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[ 0001] This invention relates to lubricating oil basestocks and to a
process Swbae/dgmepari ng | ubri caty ] Masest ocks havi ng POTgUSNHEBOSI t y

indices and low volatilities. B
wel | known to produce |ubricating ol

MTHEIN\/EI\ITIO\I [0002] It is
ocks by solvent refining. In

t he conventional process, crude oil8%%¥® fractionated under atnospheric 10
pressure to produce atnospheric resids which are further fractionated under

vacuum Sel ect di st |MW[NATEtH%g®$%mg¥ pﬂé@ﬁsphal ted and

sol vent extracted to=proc an aromatics
rich extract. The raffinate is then dewaxed to produce a dewaxed oil which
‘i s usual IFIELBQF THENENVENTHINove stability and renove col or bodies. 15

[ 0003] Sol vent refining is a process which selectively isolates conponents

of crude
*t he crud
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unfavorabl e toxicity characteristics. Sol vent refini n%ﬂ H

| ubricating oil basestocks have a VI of about 95 in g m
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Today no

#iifQ, certain types of aromatic compounds 20 25 can result in
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in demands for basestocks wth [ower volatilities (while retaining | ow

viscosities) and | ower pour points. These jnprovenents can only be achi eved
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asest ocks; wax | somerization and (2)

hydr ocr acki-{1gm,. BiBeiQfistiilfte TRICHOHS atdtheh \vptibhally damiphalted axé solvent s and

suffer fromyield debits. Mreover, hydrocracking elimnates sone of the
sol vency gxt@peidttogiodhicdapasiffinldchpnfiinae dntyantarantiaticonigh extiaoterithe ef i ni ng
techniques. Also, 5 the typically low quality feedstocks used in,

hydr ocr acieffimgte anthenrdevemeddqpeoduceey dewaxashail whielk 15 empally dydrgfinighgdve t he

desired visconetric_and volatility

erties can result in the formation

al pr.o
of undesitP4BIPEOYQ %ﬁi‘bﬂ)’@@ﬁ@é?%ye?ﬂ@é’o@ﬁéci es are fornmed in sufficient
concentration that a further processing step such as extraction is needed
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19(2), pages 221-228, describes a o
used for solvent refining are restricted to those which are highly paraffinic in nature

as aromatics tend to have lower viscosity indices (VI), and are therefore less
desirable in lubricating oil basestocks. Also, certain types of aromatic compounds
can result in unfavorable toxicity characteristics. Solvent refining can produce

lubricating oil basestocks have a VI of about 95 in good yields.

[0004] Today more severe operating conditions for automobile engines have
resulted in demands for basestocks with lower volatilities (while retaining low
viscosities) and lower pour points. These improvements can only be achieved with
basestocks of more isoparaffinic character, i.e., those with VI’s of 105 or greater.
Solvent refining alone cannot economically produce basestocks having a VI of 105

with typical crudes. Two alternative approaches have been developed to produce



process wherein the extraction unit in solvent refining is replaced by a
hydrotreater. [0006] U.S. Patent 3,691,067 describes a process for
produci ngve oggkioum 15 and high VI oil by hydrotreating a P&T/EEM/MIB0 Tube
feedstock. The hydrotreating step involves a single hydrotreating zone.
U S. Patent 3,732,154 discloses hydrofinishing the extract or raffinate
froma solvent extraction process. The feed to the hydrofinishing step is
derived froma highly aromatic sourcg._such as a naphthenic distillate. U S.
patent 4,627,908 relates to a process for inproving the 20 bul k oxi dati on
stability and storage stability of lube oil basestocks derived from
hydrocracked bright stock. The process _invo]ves hydrode h@ i fication of a
“hydr ocr aigbduslityybriceting oildhasesteekssy(1p yrazoisPRICERRHAN 3{18 5] It woul d be

B oduce BYdRCRPRMEoBo ot e PRGH tovaechehsaBlal BeFRBRR S S 25
or oper 1 Eaft Sighd TR 2RSSRk Rl SERRAPME BineRER STt
signifi ﬁg@@eﬁieﬁl&fﬁggﬁwh 'I%Gueéhcpsﬁﬁﬁdftﬁﬂfai E@I%H%Hﬁnlhii\%\gchh Yest megy, costs

t han co I'ng technol ogi such as hydrocracki ng. SUMVARY THE | RVENTI ON
[ 0008 Tt'hb\f,t%ﬂ)iﬁﬁl@mdwQuhﬁb&fe%ﬁstbﬁksiuwddﬁdg&hé@‘ac]pimgdamlth‘ga eonlsedpent at i ng oi |
basest ock I ch conprises: (a) conducting a lubricating oil feedstock to a
sol vent sverectriditionsvreguined toadbieve the detiiadgvis¢aetsiscandocdatilityt or m an
under-extracted raffinate wherein th? eét E%ﬁﬁijfn zgne sol v,ggt cont ai ns

wat er aderepertiestoga resltimn the fopmation of yndesi toxi§) $BECIGH. HAGKESPSRLES

extraction sol vent ch that the.extraction solvent 1 s from3 to
10 vol . oftRdpamed o ditieT oA uer 8 SR JRHeRing TRE I S ol vent to
pr oduce y r.- ed kaffl e I g a dewaxed oil viscosity

I ndex fr%{ha&gﬂﬁtm%&é‘%{:{gb%&wfo%?@ ?3’I‘§§’g§?§téb¥he raffinate feed to a first
hydr oconver si on zone and 15 processing the raffinate feed in the presence
of ajmonpppesHi ¢ canal aitledy 8. BallRad . Wiarmain éntitedtionbe GAManufabture 420C,
a hydrogen partial pressure of fromabout 800 to about 2500 psig (S.6 to
17. 3 nPahy Sepaediwdrbtreatnyerd?, Rooneedings of shaFenth Warld PstvolenmdCengress.ogen t o

feed ratio of from about 500 to about 5000 ScfB (89 .to 890 nBlnB) to
produce X ne fl, D 5 pHub 0ia PP 1929, pages 221-228, describes’a

process wherein the extraction unit in solvent refining is replaced by a hydrotreater.

[0006] U.S. Patent 3,691,067 describes a process for producing a medium

15  and high VI oil by hydrotreating a narrow cut lube feedstock. The hydrotreating
step involves a single hydrotreating zone. U.S. Patent 3,732,154 discloses
hydrofinishing the extract or raffinate from a solvent extraction process. The feed
to the hydrofinishing step is derived from a highly aromatic source such as a
naphthenic distillate. U.S. patent 4,627,908 relates to a process for improving the

20 bulk oxidation stability and storage stability of lube oil basestocks derived from
hydrocracked bright stock. The process involves hydrodenitrification of a
hydrocracked bright stock followed by hydrofinishing.

[0007] It would be desirable to supplement the conventional solvent refining
process so as to produce high VI, low volatility oils which have excellent toxicity,

25  oxidative and thermal stability, solvency, fuel economy and cold start properties



20 (d) passing the first hydroconverted raffinate to a second reaction zone
and conducting cold hydrofinishing of the first hydroconverted raffinate in
t he preseMO®2/@$298 hydrofini shing catal yst at a tenperat ur @@TU/dIBAbout
200 to about 360G, a hydrogen partial pressure of from about 800 to about
2500 psig (5.6 to WD 02/-t8291 -4 PCT/U SO 1 /3530 17.3 nPa), a space
velocity of fromabout 1 to about 10 LHSV, and a hydrogen to feed ratio of
from about 500 to about 5000 Scf/B (5_3?_ to 890 nB/nB) to produce a

hydr of i ni shed raffinate. [0009] The basestocks produced by the process
according to the invention 5 have excellent |l ow volatility properties for a
given viscosity thereby neeting future industry engine oil standards while
achi evi nyithoutinsutnimgayy sigoificant yiald delbis whiek pogess ssqudzesimauchsloasir| i ty and
thermal stability progqerti es. .In a dilti on, tﬁxiglit test.s show that the
basest ocKivEsEnasK €optsdhan cORPEBNS HCAHP 0gIGSBICH a8 1YHEOGHA&HIBed by tests such
‘as the FDA(c) test. 10 BRI EF DESCRI PTI ON OF THE DRAW NGS (0010] Figure 1 is

a plot o i Msi ty index for a 100N basestock. [0011]
Fi gure Z—Mﬁ;‘,. Hkﬁ@j&&é i | ow di agram of the raffinate
hydr oconversi on process. 15 [0012] Figure 3 is a plot of the thermal

di f f usi °foopgpar at | ?ﬂis\éiﬁveﬂﬁié& PshieX 16 BPedcesh @er}?rbdﬁbﬁig@hﬂ)rio‘étiﬁg @fjaph

show ng nate feed quality as a function of dewaxed oil yield and
basess ockaseseRSihich ¢difipisesti gure 5 is a graph show ng viscosity vs. Noack
volatility for different 20 basestocks. [0015] Figure 6 is a graph show ng
Noack volatility vs. basestock type. WO 02/8291 -5 PCT/US(11/~353(1
[0016] Figure 7 is(a greaphdustting mgnbp@amm\fbg@mk;oaﬁelw&ats@ctenwoai|
consunption as_a function of_ basestock tggg. DETAI LED DE&CR% TI ON OF THE

| NVENTI Oreepidrgndereexdeactiagithe &gadsiack te foun paunder-gatagief saiimaly oquce

vacuum dPETTR S SRTAE e DYt oSS WA RUERIRE bfpoRirbir Bod™
basest ocks, Igﬁ&ﬁtnﬁ) 90@/:%:5515&9&? Eﬁ{rﬁét{b%eﬁﬂf sihahal easkRictidgdoR¥npavi ng

good viscosity i1ndex ( properties suitable | ow tenperature

propest i esntatRSrothWi® 1O v61.%swdter) t he sol vent refining process are
typically paraffinic crudes. One nmethod of classifying lubricating oil 10
basestocks is that used by the Anerican PetroleumlInstitute (API). AP
Group || basest ockébhavstrippsng theaunderextracted reffimaje wf sodvent ty produee ap,

sul fur content of not nore than 0,03 . % and, a, vi scosi | nde \Y/

gr eat er under-gurastad raffinaterfged b?ﬂngﬂi\fé"(& i V%SCB%&({%@OIB@@(’&th sane as
Goup |1 bal?e%tl gks except that the VI is greater than or equal to 120. 15
(0018] cind I @ >t he high boiling petroleumfractions from atnospheric
distillation are sent to a vacuumdistillation unit, and the distillation

fractions from  (c)  passing the raffinate feed to a first hydroconversion zone and

15 processing the raffinate feed in the presence of a non-acidic catalyst at a
temperature of from about 320 to about 420°C, a hydrogen partial pressure of from
about 800 to about 2500 psig (5.6 to 17.3 mPa), space velocity of about 0.2 to about
5.0 LHSV, and a hydrogen to feed ratio of from about SQO to about 5000 Scf/B (89

to 890 m*/m®) to produce a first hydroconverted raffinate; and

20 (d)  passing the first hydroconverted raffinate to a second reaction
zone and conducting cold hydrofinishing of the first hydroconverted raffinate in the
presence of a hydrofinishing catalyst at a temperature of from about 200 to about

360°C, a hydrogen partial pressure of from about 800 to about 2500 psig (5.6 to



this unit are solvent extracted. The residue fromvacuumdistillation which
may be deasphalted is sent to other processing. [0019] The sol vent

extracti OMOYR/de2ss sel ectively dissolves the aromatic 20 PSHIGHEHIS0i n an
extract phase while |eaving the nore paraffinic conponents in a raffinate
phase. Naphthenes are distributed between the extract and raffinate phases.
Typi cal solvents for solvent extraction include phenol, furfural and N

met hyl pyrrolidone. By controlling tha.solvent to oil ratio, extraction
tenperature WO 02/8291 -6 PCT/U S01 /.13530 and met hod of contacting
distillate to be extracted with sol vent, one can control the degree of

~§Z§Z£?‘t Lﬁﬁg%%ﬁ%&f SBEO B8 Hi 0B Bel T THAY ettt h v A S ians 1or
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“distillaty khedPfaffhh@r refinery streams such as vacuumgas oils and
coker gas}b@??féﬁ E}%e acat al ysts used in hydrocracking are typically sulfides

of Ni, Mo, Co and Won an acidic support such as silical/alumna or alumna
cont ai ni go@s) aci diThepbasestoeks pruxtucad blylthe provess Soovedingtiocthe arkentign
catal ysts also contain highly acidic zeolites. The 10 hydrocracki ng process

may i Avolhaweeacellant downvelatibiapropgrtissdiior @ giveryviseesitthereby meeling flbreon of
aromatics rings, ring, openjng, straight, chain and side-chain gracking, and
wax i sonsR{dvEy @?ﬂlﬂ%ﬁﬂﬁéﬁﬂd@r‘gw"gﬂ@rﬁﬁ TeNipeceend qqqgmc_y, Fﬂﬁ{;?‘té%ﬂ ﬁ*e?t hese
reactions, separation of the ar tics LiG hase .t hat,_occulk s i.0 .sq| vent
ext ract i GFOP8 nomﬁﬁ9%§?§%§/tysatngipt SFH@&“?R}EFW&TPQEW Y Iga?@blté?sfhégx@ﬁgnat ics
cont ent F ool 0%t 1ei i dsHReddbRipp Of

t he pr escjat%%tg ?}rlliyl\grﬁf?tgﬁgvglf‘ ?‘%ﬁ?é%(shésot milgﬁetgﬁﬁ%é%%%ﬁ%g gxﬁfoeg o?ﬁ ? he raffinate
from t he (g&k 4@&H asie/FIDA(ONtestDi t under conditions which mnimzes

hydr ocracki ng and hydroi soneri zation while maintaining a residual aromatics
content consistent with the objective of high 20 saturates. [0022] The

di stilbl atRRIEERESCRIPTIONQFt THE mm& om a vacuum or atnospheric
distillation unit, preferably froma vacuumdistillation unit and may be of
poor qual i

Ccess oloRl o, bISEWeoh Y wBit of NRASH SHUE VEoHsRth DAL D00 The

raffinat frsgmthe sol vent extraction is preferably underextracted, i.e.,
the extr i ﬂ]f's carried out under conditions such that the raffinate
yield is maxi m zed while still renoving nost of the |owest quality

mol ecul ejgé%lgm the ffig\%fz Red Sinfiliffed s@letha RN GR diigrafti 8Btheaffimiter ol | i ng

extracti ndi tion or exanple, by lowering the solvent to oil treat
rati o anqiqumm nyotdss. extraction tenperature. The raffinate fromthe
solvent extraction unit is stripped of solvent and then sent to a first
hydroconversion unit ( zone) contajning a _hydroconversjon catalyst. This
raf filfat d00EHd to thigure 3 & 2 pietafdhe tharmabdifiysen ﬁ@%ﬁ‘i‘?’&@ﬁeﬂsﬁ%"@ dewaxed
oil viscagsity index of fromabout 75 to about 105, 10 preferably about 80
to 95. [Géé@i{ In carrying out the extraction process, water nmay be added to
the extraction solvent in amounts ranging from1l to 10 vol. % such that the

vt or, piWfEapry AR K e R R lATBY S fundon .

wat er, pr ably eed to the extraction

tower is ddil {ibRl AR baseseickiviscokftyt ower and extraction/water sol vent
m xture added at the top and the feed and extraction solvent contacted in

counter-current flow The extraction solvent containing added water may be
i nj ect ed [0014]i f f er dFiguteed é & graph shovengrasaosiy vsoerck volatility for different

20 basestocks.

[0015] Figure 6 is a graph showing Noack volatility vs. basestock type.



contains multiple trays for solvent extraction. The use of added water in
the extraction solvent permts the use of low quality feeds while

maxi m zi Yorres220 paraffin content of the raffinate and t RETASOMUIIN -ri ng
conpounds content of the extract. Sol vent extraction conditions include a
solvent to oil ratio of from0.5 to 5.0, preferably 1 to 3 and extraction
tenperatures of from40 to 120C, preferably .1 50 to 100C. [0025] If
desired, the raffinate feed may be solvent dewaxed under solvent 25

dewaxi ng conditions prior to entering the first hydroconversion zone. It
may be WO 02/-48291 g_ PCT/USOL/-13S3(1 advant ageous to renove wax from
the feed since very little, if any wax is converted in the hydroconversion
‘units. THOGl6lay asdJligure hiscegaphisbawing perochbvisgeritycingiessepb@onits i f

t hroughput is a . proble (00&6% Hydrl(zconversi on catalysts are those

cont ai ni SYNEWHREONAR aFHhetian of basgslogkd¥P-he Peri odic Tabl e published by

‘Fi sher Scientific), and non-noble Goup VIII netals, i.e., iron, cobalt and

ni ckel and.mi, her o hese ~iet als fiAfures of netals are
typically --.!; RILTIQN O} ‘-" ."-

5 act ory netal oxide supports.
Exanpl es of Goup VIB netals include nolybdenum and tungsten. O her

sui t abl e gy ot reatTHstdI?érﬁ'r&ﬁﬁﬁlg'dﬁem chwddoilelogtrodaéelubsicatiig®il as those
10 containing 30 wt.% or nore netals (as netal oxides), based on catalyst,
pr ef ef ablbaseptecksaypidatly ikdblwes mospherip didtidiatiohy vapumat distillation,50 wt . % of
metal s, based on catal yst wherein the netals include at |east one Goup VIB
or G oup extrattiomtdewaxingand hydrofinishing e Besauserasestheknkaving extiigle support be
non-acidiic so gs to 15 confrol cra lﬂy g. .A usefu] scal e of idity for

cat al yst $SQPArgdEepHgnt: gt C %r@ﬁ?é’ﬁzié Ve go FWPSIW‘E@W&(@ BEORFELRS i bed

by Kraner gnd.MVi.cker, J. Catalysis 2, 355 8 1R thi . Of
acidity, aﬁarf‘b‘ft%‘e-lgwp@mp@ﬁaemfesprgéﬁré%t a}fr(fng? ﬁég(‘:'g%%wg? %r&l&%lzggb@ﬂ’gat ed at
a fixed . ' : K ; : ites,

>- et hyl PRORBRAL iR RlnG Elcs: Obe rhilfiol gF S RERyinG 1ephaal o L0,
the ¢@r beaksstd el tsithatividd G¢ithey A nériddheP@eolduinyInefinide {APD. SAPEGroup [hhe

catal yst. Thus weakly acidic sites form 4-nethyl -2-pentene whereas strongly
aci di ¢ sibassstoasidve msanskes| cvntdnt 0fa90 sridé e greater, 3-subfungbnenpefinete wit h
very strongly acid sites formng 2, 3-di nethyl-2-b ter&gli Tt]e rTBI e ratio of
3net hyl - meyerthan8.Q3owa Yrandhg ViSEOpitY: irdex CHh beatelthar Biktay less thandgdle of

s i APkl BT hatesherks B lepmdra Gt LBty extent SRR Y1 I ©
nave val ygs, @PRLA% U b 20, The

15 [0018] Generally, the high boiling petroleum fractions from atmospheric
distillation are sent to a vacuum distillation unit, and the distillation fractions from
this unit are solvent extracted. The residue from vacuum distillation which may be

deasphalted is sent to other processing.

[0019] The solvent extraction process selectively dissolves the aromatic

20 components in an extract phase while leaving the more paraffinic components in a
raffinate phase. Naphthenes are distributed between the extract and raffinate
phases. Typical solvents for solvent extraction include phenol, furfural and N-

methyl pyrrolidone. By controlling the solvent to oil ratio, extraction temperature



WO 02/-48291 -9 PCT/ USO01/ ~3~30 catal ysts useful in the present process have
acidity values of less than about 0.5, preferably |ess than about 0.3. The
acidity ovomgemstvloxi de supports can be control |l ed by addi T OIS s

and/ or dopants, or by controlling the nature of the netal oxide support,
e.g., by controlling the anmount of silica incorporated into a 5
silica-alum na support. Exanples of pronoters and/or dopants include

hal ogen, especially fluorine, phosphagus, boron, yttria, rare-earth oxides
and magnesi a. Pronoters such as hal ogens generally increase the acidity of
nmet al oxi de supports while mldly basic dopants such as yttria or nagnesia

tend to degrease.the acidity.of such supports. .10 [[0028] Suitabl e t al

“oxi de suﬁﬁém‘%ﬁ?%e GeBtacHns Qﬁ?ﬁkaie %t\?ed@gpasc&%cﬁw&ém @[IY‘? RONEFATHEQNYTE) i
titanic, ;prefer | .um f ' orous alum nas such as
gamma or dggr&eﬁﬁ?h%@\?g[ﬂ&g@e%m% egﬁ%@ggaﬂﬁgﬁgg&t@[ aESgA preferably 75 to
"150A, a surface area from 100 to 300 nR/g, preferably 150 to 250 nR/g and a
pore vol f fro ) / : BfacRingThe
supportslﬁgﬂ?gj)lS pr g? 2?%%51@ Erllr(J‘)gi %g?%#gfg\ﬁ%ﬁgbﬁ%&i %ﬁ%@&bﬁh&r@fl uornigne as

this greathmédgrioapasdiches RighotVI Fagebtockes irs sexme refinérdé2 SThePhwpdrecraekinget al
catal ysts include cobal t!l nol ybdenum (I-5% Co as oxide, 10-25% M>_as_oxi de)
ni ckeb / mprodedentilivésilosvahblityfeeds sieh as@eod disGdlatesironi the)vagnumi dikidllatiamgst en
(1-5% N as oxide, 10-30% W as oxide) on al urri_Pa. 0 Especi gl I fyr\l?gr eferred
are ni ckENIRSIOMARTETIRCDASIEIATRY SICH ASYagUURRASAIS 3 Cr 238 PY&onPEr si on

R RN e N T

to 2500 j 27, 3o fer 0 i 3.9
vPa). o SpiSibufort SychagilERUugRY s oF BRI iRing BPa ARl ek, B
WO 112/ 8%9%1 ofifle PEbnYS éﬁa%&ﬁngama@st@md)@ﬁﬂam%ﬁ didicizeolifesf M@ 500 to
5000 Scf/B 6189 to 890 nB/nB), preferably 2000 to 4000 Scf/B (356 to 712

nB8/ ). hyddctickife podtd niyeinhyhe heteroatomdenadvial raomatic sing sagurhtions
reactor is then conducted to a second reactor where it is subjected to a
col d (i dealkylationfofraromatigs singp, rimgepening sisrightchain gnd siderehdiact or nay be

the sane as_those descrti bed. above for.the first.reactor. However re

aci di ¢ c&ragking, andpex E%OWW%QQ%PW@%éﬂntﬂﬁeﬁ%@n%f’?%cgﬁpﬁs‘aﬁwte%o i ke may
be used i,n the secaon 0 . L VIl noble
motal s, prorardi R prer BT b et Pk btk BERS T SRR L

whi ch ma [50%:£8nn AR refificd Adomdiits @offfent be
cont act eéx?%:t(%ﬁnt er-cué@ragsr?t??%%v%/ﬁc[o 32%9 andi tions in the SECOI’(l)d react or
i ncl yde tevpe/laklesgldf from 200 to 360, preferably 290 to 350, a hydrogen
partial pressure of from800 to 2500 psig (5.5 to 17.3 MPa), preferably 800

to 2000 psig (5.5 to 13.9 MPa), a space velocity of from,0.2 to 10 LHSV,
pref er abll§021] 7 t o By wsy af@nkrasty theqroressplfthe presept Biventipp gialize$a dwos oo

[SSEJE;,]( S?ﬁ%egvrt%%?o‘e”%lx&r%ar%&%ee Fittindiscnonbe sobem SErigiub Bndel o0
vacuum sepPfiRS oo SR fpRR B floPRAGAE A ERYUR LR A RRLE 2T, 2 2

Such pfo‘i‘;};’éﬁih@ggp gg@ﬁidﬁqﬁaf&ﬂtf&%nﬁéﬂtfcbﬁﬁs@ﬁ@“Qmeio%jé&f\ﬂéftﬁ'Hight he first

reactor. a stripper may be situated between the first and
second reagikses, but this is not essential to produce basestocks according
to the invention. If a stripper is situated between the

[0022] The distillate feeds to the extraction zone are from a vacuum or
atmospheric distillation unit, preferably from a vacuum distillation unit and may be
of poor quality. The feeds may contain nitrogen and sulfur contaminants in excess

of 1 wt.% based on feed.



hydr oconversion unit and the hydrofinishing unit, then the stripper may be
follonwed by at |east one of catalytic dewaxing and sol vent dewaxi ng. WO
112/ 4829 WO 24828T/ USOL/ ~3s30 [ 0034] The hydroconverted rafiGIAd&+E8par at ed
fromthe separator is then conducted to a dewaxing unit. Dewaxi ng may be
acconplished by catal ytic processes under catal ytic dewaxi ng conditions, by
sol vent dewaxi ng under sol vent dewaxi ng conditions using a solvent to
dilute the hydrofinished raffinate apg 5 chilling to crystallize and
separate wax nol ecul es, or by a conbination of solvent dewaxi ng and

catal ytic dewaxi ng. Typical solvents include propane and ketones. Preferred
ket ones i ncl ude net hyl ethé!ﬁketone, met hyl 1 sobutyl ketone and m xtures

‘t her eof . [08283hxi ng the waljinate Gem thel sebyant exactiansis pretsrablygindeno ring

nol ecul ar__si eves, ecjally unidi.nensjonal 10.rjng nmo] ecul ar sj.eves.
Preferr e%lx’?ﬁﬂt@g dieaﬁﬁgﬁng‘@vé%lsi RETiEd Quy ‘35,002%02‘% ,Suigﬂ)il&}stﬁe Z@J@PS?,

"ZSM- 48, 7 7 SAP ' I si eves.
Fooss] 1 78 et e vhen AR HiHeROE et Gl ancRuEH 8m1  og
products i fl ! i d'@).’r J aass the
separ at otrh%g%g&cghid’fg%dt% %ég@%glh&%?r?\%ielﬁzgg bt|yaf [ r?g]?leé)g’ia?%%cﬁ]yé@cﬂoﬁt alytic
dewas nofatuxamplel biFosebingatie 8blwent o 6il edt priotindlérd:czeaéng {H2036] | n

anot her enbodi nent, the dewaxi ng catal yst may be included wthin the

hydr oconexdrastion temperatariel diienpfithatetfyandbe solvest extractionl wt is stnippdd of
stacked bed configuration, the hydroconverted raffinate in the

hydr ocorﬁﬁévgntcﬁndztgmsm te @rfirst hydrogonyersion Waliasens) containinga sj t uat ed

wi t hin the, hydrocanversion ne d 20.after, the roconver si on cat al yst.
003 7] TREBEPORTIPH SarbEn J BTt ierd St et PR BB o

et ger gL AP0k AUVER 81 Y1095 Ry JIARRONAREE AVl i 198 separated in

the chilT’er 1S Sent t0 a Separa uch as a‘rotary filter to
sepaf@t eppdabipoat RO td8g. dewaxed oil is suitable as a lubricating oil

basestock. If desired, the dewaxed 25 oil may be subjected to catal ytic

i somerization/dewaxing to further |ower the pour WO 02/ 8291 -12

PCT/ 11 SO[p024BS30 plu carryifig pat dtecektvantiomgprobesswetdr asaysbe hddaktothe coat i ngs,
candles and the like or may be sent to an isonerization unit. [00Q38] The

| ubr i cat¢¥Ercsion seklesas inbamopntsgaasingsifomk i@ ¥ek% suchdbat thy extractian

i tion.is ch terized by the, fol|.ow ties: vi ity ind f

Lt T oas SV ahe BuTadsiog tamasicpnians b8t S 3 0B VR Ehmeten PR Hia T overent
| f£inat t 3

o prEEmaitel I gk s dhelendRtidh IFE S Aot s UABR OF R 1

rangg 3. vkd dAdxErabtion/Hedd! olvéit iifurle.adaed at B tBP a9 thé Fedd and | ower, and
alowtoxicity as determ ned by I P346 or phase 1 of FDA (c). I1P346 is a

nmeasur e @ftrgutionGpbient cantavtd ia connpercoutent flawy The ettradtémesaleetounds ar e

carcinogens or suspected carcinogens, especially those with
containing added water may be injected at different levels if the extraction tower

contains multiple trays for solvent extraction. The use of added water in the
extraction solvent permits the use of low quality feeds while maximizing the
20  paraffin content of the raffinate and the 3+ multi-ring compounds content of the
extract. Solvent extraction conditions include a solvent to oil ratio of from 0.5 to
5.0, preferably 1 to 3 and extraction temperatures of from 40 to 120°C, preferably
50 to 100°C.

[0025] If desired, the raffinate feed may be solvent dewaxed under solvent

25  dewaxing conditions prior to entering the first hydroconversion zone. It may be



so-call ed bay regions [see Accounts Chem Res. 17. 332( 1984) for further
detailsj. The present process reduces these polycyclic aromatic conpounds
to such |woek™s2as to pass carcinogenicity tests even thouliCTYbR®1M38301 cat i ng
oil may contain a small anpbunt of residual aromatics content. The FDA (c)
test is set forth in 21 CFR 15 178.3620 and is based on ul traviol et
absorbances in the 300 to 359 nmrange. [0039] As can be seen fromFig. 1,
NOACK vol atility is related to VI for_gany given basestock. The relationship
shown in Fig. 1 is for a |light basestock (about 100N). If the goal is to
neet a 22 wt. % NOACK for a 100N oil, then the oil should have a VI of
about 110 for a product with tépi cal -cut w dth, ﬁu&;‘ 5 to 50%of f by 20

1

‘GGD at 6@dgantageews 1o repnovepyay Eaahths fead sinse yery fanyhwas ik eonpertedoduct
by decreasing the cut wdth, In_the limt se(ti %lzer .cut width, one can
meet 220! ocgnvgrsign witsy Thipmayigsist B debattleneckingthen usi ng

‘distillatiaon alone,. inc Lankficant vi debits. [0040] Hydrocracking
is also é]é' %qogvgfﬂ?}? Baﬁ%ﬁ.ﬁéhﬂi%ﬁh@%agﬁoﬁég consequent |y | ow NOACK
basestocks, but is |ess selective (lower yields) than the WO 112/.18291
-13 PCT/ gﬁ% /. 13%&&%%9&:&5}% Bi/d?ﬂ‘l‘fob@eontﬁﬂfiﬁ%%rg’g? &/ 1Bt als

hydr ocr a and processes such as”wax 1sonerizatio roy nost of the

ol ecsl anbagidicoethe B fuehs Tabke gublishbe by Histenr Seigntidied) Andsonhobld Genlp
refined oils. The latter also uses wax as a feedstock whereas the present
process i\dlIHewtaseick.; womroebait\anduiskel sind mixdengs theraof. dbbese metalegr 5 i f any,

wax conversion. [0041] The process of the,i nventi nis fyrther illuystrated
by Fig. mixiwespémetalsee DRicaAln pepas oxides qrsu @%Sdm TaGOTNTREbher i c

st e el BBl S PR RSBt e o
ange 1 SERSHRAE BV cHtafits REndE blf niclEPEyihySte o eBBS Y,
may bE SeBhidileUIlwk b4 6r mdré factal§ PhEinetl okiddR), Ssed ofifcatalgaapidfedablyng

extraction unit "20 where the bottons are contacted with a deasphal ting

sol vent suedtenthaprdfpan®o, rhoregprefevablyaeaiorethanltd we bt pfimetald, bisedoay be
conbined with distillate fromthe vacuum pipestill 10 through |ine 26

provi ded catedystiwhere® the segialsiineladeiat lasstone Gspun NdBui Groupb Vi saetal ¢ han
about 600 C or is preferably sent on for further processing through |line
24. The bottons from deasphalter 20 can be sent to a visbreaker or used for

fho oxt r GH Lt i1t BREfpted AE SRS SRR B i R {0, e T
Critesiadagey 'bx%giﬂg. eX el ¥cd18 of adldity Rr RalaPRiis 1s0sdsed 4 th€042] I n

extraction unit 3 he distillate cuts are solvent extracted with n nethyl

pyr r ol i dagemerightidicof2-nicabyli-petitent asslepcrbet by Kyrampeand ddcVicker,
countercurrent node. The solvent-to-oil ratio, extraction tenperature and

per cent J=Catadysis. P2, B65618853nin tie sg@lg@ftag@djmBrmptlwh-a-prggp@@scﬁubjected
o omat i c40 he Fetalyet ke Svaliatst gk 8 sawseatii g 08T R AR (1 on uni
L0 operal e dchcBdr cHANRE sfdd, DAREIRR-2-PBMENe Forfhs a Babofifthiiioft RHE Of WO
20  isomerization pathway of the carbonium ion is indicative of the acidity of active
sites in the catalyst. Thus weakly acidic sites form 4-methyl-2-pentene whereas
strongly acidic sites result in a skeletal rearrangement to 3-methyl-2-pentene with
very strongly acid sites forming 2,3-dimethyl-2-butene. The mole ratio of 3-
methyl-2-pentene to 4-methyl-2-pentene can be correlated to a scale of acidity.
25  This acidity scale ranges from 0.0 to 4.0. Very weakly acidic sites will have values

near 0.0 whereas very strongly acidic sites will have values approaching 4.0. The



-14 PCT/U SO 1 /.43530 aromatics in the paraffins rich raffinate phase. The
aromatics rich extract phase is sent for further processing through |ine
32. The rORHEPE phase is conducted through line 34 to sAGI&R014353) ppi ng
unit 36. Stripped solvent is sent through Iine 38 for recycling and
stripped raffmate is conducted through line 40 to first 5 hydroconversion
unit 42. [0043] The first hydroconversion unit 42 contai ns KF-840 catal yst
whi ch i s nickel/nol ybdenum on an al uq'b_na support and avail able from Akzo
Nobel . Hydrogen is admitted to unit of reactor 42 through line 44. Unit
conditions are typically tenperatures of from 340-420 C, hydrogen parti al
pressures from 800 to 10 2000 psig, space velocity of fromO0.5 to 3.0 LHSV
‘and a hydatalysts useftibidtheguesend praccsnhdEraidity valesof lgss tirwaboirtdhdit ogr aphi ¢
conpari sons_ of the hydroconvert raffinate indicate that al ppst no wax
oot i > arlorably s N ABREdD. THE POIGHIOLIPEI RGNS IBRORS GRRDE o any

‘particular thgo si,nce the preci chani for the. Vi i ch
becur o1 RoRkp Lo By SO%E RS anlardmat B by gotrbfing e dGhERRT MY

het er oat j empved, i rinﬂﬂﬁ} ahei: 3 nd

napht hen r?ﬁ%’gdgggﬁﬁ?%uﬂf ;Bg Cr?ﬁfrtB pﬁ‘fg:tﬁ’ﬁ anap t?l)g%lelg'% 1%1?%1%2%#%@%1?@6 y

el i mi gat ggjcal 0 ot PkéinbRs ahd AN depatsdAclude B8I¥zeh T ough
l'ine 26 ?gwge%gﬁlgﬂl%%&(gf ]rggglgli)g‘rg’ S%Tr IllF%ea(ft iaon congi tisong i% u]ralJitgte are mld
and i ncl egseciallyeffaetiat UltosphofuspbordAPyRaa, are-earth dxidpsmndanagmsiqpr essur e of
from 800 to 2000 20 psig, a space velocity of 1 to 5 LHSV and a hydrogen

f eed rat Pramofarssudioas halogenog@rally intreasethe acidityofiraetal axigeisHPROithg st ep

further reduces toxigity to very |low.levels. [0045 droconyerte

raf fi nat avhile mﬂéiu‘/ basiadopals SHERAH KR RE n?gnﬁglaé%‘iﬂggw eﬁﬂf%ﬁiaﬁﬁgtyl 9fqui d
products and gases are separated and renoved through 25 line 56. The
remai ni nﬁuﬂ%ﬁ&a{%ﬁverted raffinate is conducted through line 58 to WO
02/-48291 -15 PCT/ U S01 /3530 dewaxing unit 60. Dewaxi hg may occur by the

use qh S?@y’z‘%@t S I(i @Jiﬁgﬁ@ﬁfhatl REAHSRIPLRE 1AL d¥bW AcTEY oRRIRUER WE EiliN,

cool i'ng, atal yti1c dewaxing or by a conbination thereof. Catalytic

dewaxi ng ahiiMiHaveritBNi, Pﬁdféﬁﬁﬁlﬁ@lu&ﬁdé.OPréﬂﬂediMdsm porowsalemiresns t o
create | ow pour point [ubricant basestocks. 5 Solvent dewaxing Wth

opt i onal socloh$ gamseper efadmviveyveregeporesszds fsomt Hoto 3 qualesablydSitabr i cant
basestock thereby |owering the pour peint. Hydroconverted yaffinate is

pr ef er ablly08patBEieeel ayga; fiomet () 1o 3%Bdgy1’r%§’iaghlbé%§% o 3&56“ L/)S'a?‘h.é RSFe CHI LL

Dewaxi P d I d e Thi hod J |l h .
Pl nt shod YUEHE SAROM eEk b o Eats R an G 0 B THC SMPABRAr oauci

t hroygh | i 46 refli ' J waxy
corpdonPeiErK goF BEGhplsd 1 aBEARR SRR sHichihe & BulcaFRicrBies Y
t hrough thgy; @m@gﬁggbﬁi on zone and is conducted to dewaxing unit 60 where
it my be recovered product. [0047] Toxicity of the basestock is
adjusted in the cold hydrofmshing step.

[0029] Preferred metal catalysts include cobalt/molybdenum (1-5% Co as

oxide, 10-25% Mo as oxide) nickel/molybdenum (1-5% Ni as oxide, 10-25% Co as

oxide) or nickel/tungsten (1-5% Ni as oxide, 10-30% W as oxide) on alumina.

20  Especially preferred are nickel/molybdenum catalysts such as KF-840.

[0030] Hydroconversion conditions in the first hydroconversion unit include
a temperature of from 320 to 420° C, preferably 340 to 400 °C, a hydrogen partial

pressure of 800 to 2500 psig (5.6 to 17.3 MPa), preferably 800 to 2000 psig (5.6 to
13.9 MPa), a space velocity of from 0.2 to 5.0 LHSV, preferably 0.3 to 3.0 LHSV



15 For a given target VI, the toxicity may be adjusted by controlling the
tenperature and pressure. [0048] The basestocks produced according to the
i nventi orwQavds2hi que properties. The basestocks have excd@dTE01/43530
volatility/viscosity properties typically observed for basestocks having
much hi gher VI. These and other properties are the 20 result of having
mufti-ring aromatics selectively renoved. The presence of even small
anounts of these aromatics can adverzl%ly i npact properties of basestocks

i ncluding viscosity, VI, toxicity and color. [0049] The basestocks al so
have i nproved Noack volatility when conpared to G oup Il hydrocrackates of
the sanme viscosity. Wien fornmulated with WO U2/ 8291 -16 fC‘g/U S01 /35311
“convent i andh hydthgeinve fpad katipesf roptSe0 thQﬂbS%éB%taﬁ%undm bils, the
finished oi I S have excel | ent oxij dgtl on_resi gtance, wear resistance,

r esi st anpeeferably 200Q tonRO0-SeiiBL3ab e dil 2 éliﬁ‘d)fuel econony properties as

‘measured by engine test results. The basestocks according to the invention

oil's, nyWRGAFT c T peES A RSP e @Rt RO, Asldrds Ui SHAUERY 015 e
oil's andt(; Q@eéqﬂﬂefe?([:tgp Wherd NtSs 'SHUJEEEHQP 'c?)lqglhglggh}_{?lldf&ﬁgﬁlﬂg%épbyrﬁéqe

fol |l ow ng” non- exanpl es The rotte"to I nproved

vol atg i EXta t f ﬁws&oﬁa&e&%f bhalyel tBe $8ME Gk ithGleyddsbribed abotvdfor\the Gifrstt he
base oil. lecularly this requires that the base oil becone relatively

ri cher i pedcsqpdiewéver, mospacidés catalysy suppoetstsneh s gﬂmt-albmlna rgrepoiant s at a
gi ven viscosit M d boiling point can be increased (i volatility

decreaseal)ldﬂyef/lm:méierlgﬁedhet eiseqepidreaqsar. a%@lb’ﬁtélﬂl%ﬁ a]§9r’(’a¢8 eﬁ{@‘l’léby
raising yjscosity o 15 Vi Sco iven c dth a
i ncr ease ]d“aﬂ m%és’pﬁfﬁﬁqr}gh&c%sggﬂrlwlxﬁgﬁg ﬁ‘gﬁ&f ﬁén%tﬁg%’\tgl&?ﬁpﬂ%e f ewer
clustered r|n ei t her p ni c
char act e?” %gﬁgrbgfmoﬂ%m%(feﬁt)ﬂr%e ﬂ(']ar@f%ééecﬁ} e@%ﬂ%ﬁa&g% hlégher boi l'i ng
p0| nm fap {a@%dsiﬁ%uﬂfe?%ﬁlehymw sus napht henes and aromatic nultirings.

4l s6 Nave | ower I'ting points than normal paraffins. Mst crudes 20
have an i nherently hi gh popul ati on of clustered rings that

separ at i pyos2pased Eopditigisnig the secomireactor fedleds tenqbqratm'amoﬁfrbm 20htceve the

quality required for nodern passenger car notor oils 2 % e. VI of
110 to 1368@)picferablyz2dfeiot 3H), @ hydepgen paryial pmssm*s;pﬁrom 800 to 2500 psig

(5.5 to 17.3 MPa), preferably 800 to 2000 psig (5.5 to 13.9 MPa), a space velocity
of from 0.2 to 10 LHSV, preferably 0.7 to 3 LHSV and a hydrogen to feed ratio of

15  from 500 to 5000 Scf/B (89 to 890 m’/m’), preferably 2000 to 4000 Scf/B (356 to
712 m*/m’).

[0033] In order to prepare a finished basestock, the hydroconverted raffinate
from the second reactor may be conducted to a separator, €.g., a vacuum stripper (or
fractionator) to separate out low boiling products. Such products may include

20 hydrogen sulfide and ammonia formed in the first reactor. If desired, a stripper
may be situated between the first and second reactors, but this is not essential to
produce basestocks according to the invention. Ifa stripper is situated between the
hydroconversion unit and the hydrofinishing unit, then the stripper may be followed

by at least one of catalytic dewaxing and solvent dewaxing.



-17 PCT/USUL/-t3S3U [ 0052] Thernial diffusion is a technique that can be
used for separating hydrocarbon m xtures into nol ecular types. Al though it
has been wowdigxd1 and used for over 100 years, no really s®ROTSHSAEHIBY

t heoretical explanation for the nechani smof thermal diffusion exists. The
technique is described in the followng literature: 5 L. Jones and E. C

M| berger., Industrial and Engi neeri n~Chem stry, p. 2689, Dec. 1953, T. A
Warhall and F. W Mel polder., Industripl and Engineering; Chemstry, p. 26,
Jan. 1962 and H- A. Harner and M M Bellany, Anmerican Laborator~p. 41,
Jan. 1972 and references therein. (0053] The thermal diffusion apparatus
used in the current _application was a 10 batch unit constructed. of two

-concent r i[803]ai nl esEheshysspcanysstedipitinatn sepasatedirap ake sepasaiondsthehe i nner
and outer tybes of 0, ,012.in. .The |length of .the tubes a Ximte 6 ft.
The sarrplcé’ngBCtSQ tp adedipxing Eﬂn&c@&Wﬁ?&@l%&ﬁﬁ%@i’ﬁbé@&gﬁlﬁ‘% he i nner
‘and outer_concentr i A ARRGX

di amet er POPCGS° Prﬁde%,&égﬁl?ﬁ?:cag%g%“gg%%gﬁmn@t Egg()lr@gaw re%a{]gg?af Iﬁg.‘e{ﬂi%lrrllter and
outer 15 R’!pa‘?&? -0t ad it Agteainldy

t enper at tﬁfrees 0 é)ﬁ%%@%lgﬁ%%@gfa??l{grﬁ tggﬁgﬁe @g%ﬁgﬂg}g‘%}uﬁa@gSCﬂ gr t he i nner
val | gre chililinglth @rysedllig®and b@ﬁﬁrhﬁb&ﬁhmmalééulss;rmmsa cofhinbtiopef ablveas ar e
mai nt ai ned for periods of 3 to 14 days. [0054] Wiile not w shing to be
bound t o dewaxig and chtalytichdesraxing.h&ypivat selvems mlad@pmmnp@@ﬂdceg@msm ilizes

di ffusion and natural convention, which arises fromt t enperat ure
gr adi ent Rrefestad ketenesiacindemethyl ethybketong, metshé'l 15@5111}5 isﬁowfwmt&rﬁsr ic

t ubes. Hi gher V], nol ecul di ffuse . to the hotter | ;and. ri wer VI
mol ecul edBefeofy €"‘fa€§"lg1%aet\§](¥6ﬁséﬂrre P&HJS?“%F‘F?%R&“S%’%&Y. @ﬁﬁ‘;g @%ge(?#tagnt ration
gr adi ent i -ec Ul ttd Sprd t i d over a
eri od of igysesbpf DY diRdGEsRinet F0xs fRIGCRlar iNRE Pr fred ialebaRe ] g
port 02 SiARRANLABYSM-5, ZANR DL ZISMIB29) 17 SNITA S ) ZXNI-48,488ML5 7, IICM-22,
equidistantly spaced between the top and bottom of the concentric tubes.
Ten is a SAPYen,SKPOUhA isdstartiial npleadassieyd055] Two sanpl es of oi |
basest ocks were anal yzed by thermal diffusion techniques. The first is a

conventi onal 150N basestock having a 102 VI and 5 prepared by solvent
extract i dA03Ewaxi ndf autemsaing qatalysktopmployed M@thto(@‘d%fs‘i’%%w E?’é‘ﬁ‘& ed by

the raffinate hydrocanversi on (RH [ocess acc ing to t L OV ion from
a 100 VI Produgis cQpiaiiyag QItragel é%\ﬁﬁ%"@g“\@?%gﬁpf)ﬁ%]g t?%yéﬁsspﬁ? Sé/})aga X after
whi ch sanpl.es j : - i o]

bot  om ot ob i e AR BEon SR ARIRLaRRIRR So SR aEFa L RUERA 0
~in kg o Eé/&ntlgtgﬁfﬂ?}a%ﬁﬁ%ﬁmgtme, even a "good" conventional basestock
havi ng a 105 | coOntains sonme very undesirable nolecules fromthe

standpoi nt of VI. Thus sanpling ports 9 and especially 10 yield nol ecul ar
fracti ong00®6yt ai ni rig anwtherlembaoditrent,Tthe slewhaxing ¢asalystanny hehinguded wthin t he

-25 to -250 range likely contain multi-ring napht henels. If' %ontraﬁt t he
the hydroconversion unit following the hydroconversion catalyst. In this stac ed

bed configuration, the hydroconverted raffinate in the hydroconversion zone is

contacted with the dewaxing catalyst situated within the hydroconversion zone and

20 after the hydroconversion catalyst.

[0037) The solvent/hydroconverted raffinate mixture may be cooled in a
refrigeration system containing a scraped-surface chiller. Wax separated in the
chiller is sent to a separating unit such as a rotary filter to separate wax from oil.
The dewaxed oil is suitable as a lubricating oil basestock. If desired, the dewaxed

25  oil may be subjected to catalytic isomerization/dewaxing to further lower the pour



15 RHC product according to the invention contains far fewer multi-ring
napht henes as evidenced by the VI's for products obtained from sanpling
ports 9 amdox@29Thus the present |ZHC process sel ectivel y PEFIIS00Y3S30
mufti-ring naphthenes and nufti-ring aromatics fromthe feed w thout
affecting the bul k of the other higher quality nol ecul ar species. The
efficient renoval of the undesirable species as typified by 20 port 10 is
at least partially responsible for thg,inprovement in NOACK volatility at a
gi ven viscosity [0057] The excellent properties of basestocks according to
i nvention are given in the follow ng table. WO 02/:18291 - 19 TABLE A
PCT/ USO1 /3530 Sam | e Nunberl|1Viscosi |Index1161l 4Vi scosi_,

“eSt 4. 55. Peantat Fenaratefyrpkmaxbeausedes suehifpr wag- cp@nmgsaxand@ea@dahﬂhls@or

wt 99897 Exangle 2 ] 0058] This &iangle conpares a low acidity catal yst

useful i ayee Sepllosan somerizat 0 the invention versus a nore acidic
‘catalyst. The low acidity catalyst is KF-840 which is comrerci aI |y

avai | abl m Akz al yst i
a nore a |Ic)i§§ comgﬁ%@rf&ﬁﬁ %ﬂso Setggfég kédﬁ(:% Srt?n éprJ&%ﬁQér oct més e

processegpp %Wé?ﬂm%ﬁs%ﬁhﬁm’ér%d tﬁb F¥116Wink ﬁx‘b%eﬁ?@nwsﬁ:bﬁﬁr ﬁﬁe%f%'t Yesulst A
The feed 1s a 250N waxy raffi nate havi ng a itial boili'ng point of 335 C,

a 10 5i d-dbout 108, peferablyf atdedbt G:Oa,nIdOanKnailabth infigropeineht @k moisuted by
dewaxed oil viscosity at 100 G of 8.13 cSt, a dewaxed oil VI of 92 and a
pour poi MINBH158D) avermaéfinate dieedstopkeofst doast ahottah g S, Iprafarably at leust
02/-18291 -20_Table 1 Conparison. at Sim |l ar Conditions Cgeratl .ng Con(y tions
5 Tenper eﬁbeub wic/a, ptsthe lescqqztyw@hwhé I3g 3 Aot cebyiseRsinEatd0

Conversi % pour ponﬁ of -Vi'tS cl):;rl%gv%(r:tan\c/ll a ilow %oxmlty as determined by IP346 or
phase 1 of FDA (c). IP346 is a measure of polycyclic aromatic compounds. Many
10  of these compounds are carcinogens or suspected carcinogens, especially those with

so-called bay regions [see Accounts Chem. Res. 17, 332(1984) for further details].

The present process reduces these polycyclic aromatic compounds to such levels as
to pass carcinogenicity tests even though the lubricating oil may contain a small
amount of residual aromatics content. The FDA (c) test is set forth in 21 CFR

15 178.3620 and is based on ultraviolet absorbances in the 300 to 359 nm range.

[0039] As can be seen from Fig. 1, NOACK volatility is related to VI for any
given basestock. The relationship shown in Fig. 1 is for a light basestock (about
100N). If the goal is to meet a2 22 wt. % NOACK for a 100N oil, then the oil should
have a VI of about 110 for a product with typical-cut width, e.g., 5 to 50% off by

20 GCD at 60° C. Volatility improvements can be achieved with lower VI product by
decreasing the cut width. In the limit set by zero cut width, one can meet 22%
NOACK at a VI of about 100. However, this approach, using distillation alone,
incurs significant yield debits.

[0040] Hydrocracking is also capable of producing high VI, and
25 consequently low NOACK basestocks, but is less selective (lower yields) than the



25 Table 2 _Conparison at Simlar Conversion Operating Conditions
Tenperature LHSV, vlv/hr HZ pressure psig HZ to feed Scf/B Conversion to
370 G, woOAgPI USOL/ - L3530 Cat al yst Cat al yst PCT/US01/43530
AKF- 8403553600. 50. 58Q080016001300 22 11 114 116 Catal yst Catal yst
AKF- 8403453600. 50. 5800800160013001111 Product VI 30 107 116 [0059] As can
be seen fromTable 1, if reaction conditions are simlar, then Catalyst A
gi ves a nuch higher conversion. If copyersion is held constant {by
adj usting reaction conditions), then ?ﬁe VI of the product from Catal yst A
ks Euch | ower . Theﬁe rﬁsults show that while nore acidic catal ysts have

i gher activity, they have nuch | ower selectivity for VI inprovenent. WO
"(12/ - 482 rogesF/ofithi invezsion Fm&leanawdv@hélydrq@@@épg?ﬁdﬂbr@@rpﬁ?ﬂ RICBASws t hat

processes |i ke Tubes, hydxocracking which typical.ly invol. re acid

cat al yst WK 1SRRI EAHR8 Cgftrf’mqséﬁgﬂ’@ @OP%U%EISPFWQX WQP“@%&E@[ it

‘I nprove vol ati Iitﬁ %}Oge%ti S. T?e rr I flgft Iaalgé J& igglfg &gay Lgvi ng
a 100 Vlds Y PIHBACP § fgﬁ/ragtl\:g mﬁpg’ilgtﬁﬁas ?oppeglm?o %‘%é‘ ¢i €C0S] y
require

Process %8%?%@%%@ Ei’é&«%ﬁrf’%rﬂegi t%’ 3338 ?Léo?g?:%\%r%% ity,wgwﬁd. g?%o@éﬁg.esoo

3.3 Raffijpghy whdcesedrsmsi on ** Viscosity, cSt NOACK

[0041] The process of the invention is further illustrated by Fig. 2. The feed
8 to vacuum pipestill 10 is typically an atmospheric reduced crude from an
atmospheric pipestill (not shown). Various distillate cuts shown as 12 (light), 14
(medium) and 16 (heavy) may be sent to solvent extraction unit 30 via line 18.

10  These distillate cuts may range from about 200° C to about 600° C. The bottoms
from vacuum pipestill 10 may be sent through line 22 to a coker, a visbreaker or a
deasphalting extraction unit 20 where the bottoms are contacted with a deasphalting
solvent such as propane, butane or pentane. The deasphalted oil may be combined
with distillate from the vacuum pipestill 10 through line 26 provided that the

15 deasphalted oil has a boiling point no greater than about 600° C or is preferably sent
on for further processing through line 24. The bottoms from deasphalter 20 can be
sent to a visbreaker or used for asphalt production. Other refinery streams may also
be added to the feed to the extraction unit through line 28 provided they meet the

feedstock criteria described previously for raffinate feedstock.

20  [0042] In extraction unit 30, the distillate cuts are solvent extracted with n-
methyl pyrrolidone and the extraction unit is preferably operated in countercurrent
mode. The solvent-to-oil ratio, extraction temperature and percent water in the
solvent are used to control the degree of extraction, i.e., separation into a paraffins
rich raffinate and an aromatics rich extract. The present process permits the

25  extraction unit to operate to an “under extraction” mode, i.e., a greater amount of



Yield (a~ 100C Vol atili 69.7 6.500 3.6 * 1 st stage conditions: N /M
catal yst, 360C, 800 psig H2, 0.5 LHSV, 1200 ScfB 2nd stage conditi ons:

Ni / Mo/ Si Iwoaz/ds29m na catal yst, 366C, 2000 psig H2, 1.0 LHWT/@H0E38efB **
Condi ti ons: KF-840 catal yst, 353C, 800 psig H2, 0.49 LHSV, 1200 ScfB * * *
Estimated by GCD [0061] Wth an acid silica-alumna type catalyst in the
second reactor of the 2 reactor process, the yield of product of a given
volatility at the same viscosity is | r than the yield of the process of
the invention using raffinate feeds. This confirnms that a low acidity
catalyst is required to achieve low volatility selectively. WO 02/ : 48291
-22 Exanpl e 4 PCT/USQL/-353U [0062] Many current commercially avail able
"basest ockgomdatits hathe shirdffimsuficlyraffinatephaselt The asorgaties nch extvdc phhse 18

requi renents. This exanpl e denonstrates that conventional extraction

t echni quesent for fhytievprooessing dhrough himeGle sTheraffnaterpirase iy ¢endpctadd debits in
‘order to d se NOACK vol atilify. N latjlit i d usi
Gas chr orTGISIAN &4 t SelvERETBRINEER) D e ST ST RrEL AP UEB T I
| b | ated wi{h .absol.ut | by oth
ot hods. e ReaetingRnd searved GeBaTE IESuII IYPYH BRg I BH Ctvent i onal

basest.ocks, 4.S.1 sing 10 an over-extracted waxy raffinate 100N
sanpl é ha@fdﬁgcgwél@a@&%z\;ol atility of 27.8 (at 3.816 cSt viscosity at 100

C). The NOACK vol atility can be inproved by renoving the | ow boiling front

end (Toppjppgd] but the firsidiydascsnvelitory skt d9i dontaihs K 84@ catalyst whictoisher
alternative to inproving CK volatility is by renoving material at both
t he hi gh fiok¢limglybdentimverban blumgine suppart an&avaiéaiﬂetfmmﬁamcaNﬂbd- 15 const ant
viscosity (Heart-cut). Both of these options have linjts to.the NOACK

vol ati | i tydusigen izadmiitedtoriniy exregctos 49 theopgah Hag 4t Wniheonditions3ie, have

Cabl o ““WpisH s S5 i e USRI b1 12,
100N - EX i f

Vol aith i (o000 ¥y BBLED eIy, s fo SHRLHSY TR I Ao TR MIREOL TS o

Toppi NG 2602, 8 & SAPGcH BRI odRokch e CofpdPRnk bATie yroddinrted ©

3.900 10 art-cut 8.0 3.900 ewaxed oil ** estimated by GGD

15 Exanul gffniteGhdicaeahavain® ho aededofeeidafionis @kingplacd. Wékilesudl ect ed to
raffi nate hydroconversion under the foll ow ng conditions: KF-84Q catal yst

at 353 C, wibingwi be boundtcany-garticulothaey Bsincattie precise menhgasavErdhen under
these conditions 20 jncreased the DAMQ VI to 111., The results are given in
Tabl e 5. VIincrease which occurs in ti'uhs stage 1s not i(nown Wwith Gertainty, it is Kniowy that

15 heteroatoms are being removed, aromatic rings are being saturated and naphthene

rings, particularly multi-ring naphthenes, are selectively eliminated.

[0044] Hydroconverted raffinate from unit 42 is sent through line 46 to
second unit or reactor 50. Reaction conditions in unit are mild and include a
temperature of from 200-320° C, a hydrogen partial pressure of from 800 to 2000
20  psig, a space velocity of 1 to 5 LHSV and a hydrogen feed rate of from 500 to 5000
Scf/B. This mild or cold hydrofinishing step further reduces toxicity to very low

levels.

[0045] Hydroconverted raffinate is then conducted through line 52 to
separator 54. Light liquid products and gases are separated and removed through

25  line 56. The remaining hydroconverted raffinate is conducted through line 58 to



Table 5 _Distillation Assay of Hydroconverted Waxy Raffinate (103Mto 111
VI D WD) 25 NOACK ProcessinE Volatili Yield, %Viscosity, cSt (a7 100C
None38. 59909248291  Toppi ng21. 176. 23. 900Hear t - cut 20. 973. 83.PSUUED1/43530
Heart-cut 19. 962. 83. 900Heart - cut 19. 252. 23. 900Heart-cut 18. 73 9. 63 . 900 *
Estimated by GCD WD 02/.48291 PCT/U SO1 /-L35311 -24 5 These results
denonstrate that raffinate hydroconversi on can achi eve | ower NOACK
volatility much nore selectivity thaysay distillation alone, e.g., nore

t han double the yield at 21 NOACK. Furthernore, since the process of the

I nvention renoves poorer nolecules, nmuch |lower volatilities can be achieved
than by distillation alone. Exanple 6 [0065] This exanple illustrates the
“pr ef er r edewasng yiit 69.nDewaring By aegHr Eé‘%ﬁ/ﬁ%‘i’ﬁﬁﬁ’wm mﬁ‘i%‘é‘@%‘i ?hr‘i’ﬂé’

220 BT AR BT S BB el o
(110 VI ' | . | J ield
(150 ) ol FBL SR S PR ot g v o1

Yol ot i1 PBR X o Mubricant basestocks.
Vol ati | i th ?@@M‘%‘F‘ﬁ%@fﬁmgﬁ@f%ﬁgﬁnw& e) ZrLl(():%n* asestocks

21. 135 908%bveht ldeRr4RirdORith optidhallebdlidr&pafitesSwaxy nidedfles fidi 80 cat al yst ,
353 C, 800 psig H2, 0.5 LHSV, 1200 ScfB ** KF-840 catal yst, , 3C3-366 C,
1200 psi hydencobvertedimbricanniassstopk therepy dowering ¢ha pew pOIML0 VI product

directly fromdistillate by, extractjon alone i,s only. 39,1%which further
i |1 ust r afbsireeenvested radnabhis m&feéﬁbb'afam%ﬁﬁefﬁmﬁil IH%%’&W@B@Q Ste [ 0066]

i st 1| adebone paahe ILERE L Demakmab B A& Ped e FaSonn dhifethog g
tember at y g 1 B KBS KPR R ke e ch o B gt A o0

For exa dr st e over
10  and waxy product through line 66.

[0046] In the process according to the invention, any waxy components in the
feed to extraction unit 30 passes virtually unchanged through the hydroconversion

zone and is conducted to dewaxing unit 60 where it may be recovered as product.

[0047] Toxicity of the basestock is adjusted in the cold hydrofinishing step.
15  For a given target VI, the toxicity may be adjusted by controlling the temperature

and pressure.

[0048] The basestocks produced according to the invention have unique
properties. The basestocks have excellent volatility/viscosity properties typically
observed for basestocks having much higher VI. These and other properties are the
20  result of having multi-ring aromatics selectively removed. The presence of even
small amounts of these aromatics can adversely impact properties of basestocks

including viscosity, VI, toxicity and color.

[0049] The basestocks also have improved Noack volatility when compared

to Group II hydrocrackates of the same viscosity. When formulated with



385 C, 0.26 LHSV, 1200 psi Hz, and 2000 ScfB gas rate, only 104 VI product
was produced. [0067] Also, conbinations of distillate hydroprocessing (to
reach an veoiootigonmedi ate VI) then extraction to achi eve tam§ayusdl/A43s0not
preferred. This is because the extraction process is nonsel ective for
removal of naphthenes created fromaromatics in the distillate
hydr opr ocessi ng stage. Exanple 7 [0068] In the raffinate hydroconversion
process according to the invention, lfk.the first reaction zone is followed
by a second cold hydrofining (CHF) zone. The purpose of CHF is to reduce

t he concentration of nol ecul ar species which contribute to toxicity. Such
speci es may include 4- and 5-ring Rolynucl ear aromatic gonpounds, .£..d.,
“pyrenes mmfwtmaﬂ]éflﬁﬁa@spa@ PERIGISEE WL Ea%?F%?ré@ri%OtPﬁQﬁ?’ﬁﬂgﬂméjf@tqlgn
zone. One of the . tests.uysed as, an indicat.o i ' I.Cl is.the
FDA 15 - Bave §§?§1} Oét%%f%‘s’.eé‘é%few&i?”c‘ﬁ?‘é{aﬂgé’e‘%g‘éf?%%Z%P@i{ccg@%ﬁ’?%e

‘ul traviolet (. ?%’Prﬁ éﬂﬁ] | strates

t hat CHF%&?%%@:%%J@%%%%W%I eéé(’:e _g%- F%?’ c%ﬂgtggﬁégﬁéﬁgﬁ?es, whi ch
are_mich yhuBhcisaBotdifg 36 ARPIAGh SolTBiti HAVE yBes suck@sGdork@d1 - 26 Tabl e
7 FDA ~~ 1 /3530 280-289 290-299 300-359 360-400 nm nm nm nm FDA
"C' MAX (ARsevdvice Suidy, hgditulfural 6i1€) hydeadit fiaids) ele@iiealFvite) industrial Gisyt | 20
0.42 0.25 0.22 0.024 (CHF Process Conditions: 3 v/v/h, 260 C, 800 psig,
1200 Scf Behyydugeenginenilaand tlae Nd8 wppm S=0.6 wt. % on feed)) DLM 118 0.26
0.14 0.11 0.013 15 (CHF Process Conditions: 3 v/v/h, 260 C, 800 psig, 1200
Scf B Hydrogen) CHF Products DLM 115 3 . .1 . 016 = Process
Condi t1 080503 v/ v/ HF hez’é’de@t,lo%éﬁ%uﬁéﬁe@ ?“‘19%@86@3‘ g}e ééf)%ag é‘g’%&ﬂt&g

denonstrate tll1at a CHF step enables the product to easily pass the FDA "C

test. Exgﬁﬁﬁn? B [ 0069] Exanple 8 shows that products from RHC have
out st andi ng
Example 1
10  [0051] The route to improved volatility at a fixed viscosity is to selectively

increase the VI of the base oil. Molecularly this requires that the base oil become
relatively richer in isoparaffinic species. They have the highest boiling points at a
given viscosity. Mid boiling point can be increased (i.e. volatility decreased) by
increasing the cut point on a particular sample, thereby raising viscosity. To

15 maintain viscosity at a given cut width and increase mid boiling point necessarily
means that the basestock have fewer clustered rings, either naphthenic or aromatic,
and more paraffinic character. Isoparaffins are preferred because they have much
higher boiling points for the same viscosity versus naphthenes and aromatic multi-
rings. They also have lower melting points than normal paraffins. Most crudes

20  have an inherently high population of clustered rings that separations-based
processing alone cannot selectively remove to achieve the quality required for

modern passenger car motor oils (PCMO's) (i.e. VIof 110 to 120+) in an acceptable

yield.



25 toxicological properties versus basestocks nmade either by conventional
sol vent processing or hydrocracking. Besides FDA "C', | P 346 and nodified
Anes (nutwWiQeRHe9ly i ndex) are industry w de neasures of t@ATEWINY/H35Bhe
results are shown in Table 8. WO 02/ 8291 -27 Table 8 5 1 P346, w . % Md
Anmes, M FDA (C) (phase I) (300-359 nm Commercial Solvent Extracted
Basest ock 100N 250N 0.55 0.55 0.0 0.0 0.22 0.22 Commercial Hydrocracked
Basestock 100N 0.67 0.0 0.21 PCT/U SY+ 1-43530 RHC Basestock 100N 250N
0.11 0.15 0.0 0.0 0.02 0.03 10 15 20 [0070] The results in Table 8
denonstrate that RHC produces a basestock with nmuch inproved toxicol ogical
properties over conventional solvent extracted or hydrocracked, basest ocks.

ol Fons ont For Lt on Tabl o6 yiker s, e o 1o M SELUELE At S
\6 oI5 sf)o?,co Mﬁ;rgwczaﬁqndnfwrﬁw ’qui‘f?ut{% YB&o r‘é“ﬁ%‘l"ge@}tteh_aatbtg?n Fﬁﬁf?‘ﬁ%ﬂ‘g“% at
extract | O s JOPTIBALE oGl 3B ety B RRL PV Bh RS (AT M BATR e
(-18C Poypinddial HNRiGoreRRes | ThechAr@blis described in the following literature:

5 L. Jones and E. C. Milberger., Industrial and Engineering Chemistry, p. 2689, Dec.

1953, T. A. Warhall and F. W. Melpolder., Industrial and Engineering Chemistry,

p. 26, Jan. 1962 and H. A. Harner and M. M. Bellamy, American Laboratory, p. 41,

Jan. 1972 and references therein.

[0053] The thermal diffusion apparatus used in the current application was a

10  batch unit constructed of two concentric stainless steel tubes with an annular
spacing between the inner and outer tubes of 0.012 lin. The length of the tubes was
approximate 6 ft. The sample to be tested is placed in the annular space between
the inner and outer concentric tubes. The inner tube had an approximate outer
diameter of 0.5 in. Application of this method requires that the inner and outer

15 tubes be maintained at different temperatures. Generally temperatures of 100 to
200°C for the outer wall and about 65°C for the inner wall are suitable for most

lubricating oil samples. The temperatures are maintained for periods of 3 to 14

days.

[0054] While not wishing to be bound to any particular theory, the thermal

20 diffusion technique utilizes diffusion and natural convention, which arises from the
temperature gradient established between the inner and outer walls of the concentric
tubes. Higher VI molecules diffuse to the hotter wall and rise. Lower VI molecules
diffuse to the cooler inner walls and sink. Thus a concentration gradient of
different molecular densities (or shapes) is established over a period of days. In

25  order to sample the concentration gradient, sampling ports are approximately



Count er cur r ent Exanpl e 10Conpar ati veExtracti onExanpl e 10Condi ti onsTr eat,
LVO27590HZO i n Sol vent 50. 5Tenperature, F (C) 176 (80)124

(51) ( Bot twOp@Hgdt ent, F1111Yiel d, LV¥%%661lualitVl 9797 Conmud$iTYUHvi3BW%

Sat urates 0- R24221-R15132-R11113-R9114- R575+R22Tot al

Sat ur at es6666Ar omat i csl - R18182- R333- R11_ 4- R0. 50. 55- R0. 50. SThi opheno44’
Total Aromatics2727Unidentified77 WD U21.8291 -29 PCT/US(11/-13530 [0072]
The data denonstrate that the raffinajg according to the invention
extracted with NMP containing 5 LV% wat er provides a superior feed to the
first hydroconversion unit. The raffinate feed results in about 5 LV% nore
yield (at 97 5 VI) and about 4 LV% nore paraffin plus 1-ringnaphthenes and
‘about 4 lewdisiently spacaddpaiwsen Huntep, anddwtom gh e cHrentiis Bhes &ﬁnT%%l e 9,
lul C feed shoul d be extr c%&%.at | ow severity to target a maxi num of 3+
ring conpOuNERICPERYRRET e5S G BMhenes) rather that to target VI. The

hi ghest yield of such raffinate will be obtained using 10 hi gh water/high

t t t i Pt 4 1 j i : ide 5 LV%
o Coor & dDBSEL ", SOk ispbes SRl BdeRlocRS ye SANALA oA diffEun 08 B
wi t hout at?é’hjﬂﬁﬁ’ SphélBRitiS a cBYAEAtal 950N Daddstdecit Raving o BGX VI andf t he

products from'the present process is that both 15 yield and the crucial

vol atisl | tpfé?&féﬁw so¥vdrt epattiiesdewaxingnnethods.b¥heseomdisdet 122X r act ed
feeds. In other processes, yield inprovenents are Efnerally at the expense
of basestimskstqeiapidpared-by theeraffinatediygregonversion (REG)1goeess aceddingioe f eed

[ f i f vield i ity. A 250N distil|
OxCr e e dhe RycabndEaEet00 VicRSN stitimoiedl b sBlra re Aomea s si r 7

tant VI 13), .20 7. 0% NOACK | at .l it A
ook ebn e i I P 184 bt B PBA 416 T B o
t o about %@ﬁﬁ?{h‘% &%H{]Qp&%sﬁrg#ﬁpﬁgs él |l ustrates that the Goup I

products curre I nven ‘closely follow the
volatility-viscosity relationship of Goup Il
10 [0056] The results are shown in Fig. 3. Fig. 3 demonstrates that even a

“g00d” conventional basestock having a 102 VI contains some very undesirable
molecules from the standpoint of VI. Thus sampling ports 9 and especially 10
yield molecular fractions containing very low VI’s. These fractions which have
VI’s in the -25 to -250 range likely contain multi-ring naphthenes. In contrast, the
15 RHC product according to the invention contains far fewer multi-ring naphthenes as
evidenced by the VI’s for products obtained from sampling ports 9 and 10. Thus
the present RHC process selectively destroys multi-ring naphthenes and multi-ring
aromatics from the feed without affecting the bulk of the other higher quality
molecular species. The efficient removal of the undesirable species as typified by

20  port 10 is at least partially responsible for the improvement in NOACK volatility at

a given viscosity

[0057] The excellent properties of basestocks according to invention are

given in the following table.



WO 02/-48291 -30 PCT/U SO 1 /35311 basestocks (having nmuch higher VI's).
The Figure also conpares this behavior with the nuch poorer
vol ati | itwowedsmsity rel ationship of a standard Goup || WREArédl/daskhte. The
basest ocks of the invention have unique properties in that they have VT <
| 20 and yet have viscosity/volatility properties conparable to Goup TIl 5
basestocks (> 120 VI). Those basestocks characterized as having viscosities
inthe range 3.5 to 6.0 cSt at 100C gy defined by the equation N = (32 -
(4)(viscosity at 100C)) ~ 1 where Nis the Noack volatility. [0076] Fig. 6
shows that the Goup Il basestock according to the invention has a superior
Noack volatility conpared to the conventional Goup Il basestock 10 based
‘on 4 cSt oils. Exanple 12 [0077] | t TABLEIA known that basestock quality
can affect finished oil perfor mance in certal n standard industry tests. The
erformance of the esent—pasestocks— -yt orTofrat =21t ype SW 30
'Porrml ations was t gagﬂg? Numbeiscessed in 'r{\ ench anm cgpengl ne
tests. [0078] An ih-house bench oxidation {est was first used tfjo assess the
resi stance to oxid tvlg@qs tpllﬁgg,pl ng offer ediby tipe pr(=sent11hase<tocks

conpared to conven et t ToSE Goup beU cRS |he§[§ il is
subjected to air ‘ S-ol-uHd reR-cat al yst at
165C; the change |§%&Illkﬂynbimckdvt%scosm W i tim is Becorded and an
estimte of the holmpgut Pofrta@d 375% viscosity -bgreage i sl8ade.| Two
different additive 0 ed 1T tn onvent | I Gloup | and in
the present basest d f“rg{égé’y agl‘@ﬂ £ pucly :.E.gg;ab! e—+0—etomw Zg WO 0
2/ 8291 -31 TABLE 10 PCT/USO /.~3S3f 1 BI end Nunber 1234Per f ormance Additive
S st emABABBasest ocksG ou | Grou | EHCEHCOxi dati on Screener, est. hrs to 375%

vis. increase 57,5 82.5
xample 2

[0058] This example compares a low acidity catalyst useful in the process

5  according to the invention versus a more acidic catalyst. The low acidity catalyst is
KF-840 which is commercially available from Akzo Nobel and has an acidity of
0.05. The other catalyst is a more acidic, commercially available catalyst useful in
hydrocracking processes having an estimated acidity of 1 and identified as Catalyst
A. The feed is a 250N waxy raffinate having an initial boiling point 0of 335°C, a

10  mid-boiling point of 463° C and_a final boiling point of 576° C, a dewaxed oil

viscosity at 100° C of 8.13 cSt, a dewaxed oil VI of 92 and a pour point of -19°C.

The results are shown in Tables 1 and 2.



72.0 83.5 Additive systens A and B are conventional additive packages.

Addi tive system A includes a detergent, dispersant, antioxidant, friction
nodi fi er WOORHSNIfier, VI inprover and antifoamant. Addit iR/ E3psH35 B

i ncludes a detergent, dispersant, antioxidant, friction nodifier,
antifoamant and VI inprover. The individual conponents within each additive
package may vary according to the manufacturer. The basestocks according to
the invention were found to provide gjgnificant 10 inprovenent in oxidation
performance over the conventional basestock with additive system'A , and
somewhat smaller inprovenent with additive system'B . [0079] The oxidation
screener can only provide a general indication of oxidation resistance. To
‘confirm engi ne performance, SequencelBbleEltests were 15 conducted on the
Goup | and on the EHG stocks in SW30 fornul ati ons using additive system
''B'. The Sequence |11 t.[astgi Sd& st andard i ndustry bench engi ne test which
assesses : > and hi gh tenperature deposits (ASTM D
5533). The results, shown in Table 11, indicated that the EHC basestocks

provi ded i nproved C@' b Adidais (beyond that preejgi@d in the bench
screener), as well | of hidg el ature Oppogh( S - VO
U2/ 8291 -32 TABLE 11 PCT/USO1 /3530 Blend N =5&Per f or e ditive S
st enBBBasest ocksGr &pmmesmfﬂ | ELi mi t sVi sco®] ty Increase 4 hr 18263375
maxHours to 375% vilsHSVperwhse71. 278. 964 ni nA§g. Engi ne S| udide,
merits9.579.519. 2 myNAndsurBipafgon Skirt Varniggp merits9.31980078.9 mi nGi |
Ring Land Deposits, ngr?;tegm .963.5 m nStu 1300

Li ftersnonenonenonelg%:u € rn Cam or LiftersnonenonenoneAvg. CamtLifter
Wear, mcronsl5.4930Max. CamtLifter Wear, m crons742064G | Consumti on,
L3.830. 5SRe ort [ 00BGjveRsipnao 3707 €— v8ong o2the Goup |, BW30, showed
that this additive systemcould neet the wear and ring | and deposit
requirenents in cor‘Iyl%a{l}:p?f\I ly 5 refined stogkp. However, vipgosity

i ncrease remai ned better tor the EHC formul ati ons, either alone, or in
conmbi nation wth Goup | basestocks as shown in Figure 7. Ol consunption
was al so consistently |lower for the EHC formul ati on, probably due to the
| owerisvol atility of these basestocks. 10 Exanple 14

Table 2
Comparison at Similar Conversion
Operating Conditions Catalyst
20 Catalyst A KF-840
Temperature 345 360
LHSV, v/v/hr 0.5 0.5
H, pressure psig 800 800
H, to feed Scf/B 1600 1300
25 Conversion to 370° C—, wt.% 11 11
Product VI 107 116
[0059] As can be seen from Table 1, if reaction conditions are similar, then

30  Catalyst A gives a much higher conversion. If conversion is held constant (by
adjusting reaction conditions), then the VI of the product from Catalyst A is much
lower. These results show that while more acidic catalysts have higher activity,

they have much lower selectivity for VI improvement.



[ 0081] The Sequence VE is another key engine test which nmeasures sl udge,
varni sh and wear under relatively | ow engi ne operating tenperatures.

Conpar at iwe o2esws were conducted on SAE SW 30 fornul at i onPOTAGYIMIBM G oup
| and with EHC stocks in another additive system These indicated that the
EHC basest ocks WO 02/-@B291 -33 PCT/U 5111 /3530 provided at |east as
good control of sludge and better average varni sh than the conventi onal
stock (Table 12). TABLE 12 5 Bl end Numper: 78Performance Additive S

st enCCBasest ocksG ou | EHCSeq. VELi m t sAvg. Engi ne Sludge, merits9.149.499.0
m nRocker Cover Sludge, nmerits8.289.047.0 m nPiston Skirt Varnish,
merits7.026.906.5 m nAvg. Engi ne Varnish, neritsb.436.255.0 mnQ | Screen
"0l oggi ng Example 3raxHot St uck Ri ngsnonenonenoneAvg. Cam W\éar ,

m crons83. 618130 maxMax. Cam Wear, m crons23127380 max Exam ne 1S [0082]
Lubri can | eco I I - of tnereasi ng
i rrportantclg&#’i ori gﬁglg%/e)g%ap{?ﬁe%r?ﬁcn@ﬁp agésﬁsth?gkqg%%q@ﬁcﬁgeﬁgﬁpgfwglgged in 10
the greatgt; ' t EHidSof WORARASs ReActahs enoét B f uel
econony Ittﬁsr%ic?s ro?ﬁvfigﬁgfeggtﬁr%fg C G:t!lgsgpeci ffittlzagti on are shown in Table
13 al ong efiective waglte ipsdve eslatilisy propeaitesSVFROresalty 86t aRSON Géftitepfesdot ype
formul ati ons contai ni ng EHC basestocks and a single additive system It is
appar &nt Hakiig 2 he0 MO W@ ikshawin én Teble JoPraduichivas dopieast tor the yiscosity
demanding 15 Iimts. WO 02D8291 -34 TABLE 13 PCT/US01L13S311 Performance
Addi tive f@?@t@mﬁb@@ﬂ&@mi gi nal | yProposedLi m t sSW 2016 hr, % Fuel
Econony | nprovenent 2. 02.0 m n96 hr, % Fuel Econony | nprovenentl.81.7

m nSW 3016 hr, % Fuel Econony Inprovm. 71.7 m n96 hr, 9% Fuel Econony

| mprovenent 1. 41.4 m n10W 3016 hr, % conony | nprovenentl1l.4*1.3 m n96
hr, % Fuel Econony Inprovenentl.1 *1.0 mn * referenced engi ne stand,

| at est Sequence %ﬁeh&%&'%(ﬁtﬁ%@*i ty Bias Correction Factors applied.

Two Stage Process Raffinate Hydroconversion **
Viscosity,cSt NOACK *** Viscosity,cSt NOACK
Yield @ 100°C Volatility, wt.% Yield @ 100°C  Yolatility
30.5 6.500 3.3 69.7 6.500 3.6

* st stage conditions:  Ni/Mo catalyst, 360°C, 800 psig Hp, 0.5 LHSV, 1200
10 Scf/B .
2nd stage conditions: Ni/Mo/Silica alumina catalyst, 366°C, 2000 psig H,, 1.0
LHSV, 2500 Scf/B
** Conditions: KF-840 catalyst, 353°C, 800 psig H,, 0.49 LHSV, 1200 Scf/B
*** Estimated by GCD

15

[0061] With an acid silica-alumina type catalyst in the second reactor of the 2
reactor process, the yield of product of a given volatility at the same viscosity is
lower than the yield of the process of the invention using raffinate feeds. This

confirms that a low acidity catalyst is required to achieve low volatility selectively.



WO 112/8291 -3 5 CLAIMS: PCT/U SO1 /3530 1. A process for producing a

| ubricating oil basestock which conprises: (a) conducting a |ubricating oil
f eedst ocRWOP2H8R91 eedst ock being a distillate fraction, to PCTHHOVER30
extraction zone and under-extracting the feedstock to 5 form an
under-extracted raffinate wherein the extraction zone solvent contains

wat er added in the amount from about 1 to about 10 vol.% based on
extraction solvent, such that the extpaction solvent contains from3 to 10
vol . % water; (b) stripping the under-extracted raffinate of solvent to
produce an under-extracted raffinate feed having a dewaxed oil viscosity

i ndex from about 75 10 to about 105; (c) passing the raffinate feed to a
‘first hydixampledsi on zone and processing the raffmate feed in the presence
of a non-acidic catalyst at a tenperature of from about 320 to about 420C

175 pa008Bhce  oMsEy EpaRl Somhany dye i pRs@RERs A0 o Ogen

ouecs bufd iyl aheuh RIS A8 mSRRO TR EBrkAE demdiSRprdis) (o
hydr OCO”V&{nRr%ﬁtiB?ﬁlféx@ﬁEﬁoﬁ fochnffiRd R4, hfdekbPrerdionedtitiqaesiftdrifigncol d

hydr of i ni shing of the first hydroconverted raffinate in the presence of a

hydr oki nilgFidielbdétiissin crertotdurpeaseNOACK vblatititpb DI A CBD volatidibpwas 20
360C, a hydrogen partial pressure of from about 800 to about 2500 prig (5.6

to 17.3 rddtimated upingezaschommatpgrgphic distilption (GCGIR) sebdorth i ASTM 28d a
hydrogen to feed ratio of from about 500 t ou ScfB (89 t0,890
n8/ n8) t SERHNRACK vglueneambe peela Wﬁhtagﬁgﬁlt‘?/@@g&%l yes gﬂeas‘”ed%y
PCT/ USOl/-ﬁBSBl%h(?-%G 2 TZﬁ]\Eif ss of claim1l wherein the sol vent
extract i SHIGORE 1S9ghas ¢tion solvent selected fromat |east one
of N-nethyl-2-pyrrolidone, furfural and phenol. 3. The process of claim2

wherein t tracti Iié ifehteRalbdsesotkeitillusirated abing i
fromO0.5 [IBQG"?(O. 4_T@ﬂgé%?;ﬁ%g§?%\?b€ﬁ?dﬁ whe?ei net he raflf iunatg feed has a

dewaxgd Qir ovérseaEicied wasy ¥affinate FOONIsaBPld havihgatGER NOACK volatility of
27.8 (at 3.816 cSt viscosity at 100° C). The NOACK volatility can be improved by

removing the low boiling front end (Topping) but this increases the viscosity of the
material. Another alternative to improving NOACK volatility is by removing
material at both the high boiling and low boiling ends of the feed to maintain a

15 constant viscosity (Heart-cut). Both of these options have limits to the NOACK
volatility which can be achieved at a given viscosity and they also have significant

yield debits associated with them as outlined in the following table;



5. The process of claim1 wherein the non-acidic catalyst has an acidity

| ess than about 0.5, said acidity being determned by the ability of the
cat al yst wooziasewert 10 2-net hyl - 2- pentene to 3-net hyl - 2- p@CTAR1/ARG0

4-met hyl - 2-pentene and is expressed as the nole ratio of 3-nethyl-2-pentene
to 4-nmethyl -2-pentene. 6. The process of claim 1l wherein the non-acidic
catalyst in the first hydroconversion zone is at |east one of a Goup VIB
metal and non-noble G oup VIII netal ..245 7. The process of claim 1l wherein
t he space velocity in the first hydroconversion zones is fromabout 0.3 to
3.0 LHSV. 8. The process of claim1l wherein the tenperature in the

hydr of i ni shing zone is from about 29 (i 50C. 9. The process of claim1l
‘wherein the catalyst in the hydrofi n&@h—ﬁé’ zone 20 includes at |east one
Goup VIII noble netal. . 10. The process of claim9 wherein the catal yst
is Pt, Pd Distfld¥iog Wseay 0€100N.OveVEQhtéd IWAxPREfinafIA03/ VIBS¥(L *) 3711.
The process of claim1 wherein tR@AcKst hydroconverted raffinate is passed

to a separatorgyto separate | o LN p,o,d,u fo
rafflﬁate prlmgkl ng toWozﬁht Pire idd PW
process of cl Nane11 wherein hydrog r§/erted ra nate fromth égparat or is

passed to a ddeppingy zone and subj2é& ed to at 95.2ast one of s39%¥nt dewaxi ng
and catal yti cyggweitng prior to pa3sing to the8.0ydrofinishing.9fne. 13. The
process of Cl?{ atvherein cat aI Qup dewaxi ngp gs acconplishg@og th a

GRS

dewaxi ng cata cont ai ni ng at one 10 g nol ecul ar siggywe. 14. The
proce'é)s of cl Wherein the fi ﬁgt hydrocoré)gth ed raffinat 9?)!) 10 passed

to a dewaxi ng zone and catal ytically dewaxed using a sul fur and nitrogen
tol erant nol ecut BWE =\dewaxiedoilt o passing to the hydrofinishing zone. 1 S.
The process of +&lQiifatedbg@PD the hydrofinished raffinate is passed to a
separator to separate | ow boiling products fromthe hydrofinished raffinate

to produce a secgnd hydrofinished raffinate. 15 16. The process of claim15
wher ein tE&%ﬁ%ﬁd hydr of i ni shed raffinate is

[0064] The over-extracted feed from Example 4 was subjected to raffinate

hydroconversion under the following conditions: KF-840 catalyst at 353° C, 800

psig Hy, 0.5 LHSV, 1200 Scf/B. Raffinate hydroconversion under these conditions
20 increased the DWO VI to 111. The results are given in Table 5.

Table 5
Distillation Assay of Hydroconverted Waxy Raffinate (103VI to 111 VI
DWO
25 NOACK *
Processing Volatility Yield, %  Viscosity, ¢St @ 100°C
None 38.5 999 0 e
Topping 21.1 76.2 3.900
Heart-cut 20.9 73.8 3.900
30 Heart-cut 19.9 62.8 3.900
Heart-cut 19.2 52.2 3.900
Heart-cut 18.7 39.6 3.900

* Bstimated by GCD



passed to a dewaxi ng zone and subj ected to at |east one of sol vent

dewaxi ng and catal ytic dewaxi ng to produce a dewaxed second hydrofini shed
raf fi nat ewOD2/482Phe process of claim 16 wherein the cat al ytRGI/dOWa3a3Nng i s
acconplished with a dewaxi ng catal yst containing at |east one 10 ring

nmol ecul ar sieve. 20 18. The process of claim 1 wherein the hydrofinished
raffinate is passed to a dewaxi ng zone and dewaxed using a sul fur and
nitrogen tol erant nol ecul ar sieve. 19, The process of claim 16 wherein the
dewaxed second hydrofinished raffinat® is further hydrofinished in a second
hydrof i ni shing zone. WO 02/ 8291 PCT/ USO1/~3530 -38 20. The process of
claim1 wherein the under-extracted raffinate feed is sol vent dewaxed under
'sol vent diesxtesglts demtionstoate that raffinate dydenconyensinn ¢an aghienailosesnver si on

zone. 21. The process of claim 1l additi na ly.cC ri sing adding additives
to the 5NQAGI€a@iaﬁy%mu0ba§@@tthMt }S‘l‘fé’gg‘g‘@ncﬁo 2 &1 fn DIPT ein the
‘addi t nt, d t d
Fricti on degblethe yielehdf SOALK. %pn%ﬁﬁwefm'g% o At Al LG A,

f cl II 10
ot ai ns emBLeLotrERELGles, ghidh I voRBiieR caR pedkBiaRd huf e [ Y 1

| ubrigat 1Rkibn ﬁﬁ%stock whi ch corrprl ses (a) conducting a lubricating oil
feeds?ocllgmga&llg ? Sstock being a distillate fraction, to a sol vent

extraction zone and under-extracting the feedstock to form an
under - exifixaghpl ¢ af f mat e wherein the extraction zone sol vent contains 15
wat er added 1 n the amount from about 1 to about 10 vol. % based on

extraction solvent, such that the extractloneélsj Iveirt] é\e ns from3 to 10
vol . % waf@d65] (b) sﬂ"rhlﬁppxaigp]tehﬂuﬁiﬁﬂéﬁ thepregrt § 1omEcda 1m9§%l vent to

ndex 11 SRdiseaversion GUGOBrOGESS: 130 TeRy Lot RoTane § qrnpadte Ml o 2
(ot Y aeINE Lo ARBA HRLRGA5 With Iohfer Y oeifbests o

presence erature o rom about 320 to

abouy 42g8ne$r§algatg;%§gtyp§rm vt) 4836 mgcafndfd ghgu@h@@mwums tA600

psig pace ‘vel OCI of about to about
yields achieved across RHC using IOON raffinate feed.

Table 6
Yield of
NOACK Viscosity Extraction Hydroprocessi Waxy
Feed VI Volatility cSt @ Yield ng Product
100°C Yield (on distillate)
103 * 21.1 3.900 53.7 76.2 40.9
92 ** 21.1 4.034 73.9 63.8 47.1

15
*  KF-840 catalyst, 353°C, 800 psigH,, 0.5 LHSV, 1200 Sct/B
#%  KF-840 catalyst,, 363-366°C, 1200 psig H,, 0.7 LHSV, 2400 Scf/B

The yield to get to a 110 VI product directly from distillate by extraction alone is
20  only 39.1% which further illustrates the need to combine extraction with

hydroprocessing.

[0066] While under-extracted feeds produce higher yields in RHC, use of

distillates as feeds is not preferred since very severe conditions (high temperature



WO 02/-t8291 -39 PCT/USfI 1/-1L3530 5.0 LHSV, and a hydrogen to feed ratio
of from about 500 to about S000 ScfB (89 to 890 ~nB/nB) to produce a first
hydr oconweptds29af f i nate; (d) passing at |east a portion FCHUWIAEt
hydroconverted raffinate to a dewaxi ng zone and conducting at |east one of
catal ytic and sol vent dewaxi ng under 5 dewaxing conditions to produce a
dewaxed hydroconverted raffinate; and (e) passing the dewaxed
hydroconverted raffinate to a second.ggaction zone and conducting cold
hydrof i ni shing of the first hydroconverted raffinate in the presence of a
hydr of i ni shing catal yst at a tenperature of from about 200 to about 360C, a

hydr ogen partial_pressure of from about 800 t uf...2500 1 i 5.6t
"17. 3 nPa)QnddOprﬁgv\)é‘lf%é‘?qu}reéf T SFREHNG 0] atﬁ@ﬁ%f’“%’ ‘L‘f%gq‘p?r"fg ag 0

oy o) 1 8 Gt ol R 85 2000 s e Bk e R, IOAT iRk B0

L A{9. A3. '%?i‘ % A3U& AYh& Al {9. A & A3A. A & AYU&e. AFI . A3e. AF&, . AY&, . Al U&

kA?&y. AR A& AF9. A& A. A . Al . A32 . A[92. AYh. AY& AFh&. AFA& A#:LcJ- ; ? N

}xsni "X mdeiic”a) cakea) aatibaitiont olinaVhushnsbprkesiinglajoach an] cal cal ca) ca
] ca] ca] ca] caJ ca] c*a] ca] ca] c”a] cMa] ca >Xp=
5  intermediate V1) then extraction to achieve target VI is not preferred. This is
because the extraction process is nonselective for removal of naphthenes created

from aromatics in the distillate hydroprocessing stage.

Example 7

[0068] In the raffinate hydroconversion process according to the invention,

10 the first reaction zone is followed by a second cold hydrofining (CHF) zone. The

’ purpose of CHF is to reduce the concentration of molecular species which
contribute to toxicity. Such species may include 4- and 5-ring polynuclear aromatic
compounds, e.g., pyrenes which either pass through or are created in the first
reaction zone. One of the tests used as an indicator of potential toxicity is the FDA

15 “C”test (21 CFR 178.3620) which is based on absorbances in the ultraviolet (UV)
range of the spectrum. The following table demonstrates that CHF produces a
product with excellent toxicological properties, which are much lower than the

acceptable maximum values.
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109& S109&

&$3z&(12)fy@r©):ea‘s§_l%g1@1 bdroomgking. | BesidegFPA 109346 and meslified Apes 100 () - 41
0%& JAE! L3 109, 1 10% 3., 10%& - U (P

V37100 (sl 1 dex) e imclistrly wjdb pdasuise GDRET, g respls gyp shown

10: s! 109& (,.2, T 10%& ()-F5 " 10%&: ()-? N K debC & 10%é& ()-3$10%& () -

& 10%& (P aﬁh 6%)& - & 110% & ()- "&10%& ()- >xaBbC & !10%& ()-3&
“+Z10%&' ()- & ! 109%& () L ##10%)b&' ()-&9!3"10%& ()-3&f 10%& ()- p=dE /
10b 10b8#10%& ()- 96! 10%&' () - 3L5

"10%& ()-39S2Z10%& ()-39s0 10%& ()-F."10%& () -



ZxY:/ 10bL10%& ()- LGLO%& ()- L 10%& ()- "&LO%& ()-

10%<& ()-910%& ()- 10b RAE:/ 10bLs 10%& ()- L@5 10%& ()-L410%& () -
10%<& () -WOD09Ys8 ()- & 10%& ()- Rx dE:/ 10bL PCT/US01/43530

(10%& ()-3&10%& ()-3  $@O0%& ()- 1"1 10%& ()- 10%& ()-

| 109%& () -, #$9&3xnbC 10b10%& ()- 10< 10< 10<s8 10%& () -

sl 43" 10%& () -2: $10%& ()-3 *Y" 10%& ()-37HJ} [ <nbC 10bF10%& () -

| $&$109& ()- !&$10%HHE ()- ! (Y &I0Y® ()- "10% ()-310% ()-5baBmbC

10b3° 3109& ()- Y1"109& ()-3, 109& ()-! SFY("109%& ()-#109%& ()-Y "109% ()- ,rbC
10b 109% & ()- "109% & ()-11 109% & ()-10%& ()- 10 10 10510% ()-4r!Y! dEbC

'10b3&"10% & ()- s'10% & ()-3f#10% & {)- V' 10% & ()-3 " 10% & ()-s 10% & () -
YUt tw' " #dEbC 10bsf 21094 & () -3 09$baRI&E ) 3 - 1004& ()- s,,10% & ()- s9*
"109% & ()- s(!10% & () - #i ########bC
Commercial Commercial
Solvent Extracted Hydrocracked RHC
5 Basestock Basestock Basestock
100N 250N 100N 100N 250N
IP346, wt.% 0.55 0.55 0.67 0.11 0.15
Mod Ames, MI 0.0 0.0 0.0 0.0 0.0
FDA (C) (phaseI) 0.22 0.22 0.21 0.02 0.03
10 (300-359 nm)
[0070] The results in Table 8 demonstrate that RHC produces a basestock

with much improved toxicological properties over conventional solvent extracted or

15 hydrocracked basestocks.

Example 9

[0071] A 250N distillate was extracted with NMP under the conditions set
forth in Table 9. Water was added to the NMP solvent at 5 vol.% according to the
invention to favor high yield of raffinate and at 0.5 vol.% as a comparative example

20  of typical raffinate under normal extraction conditions.
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Dewaxed (-18°C Pour) Raffinate Composition: 250N

Countercurrent Example 10 Comparative

Extraction Example 10
Conditions
Treat, LV% 275 90
% H,0 in Solvent 5 0.5
Temperature, °F (°C) 176 (80) 124 (51)
(Bottom)
Gradient, F 11 11
Yield, V% 66 61
Quality
VI 97 97

Composition, LV%

Saturates
0-R 24 22
1-R 15 13
2-R 11 11
3-R 9 11
4-R 5 7
5+R 2 2
Total Saturates 66 66
Aromatics
1-R 18 18
2-R 3 3
3-R 1 1
4-R 0.5 0.5
5-R 0.5 0.5
Thiopheno 4 4
Total Aromatics 27 27

Unidentified 7 7
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5 VI) and about 4 LV% more paraffin plus 1-ringnaphthenes and about 4 LV% less

3+ ring naphthenes.

[0073] Based on the data in Table 9, RHC feed should be extracted at low
severity to target a maximum of 3+ ring compounds (aromatics and naphthenes)
rather that to target VI. The highest yield of such raffinate will be obtained using
10  high water/high treat extraction conditions. Optimization of extraction could
provide 5 LV% or more of waxy raffinate which can be fed to the hydroconversion

process without any process debits.

Example 10

[0074] A unique feature of the products from the present process is that both

15 yield and the crucial volatility/viscosity properties are improved by using under-
extracted feeds. In other processes, yield improvements are generally at the
expense of basestock quality. Figure 4 is a graph illustrating the raffinate feed
quality as a function of yield and viscosity. A 250N distillate was extracted,
hydroprocessed, vacuum stripped and dewaxed to produce a constant VI (113),

20  7.0% NOACK volatility basestock with a -18°C pour point. As shown in Fig. 4,
preferred feeds have a DWO VI between about 80 to about 95.

Example 11

[0075] Figure 5 illustrates that the Group II products from the current

invention most closely follow the volatility-viscosity relationship of Group III
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hydrocrackate. The basestocks of the invention have unique properties in that they

have VI <120 and yet have viscosity/volatility properties comparable to Group III

5  basestocks (>120 VI). Those basestocks characterized as having viscosities in the
range 3.5 to 6.0 ¢St at 100°C are defined by the equation N = (32 - (4)(viscosity at

100°C)) + 1 where N is the Noack volatility.

[0076] Fig. 6 shows that the Group II basestock according to the invention
has a superior Noack volatility compared to the conventional Group II basestock

10 based on 4 cSt oils.

Example 12

[0077)] It is well known that basestock quality can affect finished oil
performance in certain standard industry tests. The performance of the present
basestocks in fully formulated GF-2 type SW-30 formulations was therefore

15 assessed in both bench and sequence engine tests.

[0078] An in-house bench oxidation test was first used to assess the
resistance to oxidative thickening offered by the present basestocks compared to
conventionally processed Group I stocks. The test oil is subjected to air sparging in

20  the presence of a soluble iron catalyst at 165°C; the change in 40°C kinematic
viscosity with time is recorded and an estimate of the hours to reach 375% viscosity
increase is made. Two different additive systems were compared in the
conventional Group I and in the present basestocks (designated as "EHC") in Table
10 below:

25
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Additive systems A and B are conventional additive packages. Additive system A
5 includes a detergent, dispersant, antioxidant, friction modifier, demulsifier, VI
improver and antifoamant. Additive system B includes a detergent, dispersant,
antioxidant, friction modifier, antifoamant and VI improver. The individual
components within each additive package may vary according to the manufacturer.
The basestocks according to the invention were found to provide significant
10 improvement in oxidation performance over the conventional basestock with

additive system 'A', and somewhat smaller improvement with additive system 'B'.

[0079] The oxidation screener can only provide a general indication of
oxidation resistance. To confirm engine performance, Sequence IIIE tests were

15 conducted on the Group I and on the EHC stocks in SW-30 formulations using
additive system 'B'. The Sequence IIIE test is a standard industry bench engine test
which assesses oxidation resistance, wear and high temperature deposits (ASTM D
5533). The results, shown in Table 11, indicated that the EHC basestocks provided
improved oxidation control (beyond that predicted in the bench screener), as well as

20 good control of high temperature deposits.
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TABLE 11
Blend Number: 5 6

Performance Additive System B B

Basestocks Group I EHC

Seq. IITE Limits
% Viscosity Increase @ 64 hr 182 63 375 max
Hours to 375% vis. Increase 71.2 78.9 64 min
Avg. Engine Sludge, merits 9.57 9.51 9.2 min
Avg. Piston Skirt Varnish, merits 9.31 9.17 8.9 min
Oil Ring Land Deposits, merits 3.02 3.96 3.5 min
Stuck Lifters none none none
Scuffed/Worn Cam or Lifters none none none
Avg. Cam+Lifter Wear, microns 15.4 9 30
Max. Cam+Lifter Wear, microns 74 20 64
Oil Consumption, L 3.85 2.55 Report

[0080] Repeat I1IE testing on the Group I, 5W-30, showed that this additive

system could meet the wear and ring land deposit requirements in conventionally
5 refined stocks. However, viscosity increase remained better for the EHC

formulations, either alone, or in combination with Group I basestocks as shown in

Figure 7. Oil consumption was also consistently lower for the EHC formulation,

probably due to the lower volatility of these basestocks.

10 Example 14
[0081] The Sequence VE is another key engine test which measures sludge,

varnish and wear under relatively low engine operating temperatures. Comparative
tests were conducted on SAE 5W-30 formulations made with Group I and with

EHC stocks in another additive system. These indicated that the EHC basestocks
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16 hr, % Fuel Economy Improvement 1.4* 1.3 min
96 hr, % Fuel Economy Improvement 1.1* 1.0 min

* referenced engine stand, latest Sequence VIB industry Severity Bias
Correction Factors applied.
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CLAIMS:
1. A process for producing a lubricating oil basestock which comprises:

(@  conducting a lubricating oil feedstock, said feedstock being a
distillate fraction, to a solvent extraction zone and under-extracting the feedstock to
5 form an under-extracted raffinate wherein the extraction zone solvent contains
water added in the amount from about 1 to about 10 vol.%, based on extraction

solvent, such that the extraction solvent contains from 3 to 10 vol.% water;

(b)  stripping the under-extracted raffinate of solvent to produce an
under-extracted raffinate feed having a dewaxed oil viscosity index from about 75

10 to about 105;

(c) passing the raffinate feed to a first hydroconversion zone and
processing the raffinate feed in the presence of a non-acidic catalyst at a
temperature of from about 320 to about 420°C, a hydrogen partial pressure of from
about 800 to about 2500 psig (5.6 to 17.3 mPa), space velocity of about 0.2 to about
15 5.0 LHSV, and a hydrogen to feed ratio of from about 500 to about 5000 Scf/B (89

to 890 m’/m’) to produce a first hydroconverted raffinate; and

(d)  passing the first hydroconverted raffinate to a second reaction
zone and conducting cold hydrofinishing of the first hydroconverted raffinate in the
presence of a hydrofinishing catalyst at a temperature of from about 200 to about

20 360°C, a hydrogen partial pressure of from about 800 to about 2500 psig (5.6 to
17.3 mPa), a space velocity of from about 1 to about 10 LHSV, and a hydrogen to
feed ratio of from about 500 to about 5000 Scf/B (89 to 890 m*/m®) to produce a
hydrofinished raffinate.
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#32/ KL 10%8& ()- d@UAL0 #32! K 1008& ()- Kl 10988 ()= K 1098& ()- Kl 1098 ()-

#3z!  DvU410 #K! 1098& () 0%B & 09 Kl 10%$&
K 10988 ()- & epm%&%oﬁ%l & 9rﬂ1(11)<ﬁhf@9é@§f~x aatjorkzanpagiydes an

10%%& Q(fraclgion s/&slvex(nt) selected from at least one of N-methyl-2-pyrrolidone, furfural
and phenol.

3. The process of claim 2 wherein the extraction zone conditions include a

5 solvent: oil ratio is from 0.5 to 5.0.

4. The process of claim 1 wherein the raffinate feed has a dewaxed oil

viscosity index from about 80 to about 95.

5. The process of claim 1 wherein the non-acidic catalyst has an acidity less
than about 0.5, said acidity being determined by the ability of the catalyst to convert
10  2-methyl-2-pentene to 3-methyl-2-pentene and 4-methyl-2-pentene and is expressed

as the mole ratio of 3-methyl-2-pentene to 4-methyl-2-pentene.

6. The process of claim 1 wherein the non-acidic catalyst in the first
hydroconversion zone is at least one of a Group VIB metal and non-noble Group

VIII metal.

15 7. The process of claim 1 wherein the space velocity in the first

hydroconversion zones is from about 0.3 to 3.0 LHSV.

8. The process of claim 1 wherein the temperature in the hydrofinishing
zone is from about 290 to 350°C.

9. The process of claim 1 wherein the catalyst in the hydrofinishing zone

20 includes at least one Group VIII noble metal.

10. The process of claim 9 wherein the catalyst is Pt, Pd or a mixture

thereof.,
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KI1098& ()- K 1098& ()- &m|[:vU410 3/1096$& ()- ( 33.31096$& ()- 3f,
109%6%& ()- 33*1109%%& ()-3 3(!10%$&.()-3 3& ! 1096%& ()- =H JKV[ dvU410 3f
10% & ()- 3 Y109 & ()- 3L10% & ()-105$105$105$ 333109%6$& ()- 31-

1096$& ()- dtil)# 1098 & ()-#1109% & ()-' !# 109 & ()-# 10% & ()-#! 10% & () -

3"910% & ()-nP4A#! 109 & () -' ! #110W & () -#! 109 & () - ##! 1098 & L) -
- ()-n ﬁ. "["he proc(ess of clﬁm% q évﬁ(ergn t%ejfcl)rééc ﬁ(yél)ocgﬁvelrg)eé; r%fﬁ%ate is
passed to a separator to separate low boiling products from hydroconverted

raffinate prior to passing to the hydrofinishing reaction zone.

12. The process of claim 11 wherein hydroconverted raffinate from the
5  separator is passed to a dewaxing zone and subjected to at least one of solvent

dewaxing and catalytic dewaxing prior to passing to the hydrofinishing zone.

13. The process of claim 12 wherein catalytic dewaxing is accomplished

with a dewaxing catalyst containing at least one 10 ring molecular sieve.

14. The process of claim 1 wherein the first hydroconverted raffinate is
10 passed to a dewaxing zone and catalytically dewaxed using a sulfur and nitrogen

tolerant molecular sieve prior to passing to the hydrofinishing zone.

15. The process of claim 1 wherein the hydrofinished raffinate is passed to a
separator to separate low boiling products from the hydrofinished raffinate to

produce a second hydrofinished raffinate.

15 16. The process of claim 15 wherein the second hydrofinished raffinate is
passed to a dewaxing zone and subjected to at least one of solvent dewaxing and

catalytic dewaxing to produce a dewaxed second hydrofinished raffinate.

17. The process of claim 16 wherein the catalytic dewaxing is accomplished

with a dewaxing catalyst containing at least one 10 ring molecular sieve.

20 18. The process of claim 1 wherein the hydrofinished raffinate is passed to a

dewaxing zone and dewaxed using a sulfur and nitrogen tolerant molecular sieve.

19. The process of claim 16 wherein the dewaxed second hydrofinished

raffinate is further hydrofinished in a second hydrofinishing zone.
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form an under-extracted raffinate wherein the extraction zone solvent contains

15  water added in the amount from about 1 to about 10 vol.%, based on extraction

solvent, such that the extraction solvent contains from 3 to 10 vol.% water;

(b)  stripping the under-extracted raffinate of solvent to produce an
under-extracted raffinate feed having a dewaxed oil viscosity index from about 75

to about 105;

20 (c)  passing the raffinate feed to a first hydroconversion zone and
processing the raffinate feed in the presence of a non-acidic catalyst at a
temperature of from about 320 to about 420°C, a hydrogen partial pressure of from
about 800 to about 2500 psig (5.6 to 17.3 mPa), space velocity of about 0.2 to about
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5.0 LHSV, and a hydrogen to feed ratio of from about 500 to about 5000 Scf/B (89

to 890 m*/m’) to produce a first hydroconverted raffinate;

(d) passing at least a portion of the first hydroconverted raffinate to a
dewaxing zone and conducting at least one of catalytic and solvent dewaxing under

5  dewaxing conditions to produce a dewaxed hydroconverted raffinate; and

(¢)  passing the dewaxed hydroconverted raffinate to a second
reaction zone and conducting cold hydrofinishing of the first hydroconverted
raffinate in the presence of a hydrofinishing catalyst at a temperature of from about
200 to about 360°C, a hydrogen partial pressure of from about 800 to about 2500

10  psig (5.6 to 17.3 mPa), a space velocity of from about 1 to about 10 LHSV, and a
hydrogen to feed ratio of from about 500 to about 5000 Scf/B (89 to 890 m*/m’) to
produce a hydrofinished raffinate.



