hydrogen-~containing treat gas used in the first reaction stage is supplied by

the third-stage gaseous product, which is cascaded, without heteroatom




or nore species typically found in refinery hydrogen streans. In an

enbodi ment, the hydrogen-containing treat gas used in the first reaction
stage is supplied by the third-stage gaseous product, which is cascaded,
wi t hout het eroatom ~I ~ WO 2007/ 035380 PCT/ US2006/ 035724 -11 di sengagenent,
to the first reaction stage. The hydrogen-containing treat gas purity is
not cri t woadeo7/0Bss8®mn enbodi nent, the treat gas usedf SRR E ot r eat i ng
stage is at | east about 50% by vol ume hydrogen, preferably at |east about
75% by vol unme hydrogen, and nore p¥leferably at | east about 90% by vol une
hydrogen. It should be noted that the term "cascaded" as used herein is
meant to refer to the fact that a gaseous product, liquid product, etc,, is
conduct edlifengagement, datheifirst reactign stage.r Thphydyoganagpmiaising treatgfast he process

directly ta.th ' d t tion.st t 1 i,ppi tage,
ere " of Ry et 2t g etipdmchbafe et aas iR EESRHS TR ac st | ol ng.
I't shoul Qta%le%tf}é‘asf‘ﬁ&ﬁ%@%{%g %hﬁn%’fyﬁ@m iil‘@.“fér%ﬂy'tatfé S2paaFevENt " as used

herein neans that the partiCular seous " product, lrquid product, etc., is
not depr &yyohimebydrogancand mbre preforabiyt dtJeast shwut PO byardiimee stri ppi ng st ages.

[0023] The,first.reaction s C ' Ses .one or re, f.i xed hed reactors or
reaction grr?ggn'egéﬁmg? bg\ﬂ?tga%gagw‘aggﬁorqagcgtdgﬂeasd.}seﬂﬁ?rgmégpgp beds of the
same  or réfef {oqhe Pict fdt ALatbus ProdiRt, IRfuid\Brodst, dbCiseBhdlyat frerfi@d in a ,

particular zone or bed "is independently selected, and need not be the sane

cat al yst resstian ptagasirippingstagezaocobihe praressisectly énsthoidesignaied ent cat al ysts can

be used. t hough er t .of cataly beds_can d, fixed beds are
preferr ea@sgﬁké#lglé aﬁ{gé.h %t%eggﬁﬁpmgggtggle@é{o btg%grq%?g%gjgﬁ* %ilts}’iedi zed beds,
ﬁgul | at i agditiesid predessinig/suR s strippile Mnshodld Gldeddotddthathé plgsec 00l i ng or

ating between reactors, reaction zones, or between catalyst beds in the
sane reacvihout diggngagerien @98@@%@%@?@%@@@%&#@}?3 ol efin saturation

can t akepRlaceliaBdy Sl ol 30l Bl Ol AT OB BRI ONAEARAAR, 1 eacti on are

general | 9 exot hérnic. portion eat genera
and/or stripping stages. '

[0023) The first reaction stage comprises one or more fixed bed reactors or
reactidn zones each of which can comprise one or more catalyst beds of the same
or different catalyst. In other words, the catalyst used in a particular zone or bed
is independently selected, and need not be the same catalyst used in any other
zone or bed. Mixtures of different catalysts can be used.. 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. Inmterstage cooling or heating between reactors, reaction zones, or between
catalyst beds in the same reactor, can be employed since some aromatics and/or
olefin saturation can take place, and olefin saturation and the desulfurization
reaction are generally exothermic. A portion of thé heat generated during
hydrotreating can be recovered. Where this heat recovery option is not available
or economically feasible, conventional cooling may be performed through
cooling utilities such as cooling.water or air, or through use of a hydrogen

quench stream so as to maintain optimal reaction temperatures.




hydrotreating can be recovered. Were this heat recovery option is not
avail able or economcally feasible, conventional cooling may be perforned
through cooling utilities such as cooling water or air, or through use of a
hydrogen quench streamso as to naintain optinmal reaction tenperatures. |1
WD 2007/ 035380 PCT/ US2006/ 035724 -12- Stripping [0024] The hydrotreated
raffinat gd tLpam nmay be conducted directly to 'rdRUNSAOIBEBWaxi ng st ep
or, preferably, is first stripped to renove heteroatom contam nants such as
hydr ogen sulfide and ammoni a prior .i®». dewaxi ng. The raffinate recovered
fromthe stripping stage is referred to as a stripped raffinate.

Conventional technol ogy can be used for stripping the hydrotreated

raf finat egyipgpeh as flash druns, fractionators, vertical towers, and the

i ke, but—any nethod for effective renoval of gaseous contam nants can be
used. Prepez4b! yihd iRirothestbdoh fivatedeedstbirh Adlybel condictddBREtIPYo cont acting the
raffrmate in a stripping tower wth fresh, once-through, hydrogen-containing
treat gashe iydrodermingsiep or, preferably: isHipstrstrgpped doremovaibaigrastamt gas neans t hat

t he hydrogep-contai nin | S derivied .fr r ot her than the
pr esent 'p&g'@%&gﬁﬁé,ﬁhﬁ@g& i‘ﬂﬁoeu%@'m%&éﬁﬁgggﬂg @?ﬁ?’gﬁﬁghgﬁf reat gas ‘does
not cont ghffinate reepseaal Bdth ¢heoutiippibg stafe BaskAYS 1o KaCHHEFedRafiel from a
reaction and/or stripping stage of the present process. Preferably, the

" once- t hricAyRatignal oguerndeped for seippingihe Aydretresed raffinatai n any” gaseous
e f ! e t
o ocese. SetPak s drh hdoBAhorE LA Riyett WhBlker b3ty Bledd E b1 SN

meant t o fexeffactiee tameoval bfigdsems colamdnantccagdeaned Prefegdtilnher oduct fromthe
present prqcess i.s gondycted tqQ a hydr.ogen-cgntai,ning, treat "pool”™ within a
1 ef i‘negl}',groéﬁeé‘?eflr PIGIHSTIPRS scopécﬂ%ﬁ’&cfﬁﬁﬁé@.‘@?, &P%Qﬁ’egf i npurities)
and made 'fheﬁﬂs)‘nf) ~ | eR ottt THROZR) » an enbodi nment
fresh, once-t rbuge, ﬁy&?’ghdfedﬁqggo%?aﬁaﬁl{lﬂﬁ%&?égg% rih "bilte

through" hydrogen-containing treat gas means that the hydrogen-containing treat

gas is derived from a source other than the present process. Thus, "once-
through™ hydrogen-containing treat gas does not contain an appreciable amount
of gaseous reaction product from a reaction and/or stripping stage of the present
process. Preferably, the "once-through" hydrogen-containing treat gas does not
contain any gaseous reaction product from a reaction and/or stripping stage df
the present process. It should be noted, however, that the term "once-through” is
not meant to exclude the situation wherein 2 gaseous reaction product from the
present process is conducted to a hydrogen-containing treat "pool" within a

C ' refinery, etc., wherein the gas is upgraded (e.g., cleaned of impurities) and made

ready for use in refinery processes.

[0025] In an embodiment, fresh, once-through, hydrogen-containing treat
gases suitable for use in the present process can comprise substantially pure
hydrogen or mixtures of hydrogen in admixture with other components typically
found in refinery hydrogen streams. It is preferred that the hydrogen-containing
treat gas stream contains little, more preferably no, hydrogen sulfide. Though
not required, the once-through, hydrogen-containing treat gas can be

substantially pure hydrogen.




gases suitable for use in the present process can conprise substantially
pure hydrogen or m xtures of hydrogen in adm xture with other conponents
typically found in refinery hydrogen streans. It is preferred that the
hydr ogen-containing treat gas streamcontains little, nore preferably no,
hydr ogen sul fide. Though not required, the once-through

hydr ogen-€onewapisssdg treat gas can be substantiall yPﬁﬂﬁgoﬁsff’a?%‘ben. WO
2007/ 035380 PCTI US20061035724 13 [0026] I n anot her enbodi nent, at |east a
portion of the stripper gas is obtailded by cascading the third stage gaseous
product (which contains hydrogen) to the stripper. Use of the third-stage
gaseous product in the stripper gas can be advant ageous when the

| ubri cati jo026] | feenbtharembodindngss leastarpaberuef e gripperdgasis t r ogen and | ess

han ab 0wt % syl f bl y substantially | h h
amount s, bRy i s BREE BReeSHORAHhEL PP RetsEhper bot t ons

will not m%ﬁ&[;%ei.m@a‘&ﬁﬁé ﬂﬁﬂaestad%ergaéaoﬁs 606t th e d@ﬂdﬂfre?gss/\%iu&g;
Hydr odewaxi ng 027] In an enbodi ment, the stripped raffinate is contacted

with a cadeanjageens whendhe bibricetingoibiged certaias lepsithen abentiddgwt¥t al yst and a

fresh once: thr r -CO | 1H LNya:.8eqond reaction

st age. Thgm'soggxbﬁ%@ﬁ Fse‘g'é'? Iagﬂﬁg t"a‘ﬁié%i%@%gF‘*?%%@&ﬁ@%?“@FYé“@t“' V€ hydr odewaxi ng
condi t i onthosé'alodss, s6akut e drfotls dPsdIfocaaakirog:nGa B stifs bboras oduce a
second stage reaction product conprising a second stage gaseous product and
a second ¥ g@tﬂppfﬂﬁlﬂblyﬁf@ﬂ@@@?ﬁmﬁn&$@§@%ﬂd&@@@%ﬁseous product conpri ses
hydr ogen and the second stage |liquid product conprises a dewaxed raffinate.
[ 0028] | nHadrodawaxdngrent, the catal yti c hydrodewaxi ng conditions of the
pcesent process include tenperatures ranging from about 250C to about 400C,
pr-e

ferabl gwfzvpm RoWmbbabkertOtha beibe Brafnat®Iseoataced wifh  r om about 0.7 MPa to
about 20. I\/Paﬂéloo psig to 3000 psi%g, preferably from about 1.48 MPa to
waxi

about 18. qatalpcally sffepdyeprequny oHphysspdpwaxingeatadysh and p fresthencé- vel oci ti es of

from through, hydrogen-containing treat gas in a second reaction stage. The second

reaction stage is operated under effective hydrodewaxing conditions such as

conventional hydrodewaxing conditions to produce a second stage reaction

product comprising a second stage gaseous product and a second étage liquid
-product. The second stage gaseous product comprises hydrogen and the second

stage liquid product comprises a dewaxed raffinate.

[0028] In an embodiment, the oatalytic hydrodewaxing conditions of the
present process include temperatures ra_ngihg from about 250°C to about 400°C,

( preferably from about 275°C to about 375°C, pressures of from about 0.7 MPa to

| about 20.8 MPa (100 psig to 3000 psig), preferably from about 1.48 MPa to

about 18.7 MPaV(ZOO psig to 2700 psig), liquid hourly space velocities of from
about 0.1 to about 10 hr”}, preferably from about 0.1 to about 5 hr'', and
hydrogen treat gas rates from about 45 m*/m® to about 1780 m*m?® (250 SCF
H,/B t0 10,000 SCF H,/B), preferably from about 8% m*/m’ to about 890 m*/m’
(500 SCF H,/B to 5000 SCF Hy/B).

[0029] In a preferred embodiment, hydrodewaxing conditions include

temperatures between from about 300°C to about 400°C, preferably from about




about 0.1 to about 10 hr- 1, preferably fromabout 0.1 to, about 5 hr", and
hydrogen treat gas rates from about 45 nB/n8 to about 1780 nB/n8 (250 SCF
H2B to 10,000 SCF H2B), preferably from about 89 nB/nB8 to about 890 nB/nB8
(500 SCF H2B to 5000 SCF H2B). [0029] In a preferred enbodi nent,

hydr odewaxi ng conditions include tenperatures between from about 300C to
about 406x@ 20pmBsse abl y from about WO 2007/ 035380 PRGV/YEIEE 35724 - 14
300C to about 380C, total pressure ranging from 3.55 MPa to about 34.58 MPa
(about 500 to about 5000 psig), prefié¢rably fromabout 7 MPa to about 20.8
MPa (about 1000 psig to about 3000 psig), hydrogen partial pressure ranging
from about 1.48 MPa to about 20.8 MPa (about 200 psig to about 3000 psig),
hydr ogen Bﬁwéﬁogbrmtﬂat)@; tmlﬁemeaMgﬂ@ImbSbhﬁ!attoﬁﬁcﬁﬁSWBﬂﬁPﬁ about 500 to

2000 to_ =430k ot 8eit SR pSIESepatirabfihom iy, MBh i Ak SUBMER (" LHSv') of
0
i e ouf F2r 000 ppbcu DT puigh ﬁﬁ‘iﬁ%&*’f‘mt"ﬁ%‘?ﬁ% RO avout 40

w . % przd:foatthW&tombablrﬂﬂ.SBﬂ’a\(abdmrzmpd)gmalﬁﬁtmumpmg); eferably | ess than
15 wt. 0030 e second,.react er. (o]0) I Ses one or nore
fi xed beoh dr‘%@ﬁ‘]“ifﬁg %Fatte%&gﬁ'f’@r‘? Q‘IBE g‘g‘ﬁ 1%& sr%dﬁgh%%ﬁélﬁ‘bri se one or nore
catal yst Jpgs1o, 960 soﬂgxfg ﬁ%fér%l§ﬁbﬁ§éb%ﬁt%t€'aﬁ§ﬁt@0%%3 g&dad yst mixtures.

Al t hough ot her es beds can be used, fixed s are preferred.

Such ot he?rUODi@@bOlEfS()OQﬁCEI%) mstiiquich bourliesprpeivelpeities (SBHSV™EbUI | at i ng beds,

eact or o T 2B bt £SO BB SR R VIR BB S o can

b@ enpl owgfle sifiBiehAt to@EhRE ti Wah@tent SRME Feddas beldiv dbaut YR Waxi ng can be
covered. Where this heat recovery option is not avallable cooling may be

- per f or medreferabbgfiomabpvtdy wit Yol tp abes 2§wl%,cpraf§rabbolessi§am5 #t%r air, or

t hrough use of a hydrogen-rich quench stream In this
[0030] The second reaction stage generally comprises one or more fixed bed

reactors or reaction zones each of which can comprise one or more catalyst beds
of independently selected catalyst and/or catalyst mixtures. 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. A portion of any heat
generated during hydrodewaxing can be recovered. Where this heat recovery
option is not available, cooling may be performed through cooling utilities such
( as cooling water or air, or through vse of a hydrogen-rich quench stream. In this

manner, optimum reaction iemperatures can be more easily maintained.

Hydrodewaxing Catalyst

[0031]  The hydrodewaxing catalyst generally contains crystalline materials
such as molecular sieves that contain at least one 10- or 12-ring channel. The
molecular sieve can contain one or more of aluminosilicates (zeolites) and
aluminophosphates such as silicoaluminophosphates (SAPOs) and MAPOs. In-
an embodiment, the molecular sieve contains at least one 10- or 12-ring channel.
Examples of such zeolites include ZSM-22, ZSM-23, ZSM-35, ZSM-48,




manner, optinumreaction tenperatures can be. nore easily nmaintained.

Hydr odewaxi ng Catalt [0031] The hydrodewaxi ng catal yst generally contains
crystalline materials such as nol ecular sieves that contain at |east one
10- or 12-ring channel. The nolecular sieve can contain one or nore of
alum nosilicates (zeolites) and al um nophosphates such as '
si | i coalwohkaopisemphat es (SAPGs) and MAPGs. In an &fBESIHENE> t he nol ecul ar
sieve contains at |east one 10- or- 12-ring channel. Exanples of such
zeolites include ZSM 22, ZSM 23, zZ9%-35, ZSM 48, WD 20071035380

PCT/ US2006/ 035724 -15 ZSM 57, ferrierite, 1TQ 13, MCM 68 and MCM 71.
Exanpl es of al um no- phosphates containing at |east one 10-ring channel

i ncl ude EZSR-4Z, fefieaiinIEQ-13 MGkl é&:aﬂch(B\i[—é\teExampteaioﬂhhguﬂé ri ng channel s

i ncl ud | b ble f
nor of n- aPBOUEED PRI RISES onedDainE NAHML I egaRdae XaDples 055,
3, 975, 17 3¢ i §os cbniobind ¢xing SRR b F%%ﬁ& " oh are

i ncor por at by reference herein. desc In U S. Patent No.
6, 310, 26 MCMrGihr famamettcilar alev'msanaiﬂe &em hcreml\m/dﬁsmhedjmm‘& 13 are

ncor por Seett BB SR ot SRR A LI AN hoad i U 6, 303, 534,
Sui t abl e5 945069 Eﬂdl 4458 8MEahich iu@fih P 6y tferedbPRerdih, MCHES 41, and
sui tabl e MAPGs i ncl ude MAPO-i 1. -31 is also suitable. [0032] In an

enbodi neitdeserhediiy 8k Hdisiak Neg6.8 29, aﬁﬁssltlc%l@ﬂiﬂad hy refente kereinpr ef erred zeolite

hydr ode C | M 48 is

especi amﬁj‘dl%%elf %‘rdalg‘gﬂfl'ﬁm%gq% d%}ﬂ gblgsin Nggépli%ag?lész‘?ﬁ @zgﬁ?t he hydr ogen

Qr m i.gnd wmoeﬂsswwﬂdnﬁ;bmted ﬁgﬂtb@&eﬁd&%r&ﬁn‘ﬂgnmms disdkéd s- Reduction
n be acconplished in situ or ex situ. [0033] Bifunctional hydrodewaxing

catal yst BB &, 359653%58@@? SAEOsifer ltsﬁéel’emlé@@ﬁ? SAPELLESARBH, cat al ysts are

| oaded ggskboéugaga@pmmg%mnm@m 111 88299 aRGHAbe! ected from Group |

[0032] In an embodiment, the hydrodcwaxjng catalyst contains zeolite,
Preferred zeolite hydrodewaxing catalysts include ZSM-48, ZSM-22 and
ZSM-23. ZSM-48 is especially preferred. The molecular sieves are preferably

in the hydrogen form, i.e., in a reduced state, though they can contain metals.

Reduction can be accomplished in situ or ex situ.

[0033] Bifunctional hydrodewaxing catalysts are suitable for use in the
_present process. Such catalysts are loaded with one or more metal hydrogena-

tion components selected from Group VIB metals, Group VIII metals, or

[

mixtures thereof. Preferred metals are selected from Group VIII metals.
Especially preferred are Group VIII noble metals such as Pt, Pd or mixtures
thereof. These metals are loaded at the rate of 0.1 to 30 wt.%, based on catalyst,
Catalyst preparation and metal loading methods are described for example in
U.S. Patent No. 6,294,077 (incorporated by references herein), and include for
example ion exchange and impregnation using decomposable metal salts. Metal
dispersion techniques and catalyst particle size control techniques are described
in U.S, Patent No. 5,282,958, also incorporated by reference herein. Catalysis

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




m xtures thereof. Preferred nmetals are selected from Goup VIII netals.
Especially preferred are Goup VIII noble netals such as Pt, Pd or m xtures
t hereof. These netals are |loaded at the rate of 0.1 to 30 w.% based on

. catalyst. Catalyst preparation and netal |oading nethods are described for
exanple in U S Patent No. 6,294,077 (incorporated by references herein),
and i ncl uwe 20com3s3gxanpl e i on exchange and i npregnat ipgﬁﬂﬁéqoﬂ?fs@écorrposabl e
netal salts. Metal dispersion techniques and catal yst particle size control
techni ques are described in U S Paléent No. 5,282,958, also incorporated by
reference herein. Catalysts wth small particle size and well-di spersed
metal are preferred. WD 20071035380 PCT/ US20061035724 -16 [0034] The
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when used can be 1 nofgani'c oxi des suc s silica, a si Il ca-al um nas,
bi nary ceobditians, ontheyfeas b binderless (delfetowed). tedlindex mbéeriaduwhemms tit ani a,

magnesia, theria, . zirconia and.the.Jike and tertiary caqnbi nati ons of these
oxi des su&‘ﬁe‘g%“g?elWer&;m‘ﬁloﬁaeﬁﬁuc-htaﬁé}hic& ‘r’fﬂm*aaﬁ”‘@é"-‘héﬁnslﬂ?ﬁ Df¥gnesi a. The
amount  of cARbREHbAY ofSHNAS Wik othd? SndtAl Hxles Sudhyad ARy I SBsig ahéia St 1S from 10
to 100, preferagg 35 to 100 wt.% based on the wei'ght of the finished

cat al yst . ZBowta ead theyikesand tagtidry combiingtionsafithesd oxisles suohms gilicar yi ng, ext rusi on
and the like.. T hydr pdewaxi ng _cat al yst.. na S i he sul fided or
unsul fi de&%ﬁ%gﬂ%a‘?‘ﬁ%ﬁ% ngxaéra%gqegxgdmeozpﬁ?\?go? E?g%ﬁf G By dr of i ni shi ng
[0035] | nﬂfﬁﬁlﬁﬁﬁb@digﬂﬁjﬁewaﬂhgb@taﬁzﬁt i8 fioad 10 &100f plchealsiegenel 10@act i on stage

product is cascaded to a third reaction stage of hg'drofi ni shing. The term
* Lascadedwtiodsed e vTrigts o6 tiedmisbed erlaiyst g cppbists are FrBegbinder ¢ he

out 1 ot - or gl BbAT GHhFadidR LRlkicR A e TRC iR Re R lE baBh 80P LT P 0,
pressure gafaytbeaised in the sulfided or unsulfided form, and though the sulfided form is

preferred.

Hydrofinishing
[0035] Inan embodiment, at least a portion of the second reaction stage

product is cascaded to a third reaction stage of hydrofinishing. The term
"cascaded" means that the second reaction stage product flows under the
influence of a pressure gradient established by the higher pressure at the outlet of
the hydrodewaxing (second) stage and the comparatively lower pressure at the
inlet of the hydrofinishing (third) stage. In the hydrofinishing stage, the

(‘ dewaxed raffinate product of the hydrodewaxing stage is contacted with a
catalytically effective amount of a hydrofinishing stage under catalytic
hydrofinishing conditions. The hydrofinishing stage produces a third-stage |
reaction product comprising at least a third-stage gaseous product comprising
hydrogen and a third-stage liquid product comprising a lubricating oil basestock.
The gaseous product of the second reaction stage serves as the hydrogen-

containing treat gas in the third reaction stage.

[0036] In an embodiment, at least a portion, preferably substantially all, of
the gaseous effluent and dewaxed raffinate from the hydrodewaxing stage, i.e.,




inlet of the hydrofinishing (third) stage. In the hydrofrnrshrng stage the
dewaxed raffrmate product of the hydrodewaxi ng stage is contacted with a
catalytically effective anobunt of a hydrofinishing stage under catalytic
hydr of i ni shing conditions. The hydrofinishing stage produces a third-stage
reaction product conprising at |east a third-stage gaseous product
conpri sr ?1_,%% gen and a third-stage |iquid produecT/osapnssing a

a

| ubri catr ng ol sestock.- The gaseous product of the second reaction stage
serves as the hydrogen- containing tigeat gas in the third reaction stage.
[0036] In an enbodi ment, at |east a portion, preferably substantially all,

of the gaseous effluent and dewaxed raffinate fromthe hydrodewaxi ng stage,
i.e. h dm@gﬁ, tage, is
conduct ed %‘[ég%ré'g&?%‘g %&Q&é?ﬁ?{cﬁﬁ%ﬂ%}g s'Qt‘:;}"pélﬂrhfs?@lrﬁzagerrent It is
preferred discngalgdnaitmlsis mﬁmdbmd»ydmfmﬂlﬂhadmmdeaﬂ'maﬁar(ﬂhe Ligoidt i on of the

d t d ad lit
dosi red SBLPR AL B tRyoBIEP BRAED i B AinsT PO MRSt r oot i ng.
di rected {niesRbdiSiRbiMatbnd FryReR s ErsiaTormA 0 nil %gﬁﬂﬂeaﬁﬁ pmatics as well as

to substantially renoving dat |east a portion, préferably substantially all,
remai ni ngdir¢ntedetosatmoatingdnet-rangoolefing emdm:ammmeahyl@ﬂ@s tari shing of the

cascaded d affinate.is, conducted. ef1 ve dr of i ni shi ng
condi ti on¥P8 \A%‘ggcyt‘i“v HW&& CH'E Fﬁ#{] ﬁ%t “?i@é":“ "5‘%/ € ondi ti ons
whi ch makgetérchidhisiagd cbldg bediks. basest ock product neeting the desired
specifications with respect to oxidation stability, color, etc. Thus,

ef fecti velahgﬂr ot %Pfﬁ@%a@ﬁ(gedtcﬂ:med] #{- éﬂ'c%ﬂ ondr tions that

eas any e range ol efins an r resi dual

urate
@ mat i csunden dﬂ’fﬁutlve Qny‘dmﬁn&hjdg%ﬁﬂltlans) @Effectine by drofiyishiagronditignshet er oat ons
and/ or col or, bodies. In an enbodinent, effective hydrofinishing conditions

are sel echeseing ae candifipns whigh makagtubawyera oibbasgstogirprofugieandeifge ol ef i ns and
residual gL %B%@T%ﬁ%ggggﬁgﬁﬂ%@&t 16 B%idaforP B8N cQbr, 2RY Tiag®I Ni g

het er oat ons
effective hydrotreating conditions are those hydrofinishing conditions that

saturate at least a portion of any lube range olefins and/or residual aromatics
and/or remove at least a portion of any remaining heteroatoms and/or color
bodies. In an embodiment, effective hydrofinishing conditions are selected to
saturate at least a portion of any lube range olefins and residual aromatics and
remove at least a portion of any remaining heteroatoms and color bodies.
Preferred hydrofinishing conditions include temperatures from about 150°C to
about 350°C, preferably from about 180°C to about 250°C. Total pressure
typically ranges from about 2.86 MPa to about 20.8 MPa (about 400 to 3000

- psig). Liquid hourly space velocity is typically from about 0.1 to about 5 LHSV
(hr'™), préferably from about 0. 5 to about 3 hr”, and hydrogen treat gas rates of
from about 44.5 to about 1780 m*/m’® (250 to 10,000 SCF Hy/B). Hydrogen

 partial pressure typically ranges from about 1.48 MPa to about 20.8 MPa (about

~

200 psig to about 3000 psig). Since the gaseous product of the hydrodewaxing
stage is typically cascaded to the inlet of the hydrofinishing stage, the total
pressure at the inlet of the hydrofinishing stage should be lower than the total
pressure at the outlet of the hydrodewaxing stage.




Preferred hydrofinishing condi-tions include tenperatures from about 150C to
about 350C, preferably from about 180C to about 250C. Total pressure
typically ranges from about 2.86 MPa to about 20.8 MPa (about 400 to 3000
- psig). Liquid hourly space velocity is typically fromabout 0.1 to about 5
LHSV (hr'), preferably fromabout 0. 5 to about 3 hf', and hydrogen treat
gas rat eswof2007fo538n about 44.5 to about 1780 nB/nB (2‘536“{56"_0@'9)7’,5%260 SCF H2B).
Hydrogen partial pressure typically ranges from about 1.48 MPa to about
20.8 MPa (about 200 psig to about 3030 psig). Since the gaseous product of
t he hydrodewaxing stage is typically cascaded to the inlet of the
hydr of i ni shing stage, the total pressure at the inlet of the hydrofinishing
st age shoyp38ie |HykrofiniblzEing ciielysis ferithe proeess gontai attdnst anetrhetal of t he

Ry of mi SHERGBH Geoid Y dedler Ciote ST X Kotk obde BrBmediet o1 sel ect e

from G oupndthis imihsHeost 166081 ndbld m&h! Havdighefionghydrbabhfion fhsdiehy €d netal s
i nclude at | east one noble nmetal having a strong hydrogenation function,

especi al | wespiciallyrplatinupn ipaBatliumand caixtises thaseoft The suikturgofmeatalstoaye of netal s

may al so be .present as bul tal catalysts whereln the ynt of netal is
30 wt. % &?sod:}%é)é?sgn%@}é%mg I@ﬁiﬁgﬁy%@eﬁaogp gﬁ"@?@ﬂ? éﬁqﬁ Care not in the
oxi de st atoR greafts BRRUIl0R dafilyst dThd R¥taRGEREd Bxard @Ot BIBE oRidle Siatd. Ca, al umi na,
silica-alumnas or  titania, preferably alumna. The preferred

hydr of i ni SWppertciaelufly kvsagidic oxidspsuchas silicatalyminacsilicoplpminasorat | east one

tal havifng. ' ' . ' t.
Typcal s b Préfbrplf afedlian B ARALRB RO hB Rk BRI ol 0% mt oF el 5
ngh as alsabiiafion ceinblicsd,at st dhieImetdl haviuprdlaiven sromt Bldrogeasicent of the
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alyst is often as high as about 20 wt.% for npon-noble netals, Noble
metal s ar SmEignORY DOFESSHPPGTH bipitshsupPeT matezalsinclyd SOrwt % [0039]

U8
The hydr of Lni s : - Al N : 2 p mat eri al ,
such 2o ¢ RBTHSEARARUTS i hoifhie MR, AERACCTERAE MR e ™ P 2 )
fam |y of comemt of thescatalydtisoften aabdghnstabonted Oswid\fongoiiingile sietdlea contents

Noble metals are usually present in amounts no greaier than about 2 wt.%.

[0039]  The hydrofinishing catalyst can contain an ordered MEeseporous
material, such-as those belonging to the M41 class or family of catalysts, The
M41 family of catalysts is mesoporous materials having high silica contents
whose preparaﬁon is further described in J. Amer. Chem. Soc., 1992, 114,
10834, Examples included MCM-41, MCM-48 and MCM-50. Mesoporous
refers to catalysts having pore sizes from 150 100 A. A preferred member of
L_ this class is MCM-41 whose preparation is described in U.S. Patent No.
5,098,684, incorporated'by reference herein. MCM-41 is an ordered, inorganic,
porous, non-layered phase having a hexagonal arrangement of uniformly-sized
pores. The morphology of MCM-41 is conceptually similar to a bundle of
straws wherein the opening of the straws (the cell diameter of the pores) ranges
from 15 to 100 Angstroms. MCM-48 has a cubic symmetry and is described for
example is U.S. Patent No. 5,198,203 whereas MCM-50 has a lamellar structure.
MCM-41 can be made with different size pore openings in the mesoporous

range. The mesoporous materials may bear a metal hydrogenation component,




whose preparation is further described in J. Anmer. Chem Soc., 1992, 114,
10834. Exanpl es included MCM 41, MCM 48 and MCM 50. Mesoporous refers to
catal ysts having pore sizes from15 to 100 A. A preferred nenber of this
class is MCM 41 whose preparation is described in U S. Patent No.

5,098, 684, incorporated by reference herein. MCM41 is an ordered, :

| nor gani cwo 2pwrsaisd, non-| ayered phase having a hexagp&:fﬂflsz‘ﬂf’??’aﬁéenent of

uni form y-sized pores. The norphol ogy of MCM 41 is conceptually simlar to
a bundle of straws wherein the openifng of the straws (the cell dianeter of
the pores) ranges from 15 to 100 Angstronms. MCM 48 has a cubic symetry and
I s described for exanple is U S. Patent No. 5,198,203 whereas MCM 50 has a
| anel | ar stehias oneerr movEKirddp VD meeal rGrdep MIlImoblefihetni e picferefipr € openi ngs in
t he nesopg}rtﬁ?tﬁs range. . The_nesopor oys terials nmay bear a netal _

hydr ogenat-dif €dhd: CIEQEAIS HAOLE § - PCT/ US2006/ 035724 -19 such as one
or nore Goup VIII nmetal. Goup VIII noble netals are preferred; Pt, Pd or
m xt ures te40¢of Theeompctmguridiesacant-sthfOrtodioniprodmhwdihtthang of t he -

second- st r.eaction product with the hydrofinishi.ng cajalyst in the

v of | i SRAGTRping AL oL e b eoletsiEe 2Py e pgReks a Bt pr oauct

- conpri si Ngtagé rdaBASH prddhidticofpBibing At RAR ANSd-PiaSé paseousHOBd S| NY hydrogen and a
third-stage liquid product Conprising a lubricating” oil basestock. The

t hi rd- st gg?npriqui hy@oeejgand aaﬁh&dtst%eﬂihuid@edlggeorgn@%@gls Iybrigating \Aﬁr eh )
separate om L ,d-st.age. reacti,0 I ., The manner in ich the

t hi rd- st aalé rbp%ﬁgﬁ)gﬁohjﬂﬁﬂ’gﬁ%%?g%ﬁgq%@gpgaggd ﬁ?%ﬁgf"s@gf’ £reaps prgﬂ‘b(’tc an be

achi eved B sep@a@d fron tHeRRikd\Gtafdfea ro@fE ThOmRhnerflih ddidhanat i on, knock-out

dfums, settling drum flashing etc. However, it is preferred that a flash
dium or kHdtkstegetreagtipmpreduct issgpargind issop sriieabendican be aehigeedd¥seous product

I s cascad . | . | . ' ge It serves as
the treat ggagﬂ?%’m%"ﬁgh%ﬁﬁ%q érlg)g? |"%E§#n§g§€%g@{r}8§g? es’ss\eéﬁgllriét ed gaseous
product i 8ruegdshiag etco Hdwevier) litdh preffertdathéti o fdsh Slinag @r khduk-out dfvah - pressure at

the outl et of the hydrofinishing stage should be greater. than.the
be used. The s%lparated Bﬁrd—stag% gaseo%s product is cascaged to the in&et of the

first reaction stage, where it serves as the treat gas for the hydrotreating stage,
Since the separated gaseous product is cascaded to the inlet of the first stage, the
total pressure at the outlet of the hydrofinishing stage should be greater than the
total pressure at the inlet of the hydrotreating stage. The pressure differential
should be great enough for the gaseous effluent of the third¥stage to flow solely
under the influence of the pressure differential, from the outlet of the hydro-
finishing stage, through any interstage processing such as lignid-vapor

( separation, to the inlet of the hydrotreating stage.

[0041] The third reaction stage comprises one or more fixed bed reactors or
reaction zones each of which can comprise one or more catalyst beds of |
independently selected catalyst or catalyst mixtures. 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.
While not generally needed, interstage cooling or heating can be employed

between reactors, reaction zones, or between catalyst beds in the same reactor.




total pressure at the inlet of the hydrotreating stage. The pressure
differential should be -great enough for the gaseous effluent of the
third-stage to flow solely under the influence of the pressure
differential, fromthe outlet of the hydro- finishing stage, through any

I nt erstage processing such as |iquid-vapor separation, to the inlet of the
hydr ot r eqld Age3tege. [00411 The third reaction stagecmwespeOses one or nore
fi xed bed reactors or reaction zones each of which can conprise one or nore
catal yst beds of independently selggted catalyst or catalyst m xtures.

Al t hough ot her types of catalyst beds can be used, fixed beds are
preferred. Such other types of catalyst beds include fluidized beds,

ebul | ati ds ' general ly needed
I nt erst aglg &c%ol |0 rhi'id eﬁ??ﬁn&b@@%e@%ﬁg&ﬁpg@%veb@?hmgg éeact ors, reaction
zones, orhykisctgmmontaanag yredt gaeltep) achickes lighwicldsanfilne lubiEtR@RTY 035380

PCT/ US20 61035 0042 er.at.ion .of the epbodi nents descri bed above,
i ncl udin aﬁr?@ é’@dh?‘}& %@@F%loﬁé@f’?gﬁﬁ dregrmesoBtaing h yi el ds of
the lubrigati AEQOQ}‘J |theﬁﬁ§€s§taaﬁ5ves'¥)¥brfb§ imPoil B%e%%ﬁeﬁﬁ?ﬁ'g}é&?e@ reaction steps

and hydrogenZcont-ai ni treat gas loop, the process acfiieves |ubricating
oi | baseghack0%, tsed on thegnikenibboilingreang® caffinaga ferdstwenn, preferably ioj |

boi I i ng-range ra e prefe bI [ t he neof f rom about
70 to abdﬁ?'%%%/(’%ﬁﬁ thP{efbe ff% V%‘"/&m%rs %lytfgomgﬂ%ﬁ % Wen a hi gher
basest oclgbb@rames, Whehs gk bakstotk Brget V% dbsired, 1. IR VI éﬁiz%ﬁrS' ack wax

feeds, the yield |st |call%d|ntherange of about 35%to 45% [0043] In

one errbodlﬁmﬁrslaf:kézta?ﬂfé i the yield isttppieallyyin dhe tange of houhdi% tpdi¥er ably a
p rality, of lubricating oil product streanms can be separated fromthe

iquid poodyct IRbnd brabbSitest] i Tessh R \erefetabliPat 10603 dnbielp raemegampl es of

Iubrr cating oil _product streans that can be produced I ncl ude SQON, 60N, 8ON,
| OON, apipralitgcpf lubrrcrrémg@r rnr'aﬁucsemmrc%he sepatptodeiremihe Bqwdt critical, and

Fractt onBloaneorin Rlurohinng KARY, Ron ol Babiles (PIGRERE ) Coum

fracti ongtddmot sttetms tigatlcan bepmdumbd ihdlade 30N 60N, 80N, 100N, and 150N.

The form of separation used herein is not critical, and can be fractionation, for

example. Non-limiting examples of suitable fractionations-include atmospheric
and vacuum, preferably vacuum fractionation. It should be noted that the
number of lubricating oil product streams, and their weight, i.e., boiling point,
~ depends on the nature of the feedstock, the desired product slate, and the
operatiﬁg conditions the practitioner selects for the fractionation. The lube oil
boiling-range product streams produced can be recovered and used to produce
(. finished oils.

[0044] Referring now to Figure 1, a lube oil boiling-range raffinate feed
("raffinate feed™) is conducted via line 1 to heat exchanger 2 wherein it is heated
through indirect heat exchange with siream 3, taken from distillation tower 4.
Stream 1 continues to heat exchanger 5, wherein the temperature of the raffinate
feed, stream 1, is increased again by direct heat exchange with stream 6, the
second reaction stage product obtained from hydrodewaxing (second reaction
stage) unit 13. From heat exchanger 5, stream 1 continues to heat exchanger 7

wherein stream 1 is again heated by indirect heat exchange with stream 8, the




nunber of lubricating oil product streans, and their weight, i.e., boiling
point, depends on the nature of the feedstock, the desired product slate,
and the operating conditions the practitioner selects for the
fractionation. The |ube oil boiling-range product streans produced can be
recovered and used to produce finished oils. [0044 Referriq now to Figure
1, a | ubevordo743s380i ng-range raffinate feed ("raffi GESPREF ?4 I s conduct ed
via line 1 to heat exchanger 2 wherein it is heated through indirect heat
exchange with stream 3, taken from-@istillation tower 4. Stream | continues
to heat exchanger 5, wherein the tenperature of the raffinate feed, stream
1, is increased again by direct heat exchange with stream 6, the second

reaction siripped 1) obtaived by stipping thalyciiroteaieabaftigent 9du otmigpesk t i on st age)
UL o S50 SRR P PR R SRS BBl 100 o
the VWO 208r60iet>@38ri e 4720 A6t Aohdidbted 1o fed furiiire d0 tkefdimate obt ai ned by
stripping the'hydrotreated effluent 9 in stripper 12. Stream 1 is then

conbi-ned heated totthefoed dulat reastiondempatatyreafdiydrevisating (fssiaeactioan product, to form

stream 1 ol 0 . { d,.fur Mwherei.n,t.is heated to the
feed inl eﬁaéegggftilihi?g%rg’%&ﬂlﬁe “Lt]ﬁein% F%t%?létgtf %e%d\é\?&lﬁgg?d lfvitg(?t I on stage)

unit 11. hydrbiyshtiapicamlystas dedciibddlabovbahtisrbiiidehidetledted efdnémct ed with a
hydrotreating catal yst, as described above, thus producing hydrotreated

y : b

ef f | uent 9-oHydspiresied efiusat @ isrqondysteddoihydeagam treateas heptieyehaBs@l St r eat gas heat
exchanger t L s t 1 LoRal ugi _ fresh,
once-throt&é??c,eth%&g’gg%ﬁ.ﬁl%&lo‘ﬁﬁ%#ﬁlgz’#g tJnggghs ég%&féél obtai ned from
f resh hydrongeing treat gag atredit @ 6a, bbtaired fioane figsH Iyairdpesirtrdat gatfeed 5§ f | uent 9, thus
s@parati ng thetgygr treated effluent into Eilream 17 (J%% first-stage
gaseous pROBERGE otrested pilpent ) thusserargfingdhe Bydrptraaied efgnent ning any unused
hyar ogen kil A old £31 sHEL R0 B RIATHAR RO il 5 | S conduct ed
away fromthe process to, r=exanpl e, Upgradrhg and

17, containing any unused hydrogen-containing treat gas and heteroatom gas

such as H,S is conducted away from the process to, for example, upgrading and
addition to the hydrogen-treat gas pool. Since the pressure in hydrotreating unit
- 11 is lower than in hydrodewaxing unit 13, and since stripﬁer 12 operates at a
still lower pressure, 2 pump 24 is used to boost the pressure of the stripped
raffinate 8 for hydrodewaxing, Stream 8 passes through heat exchanger 18 and
heat exchanger 7 wherein the temperature of stream 8 is adjusted to the inlet
reaction temperature of hydrodewaxing unit 13, and then combined with fresh,

' ( once-through, hydrogen-containing freat gas supplied via line 16 thus formiﬁg
stream 8a. In hydrodewaxing unit 13, stream 8a is contacted with a hydrode-
Waxing catalyst in order to produce second reaction stage product 6. Second
reaction stage product 6, which comprises at least a second-stage gaseous
product containing hydrogen and a second stagé liquid product containing
dewaxed raffinate, is cascaded through heat exchangers 19 and 5 and, without
disengagement, into hydrofinishing unit (the third reaction stage) 14. In
hydrofinishing unit 14, stream 6 is contacted with a hydrofinishing catalyst to

. produce a third reaction stage product 20, which comprisés a third-stage gaseous

product comprising hydrogen and a third-stage liquid product comprising a




addition to the hydrogen-treat gas pool. Since the pressure in hydrotreating
unit 11 is lower than in hydrodewaxing unit 13, and since stripper 12
operates at a still |lower pressure, a punp 24 is used to boost the pressure
of the stripped raffinate 8 for hydrodewaxi ng. Stream 8 passes through heat
exchanger 18 and heat exchanger 7 wherein the tenperature of stream@8 is
adj ust ed wo2qofvesspsdl et reacti on tenperature of hydrBﬁHHﬁ’Q?ﬁngﬂa It 13, and
then conbined with fresh, once-through, hydrogen-containing treat gas
supplied via line 16 thus form ng -<$£ream 8a. In hydrodewaxing unit 13,
stream 8a is contacted with a hydrode- waxing catalyst in order to produce
second reaction stage product 6. Second reaction stagﬁafroduct,G, whi ch

conpri ses lebrichiéing eil basstoek dTlyrdusectipastaga produebliisiconducted tniflagh hydr ogen and a
second stage hLiquid. t.cont ai ni Jaffinate is cascaded

t hr ough hggfngl%an%lgégl Stj%ﬁ?glf@“dal?{(??‘gw%ﬂﬁgﬁﬁﬁﬂ¥ §%t%ea€aéﬁ%ﬁt into _
hydr of i ni pRidiet 20aidre ¢dpatddiirarfl tHeathizg redBiion &gy préduct 20, Sh¥sthba1 shing unit
14, stream 6 is contacted with a hydrofinishing catalyst to produce a third

reaction Jevdromen iswdded ictafinatesfesd 4. Shgamy2@h whishgerfatvas  product

Opfadip
conpri si ng.A L d- L gL jsing a WO .
2007/ 03533@%%%%%&8@2%&0%5%8# g%%tlgﬁ(g{agg#c%a@gg@ %ﬂck. Third reaction
stage progxhbangtd 1830 distillatiinegweod. Inadistillation povet AphdEieatingeoil hi rd- st age |iquid
product 20b_and a third-stage gasequs _product 20a are separated fromthe

- 2
third reabeilipgrangsgeodichiactionss.s. SPNeBINWN, JAPNete dAenatedkbihy dr ogen i s
added to |3t e gfsqed, 1. rg%mj | t.al ri.Gating oil
basestockgt?écsamcso&%daglgtzgﬂg?%‘%%ﬁ ee{%@g’g}g{%ﬁg‘gﬁ?ﬁg@nwg%é“Feégchanger 18 to
d'gst i | I at from thepeicess. A majbr amolhtadfilabrichtingboiling tatige pemlucihfiactioh
boil i ng-rar}g; pr oduct frfactions, e, g. 60N, 80N, _lg(gN, : 150%%&. (denot ed by
streans 230GHAINLS amoupkef Ane oF mozgakditives qan be porabingd ip fpp 2 nduct ed away
fromthe o b @ SEIEL el N +d | Jengs ge product '
fraction Rigﬁgﬁgérﬁlﬁgrwgﬁoﬁnt of dﬁve%?@iﬁ%@gﬁéﬁgﬁa{%@v%dgﬁ%%aﬁﬁb conbined to
forma fiddvetsing a_lida;_lvisicoaﬁt}n' mogdifiess, lpbiditycaids, Suticcatyisonagdits, andshé ncl ude
di spers anlrikse’. Aanr]l};tjlo%rlng%ﬁtig preferably more than 50 wt.%, based on the weight of

the finished lubricating oil product, preferably greater than 75 wt. % and more

preferably greater than 90 wt.%.

[0045] The process uses three heat exchangers prior to feed furnace 10 to
preheat the raffinate feed to the inlet temperature of hydrotreater 11. The use of
these three heat exchangers, 2, 5, and 7, reduces furnace requirements, Four heat
exchangers control the inlet temperature into units 13 and 14. It should be noted
{._ that in preferred embodiments, the three reaction stagés operate in a temperature
cascade where the first reaction stage is the hottest and .thc third reaction stage is

the coolest.

[0046] Figure 2 is a schematic diagram of the hydrogen flow through the
process. Fresh, once-through, hydrogen-containing treat gas is conducted to
hydrodewaxing unit 13 via line 16. Second reaction stage product 6, which
comprises a second-stage gaseous product containing hydrogen and a second-
stage liquid product containing dewaxed raffinate, is cascaded, without

disengagement, into hydrofinishing unit (the third reaction stage) 14. In the third




dewaxi ng aids, viscosity nodifiers, lubricity aids, anticorrosion agents,

and the like. A nmgjor anount is preferably nore than 50 w.% based on the
wei ght of the finished |ubricating oil product, preferably greater than 75
wt. %and nore preferably greater than 90 wt.% [0045] The process uses

t hree heat exchangers prior to feed furnace 10 to preheat the raffinate
feed to twe200T0ss38t enperature of hydrotreater 11. THETISHOES 2 hese three
heat exchangers, 2, 5, and 7, reduces furnace requirenents. Four heat
exchangers control the inlet tenperawe into units 13 and 14. It should be
noted that in preferred enbodi nents, the three reaction stages operate in a
tenperature cascade where the first reaction stage is the hottest and the

t hird reaatactionstaggdd, the s¢cond siagd gabous|R0Af} sdrvepasehhydtogenschenat i ¢ di agram
of the hydrogen flow throu t he r ocess. esh, _.once-t hrough,

hydr ogen- COREHIRE Hﬁattgla%afhlg‘g%ea?téo”c‘g%ﬁ@é? tE 1 é‘F‘B%WPEI%'ﬁ‘%{Init 13 via
line 16. ﬁﬁﬁﬁl g 1 hSRS a second- st age
gaseous p% ucteﬁé?ﬁ%@?ﬁﬁ%%%P%@%Hgﬁgggpggggﬁg@gﬁggéﬁ qui d product

cont ai ni ngephratad thérefedoh.i hethe first seactiemw stdgal] 1, vhd thirdreactibs stagegenent , into

hydr of i ni shi i he third ti t 14, | third WO
20071 0355 88368 PradseAP s i te BRliopduesiiie fat e HpEeBltng st age
gaseous preﬁméﬁi9§s_egtﬁﬁ§edaﬁtﬁﬁeshhwdeqafdﬁgh,q@a&%%agmhﬁﬁgﬁea@ﬁs Third reaction

stage product 20 is conducted to separator rein thethird-stage

gaseous psweam i 62 caparatinigifyorh fhir ygeotreated affuent e preant ¢@ confeinifer om I n the
first reagtion, stage 11 e third reactkon stage., gaseo pr oduct 20a
serves as(l;l Wéoaﬁ%?'gﬁlgkgdébhﬂgﬁﬁz& angggte ﬁg?yhyglr%?ﬁg’&ggﬁr’&%’l uent 9 is
sg;i pped vidBcdvees bf aigRsddHydspen, hydr ogen-containing treat gas stream
16a, separating fromthe hydrotreated effluent a stream 17 contai ni ng

het er oat omd #Fpur kit | ; b process for,
e.g., t h@dﬂg@ovg?l%/g(ﬁ; vea%r?é&gﬁgégsd&ﬁef%(ragggﬁfbg%%%%f%ééﬁ%%%\?e description is
directed pmcessbdtioseskiBedin thdvert pibse0ognize other embodiments that are '

within the invention.
EXAMPLES
EXAMPLE 1 (Comparative)

| [0048}  In a simulation, 10,000 barrels per day of lubricating oil boiling-range

distillate feed was conducted to a solvent extraction step to produce a solvent
extracted raffinate with a VI of 97 with 2 yield of 65 wt.%. In the simulation,
the raffinate was conducted to a hydrofreating stage, hydrodewaxing stage, and

L hydrofinishing state, each operating under simulated conventional conditions.
Hydrogen-containing treat gas was introduced into the hydrotreating stage, and
the gaseous effluent from the hydrotreating stage was compressed and then
conducted to the hydrodewaxing stage. The compressor was needed because the
hydrodewaxing stage was simulated at a higher total pressure than the
hydrotreating stage, as set forth in the following table. Gaseous effiuent from
the hydrodewaxing stage was cascaded to the hydrofinishing stage, both

operating under simulated conventional conditions.




process. Those skilled in the art will recognize other enbodi nents that are
within the invention. EXAMPLES EXAMPLE 1 (Conparative) [0048] In a

simul ation, 10,000 barrels per day of lubricating oil boiling-range
distillate feed was conducted to a solvent extraction step to produce a
solvent extracted raffmate with a VI of 97 with a yield of 65 wW.% In the
si mul at i omo 200t/bas3s0af f i nat e was conducted to a hydr ofFEEEIMYPIERGge,

hydr odewaxi ng stage, and hydrofinishing state, each operating under

si mul at ed conventional conditions. -24ydrogen-containing treat gas was

I ntroduced into the hydrotreating stage, and the gaseous effluent fromthe
hydrotreating stage was conpressed and then conducted to the hydrodewaxi ng
stage. The conpressor was needed IFXRIEe the hydrodewaxi ng stage was

simul ated at a higher total pressure than the. hydrotreatjng stage, as set
forth in the follow ng table. GaseddBLef f | uenM&Dvﬂm t he r odewaxi ng st age
was cascadd@tal Sraspaebydr of Imi shi nkf .8¥23$8, bolt h75/8Hr at 1BF7T2AMr si nul at ed
convent i on&MPatpsight i ons. V@R 007 UTXREBFOPCT/ 1520DH0351820/2825 TABLE HDT
VMSDW HDF Total Pressure In 17.89/2580 17.75/2760 18.37/2650 (MPa/psig) Qut

- 17. 68/ 2550 HL Partd P¥&0urt8. 2y 2625 16t8/B30t i al 1173620 e 16798439/ 2350

18. 17/ 2620 (Pa/pRg3420  (MRafpsi 0)14Q821b8. 58/ PAGK246h 0662868946. 58/ 2390
[0049] Sinulated yields at target VI were 90 wt.% for hydrotreating, 75 wt.%

for hydro in K 0 L.DbShI ti BN A :
| ubricati ﬁ’g“% %@%@g?@@@%@éﬁﬁg%ﬁ% g@%t{‘g?’r" @?%méfgﬂ?t”*&a?? WebwpLe 2 100501
The di st i for hydrotiewaking, and afwt e fordgdrofinishtrgy, eguliing 3n atibrcahssil vent

( : base stock yield of 4,344 barrels per day.

EXAMPLE 2
[0050] The distillate feed of Example 1 was squected to simulated solvent

extraction under conditions that resulted in VI of 93 for the solvent-extracied
raffinate with a yield of 69 wt.%. The raffinate feed was conducted to a
hydrotreating stage, stripping stage, hydrodewaxing stage, and hydrofinishing
stage. The hydrotreating, hydrodewaxing, and hydrofinishing stages were
simuiated under the same conditions as in Example 1. Conventional stripping
conditions were used in the simulation. In accordance with an embodiment of
the invention, fresh, once-through, treat gas having the same characteristics as in
Example 1 was conducted to the hydrodewaxing stage and the stripping stage.
( Gaseous effluent from the hydrodewaxing sfage was cascaded for use as treat
gas in the hydrofinishing stage, and gaseous effluent from the hydrofinishing
stage was cascaded for use as the treat gas in the hydrotreating stage. The same
total pressures and hydrogen partial pressures of Example 1 were used in the
simulation of Example 2. Unit yields resulting from the simulation:
hydrotreater - 69 wt.%; hydrodewaxer - 75 wt.%; and hydrofinisher - 99 wit.%.
Yield of a Iubricating oil basestock having the same target VI as in Example 1

was 4,500 barrels per day, a 4% yield improvement over the yield of Example 1.




extraction under conditions that resulted in VI of 93 for the
solvent-extracted raffinate with a yield of 69 wt.% The raffinate feed was
conducted to a hydrotreating stage, stripping stage, hydrodewaxi ng stage,
ﬁn(cji h%/_dr_ofih_ni shing stage. The h?/drofjreagi ng, hhydrodewaxij_ng_, and _
Exanpl o w0 GaEs0l onal Stripping  conditions ver o BSEYSIMERE S| mul ati on.
In accordance with an enbodi nent of the invention, fresh, once-through,
treat gas having the sanme characteri2tics as in Exanple 1 was conducted to
t he hydrodewaxi ng stage and the stripping stage. Gaseous effluent fromthe
hydr odewaxi ng stage was cascaded for use as treat gas in the hydrofinishing
stage, an mghﬂﬁ ef fl uent fromthe hydr of i ni shi ng st age was cascaded for
use as th e hydr ot r atln sgne total pressures’
and hydr og‘gﬁ&g 5&’3’]?” EYeIsft pgmiéw%mle ’Elhﬁw si mul ation of
ot 5 hydia x;‘;%"’ﬁ”‘*"g‘sﬁﬂﬁ”%e“%“ﬁ‘%?e*??ﬁ?%ﬁé‘#@ﬁﬂ%ﬁ“ﬁ%ﬁﬁf T of o
- - 0

4,500 bar Fa R e (R e SRR D BRAY | & el & 1.
WD 2007/ 085380 HPEﬂrnﬁz(ﬁ;)ﬂIe(feéG\QMg yiddéd valgoswvere Bbtited0 hiyiroBieatingar condi ti ons
were sinu d, as .i the sanme ~schene, but with distillate
feed of Egéﬂg/%glyfimglﬁﬁ'a’ém oﬁé@%tw’éwpmf!ﬁ‘%'&“ﬂ& ‘? m sgBulgien, 5 sol vent
Eiéﬁ;‘fé' P R o B e I g~ a6

. % hydumﬂevmnﬁgver%nmle% hydrof m shing - 99 w. A) The simul ation
r{bduced 4,700 barrels per day of lubricating oil base stock, with an 8%

eld i MEREh&AWE be BERATHL the-sith@@Hl of Examhyled Hadie3 géed that the
si mul at i glr?“g%]eExarrpl es 2 and 3 also showed a reduction in operating costs

resul t i ngshowsha rediction dprppesating rosts sesufiingfrem fopexample. theat gas conpressor
used in EXAMRLSorlof the treat gas compressor used in Example 1.




WO 2007/ 035380 PCT/ US2006/ 035724 -26- CLAIMS: 1. A process to prepare a

| ubricating oil basestock conprising: (a) contacting a | ube oil
boiling-range raffinate feed containing nitrogen and sul fur heteroatons
with a catalytically effective anobunt of a hydrotreating catalyst in a
first reaction stage operated under effective hydrotreati n% conditions in

t he presemoeco7ods3® hydr ogen- cont ai ni ng gaseous pr od®ETUFIBHEE 2t hird reacti on
stage to produce a hydrotreated raffinate; (b) stripping the hydrotreated
raffinate by contacting the hydrotszated raffinate with a first

once-t hrough, hydrogen- containing treat gas to separate sul fur-containing
and nitrogen- containing species fromthe hydrotreated raffinate to produce
a strippe®LARMS:i nate; (c) contacting the stripped raffinate with a
catalytically effective anmount of a hydrodewaxi ng catalyst in the presence
of a second opnc Eg%fg 5 IHaL r gas, in a second
reaction stagg' g%gqu{gteéeégggﬁ er @?@%@\gtgﬁ@%&%&gv@%ﬁjﬁgﬁgbndi tions to

produce a secondygt [ r&qlm% W | - Stage gaseous
product and a seé@n?i%tt%ggg%lh%iog pro rcatﬁ é:?det?geeﬁtcﬁlgﬁ@e ond- st age gaseous
product conpri ses hyndtrogerandrsalfinhigetersaomn ovitht saepéaljtically dffpetbstuct conpri ses a

dewaxed raffinate; (d) casgadi w t hout di sengagenent, at |east a portion
of the second reactar%‘ﬂ‘mg?g%gy‘gﬁg%@gc? yég‘ﬁfo"{’]‘%'?'i%ﬁ&emisf?@ereaction st age;
(e) contacting the caeeasipshdepetftcdive ﬁ?drbﬂ@atﬁ@%ﬁ&'iﬁbﬁ@ﬁ%@ﬁreﬁlﬁge product
with a catalytically effective anount” of "a hydrofinishing catalyst in the
third reaction stagefadydmgsd-conldiminggaseausipreduchirdmaf thivd sésiction condi ti ons to

p%oduce a third-st A e 35 I%}'C‘.ld(l)lge a hydrotreated raffinate;

{b) stripping the hydrotreated raffinate by contacting the
hydrotreated raffinate with a first once-through, hydrogen-
containing treat gas to separate sulfur-containing and ﬂitrogen—
containing species from the hydrotreated raffinate to produce a

stripped raffinate;

(d) contacting the stripped raffinate with a catalytically effective
amount of a hydrodewaxing catalyst in the presence of a second
- once-through, hydrogen-containing treat gas in a second reaction
stage operateci under effective hydrodewaxing conditions to
produce a second-stage reaction product comprising a second-
( stage gaseous product and a second-stage liquid produpt, wherein
the second-stage gaseous product comprises hydrogen and the

second-stage liquid product comprises a dewaxed raffinate;

(d) cascading, without disengagement, at least a portion of the

second reaction stage product to a hydrofinishing reaction stage;

(e) contacting the cascaded portion of the second reaction stage
product with a catalytically effective amount of a hydrofinishing
catalyst in the third reaction stage operated under effective

hydrofinishing conditions to produce a third-stage reaction




WD 2007/ 035380 PCT/ US2006/ 035724 -27 product conprising the third-stage
gaseous product conprising hydrogen and a third-stage |iquid product
conprising a lubricating oil basestock, wherein said second-stage gaseous
product provides hydrogen for the third reaction stage; (f) separating the
t hird-stage gaseous product fromthe third-stage reaction product; and (g)
cascadi ngwbheo7tobsssad- St age gaseous product, without FETAISYPAEAR{4

di sengagenent, to the first reaction stage. 2. The process according to
claim1l wherein said lube oil boilingrrange raffrnate feed is produced by:
(a) extracting a lubricating oil feed in a solvent extraction zone with an
ext rFaction solvent under conditions effective to produce at |east an

aromatics-1|ean rafflptbdua@bmﬁmmﬁ@lwm&dmmegﬁebﬁmhﬂm comphiviggt ; and (b)
removing at |east a portion of the extraction solvent fromthe

aromati cs- | ean raf f niydsoges) andiadhird-stage Hanid product eomprising aibe oj |

boi | i ng-range raff na p. t im2 wherein the
| ubricating oil feedﬁlﬁgéﬁﬁg i@@sﬁ%ﬁf’ﬁ&gﬁlo%ﬁ%%%@ ?%a#sg& han 650F (3430,
measur ed by ASTM D aﬁodnctpﬁdéswamgemﬂﬂtmmrdeeacﬁedstfage;m m neral sources,
synthetic sources, or a mxture of the two. 4. The process according to

claim 2 wherein {f)e dephratingtheribirdslagé gdousprodure from the (ldrdosthgesel ected from
raffinates, partially sol Ve‘é‘iti devvaxed oils, deasphalted oils, distillates,
vacuum gas oils, cok&petipRPpregyck and| ack waxes, foots oils and the like,

dewaxed oil s, and Fi scher-Tr o%sch waxes. WO 2007/0 5380 PCT/ US2006/ 035724
-28 (g) cascading the third-stage gaseous product, without heteroatom

c

disengagement, to the first reaction stage.

2. The process according to claim 1 wherein said lube oil boiling-range

raffinate feed is produced by:

(a) extracting a lubricating oil feed in a solvent extraction zone with
an extraction solvent under conditions effective to produce at
‘least an aromatics-lean raffinate solution containing extraction

solvent; and

(b) removing at least a portion of the extraction solvent from the
aromatics-lean raffinate solution to produce at least a lube oil

boiling-range raffinate feed.

3. The process according to claim 2 wherein the lubricating oil feed has
- a 10% distillation point greater than 650°F (343°C), measured by ASTM D 86 or
ASTM 2887, and are derived from mineral sources; synthetic sources, or a

mixture of the two.

4, The process according to claim 2 wherein the lubricating oil feed is
one or more oil selected from raffinates, partially solvent dewaxed oils,
deasphalted oils, distillates, vacuum gas oils, coker gas oils, slack waxes, foots

oils and the like, dewaxed oils, and Fischer-Tropsch waxes.




5. The process according to claim2 wherein the lubricating oil feed
contains up to 0.2 wt. % of nitrogen, based on the weight of the |ubricating
oil feed, and up to 3.0 wt.% of sulfur, based on the weight of the :
| ubricating oil feed. 6. The process according to claim1l wherein said

hydr odewaxi ng catalyst is selected fromZSM 5, ZSM 22, ZSM 23, ZSM 35,

ZSM 48, Zsbhhborpsssfdet a, SSZ-3 1, SAPO 11, SAPO-3 1, SAPUSEC0RZPO- 11, ECR- 42,
fluorided alumna, silica-alumna, fluorided silica alumna, synthetic
Ferrierites, Mrdenite, Ofretite,-m-ionite, chabazite, and m xtures
thereof. 7. The process according to claim®6 wherein the hydrodewaxi ng
catalyst further conprises at | east one netal hydrogenati on conponent,

which is sel ecsedhefproceséiceariing & didlintd wherelnoip labkichtinpedibfegd or m xtures
thereof. 8. The process according to claim1 wherein the hydrodewaxi ng

catal yst ceswpsiunde 0¢ wierafnitrogen, brred on theatsighd of Biednbricating 6ilai m 8 wherein
th i j . Th
acgofg?nlgtfg%i’ g?iﬁﬂm%g'ﬁh%&}%?ﬂ}qlég’%?é%%%%\%&%@gggtggt a rg’%?“égirlt he(ra E(r)(r)rg(raiszes a

bi nder nmatfesd. al sel ected frominorganic oxi des containing one or nore of
silica, alumna, titania, nmagnesia, thoria, and zirconia. 11. The process

according to ctai i dt]-lfhe‘ s O Gt Vi g%ﬂéq)é conditions ‘
i ncl ude a tenpée'rg':ﬁlﬁ}é frgs{)%cg{)o O%%% lt%’ﬂgg%ustq{(ﬁg . a ki[li}gessure f rom about
0. 7 MPa t oatalystis s€écted FBm L3ides)ZSMQ2 1 HSIREN) ZSM-35, Z3M-48, g8M5Aour | y space
velocity fr t , - t.hr.ough,
hydr ogen- b&ﬁ‘tﬂgggg’ﬁgsgr béiIC:&ﬁ&é*gﬁé}éﬁ}amiboﬁ@ﬁﬁéoﬂwg%o m3/ m8 (250 to
10000 SCFaiahi) silRag] Eeflﬁbrﬁﬁésﬂibﬁﬁlhnﬁ%sﬁﬁﬁéi{&@e%&ﬁéihrOugh, hydrogen WO
- 2p07/ 035380 PCTI1JS2006/ 0835724 .29 contarning treat gases are fresh and are
obt ai ned MadenitecOfiinaite,ferionite, ichatmrziteyand nepurasghereof.
7. The process according to claim 6 wherein the hydrodewaxing catalyst
further comprises at least one metal hydrogenation component, which is selected

from Group VIB metals, Group VIII metals, or mixtures thereof.

8. The process according to claim 1 wherein the hydrodewaxing catalyst

comprises a zeolite.

9. The process according to claim 8 wherein the zeolite is selected from
ZSM-48, ZSM-22 and ZSM-23.

10. The process according to claim 6 wherein the hydrodewaxing
( catalyst further comprises a binder material selected from inorganic oxides

containing one or more of silica, alumina, titania, magnesia, thoria, and zirconia.

11. The process according to claim 1 wherein the effective hydro-
dewaxing conditions include a temperature from about 250°C to about 400°C, a
pressure from about 0.7 MPa to about 20,8 MPa (about 100 to 3000 psig), a
liquid hourly space velocity from about 0.1 to about 10 hr”, and a once-through,
hydrogen-containing treat gas rate from about 45 to about 1780 m*/m’ (250 to
10000 SCF H./B); and wherein the first and second once-through, hydrogen-




12. The process according to claim1l wherein the hydrotreating catalyst is
sel ected from supported hydrotreating catal ysts conprising about 2 to 20

w.% of at |east one Goup VIII netal, and about 5 to 50 wt.% of at | east
. one Goup VI netal, on a support material. 13. The process according to
claim 12 wherein the Goup VIII netal is Co and/or Ni, and m xtures

thereof , awakostmsssdn the Group VI metal is Mo and/ ofCNYSH%I35THe process
according to claim1 wherein the effective hydrotreating conditi-ons include
a tenperature from about 150C to abowmg- 400C, a hydrogen partial pressure
fromabout 1.48 to about 20.8 MPa (200 to 3000 psig), a space velocity from
about 0.1 to about 10 liquid hourly space velocity (LHSV), and a hydrogen
to feed ratimaifingMeabgasts 49 fiesh adiart oBARied fidh® cGhfion fiesH 684QGaSCE  H2/ B) .
15. The process according to claim 14 wherein the effective hydro- treating
condi ti ons3@e-sel ect ed such that cracking of the |ube oil boiling-range
raffinate feed is limted to |l ess than 10 wt. % conversi on, based on the

wei ght of the 1|2ub'§h@jmocd:ssiab¢umyﬂgm\@mnr hivhervirt thefwdrbiredting chitedygir ocess

according to clai wher t (dr of i .ni shi ng ,cat rises a
S omoort | o Selecipd Hom Sipgoried i d Gemelios GHRIpiS AORPEAIRE MR D% o ous VI |
netal s, a“@fdﬁé&&%ﬁ%{ohgmr p etelﬂandﬂlb%uﬂfb%ﬁﬁt%%%?a&%ﬂe% im1 wherein

t he support conpri ses ous or crystalline oxi naterla s cont ai ni ng
one or nor ¥l uktad|omrd support giakériah, and silica-al um na. WO 2007/ 035380
PCT/ 11S2006/ 035724 -30 18. The process according to claim1 wherein the

hydr of i ni shi ng 19atﬂ£e/1§bces§9£aafdlﬁ§ﬁ> AaiFEEPRRERIShe B &i VI ARtAR0I ng to the

MI1 S class or famly o catal ysts. 19. The 8rocess according to claim18
V\/@fer ein tk@onmﬂ@er,@uénmu@sTMeof and wherein the Group VI metal is Mo
and/or W.

14. The process according to claim 1 wherein the effective hydrotreating
conditions include a.temperature from about 150°C to about 400°C, a hydrogen
partial pressure from about 1.48 to about 20.8 MPa (200 to 3000 psig), a space
velocity from about 0.1 to about 10 liquid hourly 'space velocity (LHSV), and a
hydrogen to feed ratio from about 89 to about 1780 m*/m? (500 to 10000 SCF
H,/B). |

15. The process according to claim 14 wherein the effective hydro-
treating conditions are selected such that cracking of the lube oil boiling-range
raffinate feed is limited to less than 10 wt.% conversion, based on the weight of

L the lube oil boiling-range raffinate feed.

16. The process according to claim 1 wherein the hydrofinishing catalyst
comprises a support and at least one metal selected from Group VIB metals,
Group VIII metals, and mixtures thereof.

17. The process according to claim 1 wherein the support comprises
amorphous or crystalline oxide materials containing one or more of alumina,

silica, and silica-alumina.




Is selected fromMCM 41, MCM 48 and MCM 50. 20. The process according to
claim9 wherein the zeolite is ZSM 48, and wherein the hydrofini shing

catal yst conprises MCM41. 21. The process according to claim 18 wherein the
hydr of m shing catal yst conprising a nesoporous nmaterial further conprises
at | east one netallic hydrogenati on conponent, and wherein the

hydr of i niwhiggssasdi tions include tenperatures froRCANSHOS/BEBTE t 0 about
350C, total pressure ranges fromabout 2.86 MPa to about 20.8 MPa (about
400 to 3000 psig), liquid hourly spgre velocity fromabout 0. 1 to about 5
LHSV (hr''), hydrogen treat gas rates of from about 44.5 to about 1780
n8/ n8 (250 to 10,000 SCF H21B), and hydrogen partial pressure ranges from
about 1.48 MPa o'ﬁp,qﬂ, Pﬁ?gfoacl?ﬁ X! psig). 22.
The process acég'r di ng %%eggc)réciom I, furt Ie‘fﬁ%glr?grﬁ%g?%lgﬁg%g%i egtiﬁgt at | east
one | ubri camprigesod metnporasoudterial balongiag tthe MbtShelessrardanilpaf product. 23. The
process of {:ab’a%m 22, further conprising adding to a major anount of the

| ubri cati ﬁ’a 15 basest ock a minor ampunt of at |east one additive to nmake a
finished lubricating oil product. 24. A process to prepare |lubricating oil
basest ocks fr ok (B pspeeshrsicording torciaigel Sruhareindhempsapgrays materislng:  (a)

extractin thl bl o) ' sol vent extraction zone wth an
extracti oﬁs %’é‘%@%@tﬁlﬁ%gﬁ'g&?ﬁ?ﬁ%gé"‘gﬁd@@f@ve at produc WO 2007/ 035380

PCTI US2006/ 035724 _-31 ing at ] east_an aromatics-lean raffinate solution
contai ning ex£9-adiieprocssy asarding e claim 9 wharpinghe zeqliteisZSM8y #udon of t he

extractio : t .1 | G- af finate solution to procduce
at | east ?ﬁ%ﬁ%ﬁéﬂ%ﬂfdfﬁ)ﬁhﬂﬁ%graﬁ%{gﬁfpgﬁ?élsgxg?lgf ?ie'ed; (c) contacting a |ube oil
b@' | ng-range Jaf 2%}()ecegseaecgor%?nngttglc 2im 18 wherein the hydrofinishing

catalyst comprising a mesoporous material further comprises-at least one
metallic hydrogenation component, and wherein the hydrofinishing conditions.
include temperatures from about 150°C to about 350°C, total pressure ranges
from about 2.86 MPa to about 20,8 MPa (about 400 to 3000 psig), liquid hourly
space velocity from about 0. ! to about 5 LHSV (™), hydrogen treat gas rates
of from about 44.5 to about 1780 m*%m® (250 to 10,000 SCF Hy/B), and
hydrogen partial pressure ranges from about 1.48 MPa to about 20.4 MPa (about
- 200 psig to about 3000 psig).

22. The process according to claim 1, further comprising separating at

least one lubricating oil basestock from the third-stage reaction product.

23. The process of claim 22, further comprising adding to a major
amount of the lubricating oil basestock a minor amount of at least one additive to

make a finished lubricating oil product,
24. A process to prepare lubricating oil basestocks from lube o0il boiling-
range raffinate feed comprising:

(a) extracting a lubricating oil feedstock in a solvent extraction zone

with an extraction solvent under conditions effective at produc-




nitrogen and sul fur heteroatons with a catalytically effective anount of
hydrotreating catalyst in a first reaction stage operated under effective
hydrotreating conditions in the presence of a hydrogen-containing gaseous
product froma third reaction stage to produce a hydrotreated raffinate;

(d) stripping the hydrotreated raffimate by contacting the hydrotreated

raf fi nat gyavdofeskisost fresh, once-t hrough, hydrogen-l’ﬁi(gfﬁﬁzﬁ?“ﬁ’i3 treat gas to
separate sul fur-containing and nitrogen- containing species fromthe
hydrotreated raffinate to produce a3jstripped raffinate; (e) contacting the
stripped raffinate with a catalytically effective anount of a-hydrodewaxing
catalyst in the presence of the fresh once-through, hydrogen-containing

treat gas in a secorifg aElRadt iafl Bronfdtiogfcaf Reffiab doluide comhingyt | ve hydr odewaxi ng
conditions to produce a_ second-stage reaction product conprising at |east a

second- st age gaseousSXHReHARONEAN a second-stage |iquid product, wherein the
second- st age gasequs product conprises hydrogen, and the second-stage |iquid
product conprisi ) $eprrakngey leashwmﬁaxlefﬁxefeytge%@eﬁeiwgt, frgipitho ut
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contacting the casc&ﬂﬂdlgaangéiafﬁmefeaé; second-reaction stage product with a
catalytically effective anount of a hydrofinishing catalyst in the third

reaction stage o@fr abgdctingieubebil®oilingarandydififatefesd corgaiaingdi tions to

produce a third stage reaction_ product cor;rt*gri sing.the third stage gaseous

product conprising WREcBdRA sulfy hsteroptorgs with geataiiisaly pHerdivét conprising a
' amount of hydrotreating catalyst in a first reaction stage operated

e

L under effective hydrotreating conditions in the presence of a-

hydro gcn-containing gaseous product from a third reaction stage

to produce a hydrotreated raffinate;

(d) stripping the hydrotreated raffinate by contacting the
hydrotreated raffinate with first fresh, once-through, hydrogen-
containing treat gas fo separate sulfin-containing and nitrogen-
containing species from the hydrotreated raffinate to produce a

stripped raffinate;

~ {e) contacting the stripped raffinate with a catalytically effective
amount of a hydrodewaxing catalyst in the presence of the fresh
once-through, hydrogen-containing treat gas in a second reaction
stage operated under effective hydrodewaxing conditions to
produce a second-stage reaction product comprising at least a
second-stage gaseous product and a second-stage liquid product,
wherein the second-stage gaseous product comprises hydrogen
and the second-stage liquid product comprising a dewaxed

raffinate;

(f) cascading, without disengagement, at least a portion of the

second reaction stage product to a hydrofinishing reaction stage;




| ubricating oil

basest ock, wherein the second-stage gaseous
provi des hydrogen for the third reaction stage. (h) separating the
t hird-stage gaseous product fromthe third-stage [

cascadi ng the third-stage gaseous product, w thout heteroatom
to the first reaction stage.
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contacting the cascaded portion of the second-reaétion stage
product with a catalytically effective amount of a hydrofinishing
catalyst in the third reaction stage operated under effective
hydrofinishing conditions to produce a third stage reaction
product comprising the third stage gaseous product comprising
hydrogen and a third-stage liquid product comprising a

lubricating oil basestock, wherein the second-stage gaseous

- product provides hydrogen for the third reaction stage.

separating the third-stage gaseous product from the third-stage
reaction product; and

cascading the third-stage gaseous product, without heteroatom

disengagement, to the first reaction stage.

pr oduct

reaction pr oduct ;

and (i)




