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nmul ti-stage process for hydroprocessing 6 vacuum gas
oils and other feeds. In addition to gases and m ddl e
distillates, 7 this process can produce unconverted
oi | RROCESSFOR THEIRROBUGT4ONQF Ib’d@él QUALIBY BASE QS
white oils, Goup |l I | oils, and | ow BMCl (Bureau of
M nes Correlation 9 Index) ethylene plant feed. 10
11 BACKGROUND OF THHELEMENTIHENINVENTIOMNuUi t abl e base
stocks for Goup Il oils.have traditionally been
produced in a 14 variety of ways. U S. Pat. No.

6;ThRGnvchtioh 44 8iBdted € 8 PhiAS8Rge MOESRIEr hdropiieessing
hydr of i ni shi ng and hydrocracki ng feeds containin

suawm 8a8 Ofts 8Re¢ gther fepdes Ip@éd@@@ tp gaeessang piddg; %tsakwtés
g{ls be%ek%c Rﬁf @E'u‘ﬁ@omer@d%‘l%ﬁlcﬁ |§ s@idole 1%?’@3&“%%%%% oil

conprising a platinum pall'adi um
afdealyfor whéapllsg;@@upll& oil4,%nd. 18w BM@[ (Bureas pOMIgeB1Qorrelation

( cl oses a process for the preparation
2%‘%() ?ﬁ%@”&ﬂ'af@%%@t ocks suitable for Group Il oils.
A lube oil feedstock is 21 subjected to solvent
extraction and soI vent de\/\/aX| n a two-step 22
hydr oconver si on B8{dt@ROUNRQ ; AN by

hydr of i ni shi ng and devvam ng 23 steps 24 25 U. S.

Pat. No. 5,580,442 (Kwon et al. n?l oys recycle of
uﬁ@dalvlerbtaeel stsioks for @@per @d&b@vehtrg% igoeilyi hkaen prpduertsie a

d
hy ér;;etyr Lwa 28 DU#L&% Q gﬁé?@fﬁéihgﬁl Q8 & pfdcdsR8sr
hyugldmﬁmabilngdana!ﬂﬂ/dmcgjhd:klngl&eldyd:ootsarﬂbg) aslfuranoingtregiérhto
A8 peR sBiars sutadh fory a8 GrsnrmBRL o APl o apigynite

uené AMBERYSt 2bnipeikingQ SlativahipafadiomPiREgus epl eUhe
vacuumdistillation unit is recycled to the

hydr ocr acker. :
U.S. Pat. No. 6,099,719 (Cody et al.) discloses a process for the preparation

of lube oil basestocks suitable for Group Il oils. A lube oil feedstock is
subjected to solvent extraction and solvent dewaxing prior to a two-step
hydroconversion process, which is followed by hydrofinishing and dewaxing

steps.

U.S. Pat. No. 5,580,442 (Kwon et al.) employs recycle of unconverted oil to
produce high quality lube base oil. VGO is produced by vacuum distillation,
then hydrotreated. The hydrotreated VGO is then hydrocracked and light
hydrocarbons, along with light oil products, are removed. A portion of the
unconverted oil is fed to a second vacuum distillation unit. Material not
converted to products in the vacuum distillation unit is recycled to the

hydrocracker.



32 -1 WD 2004/ 039919 PCT/ US2003/ 031869 | Anot her
approach to obtaining Goup Ill basestocks involves

wowrw4agge 2 hydroprocessing, in which the effPaems2003/031869

O 0 N O O A W N =

N G G (Y
0 N o ot b W N -~ O

19
20
21
22
23
24
25
26
27
28
29
30
31
32

froma first stage operated at |low 3 pressure is m xed
wi th second stage effluent. The resultant m xture is
sent to 4 the fractionation section for product

r fowikenapprodanio mbéaiging é3roQp e hasestdakednvdves meastafe om

v ken aor feed

oA P Phiop ST kR B 5 5t thde BBy at tow
provelssuiré nmixed e*gfhyéaned Gtapke mg?nt Tihe rlqsuatairit ynitlire lé sent to
t s uncon erted.oi] is not suffici nt t
t Uhs EFScpRYER s8Fug fos pinliohrasauery o plks Sl Gifes Safiped
f a@dal frdrhSUhEsHetbd Mnlﬂ@fak@ﬁ %rer*eéa *t@fhel mt.%am units

et hyl ene pl ant feed. Y OF THE | NTI ON

145U ahGroup léld?ﬁslegnlrmpduﬁtloaforﬁmenmvreﬁkm@h le] gualidyaf
t h
sl toBFRARA ol 856 batmBelyhidhruitidbefirtigribodtihg to be
opsedtasdsaup il ghse bb ferdesdowd meal bhidirescoortkelatiaymdes
ogeglaﬁt ed at Iovver pressure. The feed to 16 the

espiag 9 high quality unconverted oil, and may

be used as feed for 17 Group I1l base oil production,
et hyl ene plant feed, white oi roduction, etc. 18 19
The invention is SIHYMARY QFhW WVENGION 1. A net hod
for hydroprocessi ng a hydrocarbon feedstock which

produces 22 a stream of unconverted oil of sufficient
qualthe gorffiguraiioe cshia investionithe fessdo thg skoend $fage is a mixture

P et b3 O 5 BUR wisbn Blel i tisSirdt ssfigo A hdriaiinign
r gaedsucd and tﬂﬁs?mﬁhiosx@e iséz?)gsa;;e@ IaEancw@mreesdggnghe feed to
I BeS s iads i 0t BUalY sBkSR e Rl 810 b Bonend g fheg for

2%%93% bé&eoﬁméﬁ!fd@@f &¢I &% BlaREreBaVivAle BN BréfuciBh Stc.
9 cont ai ni ng hydr oprocessi ng catal yst, the

hydr opr ocessi ng zone

The invention is summarized below:

1. A method for hydroprocessing a hydrocarbon feedstock which produces
a stream of unconverted oil of sufficient quality for use as a base oil feed
for the production of Group Ill oils, white oils, and low BMCI ethylene
plant feed, said method employing multiple reaction zones within a

single reaction loop, comprising the following steps:

(a) passing a hydrocarbonaceous feedstock to a first hydroprocessing
zone, the hydroprocessing zone having one or more beds
containing hydroprocessing catalyst, the hydroprocessing zone
being maintained at hydroprocessing conditions, including a
pressure in the range from 1200 to 2500 psig, wherein the

feedstock is contacted with catalyst and hydrogen;



30 bei ng mai ntai ned at hydroprocessi ng conditions,
including a 31 pressure in the range from 1200 to 2500

wo0@/oswherein the 32 feedstock is contacted RCTHS2003/031869
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catal yst and hydrogen; -2 WD 2004/ 039919
PCT/ US2003/ 031869 | (b) passing the effluent of step

(a) dijectly to a hot high pressure 2 stripper,
wher ei {%) t 1988%99 theepiflupat Q,fcsmmea) difeoiivt to axholyhlglogeasstireh

3 strippi Sirpas v@ﬁér?@ciﬁé%ﬁlﬁnyg%htﬁ%fﬁgg%lq%%%%nnﬁch

hydr ogen, droca onaceous compoun 1°’ng
t enper at uﬁb‘lﬂﬁmgﬁﬁ& ieprogudeoa vaper stmgeccorhptmag hydrogen,

hydr ocar b?] g:,%%g ntagg 2?%%%%’% *ngﬂ?@tgmperaethre below the

amoni a, a

hydr ocar bbnmngmamge:@ﬁ’the mdmcamdneegouﬂeéa%@w KR &doh
hydr ocar bonaceous f'eedst ock

the sane e of salg
al ong wit ﬁu@dﬁo%?mﬂ'ao@n & Rl siresa comREsiBeuS
conpounds h?&bbéfb@nbﬁeé&%ﬁhﬁ&ﬂds%‘il%ﬁ?? é%&)ﬁﬂ@@iy tht same

(c) passing the overhead vapor strea
hydr ogen &NdepPfaaicbhydrecarspeaceony feedstodk aleng withah poron of

Bna 1 gnt Ty DU AR Res g AL EETe o boliRS

over head Barcgea liquid stream conprl si ng napht ha,

m ddl e distillates 15 and unconverted oil is passed

to fractionation, thereby renoving 16 nost of the
anmoni(@ apdssoyrtheodverheachyapoogenasiftdr diee hadrode@n stripper of

amoni um by - ide int sour water stream as i

I eavelsut hgfegg(%{o' Eigr S:t1 P&'ﬂ%%@%ﬁ?@eﬁﬁarﬁ9bw er 81@/0@899“
conbi ni nghymegém guifide Siht gigm Pﬁjo‘?&a*rb@néﬁé@b@@%@eé;blcé i%?ﬁdved
of step (b 20 with a gjp;tlon of the unconverted oil

of the fra&¥NEAABNER IGHishsteram sowpEging spphing, puddle wistillates
the comnbi Qﬁ&'uﬁ&érﬁéﬁ%ﬁ%ll% PQQse‘Eifto%%cﬂ QLRI ﬂ’feﬁéﬂ %gnoving

catalyst in a second reactor zone ere| f
liquid i sW@@h‘@feifbﬁ@dﬂmﬁméranldmnmfdbebiydrmeocamﬁldel (ams

incer 3" pALEET AN B8 AR REREGH et L JE5500R0 o

psi g; 26 kigh-pessiragepdvataryer head from the coI d high
pressure separator of 27 step (d) to an am ne
absor ber, where hydrogen sulfide is renoved

(d) combining the liquid stream from the hydrogen stripper of step (b)

with a portion of the unconverted oil of the fractionation step of
step (¢) and passing the combined stream to a bed of
hydroprocessing catalyst in a second reactor zone, wherein the
liquid is contacted under hydroprocessing conditions with the
catalyst, in the presence of hydrogen, and under a pressure in the
range from 1500 to 2500 psig;

(e) passing the overhead from the cold high pressure separator of
step (d) to an amine absorber, where hydrogen sulfide is removed
before hydrogen is compressed and recycled to hydroprocessing

vessels within the loop;
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ef fluent of step (d), after cooling, to a second cold
high 2 pressure separator where hydrogen, hydrogen
sulfide and |ight 3 hydrocarbonaceous ases are ]
renovéb o@@ﬁﬁ‘@ﬁdh%ﬁﬁluﬁnﬂ ofgtrri(d), aftar é@ﬁig iR rip ei ssicagd cold high

napht ha, rp{gggu?e Qeﬁérb{c}r%\}h‘:éﬁeer oHé‘r‘f ?fﬁ)ﬁ‘?c% sﬂldeoeﬁq h@t

passed to fractionation nmost
armoni a  Gydrmgagmmacesus sl \eote mqenv&ijbverdeacﬂ aad a liquid

ammoni um e.i.n th stream as it
oavos. t naredMariint iativnd, A8l USRI elba o
(g) passi ﬁEgpéd“%d\»tam@bh@ieﬁ@amhfeFéW rehRvird thoaf éfehe ammoma
further cool.| ng’l and 10 separation of condensate

the recyclPBdgR %V&P%@éﬁmﬂﬁn éHWﬂPé@%émmquUWB"SHE@@'%H’e
the conpr %éﬁle\ﬁa@‘ dfre8@hd it REVE e ﬁ%&éﬁﬁ %o%?ﬁ%h %feisure

conpressor to the primary reactor

passi ng atSGP@@éQr)a portion of the unconverted oil from
the 15 fractionator of steps (c) and (f) to facilities
for the preparation of 16 Goup IlIl oil, white oil,

or BM®) etpﬁw@géhef epr sipamTeMTisten fsaftertiurtiareolionand

provi des Y% g 19
Cost s, _as “eoasitn & Ridnen RPETRh AR P-P HEiRbERC

hydr opr ocesmpn@ssac;hene. 20 21 BRI EF DESCRI PTI ON OF
THE FIGURE 22 23 The Figure illustrates a two-stage

hydr oprocessing unit adapted for use in the 24
i nst arflp) i paesing dre compressedhydrngempfrefrethablbyyabegass i n

the first e 25 h dro ckin referably
occurs in C?‘E@g%gégmﬂod h&tpé'&éa rj %1584/ 039919
PCT/ US2003/ 031869

(i) passing at least a portion of the unconverted oil from the

fractionator of steps (c) and (f) to facilities for the preparation of
Group I oil, white oil, or BMCI ethylene feed.

The instant invention provides reduced capital investment and operating

costs, as compared with the traditional two stage hydroprocessing scheme.

BRIEF DESCRIPTION OF THE FIGURE

The Figure illustrates a two-stage hydroprocessing unit adapted for use in the
instant invention. Hydrotreating preferably occurs in the first stage, while

hydrocracking preferably occurs in the second stage.



| DETAI LED DESCRI PTI ON OF THE I NVENTION 2 3
Description of the Preferred Enbodinent 4 5 A

woydacsnpon feed (stream 1) preferably conpri BCHESY®@s/031869

© 0 N O 01 AW N~

W W W W N N DN DN DN DNDDNNDD =2 2 A A a a aAa a
W N 2 O O 00 N O T hEW N 2O © 00N ORI W NN o

oil in conmbination 6 with nitrogen (although other
hydrocarbon feeds containing nitrogen may be 7

enpl oyed) is_combined with h and
heated i n heRETAIlSL RELRIPTIONHIF 5k HEW passed,
t hrough stream 6, to exchanger 4. 9 Stream 7 exits
the heat exchanger and passes to furnace 8 for further

enters t he flrstfstage hydroprocessor in which 13
the streamis contacted with hydrotreating catalyst in

omehyairotm’ben Hests strbén’i'ly)quewa&blyrwmlpﬁsrﬂg'@ja@yﬁldn a@8mdihation
as i tra streans 15 11 and

'3&“ 3%%1“?4?&999@93@@ hhJr@esy aée dspontpipinggiiirogeiemay e
RPiLEoABMed ]c/ﬁthpr%fdrd)g'ﬁnI StreaMVBIdrRchd 4 Pin heat17

pro ucts Stream 13, the hydr ogr ocessor effluent,
c G¥phangss 3. @m@dpﬂh%@sn%ﬁ waob etreandd doiaxtharger 4.

ot oenhE ks HERPHEH ARl ano pBedfy ARERY BYRIRRS"

slhegtind.y cool ed i n heat exchanger 4, by heat exchange
wWth 21 stream 6, the feed to the first stage
hydr opr ocessor. The cool ed stream now 22 stream 14,

P&IERM b@xhé gt RFREBWR &itéisRRE frrsl—%tade Mrépr@f:eéé@ﬁ in which
make-up 23 hydrogen (stream 2) is used

sthe ﬁfﬁ%ﬁﬂﬁ lﬁrﬁ@ntactedzrﬂ dr@trﬁnimgﬁ@taly&t@ nng nr mOéebade
StH d n @%téﬁﬂW%Gas éﬁ rrtftérrb%[i @%ﬂbﬁ,%s@fnﬁﬁ%@ﬁ? stré8ms
and t alr’ cooler (no

st rea shown)
sHdvand ’b%f blr‘tbe rﬁlaﬁssrta@ mysﬂrom@cesﬁe)r dbk diltieerhispryelssiteated and

trea cont i nua
>§R SpafPtind WRLmBL S, SHeGT T afe b e P misns.
depopiriceo hgmfvanaht@d hydroderbend, distiflakaslisehedwh@fcond8rted oil,
31 In the co%d hlg ressure {aeparator 20, the cool ed
flalngtexgesc@gy PYEN, Bk Conspimed Ao thereacionsepar at ed i nt o

its hydrogen-rich vapor (stream 29), hydrocarbon

! IS(t]ruela(r]ln 13 is slightly cooled in heat exchanger 4, by heat exchange with
stream 6, the feed to the first stage hydroprocessor. The cooled stream, now
stream 14, passes to high pressure stripper 15. A part of the make-up

hydrogen (stream 2) is used as the stripping media.

Vapor from the high pressure stripper 15 (stream 26) is first cooled by process
streams (not shown) and then by an air cooler (not shown) before passing to
the cold high pressure separator 20. Wash water (stream 27) is continually
injected upstream of the air cooler to prevent the deposition of salts in the air

cooler tubes.
In the cold high pressure separator 20, the cooled first stage effluent, line 49

is separated into its hydrogen-rich vapor (stream 29), hydrocarbon liquid
(stream 32), and water phases (stream 285 in the cold high pressure

-5~
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stream 28, which contains anmonium bisulfide, 2 is
sent to sour water stripping. The hydrocarbon |iquid
effluent of the cold 3 high pressure separator 20,

| iSRRaEPOr 26 ERBouTHRLRK %tfﬁ%rﬂQShWhtcb@@ﬂtmms amgnium pisulfide,
fiogeiihs S%PI ﬂgﬂ%%ﬂld\m@s S’H{eehﬁ(@@ér%r?ﬂ%&? Eui ae[n?@%@old

to create h 5-enters
Tihighpiessirer deparaor 2 rine S2hisatambinedi withhé hydrocarmion liguid

P e S04 R 18 S BE - R P amel 250 g i g8, which

s entard fmbﬂ@eatoe:a@t The H:@d rooaehistrebReis eaavaid @@tn@d into
irst sta nto products. Hyd

eﬂﬂrﬁrég EEQ?W{S&P&@%&U@ ﬁﬁmﬁ%ﬁw@mk@é@we@ asel 4§ and

amdttdds 47e second-stage reactor effluent, stream 23,
consists of light 12 vaporized hydrocarbons,
distillate oils, heavy unconverted oil, and excess 13

Thi.s. eff.l u
oA B RAEP S il BRI st
wiinth prréauigbs. oblgfd;mgen reatms aé Mtele)@mqu)enandwr’buglalsiryaméag 21

I ore asses
s@.f@%?n ﬂ*er?%%ﬁﬂgsrt%@fﬂ 'af‘aﬁ U?féP %Fréé 3 C@@ﬁlatsaqfdighéo
Thapbi Oédrﬁbﬂﬂ@%tlﬂ%r@@nﬁé}@» UrlceWSerted 81, hhd excess
knockout drum 40. Stream 41 exits the knockout drum 40

a41Ydiq9eR Mol gonRsitned B the seadtiono Tihikeelfluentatieaguis cooled by
CpRt @)?i:?%h ?exc‘ﬁ%ﬁéjgﬂeigct il :égﬁé@éssgk?re%ﬁlé ng\éﬁéﬁmpﬁ rﬁhﬁ\ally

recycle tothe strea
M&thraib@lc Deolet)(rmbﬂmm)skmfom |1spdi®egemmam;24 dattieel cold high

ek et R e e b BhePdiiehn Gled M Phndra ng

2Rnoeleyt Heurgds. tStatam 41 egits heatoaBotuRNGMO &5 §héd841 and
t he flrst or second stage 23 (streans 19, 21 and 22

f BPSTFRelOJBE 67eYC %‘Se‘iom%reéﬁﬁfbﬁ dieaiClercarrrenaRicad delivess
hywy ﬁ%gs @%“{8% actd? IRGFAErebhf4d | P%H oﬁr?egl%cyaéa or

f eed he 25 first-stage reactor feed gas
heampeesspr gisebeargs gesie eviedisf ibedirgemiagamiaagtor26 aenih

t hsﬁirefa'nﬁssﬁ 35893 % éonttr%?ﬁime %tho??en%eergﬁjre. ?’he remaining

recycle gas that is not used as quench in either the first or second stage
(streams 19, 21 and(22 for the second stage) is combined with the make-up
hydrogen (stream 2) to become the first-stage reactor feed gas. The
first-stage reactor feed gas is heated by process streams before combining

with the first-stage oil feed.

Feeds

A wide variety of hydrocarbon feeds may be used in the instant invention.
Typical feedstocks include any heavy or synthetic oil fraction or process
stream having a boiling point above 392°F (200°C). Such feedstocks include

vacuum gas oils, heavy atmospheric gas oil, delayed coker gas oil, visbreaker

-6-



30 A wide variety of hydrocarbon feeds may be used in
the instant invention. 31 Typical feedstocks include
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stream having a boiling point above 392F (200C). Such

feedstocks include 33 vacuumgas oils, heavy

at nospheri tl%as oi |, delayed coker gas oil, visbreaker
<)

- @20l ztsoagteliner ol rav Uy Oesidurs BdBgSpherigdesigun, deasphalted
d%TeF%Ehérzﬁ%gQ%aﬁtt oS et l#@%’s% msaM@ﬁ5é§base stock

resi dua, dea i'sC
angefubgs atfeedusteck tarthe ;ingd wmdired tdy psecess qréferably seitainsdessa

c iR 20T ot BB S0P BERTEEdaT Hhianriecosty

106daxpan gredtepgrin, abantshasittea Viss6§ig ihdlex bf gredest teén 85 and
gr eat er than abo;j .80, Wwith a viscosi ty index of

gleélﬁﬁélfeﬁ tReihag H0HeINg Brefsresd. gr eat er than 90 bei ng
preferred. 7 8 Lubricating oil base stocks that are
suitable for use in the present invention 9 also may
b é-ubdeatingr @bdsemivcksgbabaratsuésible det usminghe peasent Invention

I e fract
o Aoty B EENIRE IrBva Soib N diteaRich boBRK. B sopven .
beaatradmuh Ia}‘dmlllaaadfradt?n p@ame&alﬂ;e?i vatuUum @as oll ehich l@)u@hally
N- net rrollgon or n a sol vent
Ter Hoeh sy B iRt i oufate Witk Soviong such B N-riethy
FroRAHE GreFu K tifh aGblvent éﬁkéoﬂoﬁ%n@rmmﬁ@ ér@pﬁ@ymg a
raflnatels stripped of 14 sol vent, tE)(tlona

d@waﬂ@acuream exiipcion it |T>he|ﬁr@mg@$me@cra @atawrprs@rmedl@‘

PEBRURL ot doheARd, 431 QioeclIEnt PRRNGESThSEld Rilfrols

bm@dlﬂt ot=bdity and bolgr. e“ém@reobhanedcsrol\mma umllﬁﬁ%ycled
saturates, less than 20 or equal to 0.03 percent

sul fur, and with a viscosity index greater than or 21
equedudte 120, may be produced fromthis invention.
Test nmethods for 22 evaluating group category
properties including: saturates--ASTM D- 2007,

R e, SR B 0 S S
vios eaualtty Od¥3 péreett silfgh | withea wistosityadex Q@atmratlaam ed
qEzQHS 1(2%1%:%/ be' p%@&&%ﬂ%r%%m%ﬁr%n?r t ak nzweﬁlods for
evaluating group category properties including: saturates--ASTM D-2007;
viscosity index--ASTM D2270; sulfur--one of ASTM D-2622, ASTM D-4294,
ASTM D-4927, ASTM D-3120. The viscosity of the finished lube oil, when

measured at 100°C (212°F), is generally greater than 2 cSt.

A white oil base stock may also be prepared from this invention. A white oil is
defined herein as a mineral oil which may be safely used in food/food
packaging. It is a mixture of liquid hydrocarbons, essentially paraffinic and
naphthenic in nature obtained from petroleum. It is refined to meet the test
requirements of the United States Pharmacopeia (U.S.P.) XX (1980), at

page 532, for readily carbonizable substances. It also meets the test

requirements of U.S.P. XVII for sulfur compounds at page 400.

-7-
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packaging. It is a mxture of liquid hydrocarbons,
essentially paraffinic and 30 naphthenic in nature
obtai ned frompetroleum It is refined to neet the
t ésyhitg oil petliced i iiesPresentipsoegsisiraertsihe equirements of

reg%ﬂ?ﬁapﬁi erRh .87, 2PCEROT) 3078a)321 R39€ 17836208, or

carboni z e 'subst ances
t é’étCFEH 7693@20(Cén@hlta‘,erdb AprSi,P.998\éditicnp fordUSP @nd technical

o OB B R Pl R eietiphs LRGP 1 3904 Bition arp incorporated

prheseintbypefecass. neets the requirenments of 2 regul ation
21 CFR 172.878, 21 CFR 178.3620(a), 21 CFR
178.3620(b), or 3 21 CFR 178.3620(c), all refer to

AFE.TmpHasml@%ac%@' dri @B Iutﬁ@baéésﬁo@l’@ ?Eetd%(’cﬁé‘t' rﬁéii bé fg%%ﬂféd from

white oils, which regulations of
edhisimenger, huidhe pocaseaf this lhéerﬁm us;alspemiﬂdméqe roddction

| b hat
ool RS SRR obEe I8 roBSE paS pB0T AR F
P PZESE1 Q). Whﬁddlé‘&i%ﬂﬂét@‘Frabﬁor@ls%fMé&fa@'ha‘vlhgté}?aﬁaproximate
productlon 9 of mddle distillate fractions I ng

i oiling ramfg&omsrfatmubaso?si@ TO00F. £0lgasR15 33l%Cprefarably

' h : .
s el e GhiondrtR! PR B R risElhB 388 ingepoint
Atofbmér than vab° P@Aﬂéaéﬁb@@k Y543 %%Ha%ra%y%’vélr% of the
conmponents of the mddle distillate has a nornal

b&pmmgew@uq{tthe mifdle digtikaie das emaimebbelingwpoing gk lesa than
O\’S‘;’fl' %(Y]e Pédﬁ?‘ i {ﬂlsydlsgtﬁ mccf{‘ide%ft %Fes%f" ﬁé:tqgaoeﬂ}%qéqsfogene

the m 'dd I sti ate asanorrm boi
| &sdinghamge tactibDEF Th@H@rdSﬂhmorlj@tddél&)dﬂh@t pdihiaaage refers to
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S5uibe SRS b ths iR B ol P 10 ro
r ¢f21-871)hydr ocarbons boiling in the range from 250F

to 700F 19 (121-371C). 20 21 Gasoline and napht ha may
al so be produced in this invention. Gasoline or 22 '

n@a&bhﬁe BRE ﬁ@bi‘\tﬁa QJ Sisb Pet &?Jc%@gﬁ R :H\%rﬁBﬂF G2 or

or Coo-. Boil ranges of various t

f maphhhanmrmelt}ob@lseld then raangje hedow |4601’Fa(204é¢3b rog G o-Wi Bailing
ranges of various product fractions recovered in any particular refinery will
vary with such factprs as the characteristics of the crude oil source, local

refinery markets, and product prices.
Conditions

The first stage of the instant invention is directed to hydrotreating of
lubricating oil base stocks. The hydrogenation reaction takes place in the
presence of hydrogen, preferably at hydrogen pressures in the range of

between about 500 psig and 5000 psig, more preferably in the range of about
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stage of the instant invention is directed to
hydrotreating of 30 lubricating oil base stocks. The

hydr ogenation reaction takes place in the 31 presence
of1 29 irsigrferabopt 85¢4 peiogy Tae fwg radg Enther Rusksegenation catalyst
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standard cubic feet 5 (SCF) per barrel of liquid

hydr ocarbon feed, preferably in the range of from®6

akbmdroméw}ssirtg @buolilionsGre @@Enstal efar whishbeters eamapibrin this

barr droprocessing c ndit| raI
Hrhionto RupbPERB O R Rg: L REBuR R RRTE orne

hym&t@t‘erga;?ﬂeeﬁ’@r,@s depited freRigurg, ip @Gf)@lr@tkéatmg zone.

hydr ocracking. The 10 first stage reactor, as

depicted in Figure 1, is a hydrotreating zone. 11 12

t gr%&a hwgér@emﬁg ‘ébﬁ&itl@@é“ﬂbﬁuberésre'aﬁﬁéhifé%g?eréﬁ@@bf f8m

erature of from F- 950F (204C
prE0Rr-8003F EHBFCEB0FCY, @4@‘@%4650°F1860%Ea(843?ﬁ14§4‘§‘s)sur e

f 500 5000 ef b
| HEE3) BETstrahSe2 fiah BRLE dohiogisda 13, S My g abY
1;] r16r1101f5/09)ds@p r%gf@g?cg@:pgeferétﬁy lnHBY rén@gmﬁfémf 1300 {0. 23500q)slg$
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chitihfrieh R Bd<or T 4 FISTEEY S B baBEIogsN
| 'c%Hélﬁ*n ?EQ%m 480 e 88F et parB| $igiRI hRFSarbon

taI
feed (89 1-445m Ho/m® feed).

Catalyst

Each hydroprocessing zone may contain only one catalyst, or several

catalysts in combination.

Hydrotreating catalyst usually is designed to remove sulfur and nitrogen and
provide a degree of aromatic saturation. [t will typically be a composite of a
Group VI metal or compound thereof, and a Group VIl metal or compound
thereof supported on a porous refractory base such as alumina. Examp}les of
hydrotreating catalysts are alumina supported cobalt-molybdenum, nickel
sulfide, nickel-tungsten, cobalt-tungsten and nickel-molybdenum. Typically,

such hydrotreating catalysts are presulfided.
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remove sul fur and nitrogen and 26 provide a degree of
aromatic saturation. It will typically be a conposite
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catal yst generally c ﬁgrlses a cracki ng conpagnent, a
he@nstrdh atlica ﬁ’r@WBﬁe e hydepognationermpanrH %pa%f@p \
ar, I C

roltE i, SR D1tk ABtal Sr Bliies ThERAACH LRt ARIREY ons or
armkbrerof aronemronmmsmolybelsman Mungsgienoeohady oy pickelt er the

B4 aRAeoEProtl prebb g eRalit i hlllogFiGR”

S idoponentsajamesraily. mdlkeu b e rogiena oty alsogid0enby Weidht bethe

a Gaou , g oup VIl, or Gou or )
ﬁa&*?gléépoxl'%magwé&s”&\%%?ls W@MG‘%}'“&JH@@W allagun,
Ofmé)f 9@ préé'éhpﬁé 8 hywég&%eﬁ rébrrlpesﬂsﬁtt él’ﬂherceﬂ&?é br inor
nickel, or the 9 sulfides or oxides thereof _
prC@gdqfnation wnﬂbth@éxaéaygetal hysegensjian sgEmeNEDls i mm chromium

I r t

3R BE AL IEREHE), Lol Pk RPYERP ST Btk
ncvbdatelsmmtl gknerally petieald fyoml@buh@xn?/atmdabnutﬁ% baeieight of the

ﬁﬁytbe present as the hydrogenation conponent,

al one or in 13 conbination with the base netal

hydrogenatlon conmponents iron, chromum 14

ybdenum tungsten cobalt, or nickel. |f present,
t H%atﬁ‘b'ﬁttsieﬁﬁmpﬁr*%ﬁﬁ ated hﬁpm@swﬁed@aﬁ@mwt ﬁﬁ%ﬂ%o“s
fromabout 0.1 %to about 2% by weight of the 16
catalyst. 17 18 Catal yst selection is dictated by
process needs and product specifications. -10
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WD 2004/ 039919 PCT/ US2003/ 031869 1 WHAT | S CLAI MED
IS: 2 3 1. Anethod for hydroprocessing a hydrocarbon
woOeedgoak whi ch produces 4 a stream of unconyeriuse03/031869
oil of sufficient quality for use as a base oil feed
5 for the production of Goup Ill oils, white oils and
w BMCl ethylene 6 plant feed, said nethod enpl oying
1 rruWﬁ&T'@@leéﬁ\f'EBd Szones within a 7 single reaction
o loop, conprising the follow ng steps: 8 9 (a) passing
a hydrocarbonaceous feedstock to a first
3 hytir opk oettsxi foy hyd©®pranessing leehyyareobor tesistang vedee produces

haV|n ne or 1 t.ai ni ng..hydr oprocessin

4 oo RS [taREd shor SIREBRLO S YR RE A feea
5 mai nt gonige prbditidh@IGIeEs i 6its, Wptdidils @Rg. low BMOXétRYeRe

13 pressure in the range from 500 to 5000 psi g,

6 wher eiRiAntAged. s@ifsmeihod emplpying saltiRle serGtoNzopgs Avithin a
and h ent of step

/ (a) d%ﬁi@g@ Cttléﬁéoﬁﬁ Cgﬁ%rlﬁlﬂgﬁgggﬂﬁr)@%gig}gé#rl pper,

8 wherein the effluent is contacted with a hydrogen-rich

18 st r,Lppi C r.ea
9 yar odeh PReoHda bEREE R EEs Ry RBRssTiE AFNRlod Ebsing
10 t enper at uzenbgthewythsrocd3sivgidonehavimgasnbdr b beds
hydrocarbonaceous f edst ock, hydro eE 21 sul fide,
11 ammoni a, &RA aéf”%w PRrQSEsRRgC @%’? ¢ hydreprocessing zone
hydr ocar bepaeeHmtA & BH:
12 t he same %%3 range g(%ﬂpggwoﬁgi;oé%gﬂhaceoiﬂﬁ ock
13 al ong wi t Pressyse th tba remnge fzqmﬁ@@ ta 08 dasich avheseio tlse feedstock
compounds t I g 25 range; 26
14 27 (c) paé%?#téggd it J]Eﬁalg%%% ha}a%séérngam fromthe
15 hydr ogen strlpper of 28 step (b) to a first cold high

16 Bt 1 (Bt PRyAPacS: oianCer e Bleaior R aGH pitpetre™

17 over head afippar |ilerem tﬁéeﬁm@h@@m@htﬁwwnaehm%gen rich

mddle distillates 31 and unconverted oil is passed
18 to fracti SHIPINGHYAS ieeiredyce 2 MaRergream comprising hydrogen,
19 hydrocarbonaceous compounds boiling at a temperature below the
20 boiling range of the hydrocarbonaceous feedstock, hydrogen
21 sulfide, ammonia, and a bottoms stream comprising
22 hydrocarbonaceous compounds boiling in approximately the same
23 range of said hydrocarbonaceous feedstock along with a portion of
24 the hydrocarbonaceous compounds boiling in the diesel boiling
25 range;
26
27 (c) passing the overhead vapor stream from the hydrogen stripper of
28 step (b) to a first cold high pressure separator where hydrogen,
29 hydrogen sulfide and light hydrocarbonaceous gases are removed
30 overhead and a liquid stream comprising naphtha, middle distillates
31 and unconverted oil is passed to fractionation, thereby removing
32 most of the ammonia and some of the hydrogen sulfide (as
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| eaves the cold 2 high-pressure separator); 3 4 (d)
combining the liquid streamfromthe hydrogen stripper
of step (b) 5 with a portion of the unconverted oi

of the fragmanamikisubidein Be ®uswaiersiieaands aeaiasghe cold
t he conbi ﬂﬁgﬁggﬁ@(fgp (ﬁ}gd of 7 hydr op_roceSS| ng
[ ea

cat al yst secon r zone, wherein the 8
liquid is contacted under hydroprocessing condi tions

tndier (& pPoGBlid Tie ik S8 RGENE: wifrag Fbapbg S ()

psig; 11 wih e(@am@@@smgmcbﬁv@w&iewtrferfaaetrohgn@robt@p of
hi gh pressure separator of 13 step an am ne

absor ber, Stﬂﬁ’e(ﬁéaﬂ@ﬂﬁ%ﬁ'&]tr@lﬂoﬁ“@%eql §tr‘?@ﬁ69é‘d)ed10f bef or e
hydrogen h?dx%?ﬁ%;?‘%éﬁg%a?ﬂ%t fr?%lé%li&% Feiéc@f%ﬂ@ﬁﬁﬁﬁ%ﬁi e

15 vessel s™wi passi ng t
ef f | uent quldtl@por(ta¢teda1mdelr hwhso;bnong:;‘SIm@candm@mwltlmmaj

ul'ti de. aNAEIRGHE REPRyaD et Bt 50 Rer i8R inthe
removed ovaidecesn®id ta 5000ubgig;20 st ream conpri si ng

naphtha, mddle distillates and unconverted oil 21 is
passed to fractionation, thereby renoving nost of the

ammnl %gsﬁﬂg tl‘_?é’@%rﬁéad femhng E@@%gﬁ?@s’sgﬁé §&arator of
anm)nl um i-sulffide in the 23 sour Wwater streamas it

| eaves t héteﬁe(d@tma@gmmawmrewareehmog@paulﬁﬂ@rS) removed

25 26 (9) pBiiRs kbR 1 aRAkeSLCF A ARG B Gfdord{dsking

further co aration o con
t he recych/essmswﬁhldrtbgmmp% conpr essor; 29

(f) passing the effluent of step (d), after cooling, to a second cold high
pressure separator where hydrogen, hydrogen sulfide and light
hydrocarbonaceous gases are removed overhead and a liquid-
stream comprising naphtha, middle distillates and unconverted oil
is passed to fractionation, thereby removing most of the ammonia
and some of the hydrogen sulfide (as ammonium bi-sulfide in the
sour water stream as it leaves the second cold high-pressure

separator);
(9) passing the vapor stream from step (f) after further cooling and
separation of condensate, to the recycle gas hydrogen

COMpressor;

(h) passing the compressed hydrogen from the recycle gas hydrogen

compressor to the primary reactor loop; and
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30 (h) passing the conpressed hydrogen fromthe
recycle gas hydrogen 31 conpressor to the primry

woeemioayoih oop; and 32 -12 WO 2004/ 039919 PCT/US2003/031869
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PCT/ US2003/ 031869 | (i) passing at |least a portion of
the unconverted oil fromthe 2 fractionator of steps
(c) and (f) to facilities for the preparation of 3
Group (D11 pessing whleast @ ppriioprof Bxguneanygried il freguthes 5

2. Th | ai - ko . .
oceur 2 Pg?rt%ﬁtgéqaﬁérsﬁ s?%d%@:a?fag @@e@é{“ﬂégiogtﬁég ghé&)@agat.lon of
hydr ocr aciGrogp dteilvehiteroil; beBbEH @tityler® fepdr opr ocessi ng

zone. 8 9 3.' The process of claim1l, wherein the
hydr opr ocessing conditions of 10 claim 1, step (a),

CQTPr iITHe éﬂoé@ﬁ;cdfi(ﬂHTmFﬁﬁmﬁ/hﬁihu{y@rcﬁfed‘tihﬁ BcdQdFn Fpdfirst 11
(204C-510C), a reaction pressure _in the range from
1200 thydepnecessing, zong angdmydrevacking aecura iyidersesand. 1

to 15§ Hgokr‘é‘\é‘%\é%"g Zgjgg_ohydr ogen 13 consunption in the

range fr scf per barrel of liquid 14
hydr ocarbon feed (89.1-445 n8 H2/nB feed). 15 16 4.

o AR B O SIS ko aR B gOA
conpr ickmal , sePEN) Adomfistiseh FRRtiGRRISHdrERIR ol Bo®{Uo-BIHF
(343C-454C), reaction pressure in the range from 1200

19 t o (20 -p0°§)am reaetion presshite indhe eangeofiom. 1280tto 2208 psig,

hr 1, n. 2 0 ti i the.ran from

000t gR3dEY i‘i?‘%SfSPg%ﬁPﬁ‘eﬁE@ﬁhﬁﬂ#ﬂ%f”ﬁy@% Pbon

f Ieed (csasmmﬁgw@ im&hwér:]gb frerad00 132500 sbf p%r’rharwl of ﬁ}qiﬂd of
claim1, rein t ydropf ocessi ng condi ti ons of 24
cl ai mhi'fjr%@g??”(%?g?g%ﬁﬁ%ﬁéﬁ 132/%3%? on tenperature of

from 400F- 950F 25 (204C-510C), a reaction pressure in

the range from 500 to 5000 psi g?\, 26 an LHSV in the

r #nge ThedPeess afelaim whergioivg hydiparaepasiog eanditions of

consunps: ,

bar elrgp%r#woi;? iSEéLh %rﬂ,epréi%?zﬂﬁy EoRBHS0Y thRperiteSf thdfinge from
650°F-850°F (343°C-454°C), reaction pressure in the range from 1200
to 2500 psig an LHSV in the range from 0.25 to 2.5 hr”', and hydrogen
consumption in the range from 500 to 2500 scf per barrel of liquid

hydrocarbon feed (89.1-445 m® Ho/m® feed.

5.  The process of claim 1, wherein the hydroprocessing conditions of
claim 1, step (d), comprise a reaction temperature of from 400°F-950°F
(204°C-510°C), a reaction pressure in the range from 500 to 5000 psig),
an LHSV in the range from 0.1 to 15 hr" (v/v), and hydrogen
consumption in the range from 500 to 2500 scf per barrel of liquid
hydrocarbon feed (89.1-445 m® Ha/m?® feed).

6. The process of claim 5, wherein the hydroprocessing conditions of

claim 1, step (d), preferably comprise a temperature in the range from
650°F-850°F (343°C-454°C), reaction pressure in the range from 1500
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conprise a tenperature in the range from 32 650F-850F
(343C-454C), reaction pressure in the range from 1500
-13 WD 2004/ 039919 PCT/ US2003/ 031869 | to, 2500 psi g,
LHSV ﬁm%%pwgn@ésw@theorazgetfr@m%w 2enbir hyaod dydrogen

consu :

nar« oror i iy ¥ R ST 0508 o3 it Bt
H2/ rrBhﬁzdzr@d}arbom feéd {@@9.T-H45pn ddgséfe:e‘d)cl aim1l, wherein
the feed to claim1, step (a), conprises 6

hydrocar bons boiling above 392F (200C). 7 8 8. The

pr7oceThe Prosdsaioncibimh anherdin theefebaad ciafmsiekept @Y, donfihses
the group 9 consisting of vacuum gas oil, heavy

at nos pyéiocarbgas beiling aevapd @erC).10 gas oil,

vi sbreaker gas oil, denetallized oils, FCC Ii ght cycl e
oil, vacuum 11 resi dua deasphal t ed oi | ,

Fi8s ch&@he Progess lof slarraé’nwhemhd tHedeedltis e@lﬁsted fio?n e §roup
The process of, cla OthErel n the ﬁe cond

hydr ofiPSREY ‘?Tg)’aEBWE gé‘fs CAHMOFPNPIC Rt Al £lalrapdagoker

a | owghs BN 8ASBHESKdrtRR &Ihéém@falltzaé dilk ris(tJCJrl%h’[ cylgle oil, vacuum
hydroproceSS|ng zone of step (a).

pr oce&esidiia deagphplied pih RMﬁh@frTé%Rﬁ(?hW@ﬂm@s aaeS§SGatreans
may 18 contain only one catal yst, or several
catalysts in conbination. -14

9. The process of claim 1, wherein the second hydroprocessing zone of

step (d) is maintained at a lower pressure than that of the first

hydroprocessing zone of step (a).

10. The process of claim 1, in which each hydroprocessing zone may

contain only one catalyst, or several catalysts in combination.
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