| NTEGRATED HYDROTREATI NG HYDRODE WAXI NG HYDROHNI SHI NG PROCESS FI ELD
100011This disclosure relates to an integrated hydrotreati ng hydrodewaxi ng
hydr of i niwbiznp/pgenzeess. Mre particularky, the hydrotreaCefusopenaies at a
hi gher pressure than the hydrodewaxer vvlth i nterstage stripping/ separating
occurring between the two and without the use of a punp between the
stripper/separator and the hydrodewaxer. BACKGROUND 1000211t has |ong been

recogni zed that qRayaf ey FPAN YALHARES PHOGUILDHEERRL AL £L \er ough the
refining of crude-nrerar—o m MN“ E’W @ Ft=-rs—common practice
to recover lubricating oil iéuv,;vv“ubg, §¥§%§¥¥E§§ractlng, with a

sel ective solvent, undesirable conponents such as aromatics, sulfur
conpounds, and nitrogen conpounds from strai ght vacuumdistillates, and

t hen sol vagrggdewaxi ng to i nprove | ow tenperature properties. However, with
the decline inthe availability of paraffinic base crudes, and a
corresponding increase in the proportion of naphthenic and asphaltic base
crudes, ecemin Yigdif o

ubr ot i o o b e R e B R e oEa R has
been used HtyelrstppheREftocoss. I Bfx raqennbxﬂaﬁycwmﬁm@naim 3@Lm&@¢ abasggher
processes and to enabl e use of poorer quality feedstocks and/or produce
bett er quakktsyre uben bhs dstbedsya0v3hOiserAgsosiriph g/ syRirdiyih gctwbitigcat i ng

oi | -basestocks i.s that
Fetwesn e two and’ wﬁ%@u%/the use of a pump between the stripper/separator and

the hydrodewaxer.

BACKGROUND

166821 It has long been recognized that one of the most valuable products
generated through the refinming of crude mineral oils is lubricating oils. It is
comimon practice to recover lubricating oil basestocks by solvent exiracting, with
a selective solvent, undesirable components such as aromatics, sulfur compounds,
and nitrogen compounds from straight vacuum distillates, and then solvent
dewaxing to improve low temperature properties. However, with the decline in
the availability of paraffinic base crudes, and a corresponding increase in the
proportion of naphthenic and asphaltic base crudes, it is becoming increasingly
difficult to meet the demand for lubricating oil base stocks, or base oils. Catalytic
hydroprocessing has been used to supplement or replace these conventional
solvent-based processes and to enable use of poorer quality feedstocks and/or

produce better quality lube basestocks.

1600631 One method of classifying lubricating oil basestocks 1s that used by the
American Petroleum Institute (AP, APl Group 1 basestocks are the lowest
quality classification. API Group H basestocks are differentiated from Group |
basestocks by having a saturates content of 90 wt% or greater, a sulfur content of

not more than 0.03 wt%, and a VI greater than 80 but less than 128, API Group



American Petroleuminstitute (APlI). APl G oup 1 basestocks are the | owest
quality classification. APl Goup Il basestocks are differentiated from

G oup | baeestwiskzoby having a saturates _content of 90 WC¥USROgRIEr, a
sul fur content of not nore than 0.03 wt% and a VI greater than 80 but | ess
than 120, APl Group |1l basestocks are the same as G oup 11 basestocks
except that the VI is at |east 120. Sol vent processing alone, or i

n
conbi nat i ggy Megﬁors&l; g{?%?&&g ak 'J?Qmp' § QoY ek@eﬁ‘ij @ mRrogducti %@;rg ];

G oup | basestoc I ¢ hydroprocessing 1's generally require

producti on2ef Godiihil proasdida alel Idr Basesbickenf wom andappiopkhahe feed.
100051Techni ques for preparing Goup Il and Goup lii basestocks such as

hydr ocr ackiomgnonlysaledeiot pexducaion onGregul basesevss.e (opdyat hndraondissiogns

such as hi.,gh hydrocracki pressure apd tenperature or._high extraction
t enper at ur'e ggﬂﬁ'ag&f@@}ﬁ’@g%r s Ml%@f&%@"ﬁw@g&bﬁ@%w begrsbatiadrom an

qualities. 6.1~ | rtunately, hydroprocessing for producing a |ube
basestockzgégﬁg%ﬁ%g%%gdue to differing sensitivities for the catal ysts
involved in the various stages. This limts the selection of feeds which

are potenti Yy suitabhle for use i.n formng G Il .or. higher basestocks.
The tat al y@%%%seg ﬁ%wwe?q*i'nme@aﬁﬂay@?wr %&%&%@uafﬁ{ RASGIICKS rHER| Bn

of ten have,; Latively high t rance for contam t o . A8 fur or

o trogon. erRGHALERY (VIR HLEERACRIL A FOOLAMAANNE HENAS SHHE fom

a | ow tol efignes dtQra@aRk IFERARL 8nd hémPaiahire Wrakiph &M@stNEn Gahpbishis Jidat are
intended to opérate primarily by isonerization, which usually contain noble

met al s, arsshtamiodabliy tquedod ibenwshiphvebdsestohle ganbuuet. of sul fur and/ or
nitrogen present in a feed. If contam nants are present, the activity and
selectivity of these dewaxing catalysts will be reduced, and the activity

and sel eCtiﬁE%é% MR (BRindieGoVieydrabiResdieaonal pefdicher contibm Bavteck 100071To
acconrnodate the differing tolerances of the catalysts involved in tube
basest ock lpndaudtdwnio dhidgefond Isomithgitfeoatouribs atadystypiealvey innder poratsed
into the basestqock production process. First, an initial hydroprocessing
Step (SuchTaESSdi S (1At eyt SERAcK! RGPV al FIenatien il semIere: o)W s run
under sufficientl Ve conditi;ons ..o conyert I ,L-o;‘_ . organi G..sul fur
and nitr o& }?}ﬁu?r% ¢ ré)%ﬁeg%%lrng%?}@tl%%’f%stéglﬁ%‘N ﬁ‘“ SECO ai"" 1SC";s({e]E)ig?a_%f“oirln(ﬁsl ep is
used bet wagm &A@ BRI ORI0GESS NP2 IR oRBE ENRR deNaxi gy ESP Whirgdler esOVes
substantially all of

contaminants such as sulfur or nitrogen. By contrast, catalysis for catalytic

dewaxing usually sufter from a low tolerance for contaminants. In particular,

dewaxing catalysts that are wntended to operate primarily by isomerization, which

usually contain noble metals, are typically guite sensitive to the amount of sulfur

and/or nitrogen present mn a feed. If contaminants are present, the activity and

selectivity of these dewaxing catalysts will be reduced, and the activity and

selectivity may not recover after removal of the contaminants.

160871  To accommodate the differing tolerances of the catalysts involved 1
lube basestock production, the following features are typically incorporated nto
the basestock production process. First, an inttial hydroprocessing step (such as
distillate hydrocracking or raffinate hydroconversion) is run under sufficiently
severe conditions to convert most of the organic sulfur and nitrogen in the feed
mito H,S and NH,. Second, a separation step is used between the

hydroprocessing step and the dewaxing step which removes substantially all of



WD 2012/ 142220- 3 - PCT/ US2012/ 033217 these gaseous contam nants prior to

t he dewaxi ng step. The separation step requires extra equi pnent to be used
duri ng thwol2ofzet4p20ducti on, which increases the overal | PCRAIS2@R/0832¢7
process. 100081 A common nethod to renove contam nants such as NH3 and HS
froma hydroprocessing unit effluent is stripping wwth a clean gas stream
--- to separate the gaseous effluent fromthe |iquids. The stripping is

typically d . : e u The,.h ) ing step
TR L S e R S B R el

hydr odevaxiagires entakghpedn 8t y&id ghighislsensbiimeod ovkice peessnce of
sul fur and nitrogen contam nants. Stripping steps involve considerable

i nvest nentthardewperat bhtegostsssas stri ppi ng usual Iy invol ves

depressuri zation and cooling followed by punping and heating to
repressurize and reheat the feed to the next hydroprocessing step.

100091- U. Sp¢fet ents Nonmn638thbdGo dbsohesestanini®sshagas il apd eC&sibng
process with stripping zones between the hydroprocessing zones and

f ol | owi ng & hedrogsicerydg opriod@ysiing srameng Theitb rdlppl g Otaar s tasepirgle
pressure and tenperature with no disengagement. (significant |owering of
pressure) ! %MW%%%F%%%MWHB@ wguﬂyd%ggr&g&@g@g ﬁfg%?é(r?é T congriEd & e
recycl e of, hi ur.e..gasgous. ef f 1. g he l.ast r.I.pRIi Ng ,Zzone
to the rirstret SRR BB T AR BB I MO ShRu Rk RYOLRE 28

occurs at farbghesroptRSSHLE stdiaRuthgs hiisidestade: RYaOPROGESa NG RLRGESS as
evi denced by the inclusion of a punp between the first strippef and the

second st agechyidropo obegsisagecprdcedsr s aeiiporgm addsmacdditt.i Gappiegpittl

i nvest nent. cost and. operating costs to the process. 100101It woul d_be
desi r abl e HBOWEFONENCTIRlE HraghREEE YPGB GE 688P By SHUMBAaWRXI hyvolves
hydrofini shing process wth.an inproved interstage stripping/separating
ot ocess et RBERE A Ao HEs LOP Gha Y R Ry SRche e Bt eaeh 1 d
m ni m ze thg.GaRL FlH hNNSSERBNdraph PRgRALILRY COStS.

18609 U.S. Patent No. 6,635,170 discloses a two stage hydroprocessing
process with stripping zones between the hydroprocessing zones and following
the last hydroprocessing zone. The stripping occurs at high pressure and
temperature with no disengagement (significant lowering of pressure) between or
following the hydroprocessing zoues. There s also recyele of high temperature
gaseous effluent from the last siripping zone to the first stripping zone. The
second stage hydroprocessing process occurs at a higher pressure than the first
stage hydroprocessing process as evidenced by the inclusion of a pump between
the first stripper and the second stage hydroprocessing process. The pump adds

additional capital investment cost and operating costs to the process.

16616} It would be desirable to have an in integrated hydroprocessing
bhydrodewaxing hydrofinishing process with an  improved interstage
stripping/separating process between the hydroprocessor and the hydrodewaxer in

order to minimize the capital investment and operating costs.



WO 2012/ 142220- 4PCT/ US2012/ 033217 SUWVARY 100111The present disclosure
relates to a continuous process for producing | ube base stocks including:

a. passi nyoaotydenear bon feedstock to aufirst hydroprocessiusgoizoseiand

hydr opr ocessi ng the feedstock under first hydroprocessing conditions to
forma first hydroprocessed product, said first hydroprocessi ng zone having
a first hydroprocessing catal yst system tenperature and pressure; b.
passi ng th@Uif&ﬁgngdroprocessed product to a stripping/separating zone;

c, strippig? ing of the first hydroprocessed product of dissolved
W'S and NH3 to forma liquid effluent and a sour gas, and subsequently

o1 uent . 10081 o gel ' R HE oA Ter £9 Gere R Hacess [or pROTIERES
strippi ”Q/EEEQ%%I%@%Z&E&G% at least a portion of the first gaseous
effluent to a secon t’hy roprocessi ng zone and hydroprocessing the liquid
ef fl uent under second hydroproeessing conditions to forma second

hydr oprocessed product passéigda $edondrhydfepsockssianfrz ondrdavidrging serond
hydr opr ocessi ng catal yst system tenperature and gressure; , e. passing
the second hydréwr bxdepegcprivgtbe feasistpckhimpapr first hydroprocessing conditions

to form a first hydroprocessed product, said first hydroprocessing zone

having a first hydroprocessing catalyst system, temperature and pressure;

b. passing the fust hydroprocessed product o a stripping/separating

Zang;

c. stripping/separating of the first hydroprocessed product of
dissolved H,8 and NH; to form a hiquid effluent and a sour gas, and
subssequently scrubbing the sour gas to remove H;S and NH; to form a

first gaseous etfluent;

d. passing the liquid effluent from the stripping/separating zone and
at least a portion of the first gaseous effluent to a second hydroprocessing
zone and hydroprocessing the liquid effluent under second hydroprocessing
conditions to form a second hydroprocessed product, said second
hydroprocessing zone having a second hydroprocessing catalyst system,

fem p{:rat ure and Pressure;

¢.  passing the second hydroprocessed product to a third
hydroprocessing zone and hydroprocessing the liquid effluent under third
hydroprocessing conditions to form a third hydroprocessed product, said
third hydroprocessing zone having a third hydroprocessing catalyst system,

temperature and pressure;



hydr opr ocessi ng zone and hydroprocessing the liquid effluent under third
hydr opr ocessi ng conditions to forma third hydroprocessed product, said
third hydwopprteesring zone having a thikd hydroprocessi RGTABR@ERP3II21BYSt em
tenperature and pressure; WD 2012/142220PCT/ US2012/ 033217 f. passing
the third hydroprocessed product to a separating zone and separating the
third hydroprocessed product into a second gaseous effluent and |iquid

products, including © ﬁ%sﬁﬁw@é i k}’?ﬁ%{t&gf&e%éﬁc&%ﬁuct to.a s&a¥ﬁ§{@%%%@g the

second gaseous effluént and recﬁc I"'east” a portion‘o essed
second gaseous sebhlauaptihbackd hodURQisEDpR ML 18  ddcshd ayslianiragessi ng
zone, the stripplng/separating zone, the second hydroprocessi ng zone, or
the third hydr oprdepss pnoduren encluding onwherecre ube bpsostesks:pressure i s
greatest at the entrance to the first hydroprocessing zone, and with the

proviso that no liquids punp exists between stripping/separating zone and
the second 11_, Td. r dpr & g?@h@gzt?}ﬁéw%aﬂm@bﬁ)@éﬁé?ﬁfﬁé dPxilos i dodRacr | bes
an i nproved net P & MEMRY 0 LEOAENs ., BN, Sk [k 1S oD 1Nk
contam nants fr%%g{r)r%?% itﬁggﬁﬁbﬁg’é?%ﬁégg}%%%%gg%(‘iﬁ{el'_{r{r“g‘ib\%&:{1(28? b?%em (r}lré“_eﬁ f or
di sengagement , the.first QWHRIRSSUEReSESIDRhOGrAMRbie R/ sbamatives:adepries stddugat | on,
stripping and re-pressurization, and the attendant costs for such an

oper ati on. BESCRE RTIOMNIEE oTHEE Dird hydroprocessing zone,

wherein the process pressure is greatest at the entrance to the first
hydroprocessing zone, and with the proviso that no liquids pump exists

between stripping/separating zone and the second hydroprocessing zone.

130121  The present disclosure describes an umproved method for removing
nitrogen- and sulfur-containing contaminants from multi-zone hydroprocessing
schemes without the need for disengagement, 1.e., low-pressure stripping which
tuvolves depressurization, stripping and re-pressurization, and the attendant costs

for such an operation.

BRIEF DESCRIPTION OF THE DRAWINGS

(30131 TFigure 1 is a schematic illustrating one exemplary embodiment of the

integrated hydrotreating hydrodewaxing hydrofinishing process disclosed herein.

BETAILED BESCRIPTION

16014} All numerical values within the detailed description and the claims
herein are modified by “about” or “approximately” the indicated value, and take
into account experimental error and variations that would be expected by a person

having ordinary skill in the art.



100131Figure 1 is a schematic illustrating one exenplary enbodi nent of the
I ntegrated hydrotreating hydrodewaxi ng hydrofi ni shing process discl osed
herei n. DEDAVI2ERDESCRI PTI ON 100141A1 | _gureri cal val ues pairtuseen2iobeidet ai | ed
description and the clains herein are nodified by "about" or

"approxi mtel y" the indicated value, and take into account experi nental
error and variations that woul d be expected by a person having ordinary

skill int t. S; [033 . : n feeds
PSR L IR G s e R R S LS

di scl osed hekefifishitel pecwhdieied Heduch@hedudesandd fiactdonsdeberneof .
Non-limting exanples include distillates such as atnospheric and vacuum
gas oils, famdiogekbereghs Mobd-§ihydraenabkatedider diffillmas esch extatimosgeric
hydrotreated oils, atnospheri¢ and vacuumresjds, deasphalted oils,

de- vaxed G YORIHHE REATaRHS, SO atm O SEREPSIIE bSO N IUERESS aRET it ur es

thereof. hydrotreated oils, atmospheric and vacuum resids, deasphalted oils, dewaxed oils,

slack waxes, petrolatum, Fischer-Tropsch waxes and mixtures thereof,

18016}  Hydroprocessing 1s used herein o denote various processes mvolving
treatment of a feed wn the presence of hydrogen and imclude processes which
involve at least one of boiling range reduction, removal of contaminants, viscosity
reduction, viscosity mdex (V1) increase, pour point reduction and aromatics
saturation. Examples of typical hydroprocessing schemes include hydrotreating,
hvdrocracking,  hydrofinishing  {(a.k.a.  hydrofining),  hydrodewaxing,
hydroisomerization, and raffinate hydroconversion.  Such hydroprocessing
schemes are well known in the art and are described o standard reference works
such as “Petroleum Relining” by James H. Gary and Glenn E. Handwerk, Third

Edition, Marcel Dekker, New York.

{60171  Hydrocracking involves at least some conversion of the boiling range of
the feed to lower boiling products. Hydrocracking catalysis are generally more
acidic than hydrotreating catalysis and include Group VIA and Group VIHI metals
on supports such as alumina, especially fluorided alumina, silica-alumina and
zeolites. Examples wmclude Group VIA and Group VI metal, e.g., Ni/Mo on
silica-alumina, Group VIA and Group VHI metal on zeolite, eg., NvMo on
zeolites such as X or Y, Pd on zeolite and NVW on zeolite. Hydrocracking
conditions include temperatures of 260-480°C, pressures of 800-3000 psig, LHSV
of 0.1-10 ' and treat gas rates of 1000-10000 scf/bbl.

16018} Hydrotreating 1s typically used to reduce the sulfur, nitrogen, and
aromatic content of a feed, and is not prumarily councerned with boiling point

conversion of the feed. Catalysts usually contain at least one of Group VIA and



100161Hydr oprocessing is used herein to denote various processes involving
treatnent of a feed in the presence of hydrogen and i ncl ude processes which
i nvol ve awolewgm2220e of boiling range reduction, renovalPChfUScaniadzihants,
-viscosity reduction, viscosity index (VI) increase, pour point reduction
and aromatics saturation. Exanples of typical hydroprocessing schenes

i ncl ude hydrotreating, hydrocracking, hydrofinishing (a.k.a. h-ydrofining),

hydr Odev"a@%? MygraLsemsrd zal iq%@ﬁ!(,iﬁgs&%p{yﬁf {1@%&%?%1&%%&%9 LS| %&am?‘ﬂsfsﬂ

hydr opr ocessi hg schenes are \"Ntél are describe

st andar d rigfekieNCEMIDIKS/ M Gihdas i Petai ol ey m Refiidtidadng iondai®s Hpiddiny and
d enn E. Handwerk, Third Edition, Marcel Dekker, New York,

10017 1Hydrinciude Kinigeiratek vaefs 3 53-428 st peompes arivEIB 00 gkig, Hegbol Homglywr ange
of the feed to Jower. boiling products. ;Hydrocracking catalysts are

gener al | y ‘e ‘a%ipait@Stiﬁéﬁ§ﬁ9d}fo§-5e% ihnga@?laﬁm Aral T4V Qoler oo A
and Goup . FBM metal s on supports such as alum na, especially fluorided

al um na, siTi’¢a-alumina and zeolites. Exanples include Group VIA and Group

VIIl metal, e.g., Ni/M on silica-alumna, Goup -VIA and G oup VIII netal
on zeolit e 0., Nil/ on zeolites such as X or Y, Pd on zeolite and Ni/W
on zeol i tiﬁﬂiﬁ}ﬁr oé%é‘?&%‘&“&%%d?tqséigsfqrn U R st RS pausbRIC

pressures 800-3 PS.. L (.8f...0.-1-10 nd, t.r O t 5.0 .
1000- 1000_6833162%& %Q’%bo%g?—"wﬁ‘ﬁ{%g%‘? %%}%Ps “?‘3 p?éga‘f‘ﬁ“g‘?ﬁﬁ’_ts“é‘ggﬁ? o e‘%‘éée%_{‘“tche
sul fur, nifyiegenckiand af ommt i aveanianérighea fived, @Rttt RALEBAICLY

concerned Wi th boili'ng point conversion of the feed. tal ysts usually
cont ai n atHi&adetwermgofca@ wip MeAsansbly molecular sieves such as crystalline

aluminosiicates (zeolites) or silico-aluminophosphates (SAPOs), preferably
10-ring sieves such as ZSM-5, Z8M-22, Z5M-23, Z5M-35, Z5M-48, SAPG-11,
SAP(O-41 and the like. These catalysts may also carry a metal hydrogenation
component, preferably Group VIH metals, especially Group VI noble metals.
Hydrodewaxing conditions include temperatures of 275-425°C, pressures of 300~

3000 psig, LHSV of 0.1-5.0 i7" and treat gas rates of from 500-5000 scf/bbl.

16620]  Hydrofmishing 1s usually concerned with product quality issues such as
daylight stabuity, color, haze, heteroatom removal, aromatics and olefiv saturation
and the like. Catalysis can be those used in hydrotreating including, e.g.. Ni/Mo,
Ni/W or Pd and/or Pt on a support such as alumina. Group VHI and/or Group VI
metals supported on a bound support from the M41S famuily, such as bound
MCM-41 are particularly advantageous. The M415 family of catalysts are
mesoporous materials having high silica contenis whose preparation is further
described in I Amer. Chem. Soc., 1992, 114, 10834, Examples inchude
MCM-41, MCM-48 and MCM-30. Hydrofinishing conditions  include
temperatures of 200-350°C, pressures of 200-3000psig, LHSV of 0.1-3 ™ and

treat gas rates of 100-5000 scf/bbl.

13021}  Hydroprocessing wvolves at least one reactor having an inlet

temperature and pressure and an outlet temperature and pressure, and commonly



WO 2012/ 142220- 7 -PCT/ US2012/ 033217 G oup VIII netal on a less acidic
support such as alumna or silica. Exanples include Ni/M, Co/M and N /W
cat al yst swolytrige22eat i ng condi tions typkcally include t@cpasainoex1df
315-425T, pressures of 300-3000 psig, Liquid Hourly Space Velocities (LEW
of 0.2-10 h-1 and hydrogen treat rates of 500-10000 scfbbl.

100191Hydr odewaxi ng is used for the renoval of straight-chain, paraffinic

ol eoul es JAR ' aedspu ikt odeyex! g cam e a5homblshedo sl ethvens

hydr ocr acki ng or ydroi someri zin Se’ straig arn no

Hy dr odevexiyago glaloyisidroalagk iigl, t alpfdromoheey ahyaiieesxaUCh Bgdtyatiabl i ne
alum nosilicates (zeolites) or silico-alum nop?]osphat es (SAPOs), preferably
10-ring silevesissuechizakoiZSM Shy@SM22ingZ SM 28ydrZ8v 88627 SM 48 drSARGIAY/,

SAPO- 41 and the |jke. These catalysts may alsp carry a netal hydrogenation
conponent , gierREakEy o ou}ﬁﬁ"cfipﬁﬁ""’ﬁ%‘ﬂ?&f s, esPEEPHPIS) I oup VRYIORERTRS

met al s. Hydrodewaxj:-ng.caqndi 1.i include tepperat ukes of 273- .
pressures hg‘fj?%g%@%%@%é&gg%&%@v ‘(E}?A OC{% 53@%11- 1 g?ﬁ%c&r egitgéa0 sg(r’ceas_ ¢ of
from 500- 300@ osedildilincH@0 @'ﬁm%ﬁﬁﬂg”ﬁﬁm@ﬁ E&‘jﬁhf{@%@ﬂdﬁlﬁg ﬂﬁ«%&ﬂ%&t}‘%\ﬂﬁt &
product qualify 1ssues such’as daylight stability, color, haze, hef’er oat om
renoval , dnematiacisnandolddetd nbygahydatinohimndot Heydrodeva:Gag allysirsiredamgbe

t hose used_ in hydrotreating incl udi,‘na, e.g., Ni./Mb, Ni/Wor Pd and/or Pt on
a support gleweds &y urivsacdaraupe vifellowisd/ oby GlvidoNishieal $duppoitdsdd on a
bound support fromthe MA1S fam |y, such as bound MOM 41 are particuylarly
ndvant agedBsroFHETE PatRtsREhe g, S 8F A8t PR bhorBu it dr i havt ng
hi gh si i g, gont epLs,, R &RAHAJA0s 138 hME LRElL i AaRAT hPEYddhrdcesARY -
Chom  Soc. g0, M Ty B TR ey e R TR g e

MCM 50. Hy dieftighiahimginebnds tiansirbaiaigu delideap eryatudesle0lx 201850k d by
pressures of 200-3000psig, LHSV of 0.1-5 111 and treat gas rates of

100- 5000 dufdrgphnishing.  This particular configuration is particularly advantageous for

producing lube base stocks.

160221  The above hydroprocessing schemes typically involve a disengagement
step between hydroprocessing steps, which involves depressurization to remove
contarminants, and product and/or intermediates separation.  The individual
hydroprocessing zones may use a single reactor or may use multiple reactors. A
common practice in the art 1s {o disengage with a significant lowering of the
pressure, Lo, depressurize between hydroprocessing  steps. That s,
disengagement refers to a substantial lowering of the pressure between subsequent
downstream and upstream hydroprocessing steps. More specifically, there is at
least a 100 psi, or at least a 200 psi, or at least a 400 psi decrease n pressure
hetween the outlet pressure of one hydroprocessing step and the inlet pressure of a
subsequent downstream hydroprocessing step. No disengagement refers o no
significant lowering of the pressure between subsequent downstream and
upstream hydroprocessing steps, that is less than a 100 psi pressure decrease
between hydroprocessing steps. The reason for such disengagement is {o strip the
effluent from the first hydroprocessing step {or zoue), such as a hydrotreater,

before passing the effluent to a second hvdroprocessing step, such as a



occurs in nultiple zones (or stages) involving sequences such as

hydr ot r eat i ng/ hydr ocracki ng, hydrotreati ngl hydrodewaxi ng, hydrotreatingl
hydr oi sorm0i202a4e220, hydr ocr acki ng/ hydr odewaxi ng, hydr ocr CHiusg#12/033217

hydr of i ni shi ng, hydr odewaxi ng/ hydr of i ni shi ng, hydro tre atin g/

hydr odewaxi ng/ hydr of i ni shing and the |ike. Typical hydroprocessing
configurations include hydrotreating foll owed by hydrocracking,

hydr ot r eatyj hydr ogr.acki 0 . ydr of I.ni.shi o e <

T Ta0r ar odags Ny QAT AR B 80 R Ab B R ethars smsep s,
hydr of i ni shinfignirang Gestdde hy diroCk Atk esdind Yot fcadd NS iaddWiIHG it

| east two reactors are sequentially staged. One particul arly advant ageous
3-stage conby m&td b wid hy dioprighedsimdaond i guratisonsm fod atésnt. Such
hydrotreating -foll owed by hydr dequLng follomggcby hydrflin'shing. Thi s
parti cul ar2%6oRHS BRIMATT O §hard Y HrimPaat Vi Pagesidn®or! prisuit Hgtheube
base st ock: , bove cessl 86 es typigally invelve a
di sengagensht o S5 BT eenrytl Sbrlestr Ao BEURARALHF] Fbcyak beto
depreSSPr@%@ﬁhgWh%0$ﬁ§BQYQﬁHQ&haﬂi@%ﬂ%§mmﬁﬁﬂy@&ﬁ@&&kﬁ%@dﬁﬁﬁ,h”heﬁﬂﬁﬁbﬁtes
separation. Thé individual hydroprocessing zones nmay use a single reactor
or nmay useuisbiplie regastoiz. akl cammnhpridtdte Anpishe @artypicslivousdidsiengage
with a significant | owering of the pressure, Le., depressurize between
hydr opr oc &§Biesgpszeeths Liaprheiugnt fiose HipafERWE 4%8fers to a substanti al

| owering of the pressure between subsequent downstream and upstream

hydr opr ocessi ng steps. Mire specifically, there is at |east a 100 psi, or
at | east 48808} psilhegreatt beasts anvdlOepsifirdesmaag®yi mompr dkurieghbt vesn t he
outl et pressure of one hydroprocessing step and the inlet pressure of a
subsequenttYYENTSEFBE KYEP-0P roedEL BT PreHssNE d¥e At de ESHTdr €PEFEIN0 no

significant Iowsr%gg of 5he preggﬁreibgﬁme%piSﬁgseA%Fn%ddgﬁpskgggnka&g
upst r eam HAFopr BeeS ST GO STEIE PIAREY 140t 88's '} ARR PLE 60 BsIoBitedburl
decrease bhgimeennhydnapiReessidta st &RtiuctHiCal 88SPP thOkaHChdisengaggent
is to strip the effluent fromthe first hydroprocessing step (or zone),
such as a grycrdityg éatiemprobetopezqassthy kheeef fd el 1o oo prsgoondrop (less
hydroprocessin?ﬂstep such as a ) ]
than 100 psi) between subsequent hydroprocessing zones. There is 1o
disengagement, 1.e., depressurization between first and second hydroprocessing
zones or following the third hydroprocessing zone and the second separation zone.
That is, there s less than a 100 psi decrease in pressure between the first and
second hydroprocessing zones or following the third hydroprocessing zone and
the second separation zone in the present disclosure. Further, gases stripped from
the second separation zoune may be recycled to the first separation zone or
recycled to the first hydroprocessing zone or recycled to the second or third
hydroprocessing zones. The different hydroprocessing zones are typically
operated at different temperatures. Thus it is preferred to nclude at least one heat
exchanger {or heater) between hydroprocessing zones or between hydroprocessing

zones and separation zZones.

160241  High pressure separators are known in the art. They may mclude flash
drums, pressure strippers which include pressure separators for separating liquids

and gases at high temperatures or combinations thereof. These units are designed



WO 2012/ 142220- 9PCT/ US2012/ 033217 hydr odewaxer. An interstage stripping
zone is enployed. to renobve gaseous contam nants created in the first
hydr opr ocweib1eg4e2ép such as 112S and NR3. and nay al so IPETOSe@ 21083231 ri p
l'ight (low boiling) products fromthe effluent. Such gaseous contam nants
may adversely inpact the performance of catalysts in the second

hydr opr ocessi ng step or zone, such as a hydrod. ewaxer. However, before
bassing L8 ShELEPSd Rl 4eRbel, bl RCONN YA ARLORESSLPOR! BRhceling ©
usual Iy necesSary to repressurize and Teheat the erfluent. punp 1s

typi cal I'y iisledhioedsent ssuriias pieesurt atibeed fhuenty bpomd hecabidppirag zone.
100231The present process involves a first separation zone follow ng the
first hydropdovetsicagrdzionbs saipecopeds.hydr opr ocessi ng zone and a second
separation zone. Unlike the common practice in the art, in the present

di sclosure, the first and second separation zones are conducted at nearly

the sanme pggessurelobnt henpretest pgchypitropeEaEsicng et TRdtodrsceskigre is
little to no pressure drop (less than 100 psi) between subsequent

hydr opr ocessengsuonesthe racmtion elocaitigengagentntl) might reddeptlassliriorati on
between first and second hydroprocessing zones qr followng the third

hydr opr océdeh G CXSHE A drHEOSEE Biva ZSepaF ati6n ZoHEIPIThAK floh SeRFECs | ess
than a 10 Ii.degrease. in re,, n the fi nd. see o ,

hydr opr ocaber 05 SEERRE I SBERRHESy HE PRI e SERte R RO ARY (he

second sepaiiabd@RkiaONe hivBrdchdfes epliodb g Cclns unedrodiuthRBle, dREesSIr&tigpped
fromthe second separation zone hay be recycled to the first "separation

zone or redeoliolved tlo t heddifimsthily dropr ocdisatg ipamecorverecycliedoweodt e
second or third hydroprocessing zones. The different gydroprocessi ng zones
are typi caMdodperdted avPHt FONEREEBRHparaTads it thiydint hydrgresesiigd to

i ncl ude at I{eas'gmﬁneraheatHeng;anggr Vgoor} h}e%iterg bet ween hydr oprocessing
zones or B&tWeen" %/a‘“r 6% Oeedst %6' gln S8 G é%ar ation zones. 100241Hi gh

pressure separators are known in the art. They may include flash druns,
pressure strippers which inclyde pressure separators for separating. |liquids
and gases Bp2F gh%ﬁl—én%@ﬁﬁ%suﬂsegu RO GRS BHY THETRISE. OTRe SO GIEY T o

desi gned p\{\&%%l%{l&%%o _i:’i%‘gre_ RCT/ 9?6.2:‘911%/318?&%%&311 feed through line 1 and
compressed hydrogen-rich recycle gas through line 2 are combined through line 3
to the first hydroprocessing zone 30 which i1s advantageously a hydrotreater or
hydrocracker operating under minimum conversion to meet both the cleanliness
{(hydrodesulturization/hydrodenitrogenation) requirements of the hydrodewaxing
step 33 and the viscosity index targets of the lube products portion of stream 13
under hydroprocessing conditions to produce a hydrotreated/hydrocracked

product, hydrogen sulfide, ammonia, and hight hydrocarbon gases.

180277  The products from the hydrotreater/hydrocracker are passed through
line 4 to heat exchanger 40 through line 5 o a first separation zone 31 which is a
stripper/separator comprising a single or multiple separation stages. In one form,
the stripper/separator 31 may be a flash separator wcluding a high pressure
separator drum followed by a pressure stripper. In another advantageous form,
the stripper/separator 31 may be a pressure stripper followed by an amine
scrubber followed by a water wash tower. In this form, liqguid product comprising

hydrotreated/hydrocracked product 5 is stripped with hydrogen-rich recycle gas



to operate at high tenperatures such as the tenperature of the preceding
hydr opr ocessi ng zone. Hi gh pressure strippers generally operate in

count ercuwpent2/eate with regard to the_?gjipping gas. 10028BRe12083217
non-limting exenplary enbodi ment, the first hydroprocessing zone results
in the generation of contam nants which m ght reduce the efficiency of a
subsequent hydroprocessi ng zone or stage. Exanples of such sequences

i ncl ude hy, {09 | | owegk, Qy. ydr I, rQt i |, d by
hydr oor acks R Rodr oo atkd o FOFToRat B e B g afild e

fol | oned bywiydl:0afd Bisdtbnrg, fand hafifidrateby dropadversken qaliloweduby
hydr odewaxi ng. Typi cal contam nants generated in the first hydroprocessing
zone i ncl utieowggit erg 2dnpess Gramgh hydr ogéangel 41,ddroud0R64 The apddbes o ias
further described with reference to representative process shown in
Figure 1. SEPESHIhdKbEAHYR Oﬁlééa}f@ﬁﬁgﬁ&ﬁgﬁi%dﬁén %édﬁﬁﬂé"sﬁ%ﬂls 24 goes

hydr ogen- ri el egXohecgas,t NLaugho LIS A A g aarbinad.  rguah, Line 3¢ o the

first hydroproec zone” tageousty a hv rea

hydr ocr ackek QPRLALLIRGr UNASK:AT H MEMERBNSKSLAD & nBehdRRIIN&B.uishing
cl eanl i ness (hydrodesunrizati onl hydrodenitrogenation) requirenents of the

hydr odewaxsitary 36t ép [B3tiandr, theanvingcwsiliher i36deses taac@etacofrethBolvudeapimeduct s
portion of stream 13 under hydroprocessing conditions to produce a

hydr ot r eat S8 U & HoReS® bréaaer sulhiggribyamhding § beln afgibanag wakd Widht
hydrocarbon gases. ,100271The products from the hydrotreater/hydrocracker
o7 e pacseddERT dugiel PREUE TG TRagy O SaHGEr 4% (R AT g Oyl TR of
separati onszonge 3o Mieh ohs 1Rt LihPREEASRRAN 3h O IEAMRLERIRY. RS LG £ac0f
mul tiple separ atei%%%\' St agés. pI n or}e.]gf ordr?j Fﬁ{e str? pper/ separ at or 1%1 %ﬁ”y be a
fl ash sepap@tor2d tdek udiyig: asdal ighhphedsuiee ssepas ahdor didrofhabhevied by a
pressure stripper. In another advantageous form the stripper/separator 31
may be a pressure stripper foll owed by an am ne scrubber followed by a

wat er washgpgeger . The §i‘m§%eé Ay Broteb AL dorph%léé%Facgﬂgﬁpﬁﬁﬁﬁngfﬂuem stream 6

hydr ot r eat'ed/ hydr ocr ack product 5 1s stripped wth hydrogen-rich recycle

gas WO 20GHR4ck422208CH WSR0GMABGA1T2, through line 7, is then mixed with clean
hydrogen-rich treat gas 26, and then flows through line 8 to the hydrodewaxing
step 33. Unlike prior art process configurations, a hiquid pump is not required {o
pressurize the stripped hydrotreated/hydrocracked liquid effluent stream 6 after
the stripper/separator 31 and prior to the hydrodewaxer 33 because of the higher
pressure at the exit 6 of the stripper/separator 31 compared to the entrance 8 of the
hydrodewaxer 33. There is also no disengagement or significant lowermg of the
pressure (no depressurization} between any of the hydroprocessing zones (3G, 33,
343, or disengagement between the stripper/separator 31 and the hydrodewaxer
33. For purposes of pressure balance, the first hydroprocessing zone 30 is
operated at a higher pressure than the second hydroprocessing zone 33. In
addition, the second hydroprocessing zone 33 is operated at a higher pressure than

the third hydroprocessing zone 34.

18029}  The stripped hydrotreated or hydrocracked liguid effluent stream 6 that
enters the hydrodewaxer zone 33 thus contains almost no hydrogen sulfide or

armmomia. This may be advantageous it the catalyst used in hydrodewaxing zone



represented by line 19. Hydrogen, |ight hydrocarbons, hydrogen sulfide, and
ammoni a are separated fromthe hydrotreated or hydrocracked |iquid product
t hrough |woeoRlis232ass t hrough heat exchagnger 41, througRCriuseoi22332and t hen
to a separator 32 to separate out any condensed |iquids 23. The overhead
gas 24 goes through gas processing steps (36 and 37) to produce a cl ean
hydrogen-rich treat gas 26 for further utilization in the hydrodewaxi ng
step 33 andl or OydroligiaBingofkaR At | THEALLGHIAL, A0 ATNNG SElbber 36
uses a countercurren | ow of "am ne sol ution 0 renove hydrogen sul fide
through |idgigofplion! 6% @ddidih@Ringdh WRb8En YRS MRS h i 65 tike Bt @bauEr ent
flow of water 52 to renove ammoni a through Iine 53. The precedi ng gas
processi ngrstetss fiws divtirdproeessinganotey dbognt phbhis geatergagalssr pane@®nt hat
may be used._i e hydrodewaxer 33 and/or hydrofinisher 34. 100281The
stripped e ga‘f , WOH%%?W@WW Gand e PR SNSRI TPRS S8

t hrough a heat chapger . 42, throu ine. .7, .JSs Vm.xed. wi th, an
hydrogen-f?%ﬁOgﬁéat a%ﬂéé%pg%gﬁﬁﬁgg %%gﬁggﬁﬁrgﬁéﬂ%gﬁﬁg§§g?%ﬁ hég&%?%

hydr odevexdi g 2t&ie S3xpddiki k@i Obc@lt RY 0GRS Sice@NihOWidkbansizing |dugui d
punp is not required to pressurize the stripped hydrotreated/ hydrocracked
l'i qui d ef frlepesturstingansdnaftenntshie 4o ippded.sdparcat or, a3bmanttrgsic @apttal t he
hydr odewaxer 33 because of the higher pressure at the exit 6 of the

st ri pper/ SEpRst@est c%t ¥shidried e TEHE A e aveidst phdhhplraeinikef 233.

dopr assur | SB0OR IbTEWEG Thy HPPERETI A oo brUbELE) Bite ettt TBHE, 0
or d|sengqg@g@ggﬁggﬁwg@&mggﬁgﬁggkggﬁéméﬁggrator 31 and the hydrodewaxer 33.

For purpose pressure ba I rst hydroprocessing zone 30 is
operated at a higher pressure than the second hydroprocessing zone 33. In

ddi tion, Qnd  hydr opr. 1] _ 33 ks rat ed at hi

oressur e tHIROE e TR HaVOSF duar v sentesd RuReTTRE T Fipefs
hydrot r eattﬁﬁbt%ﬁ hyd ri@%%%lé%'drbﬂﬂisﬁi@ &E;?%lat %@1%%%@1‘@&11@%}& b&ES tihe
hydr odewaxer zone 33 thus contains al'nost no hydrogen sul fide or anmoni a.

This may Heaadventiadenuscat fexichengat &4 yisid deed tinobyldriomewdxion thez oo nd\O
2012/142220- 12 -PCT/ US2012/033217 33 is sensitive to these contam nants.
The equi | ipRigteRssighdP tied separplobinisf gadarpeien! droaryhy@wgrnirisdg $85dr ogen
sulfide and agponia.in the liquid product fromthe first hydroprocessing
one 30. 1t oRFyiaed gy bifer s RTS Poe sbiTuir Lot draea o H Sitong
hydropr ocesgiings Zong. 3e Bule Qi&ﬁ%g&ﬁ@&t1&192.5@5&%@!9@(}1»3!1 39 %@Hp-%%& not
depressuri'’zing between or after roprocessi ng zones, a consi defable
expense saviowgsiPati Basasstddicandedtrired Meptesslniat ndvandot@plessirdg ng

gaseous streans is al so avoi ded. Mdireover, a considerable capital

i nvest mentll gostraind [Helubrethsopepak.i nfheosparatioe dspisdedubyincheleehifdsiat i on

NI FER IR (R RN
portion of the hydrogen-rich gas 14 from the separation step can be recycled
through a recycle gas compressor 60 followed by flow through hine 20 to the
hydrotreating step 30, stripping/separating section 31, hydrodewaxing section 33,
or hydrofinishing section 34. The high pressure hydrogen-rich gas 20 from
recycle gas compressor 60 may be sent to one or more of the 3-zones of the
integrated process described above and such high pressure hydrogen-rich gas 20 is
at a high pressure than any other point w the process. Distributing to the
mtegrated process the high pressure hydrogen-rich gas 20 facilitates ease of

distribution to anywhere mn the process as required.



100301The hydr odewaxed product 9 is cooled in heat exchanger 43 and fl ows
through line 10 to the hydrotinishing step 34. The hydrofini shed product 11
i s heat edwoaoi2d2i2n heat exchanger 44 apd flows t hr oughPCIrAs2M2/083211 he
second separation step 35 for separation into liquid product 1 3 and a
hydrogen-rich gas 14. The liquid is further separated into one or nore hibe
base stocks and |ighter products. The |ube base stock products may be an AN
G oup I, Il 0%, &.qup J bl | ‘ k Cr . ; «oBnd nore
advant agedel D a & BuEeRHR sl raka% B FrBk L AR PR LT 5 e
35 may | nQbLiﬁQin@aiﬁ|}%%Ebfﬁa@p@d&ﬁbpbrefs@sﬁresi%pt@fsaéysﬁﬁhl el alth geiprigHuftkdupnom t he
hydr ogen-rich gas 14. | or a portion of the hydrogen-rich gas 14 fromthe
separ at i orgaststpavan’beay deya| etbwérpwghira theeyied evgas gohpressonrgnd
followed by fl owq&,hr_ou, h line 20 to the hydrotreati n% step 30,

stri ppi ng/SEFAPARTIRGYSREY T0oH! BHO thy BHGHEWERT R seistyoR cggiprpisor 60. The
hydr of i ni shing.secti.on..34.. Fthe_ hi essure hydr, IRTAA s 20 fr.am
recycle ga‘% eg(}giﬁ%gﬂe{sﬂseogr} Ggifbndahyaggédgigeﬁg 1’nt % gg%]%e%raq rif%?gi?%}f’q}? ‘%’e&%—%g’o‘%gg ngf t he
i ntegrat ed,pr ogess deserisbed tﬁﬁ%ﬁl ange Suﬁﬂ)sbxﬁx&hﬁpr ﬁ?&r‘é}b%d@%ﬁh genpkdch gas
20 is at a high pressure than any other point in the” process. stributing
t o the i nt{égdatdedapimrass 38hedhigho priesswyr geh ). ojdmpndc hugas n20shown)
facilitates ease of distribution to anywhere in the process as required.

WO 2012/ 142223¢ upsd tpETrisspiae 2ho 33sh 7e4d 531 1APHY D Fb gelsIipR dhe hkedadels
stream 17 .and purge gas,stream 15 serve to, maintain hydrogen. partial
oreoure i cn e dRF LSATSuRe It Tch Rl AP TS e Bt e
lower presaure,fnantig PUBE s ASTHRLEARLER and eorf eSRRNALAGLH t 1S
input into t eRSUC'{t?tleojh%s?de oié' h*tﬁ% r cyc%e C“’orere%S“or‘@O. Th%r%séu e in

t he processagiscliosed ahar®i mdysigl@ht esté catmbhe ghydhopsasessing nzdngle30 and
then decreases through the subsequent hydroprocessing zones (hydrodewaxing
step 33 arwdhydrishe sitshéhgosesemagd)e ikl gy dsepuapenChed. slHewalsintgude used
to pressurize the fresh.feed line 1 prior. to enteri the hydrotreater 30,
ind” hence TBRE0%H GbLFSh eSS or e RBugh i dapRbBE e EREPY HM Goh o1 ;o
at the point . :gnt.ering, 3:the i, [ cessig,. st.ep. 7Eagh :
hydr opr oceigélliﬁélhg{éké%g %)e?ingxg: }%%&&gﬁg%%éqgéﬁgﬁﬁc @ugieﬁ%azig %?i nor et}qbueelr)‘ls(:(‘?ﬁi zones

wi thi n nuli phe dagdsiendiheseiigdengheznas JBnolss! $0dod andhero@ascauenched.
The fresh liquid hydrocarbon feed | or a fraction of the [iquid product 13
may be usdlrdugh thh@rédege g voeemuiirotiedi bnvalyditegehogas (recycl ed 20 or
make-up 17) may be used for the gas quench medium The relative anmounts of
fl ow of gaseous product through the process may be controlled by val ves

(not showpg330037h ¢ hetckriied hatieshrbyds oRr loabsdtngxihy driedetaxhing process
11, 7drofini shing process with an interstage stripping/separating process
wi t hout a puhpatbetigesnge heripyideopporesgopraanss tighyde oplewaxeetwregsutites in
one or nore of the foll oqw,ng advantages from.the elimnation of a ljquid
punp bet mé*éﬁifwr@cwspgtéﬂﬁnﬁmg]éx@'ﬁgemmfoﬁ}sag%§§i %ty Eaﬁ%%waﬂfg gy et i ng
W thout thennesdel orodlpenananimnt ool a0l 6anh fawerh ng. ofic! e BLOGESS
pressure) betf' WeER process ‘steps: decreased process capit al Investient” cost,
decreased }ﬂ@@%&@ésgﬁﬂgsﬁhﬁby%&1@959 SRgatiandyvidesieasedc Rl 96€%8sRR8Ea1hERD
costs. 100331AIl patents and patent applications, test procedures (such as
ASTM {significant lowering of the process pressure) between process steps: decreased
process capital investment cost, decreased need for fresh hvdrogen gas, and

decreased process operating costs.

186331 All patents and patent applications, test procedures (such as ASTM
methods, UL methods, and the like), and other documents cited herein are fully
incorporated by reference to the extent such disclosure 1s not inconsistent with this

disclosure and for all jurisdictions in which such incorporation is permitted.



met hods, UL nethods, and the |ike), and other docunments cited herein are
fully incorporated by reference to the extent such disclosure is not

i nconsi stwot20vmbe2ohi s di scl osure and for all jurisdictipOmasseei2mbizeh such
incorporation is permtted. WD 2012/142220- 14 -PCT/ US2012/ 033217
100341When nunerical lower limts and nunerical upper limts are listed
herein, ranges fromany lower |imt to any upper limt are contenpl ated.
VWil e the i tradi e di [ ULe : n Crisbed
W th par i £ R e T A G BB B T o
Wil be appas@ntade@s dnthcar bevdraaditly smdepdey 11ihnsee Shhldmgflaied. t higvirs t

W thout departing fromthe spirit and scope of the disclosure. Accordingly,
it is not that dhoedtvhatmibediscope obf thehalistiaturs appenteth hdrsetibedewhibm t ed
to the exanpl.es and descriptions set forth herein hut rather that the

cl ai ms be RESHSH i 55“%%%&%??%‘3%“%&% HériOkat ¢Es 18P ~%§%§ﬁ%b\wﬁf R%?vel ty
whi ch resi r t dissclosure, 4 ncl yding. al t-ur e i woul d
ohi oh ¢ eS8l PSRRI hae Rl by aS kg Pl SRR abyhorou] o
di scl osur rparthakpgit aﬁﬁ%c%@éf Qﬁ%i_@cibﬁﬁ'ebg&%()@&%&f}h bed ahoven il that gfcer ence
to numerous enbodi nents and specific exanples. ny variations wll suggest
t hensel vescbpe biiose chkink lapgended hestabt linmitéd ghtheoéxdrhelenbod eledetgiidred
description. Al such obvious variations are within the full intended scope
of the appshdedh dieaifsbut e ligy yooiapns Ps cpereS201r03BREANEIA MS: 1, A

conti NUOUS,.RLR&SS® pa{tgrrltagfeoig&%lltg'gw}li1%%%%si 3¢ 4 &(ﬂ:ﬁggmc&gglz)i&;grie?%ciuding all
features which would be treated as equivaleunts thereof by those skilled in the art
to which the disclosure pertains. The disclosure has been described above with
reference to numerous embodiments and specific examples. Many variations will
suggest themselves to those skilled in this art w light of the above detatled
description. All such obvious variations are within the full intended scope of the

appended claims.



a, passing a hydrocarbon feedstock to a first hydroprocessing zone and

hydr opr ocessi ng the feedstock under first hydroprocessing conditions to
forma fiwetotwydezzpr ocessed product, sajqd first hydropr @Cedseig/ozzme havi ng
a first hydroprocessing catal yst system tenperature and pressure; b.
passing the first hydroprocessed product to a stripping/separating zone;

c. stripping/separating of the first hydroprocessed product of dissolved
1-12S and NH3{@.forma liquid effluent and a sour gas, and subsequently
scr ubbi ng tHe=sour gas to renove H2S and NH3 to forma first gaseous

ef fluent; d, passing the liquid effluent fromthe

stripping/separating zone and at |east.a portion of the first gaseous

of fluent to & SSCORAMOYdrBRTSARE T EBn L s RaShy GkpF JERES S t he 11 qui d
ef fl uent under second hydroprocessing conditions to forma second
nyaroprocessed product as§ﬁ§qa, RRGBDALBXIELARIQGESS] NA FOBR GNBG A Recond
hydr opr ocessi ng cata f%t system tenperature and‘preséur ; " e. passing
t he second hydropriocessedepigdiet febdstack bide fhydhopopaassiing czodeicand
hydroprocessing the liquid effluent under third_ hydroprocessing conditions
to form a thirdoHoarepriotbsdegrgpresivcrrodyel sudHinthyapapestrgging zone

havi third hyd t al yst tem t t d ;
f. passing t he ENTIGH Ayt BRr dCESSed Groatet oro o SEpsrati g Cohe dha

separating the third hydroprocessed product into a second gaseous effl uent

and liquid products,; igeludiag rQne,QF, odel S8 St@GKSne/separating 9-
conpressing the seco%dﬁgﬁgg%us e%ﬁﬁugﬁ §n§*r§§$%??n8 gt eg§fc dnSgp?ion of
t he conpressed meeond gaseous effluent back to one or nore of the first
hydr opr ocessi ng zone, the stripping/separating zone, the second

hydr opr ocessi ng zone, or the third hydroprocessing zone, wherein the
process pressure is ‘higHpsieaepeméngrtithnfesttlydromoresssd PRY@ICépf ocessi ng

. and with the, proviso that no.liquids. ists_betwe
ST bpi gt separditin SHes dandTn D bR SRELE g TbRene

subsequently scrubbing the sour gas to remove H,S and NH; toforma

first gaseous effiuent;

d. passing the liquid effluent from the stripping/separating zone and
at least a portion of the first gaseous effluent to a second hydroprocessing
zone and hydroprocessing the liquid effiuent under second hydroprocessing
conditions to form a second hydroprocessed product, said second
hydroprocessing zone having a second hydroprocessing catalyst system,

temperature and pressure;

e. passing the second hydroprocessed product to a third
hydroprocessing zone and hydroprocessing the hquid effluent under third
hydroprocessing conditions to form a third hydroprocessed product, said
third hydroprocessing zone having a third hydroprocessing catalyst system,

temperatur&: and Pressure,

{. passing the third hydroprocessed product to a separating zone and
separating the third hydroprocessed product into a second gaseous effluent

and liquid products, including one or more lube base stocks;



2. The continuous process of claim1, wherein the hydrocarbon feed is
chosen from at nospheric gas oils, vacuumgas oils, coker gas oils,

hydr ocr acketer/14e2hf i nat es, extracts, _h%y_drotreat ed oi | #CTAtSP@IOBRMT c and
vacuum resi ds, deasphalted oils, dewaxed oils, slack waxes, petrolatum

Fi scher-Tropsch waxes and m xtures thereof 3. The continuous process of
claiml, wherein the first h.ydroprocessing zone is a hydrocracker or a

hydrotreater. 4. The 5@9%%?5‘@%3}‘?E%%f‘?%&%?%%?m‘l“’ aﬁ&*fe%b@iﬁfg%&gtc}g%%ia{lg at

| east one heat exchatiger oprocessing z he
stri ppi ng/ separgliing of BieeompPresIdiPsceond iALQuS oPfioseImcRo ehaioMoreWer ei n
the stripping/separating zone includes a pressure stripper and a flash
separator. 6. tFhéirsidntiroprousssproeess tof stopging/depanhiepeionet e second
stripping/separating zone includes a pressure stripper foll owed by an am ne
scrubber fol | oviB@ B OSCHRBFORR SR thsolierd ydroprprasienePiious process of
claim6, wherein the am ne scrubber uses an am ne solution to renove

hydrogen sul fide fr t.h UL 0AS o Sy s ont L DURUS. . pr.ocess afe-cl aim 6,
wherein the water vvaqg]]ﬁwf“ %\A@?%g%%v%%‘%grm{% hﬁ%&/gyg}lﬁ%&‘ﬁw ?tgtrlﬁ‘“tfﬁgé’{ sour
gas. hydroprocessing zone, and with the proviso that no liquids pump exists

between stripping/separating zone and the second hydroprocessing zone.

2. The continuous process of claim 1, wherein the hydrocarbon feed 1s chosen
from atmospheric gas oils, vacuum gas oils, coker gas oils, hydrocrackates,
raffinates, extracts, hydrotreated oils, atmospheric and vacuum resids, deasphalied
oils, dewaxed oils, slack waxes, petrolatum, Fischer-Tropsch waxes and mixtures

thereot.

3. The contivuous process of claim 1, wherein the first hydroprocessing zone

is a hydrocracker or a hydrotreater.

4. The continuous process of claim 1, further including at least one heat
exchanger between the first hydroprocessing zone and the stripping/separating

EAGIIVR

3. The continuous process of claim 1, wherein the stripping/separating zoue

mcludes a pressure siripper and a flash separator.

6. The continuous process of claim 1, wherein the stripping/separating zone
meludes a pressure stripper followed by an amine scrubber followed by a water

wash tower.

7. The continuous process of claim 6, wherein the amine scrubber uses an

armne solution to remove hydrogen sulfide from the sour gas.



9. The continuous process of claim5 or 6, wherein the pressure stripper
uses at least a portion of the conpressed second gaseous effluent for
stri ppi ngwo 2002/14742¢ conti nuous process_pf_ claim1, furtrer/usaeosing at
| east one heat exchanger between the stripping/separating zone and the
second hydroprocessing zone. 11. The conti nuous process of claim1,
wherei n the second hydroprocessing zone is a hydrodewaxer or a

hydrocracker. 7 c&ﬁ&u%%g%&iéggé{? PhLARTS %vi{%freiﬁ'tﬂ% %}eajféll willel gl Lhe second

hydr opr ocessi ng zone uses a portion of coﬁpressed second

gaseous efihient remdd anthRneoOnbimgeusuprecess of claim 1, wherein the third
hydr opr ocessi ng zone is a hydrofinisher or a hydrodewaxer. 14. The

continuous process of claim 13, wherein the hydrofini sher uses at |east a

portion ofgt he.’ﬂ%%lﬁﬁﬁi%ﬂ% ??&%Q 0BRSS, &L T 1eRty thﬁéﬂgessﬂﬁeﬂgﬁgg Q%gus

process of claim1, furt I'ncluding at 1€ast one t exc et ween

t he secondiiiydr opoeGesst Ng aonecanrd Jbend biedubydhapn 0seasibpiigzone.  16.
The continuous process of claim1l, further including at |east one heat
exchanger between the third hydroprocessing zone and the separating zone.

17. The copfi nupsRBES8S pRiceSd B Blalm WIGHEINnENGIRERAEALIRY 1zgne i ncl udes
a. flash separator.
exchanger between the siripping/separating zone and the second hydroprocessing

ZoNne.

11, The continuous process of claim 1, wherein the second hyvdroprocessing

zone is a hydrodewaxer or a hydrocracker.

12, The continuous process of claim 11, wherein the second hydroprocessing

zone uses at least a portion of the compressed second gaseous effluent.

13.  The continuous process of claim 1, wherein the third hydroprocessing zone

1s a hydrofinisher or a hydrodewaxer,

14.  The continuous process of claim 13, wherein the hydrofinisher uses at least

a portion of the compressed second gaseous effluent.

15, The continuous process of claim 1, further including at least one heat
exchanger between the second hydroprocessing zone and the third

hydroprocessing zone.

16, The continuous process of claim 1, further meluding at least one heat

exchanger between the third hydroprocessing zoune and the separating zone.

17.  The continuous process of claim 1, wherein the separating zone includes a

flash separator.



18. The continuous process of claim1, further including purging at |east a
portion of the second gaseous effluent fromthe process, 19. The

cont i nuowsopoesxroof claim 1, wherein {he |ube base st @®Cit/tsgo1ciaxen from
Goup |I. Goup 11 and Goup H. 20. The continuous process of claim1,
wherein the first hydroprocessing zone catal yst systemis chosen from
Ni / Mo, Col Mo, Ni/Wand conbi nations thereof. 21. The continuous process of

ol ecul ar o evel e ERED R BB e R A i YT "Sapo 11
SAPO 41 angh:aenbi na ie@ﬂﬁdfgﬁ%@@fefﬂu&%-fréﬁh&h@Pfﬁde@yous process of claim 1,

wherein the third hydro processing zone catalyst systemis chosen from
Ni /Mo, Ni/Wor Pd and/or Pt, MCM 41, MCM 48, MCM 50 and conbi nations

thereof. 19 The continuous process of claim 1, wherein the lube base stock is chosen

Q

from Group 1, Group U and Group HIL

20.  The continuous process of claim 1, wherein the first hydroprocessing zone

catalyst system is chosen from Ni/Mo, Co/Mo, NY/W and combinations thereof.

21, The continuous process of claim 1, wherein the second hydroprocessing
zone catalyst system mcludes a molecular sieve chosen from ZSM-5, ZSM-22,

Z8M-23, ZSM-35, Z5M-48, SAPO-11, SAPO-41 and combinations thereof.

22, The continuous process of claim 1, wherein the third hydroprocessing zone
catalyst system is chosen from Ni/Mo, Nv/W or Pd and/or Pt, MCM-41, MUM-48,

MOCM-50 and combinations thereof,



