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This invention relates to nethods for optim zing fuel econony benefits of
| ubri cant base oils used for passenger car notor oils. Mdre particularly,
| ubricant base oils neeting defined pardneters for viscosity and
volatility result in base oils that give inproved fuel econony and | ow
tenperature properties. BACKGROUND OF THE DI SCLOSURE Federal |y nandat ed

st andards for fuel econony METEODFOROPTEMIZINGEUEILCr easi ng demands on
passenger car manuf act uggdeant}ngﬂmggﬁggg'%sautormbi |l e
manuf acturers requestin ' passenger car
notor oils (PCMOs). Under current GF-2 Anerican Petroleumlinstitute (API)

classifica- tion standards for PCMOs, SAE 5W20, 5W30 or IOW¥ 30 oils nust
have vol at i BAGCKGEROUNDOF THEINMENIION®t ogr aphy distillation (GCD) of

no nore than 17% or Noack volatilities of no nore than 22% G--2 al so

requires a FIEL THE INVE onony versus a reference oil (BC 2) in
a standard’ which is tiered according to viscosity

grade: 1.4% m ninmum for SAE l-5W 20, 1.1% m ni mum for SAE 5W30 and 0. 5%

m ni mum for SAE | OW Bhis ibeentionaelates toanethbds far aptirizmg fiebegoridmy _
classification used by the Anerjcan_PetroleumlInstitute (APlI) can readily

meet these rbepefitepthubrican bascsilsused Sorqpassangenearn matasiollsr More and
VI SCOSTtY I NG ek chiaRy” Yibricnt bdse D1k ‘mecting Gefined paratieters for visosity and
volatility result in base oils that give improved fuel economy and low

temperature properties.

BACKGROUND OF THE DISCLOSURE

Federally mandated standards for fuel economy and emissions
have placed ixicre_asing demands on passenger car manufacturers. This in tum
has resulted in automobile manufacturers requesting high quality engine oils

used for passenger car motor oils (PCMOs).

Under current GF-2 American Petroleum Institute (APT) classifica-
tion standards for PCMOs, SAE 5W-20, 5W-30 or 10W-30 oils must have
volatilities as measured by gas chromatography distillation (GCD) of no more
than 17%, or Noack volatilities of no more than 22%. GF-2 also requires a
minimum level of fuel economy versus a reference oil (BC-2) in a standard”
engine test (Seq. VIA) which is tiered éccdrding to ﬁsdésity grade: 14%
minimum for SAE 5W-20, 1.1% minimum for SAE 5W-30 and 0.5% minimum
for SAE 10W-30. Basestocks from the Group I or Group II classification used
by the American Petroleum Institute (API) can readily meet these requirements
with suitable detergent inhibitor (DI) and viscosity index improver (VII) systems.
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stringent federally nandated passenger car fuel econony and em ssions

standards. The International Lubricant Standardi zati on and Approval
Commttee (ILSAC), working with API, ASHM and SAE has proposed a G- 3
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properties of ricating base oils used to priepare tigrade
passenger carecessany t@htlp medtithéseqmwengias oilreqoitfemgnts. dasewudd be highlgi n sai d
base oil has a, viscosity index greater than about 100, a finished oi

Noack vol at idesirgblededavh basestenks thawanbe yseditehiendengime pils erihimprgved
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meet these proposed new standards, many basestock manufacturers have
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invested in technology to produce higher VI basestocks. However, simply
having high VI basestocks does not mean that such basestocks will necessarily

meet ILSAC requirements with regard to fuel economy and volatility.
SUMMARY OF THE INVENTION

This invention relates to base oils that show improved fuel
economy and cold flow properties. More particularly, the invention is directed
to a method for improving the fuel economy and cold flow properties of
lubricating base oils used to prepare 10W multigrade passenger car motor oils
which comprises: blending a base o1l wherein said base oil has a viscosity index
greater than about 100, a finished oil Noack volatility less than about 15%, a
finished oil Cold Cranking Simulator value at -20°C of less than about 2500 cP
and a base oil kinematic viscosity at 100°C of from about 5.0 to about 6.0 cSt.

Another embodiment of the invention is 2 method for improving

the fuel economy and cold flow properties of lubricating base oils used to
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WO 0154735 PCT/ US00/ 30384 -3 prepare 5Wnulti grade passenger notor oils
whi ch conprises: blending a base oil wherein said base oil has a viscosity
I ndex greater than about 100, a finishe- oil Noack volatility |ess than or
equal to about 15% a finished oil Cold Cranking Sinulator value at -25C
of | ess than about 2500 cP and a base oil kinematic vi scosi ty at 100C of
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hi gh VI base oil of the a roprlate viscosity and_volatility for, .each SAE

mul ti - vi sSimulgtoyvalie at02 G ofidessahan abaut2500i chand ahaseotlkinematicyi scosi t y '
of less than 2500 cP a appropriate. tepper ture for its SAE

mul ti - vi sCBsSasityat d@@é@ﬁ%mmsﬁeeﬁw @houk tbRAW NGS Figure 1 is a
graph showi ng the rel ati onship between basestock viscosity, VI, and Noack
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VI, viscosity, and CCS tenperature. Figure 5 is a graph show ng. bl end_

opti ons aspumpahility undetonest epgine opesating conditions, said method comprising
blending basestock components to make a hlgh VI base oil of the appropriate -

viscosity and volatility for each SAE multi-viscosity grade to produce a finished
lubricant with a CCS viscosity of less than 2500 cP at the appropriate
temperature for its SAE multi-viscosity grade.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a graph showing the relationship between basestock
viscosity, VI, and Noack volatility.

'Figure 2 is a graph showing relative fuel economy as a function of
base oil viscosity for the Phase I portion (16 hr.) of a Sequence VIB ftest.

Figure 3 is a graph showing retained fuel economy asa function of

base oil viscosity for the Phase II portion (96 hr.) of a Sequence VIB test.

Figure 4 is a schematic showing blending options as a function of

V1, viscosity, and CCS temperature.

Figure Sis a graph showing blend options as a function Noack and.

viscosity.
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between MRV and CCS viscosity for a well formulated SAE 10 30 PCMO usi ng

basestocks of different viscosity. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
Base O |ls Suitable base oils for prepar aiion of lubricating oi'ls according
to the invention have a viscosity index greater than 100, preferably

greater than 100 and |ess than 130, nore preferably greater than 105 and

| ess than 125, nopst %[efer |y gre er.th d | ess th% 0 Base
oil's can be prepared agyaph shewing l'I @PP thegﬁeelg

extracti on, rocr t

| soneri zati S#Eg&&aﬁkﬁr%a\"%ﬁ?m Vla?ég@gpl Wﬁmﬁgﬁ% S{"Skgo’?he base
oils are co estocks «classified by the American Petrol eum
Institute in Pub |cat| "1509 as APl Goup 1, II, 111, 1V, V, or mixtures
thereof. Suitable feeds include reduced crudes, raffmates, hydrotreated
oil's, hydrMTAHMDESGRSPHEON@T}DEHNVENGMDNQ% oil's, coker gas
oils, atnpbs- pheric and vacuumresi ds, deasphalted oils, sl ack waxes and

Fi scher - Tr ogpgG X. Such feeds may be derived fromdistillation towers
(at nospheri Macuun}, hydrotreaters and sol vent extraction units, and
may have wax contents of up to 50% or nore. Sol vent extraction of

| ubricating oil feeds mu&lﬂask%moﬁﬁfwaﬁudiecmﬁbﬂ@@hﬂgﬁo@aﬁc@au@

Petrol eum Refining by Janes H Gary and " d enn | Handwerk, Third Edition,
Mar cel Kekkdhe invention N‘dye N‘ﬁs(cb@&ﬂindebdygi’eaterﬂtﬂm 1y, pmfata)ﬂy greater thapi168! | y
bi functional includin | east one netal onent in a catalytically
effective ampd Agssdhaxaa Mpmmgerably greaterth 05 and less than 125, most

preferably greater than 105 and less than 120. Base oils can be prepared by

processes including distillation, solvent extraction, hydrocracking, hydrotreating,
raffinate hydroconversion, wax isomerization, oligomerization, or
esterification/polymerization. The base oils are comprised of basestocks
classified by the American Petroleum Institute in Publication 1509 as API Group
L 1L, IIL, IV, V, or mixtures thereof.

Suitable feeds include reduced crudes, raffinates, hydrotreated oils,
hydrocrackates, atmospheric gas oils, vacuum gas oils, coker gas oils, atmos-
pheric and vacuum resids, deasphalted oils, slack waxes and Fischer-Tropsch
wax. Such feeds may be derived from distillation towers (atmospheric and
vacuum), hydrotreaters and solvent extraction units, and may have wax contents

of up to 50% or more.

Solvent extraction of Jubricating oil feeds is well known and is
described in Chapter 14 of Petroleum Refining by James H. Gary and Glenn 1
Handwerk, Third Edition, Marcel Kekker, Inc., NY, NY (1994).

Hydrocracking catalysts are typically bifunctional including at

least one metal component in a catalytically effective amount on an amorphous
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at least one of Goup VIIl and Goup VIB netals, preferably at |east one
of cobalt, nickel, tungsten, nolybdenum iron and chrom um on an anor phous
met al oxi de support such as . silica«&-silica-alumna. The acidity of

nmet al oxi de supports can be controlled by adding pronoters and/or dopants,
or by controlling the nature of the netal oxide support, e.g., by
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extract phgdeostatkifglandwaeisonferifationRpieally thélude molecular sieves, .
preferably zeolites, esp'ecially zeolites such zeolite Y, ZSM-5, ZSM-22,

ZSM-23, ZSM-35 as well as silicoaluminophosphates such as SAPO-11.
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Typical hydrocracking conditions include hydrogen pressures of
from 10,335 to 20,685 kPa (1500 to 3000 psia), temperatures of from 315 to
450°C, liquid hourly space velocity of 0.5 to 3 and hydrogen treat gas rate of 356
to 1780 m*/m’ (2000 to 10000 Sci/B).

High VI base oils can also be prepared by hydrotreating. Hydro-
treating is generally associated with lower conversion to light products as
compared to hydrocracking, especially when used in conjunction with solvent
extraction. Hydrotreating is a well-known process and is described in Petroleum

Refining cited above, Chaptef 9.

A preferred hydrotreating process is directed to severe hydrotreat- .
ment of a raffinate. The solvent extraction process selectively dissolves the
aromatic components in an extract phase while leaving the more paraffinic

components in a raffinate phase. Naphthenes are distributed between the extract




conponent s i I nate phase. Napht henes are distri but edw e
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solvents for solvent extraction include phenol, furfural and N nethyl
pyrrolidone. By controlling the solvent tg oil ratio, extraction
tenperature and nmethod of contacting feed to be extracted with solvent,

one can control the degree of separation between the extract and raffmate
phases. The raffnate fromthe solvent extraction is preferably under-
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as determ nefhﬁnat%?ﬂﬂ‘dsaﬁ87 and a viscosity of from3 to 10 cSt at 100C
The raffinate fromthe solvent extraction unit is stripped of solvent and

then sent to a first hydroconversion unit containing a catalytically
effective anount of ah?dﬂﬁimﬁﬂ/ﬁpmM@&@K%ﬁ'&ﬂ%@@f@i@b@@d&at al ysts
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and/or decreasing the extraction temperature. This raffinate feed has a dewaxed
oil viscosity index of from about 80 to about 105, a boiling range not to exceed
about 650°C, preferably less than 600°C, as determined by ASTM 2887 and a
viscosity of from 3 to 10 cSt at 100°C.

The raffinate from the solvent extraction unit is stripped of solvent
and then sent to a first hydroconversion unit containing a catalytically effective
amount of # hydroconversion catalyst. Hydroconversion catalysts are those
containing Group VIB metals (based on the Periodic Table published by Fisher
Scientific), and non-noble Group VIII metals, i.e., iron, cobalt and nickel, and
mixtures thereof. These metals or mixtures of metals are typically present as

oxides or sulfides on refractory metal oxide supports.

The metal oxide support should be non-acidic so as to control
cracking. The acidity of metal oxide supports can be controlled by adding
promoters and/or dopants, or by controlling the nature of the metal oxide
support, €.g., by controlling the amount of silica incorporated into a silica-
alumina support. Examples of promoters and/or dopants ipqlude_halogen,

especially fluorine, phosphorus, boron, yttria, rare-earth oxides and magnesia.
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hal ogen, especially fluorine, phosphorus, boron, yttria, rare-earth oxides
and magnesi a. WD 01/ 34735 PCT/US00130384. -7 Pronmoters such as hal ogens
generally increase the acidity of netal oxide supports while mldly basic
dopants such as yttria or magnesia tend to decrease the acidity of such
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wi th a hal ogen such as fluorine. as this generally increases the acidity
of the support. PrefSuitahle metal oxide aipparts inchudedlowe atidic oxidey suelnasn ( 1--5%
Co as oxidge, 10-25% Mo .as, oxide) nickel/nmolybdenum (1-5% Ni as oxi de,
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to 5000 Swhig ( Thetsuppofis afd pieferably rotymomdted tvitlpa habsgesicfuch as Thforime 712
nB/m. The hydroconverted raffinate fromthe first reactor is sent to a

second r edstthis gamerally increases theoacidity of the,spRaATt-hy dr oconver si on.  The
condi tions '

Preferred metal catalysts include cobalt/molybdenum (1-5% Co as
oxide, 10-25% Mo as oxide) nic_kel/molybdemxin (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.

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

Hydroconversion conditions in the first hydroconversion unit
include a temperature of from 340 to 420°C, preferably 360 to 390°C, a -
hydrogen partial pressure 6f 800 to 2000 psig (5.5 to 13.8 MPa), preferably 800
to 1800 psig (5.5 to 12.5 MPa), a space velocity of from 0.2 to 3.0 LHSV,
preferably 0.3 to 1.0 LHSV and a hydrogen to feed ratio of from 500 to 5000
Scf/B (89 to 890 m*/m’), preferably 2000 to 4000 Scf/B (356 to 712 m*/m®).

The hydroconverted raffinate from the first reactor is sent to a
. second reactor where it is subjected to further hydroconversion. The conditions
and catalyst are the same as set forth above for the first reactor provided the -

temperature of the second reactor should not exceed that used in the first reactor. -

The hydroconverted raffinate from the second reactor is then

conducted to a third reactor where it is subjected to a cold (mild) hydrofinishing -

......
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first reactor. The hydroconverted raffinate fromthe second reactor is then
conducted to a third reactor where it is_gubjected'to a cold (mld)

hydr of i ni shing k. _ Wc) 01/34735 PCTf USOO 30384 -8 step. The catalyst in
this third reactor may be the sane as those descri bed above for the first
reactor. However, nore acidic catalyst supports such as silica-_alunna,
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Another method for preparing high VI base oils involves
isomerization of waxy feeds such as deoiled wax, vacuum distillates derived
from waxy crudes, slack wax, foots oil and Fischer-Tropsch wax. The hydro-
isomerization of the paraffinic components of waxy feeds to isoparaffinic
components is typically accomplished with a catalyst. Isomerization catalysts
are normally bifunctional and comprise at least one metal component on a
porous support. Preferred metals are Groups VIII metals, especially Group VIII
noble metals, most preferably platinum and palladium in catalytically effective

amounts.

The support is a porous material such as a zeolite or a non-zeolitic
molecular sieve such as a silicoaluminaphosphate. Preferred zeolites are large
pore zeolites having at least one pore channel of at least about 7 Angstroms.
Examples of such zeolites include zeolite beta, ZSM-20, zeolite Y and the like.
Isomerization properties of these catalysts may be modified by adjusting the
silica to alumina ratio. High silica to alumina ratios are preferred. Silica to
alumina ratios are greater than 50:1, more preferably greater than 200:1
especially greater than 500:1. The catalyst may be in a matrix material such as

alumina, low-acidity silica-alumina or silica.
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finished. oi nmeant the bas contal ning “a i ves that conprise an =

engi ne oi |la défimsdhair stre@mn ovee oflfcontained in aypecifichgp@ef cap forticogr aphy .
distillation (GCD) by ASTM D :2287 or ASTM D 5480. The evaporation loss is
nmeasur ed Idesignatsidgime ot the test teggeratvse.r Theevaporation lass isancaged by
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less than or equal to about 15%, preferably less than about 14%, more preferably

less than about 13%, most i)referably le_Ss than about 11%. By finished oil is
meant the base oil containing additives that comprise an engine oil. Another
measure of volatility is the gas chromatogfaphy distillation (GCD) by ASTM D
2287 or ASTM D 5480. The evaporation loss is measured by % weight off the
GCD instrument column at various temperatures. The finished oil GCD
volaﬁ]ity for the present base oils is less than or equal to about 9%, preferably
less than about 6%, more preferably less than about 4%, most preferably less
than about 2%.

Another feature of the subject base oils are their cold flow
properties. The viscosity of a passenger car motor oil (PCMO) affects the cold-
cranking speed of an automobile engine, hence the ability of the engine to start at
low temper#tures. One .measure.of assessing the flow behavior of a PCMO at .
low temperatures is set forth in ASTM D5293-98 which measures viscosity at
temperatures between -5 and -30°C in a Cold Cranking Simulator (CCS). The.

base oils for 10W multigrade blends according to the invention have finished oil
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prefer- ably less than 1900 cP @20C. A still further feature is the base
oi | viscosity at 100C. AFstill fumbet featadds the basel dibvisosdiff at T00°CUtRgyot i ve
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strategy is based on the followng considerations: (1) H gh VI 'basestocks
are requi r ecatdy 4.0cSti 4.8wSt,anexe preferablygt. heSotd 4.7 ¢St) for a given additive
system and SAE viscosity grade, PCMO fuel econony is dependent on

basest ock vi

B Ol Blinding

Passenger Car Motor Oils with significantly improved volatility,
fuel-economy and low temperature performance can be formulated with the
newly available high VI (API Group II+) basestocks. The blending strategy is
based on the following considerations: (1) High VI basestocks are required to
blend low volatility engine oils; (2) for a given additive system and SAE
viscosity grade, PCMO fuel economy is dependent on basestock viscosity and
volatility; and (3) PCMO fuel economy can be optimized with low-viscosity,
low-volatility basestocks that provide High Temperature High Shear (HTHS)

viscosities at or above those found in conventional formulations.

There is a fundamental relationship between basestock viscosity,
V1, and Noack volatility (Figure 1). At a constant VI, basestock volatility
decreases as the viscosity increases; and at a constant viscosity, the basestock
volatility decreases as the V1 increases. The Noack volatility of blended engine
oils is essentially equal to the Noack volatility of the basestocks used for
blending the engine oils, since additives have only a minor effect on this bulk
basestock property. In 1985, European automakers (ACEA) instituted a 15%
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|l ow-vol atility basestocks that provide H gh Tenperature H gh Shear (HTHS)
viscosities at or above those found in conventional formnulations. There is.
a fundanental relationship between basébtock viscosity, VI, and Noack
volatility (Figure 1). At a constant VI, basestock volatility decreases as
the viscosity increases; and at a constant viscosity, the basestock
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OV XX) , CHFBRE, canafbtibe Blended toA5%i maxinfiai Nodckbelailétydeiththe 15% maxi mum.
Noack volatility with the available 95 VI basestocks. The fuel econony
per f or manaeaitible 93 Wk basdstocks. known to be dependent, in part, on basestock -
viscosity. ILSAC G- 2 fuel econony performance is neasured in the ASTM
Sequence VIA test and the specifications for SAE 5W30 and SAE | OW 30
engine oils are diffEiefijel edbrforhy PerforManed of engiae fvileds kaownao BeAE 5W 30
G--2 engine oils is 1.1% m ninmumvs. ASTM BC-2 reference oil and the fuel
econony splepehdent) inopart,con BasEstocknistosity 2 ILSAG GF-2 fael éconon®lo ni ni num vs. -

ASTM BC- 2 'pe-lr_ftc])(xa'mr;gi:g Es Ifn%arlglurlegtixil (t)}{]e ASTM Sequence VIA test and the specifications
for SAE 5W-30 and SAE 10W-30 engi'ne oils are different. The fuel economy
specification for SAE 5W-30 GF-2 engine oils is 1.1% minimum vs. ASTM
BC-2 reference oil and the fuel economy specification for SAE 10W-30 GF-2

engine oils is 0.5% minimum vs. ASTM BC-2. The major formulation

difference to account for this 0.6% fuel economy delta between SAE 5W-30 and
SAE 10W-30 engine oils is the viscosity of the basestocks from which they are
blended: typically about 4 cSt at 100°C (S100N) for SAE 5W-30, and about

5 ¢St at 100°C (S150N) for SAE 10W-30.

Fuel economy performance for ILSAC GF-3 will be determined in
the new ASTM Sequence VIB engine test. The test measures initial or Phase I -
fuel economy (similar to Sequence VIA), and fuel economy retention or Phase II
fuel économy after a 96 hour (4500-5000 mile) aging cycle. A series of tests
were run in a single Sequence VIB engine test stand, using a single prototype
GF-3 additive system, to determine the effect of basestock kinematic viscosity on

Sequean VIB fuel economy performance. Basestocks from API Groups L, I,
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test. The test neasures initial or Phase |I fuel econony (simlar to

o6 hour ( 45000sBBb TV Ve Wgh Ao ayinE engite Lol By ab thd BijesBRRIAeRY " °
6 hour _ _ EPF 20 ,
2ddtve Sys A0S HeBedERbatS RS 1SRG TS queRbe VB PRa plditcdin |

on Sequence f IR dBFerdehb@Bf mitial (B8IRUrPAIES etospPerfopmups |,
1, WO 01547%@&?@‘8‘6‘8%&0384‘1 -12 ?I I, and IV were useg to rrg‘?r%t ai n engi ne

oi | vol atili tanceandbasenedsviscosityi Shirsddty araplotted @s welative fuclatonomy 5. 4 cSt
to 3.7 cSt. The Sequence VIB data plotted in Fi(gure 2 show a Linear
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viscosity ef t of 0.6% fuel ecOnony I nprovenent previously observed in

the Sequenceisdosity effecto£0.6% fiel @conomy ampEavenmevpievibaslp cbsenedsakhe 5\W 30
PCMO. The Sequence VIB data for the 96 hour retained fuel econo show a

sinilar basesieguknee YAdestyvharn movingiiemom HAE 10WIRREMOit8 a8R4E 4l so
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readily " show a similar basestock viscosity effect. The 96 hour Sequence VIB data, also
plotted as relative fuel economy, are shown in Figure 3. The data in Figures 2
‘and 3 indicate that a 0.3-0.4% fuel economy improvement can be readily

obtained by moving from the top to the bottom of the SAE 5W-30 viscosity
grade.

The data in Figures 2 and 3 also show that blending with very high
VI API Group III basestocks does not necessarily produce PCMOs with the best
possible fuel economy. The 16 hour fuel economy of the SAE 5W-30 PCMO
blended with the 4.95 cSt viscosity Group III basestock was not as good as the
fuel economy of the SAE 5W-30 PCMO blended with the 4.5 ¢St API Group 11+
basestock even though the former had a lower CCS viscosity at -25°C. A lower
kinematic viscosity API Group IIl basestock could not be used to blend this SAE
5W-30 PCMO since its CCS viscosity would test as an SAE OW-30 engine oil
(SAE J300 requires that an oil be categorized as the lowest measured 'W' grade;
hence an oil meeting the CCS viscosity requirements of a SW-30 and a 0W-30
would be classified as a OW-30). On the other hand, the very low volatility of
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basestocks. The loss of the lighter, nore volatile fraction of the
basestock during the 96 hour aging cycle of the Sequence VIB test
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At tenperatures above their cloud points, basestocks are Newtonian fluids
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Wright mathematical transformation. A 95 VI basestock and a 115 VI basestock
have different viscosity tcmpel'anlfe relationships (slopes) and their viscosities
can be equal at only one temperature. Figure 4 depicts two important viscosity
temperature points used to formulate engine oils: Cold Cranking Simulator
(CCS) viscosity at one low temperature (for example either -20 or -25°C
depending upon the "W’ grade), and Kinematic Viscdsity (KV) at 100°C. A
formulator can choose to make the viscosities of the 115 VI and 95 VI base-
stocks equal at either one of these temperatures; however once that temperature
is selected, the viscosity of the 115 VI basestock at all other temperatures is

higher or lower as shown.

OPTION 1:_Equal CCS Viscosity

_ ~ Higher VI basestocks that have CCS viscosities equivalent to the
95 VI basestock will have higher basestock viscosity af all other engine operating
temperatures. Higher basestock viscosity at 100°C reduces VI impfover

__ (polymer) concentration needed to meet finished oil KV targets. Higher base-

stock viscosity in the 110-150°C severe operating temperature range of the
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i ncreased vi'SCO engi ne operating tenperatures

will also i rtﬁggﬁgebbyﬁé@dyaeﬂmesmlz Chixreddetien isasighifichht wheulcbmpared&duced
fuel efficiency. As noted above, the magnitude of this fuel econony

reduct i on wethe fle2¥dfuebetmnoimy benefit targetdd-fon the RSV ESppsatficalion. engi ne t est
that will be used to define GF-3. This reduction is significant when
conpared to the 1- 2%fue| econony beneflt targeted for the new G- 3

speci ficatiog g k . \/ opsity at 100C Matching the

Ki nemati c vi=se : S ghet—v 693 VI basestocks has been
found to offer si gnlflcant techm caI beneflts The VI inprover

concentration needed tQuReh, HdkiABHAHE WcBSiHP ht 1685CEbf hiYier V' H@les VI
basestocks has been found to offer significant technical benefits. The VI

improver concentration needed to meet finished engine oil KV at 100°C targets
will be similar for the two basestocks. Thus the finished oils will have compar-
able visco-elastic properties. At severe engine operating temperatures (110-
150°C) the viscosity of the 115 VI basestock will be equal to or slightly higher
than the viscosity of the 95 VI basestock. This viscosity similarity will maintain
or potentially improve engine durability/wear protection, while not significantly
reducing fuel economy contrasted to Option 1. At normal operating tempera-
tures (~70-110°C) the viscosity of the high VI basestock will be lower than the
95 VI basestock. This will lead to improved fuel economy under hydrodynamic
conditions, and will also provide improved engine starting and engine oil pump-
ability at low temperatures. Improved engine oil pumpability at low temperature
should reduce wear during the first few minutes after engine start-up by reducing
the time it takes for oil to reach the crank and cam shaft areas. Matching the
viscosity of the higher VI and 95 VI basestocks at or near 100°C (Option 2) will
result in engine oils with comparable durability, superior fuel economy, and

_better low temperature performance charactenstlcs compared to Optlon 1. This
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in cSt tooffGlendst0asCOB viscesity(RBL50 cH ht thecappre, ?ﬁﬂﬁmbmpﬁﬁatﬂttsforbﬁchade to
define the basestock CCS viscosity to use for blend Option 1 analysis

For nul at oBAEhwiseositysgrade (33°¢ fom5o¥; 61;0°631§9rn@Wd4 Assuman@ddlms
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required basestock CCS viscosity for Option 1 is about 2000 cP at -25°C for
SAE 5W-30 engine oils and about 2300 cP at -20°C for SAE 10W-30 engine
oils. Blend Option 2 uses basestock KV at the high end of that historically used
to blend SAE 5W-30 and SAE 10W-30 engine oils with 95 VI basestocks (i.e.,
~ 4.4 ¢St and 5.3 cSt at 100°C respectively).
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The Option 1 and Option 2 blend- data in Table 1 for 95 through
120 V1 basestocks is shown graphically in Figure 5. Changes to the KV and
(CCS viscosity targets assumed for blend Options 1 and 2 will shift the triangular.
area shown in Figure 5 for blending SAE 5W-30 and SAE 10W-30 engine oils
slightly to the right or left; but will not change the overﬁllpicture.

~ The viscosity calculations in Table 1 were extended to 130 VI and
140 V1 in order to show the engine oil \}iscoméﬁic effects of blending with very
high VI API Group III and IV basestocks. At constant CCS viscosity (Option 1)
API Group III and IV basestock have very high KVs at 100°C that will reduce
fuel economy. At constant KV ét 100°C (Option 2) they have very low CCS .
viscosities that will drop them below the targeted SAE "W’ viscosity grade. An . -
experienced formulator must consider these viscometric effects when formulat-
ing low volatility fuel-efficient engine oils with these very high VI basestocks.
For example, due to their very low CCS viscosity, these very high VI API Group
III and I'V basestocks are most useful in blending SAE 0W-XX éngine oils.

Prototype ILSAC GF-3 engine oils were blended with the new high

VI (API Group II+) basestocks produced by Exxon Company, U.S.A. Two SAE
SW-20 and three SAE 10W-30 engine oils were blended using prototype GF-3 .
additive packages obtained from three major additive companies. The prototype -
| GF-3 engine oils were tested in ASTM, Test Monitoring Center referenced,
Sequence VIB engine test stands, except as noted in Table 2. The prototype

GF-3 engine oils were formulated using "Option 2" blend strategy and all have
Noack volatilities below the 15% maximum proposal. All five of these proto-
type engine oils met the proposed ILSAC GF-3 fuel economy limits as originally
proposed for their respective viscosity grade. The high temperature high shear -
viscosities at 150°C of these prototype engine oils were well above the HTHS
limits for SAE 5W-20 and SAE 10W-30 engine oils and were at least equivalent
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and Option 2 blend data in Table 1 for 95 through 120 VI basestocks |s
shown graphically in Figure 5. Changes tg the KV and .CCS viscosity
targets assunmed for blend Options | and~ 8% 11 shift the triangul ar area
shown in Figure 5 for blending SAE 5W30 and SAE | OW 30 engine oils
slightly to the right or left; but will not change.the overall picture. The
viscosity cajoahit HTHSsasumsiﬁeblof past@Fel end 6F<2 POMOs3BagedancbasestbéR VI i n
order to show the engine oil visconetric effects of_ bl ending vvrth very
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when formulat- ing low volatility fuel-efficient engine oils with these
very high VI basestocks. For exanple, due to their very |ow CCS viscosity,
these very high VI APl Goup |Ill and IV basestocks are nost useful in

bl ending SAE OM XX engine oils. Prototype ILSAC G--3 engine oils were

bl ended with the new high VI (APl Goup |Il+) basestocks produced by Exxon
Conmpany, U.S. A Two SAE




SW20 andwblmsers$AE | OV 30 engine oils were bl ended usi ng pfAiseby@R8s G 3
addi tive packages obtained fromthree najor additive conpanies. The
prototype GF-3 engine oils were tested in ASTM Test Monitori ng Center
referenced, Sequence VIB engine test stands, except as noted in Table 2.
The prototype G- 3 engine oils were fokrnul ated using "Option 2" blend
strategy and all have Noack volatilities bel ow the 15% nmaxi mum proposal .
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In additi'(;ﬁ;to excellent fuel economy and volatility, PCMOs blended
with these new high-VI, low-viscosity, low-volatility basestocks would be
expected to have improved low temperature engine starting characteristics based
on their CCS viscosities, while MRV viscosities/yield stresses were all well
within the grade limits (60,000 cP maximum). Figure 6 shows the relationship
between MRV and CCS viscosity for a well formulated SAE 10W-30 PCMO
using basestocks of different viscosity. The MRV, measured at -30°C and
-35°C, reduces at a uniform rate as the CCS viscosity is reduced from 3200 to
1900 cP at -20°C.
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PCM>s bl ended wth these new high-VI, |owviscosity, lowvolatility

basest ocks woul d be expected to have 4yproved | ow tenperature engine
starting characteristics based on their CCS viscosities, while MV
viscosities/yield stresses were all well wthin the grade limts (60,000
cP maxi mmL. Figure 6 shows the relationship between MRV and CCS viscosity’
for a wel lated SAE | OW 30 PCMO wusing basestocks of different
viscosity. The MRV, neasured at -30C and -35C, reduces at a uniformrate
as the CCS viscosity is reduced from3200 to 1900 cP at -20C. WO 01/34735
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| ubri cants which contain Ity,.-viscosity In greater v‘t’han 100
base oi | vgldtiliky, CYistosiny indeRpreutacthah U0 aeihand whidbichpdry imprsvedngi ne

oi | punpability under nost engine operat- ing conditions, said method
conpri si nfpebeeonbmy, durabilitycand engine oil: pumpabiliteunderigst enginsoperatd of the
appropriate viscosity and volatility f each, SAE. mul ti- viscosity grade to
produce aingqangiions, t%\%i maﬁpdﬁmmr&l@giqn%baﬁeyt qapaponentsto pi3k® cp. at -

h ' f Its SAE | tigVi ' =2, hod

For | mpr chhigh V3R 6N A SR ampropriate. Bt YORAEM For MR ok At T

base oi | Sydz6dr) Srale %8 PrétlcY fitilshed Tt WitH'8 €CS Hscosity of less than -
2500 cP at the appropriate temperature for its SAE multi-viscosity grade.

2. A method for improving the 'fuel economy and cold flow
properties of lubricating base oils used to prepare 10W multigrade passenger car .
motor oils (PCMOs) which comprises blendi'ng a base oil wherein said base oil -
has a viscosity index greater than about 100, a ﬁxﬁshed oil Noack volatility less
than or equal to about 15%, a finished oil Cold Cranking Simulator value less
than about 2500 cP @ -20°C, and a base oil kinematic viscosity at 100°C of from
about 5.0 to about 6.0 cSt. '

| 3. A method for improving the fuel economy and cold flow
properties of lubricating base oils used to prepare SW multigrade passenger
motor oils which .compn'ses: blending a base oil wherein said base oil has a
viscosity index greater than about 100, a finished oil Noack volatility less than or
equal to about 15%, a finished oil Cold Cranking Simulator value less than about
2500 cP @ -25°C, and a base oil kinematic viscosity at 100°C of from about 4.0
to about 5.0 cSt. '

4. The method of claim 2 wherein the Noack volatility is Jess than
13%.
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notor oi l's {RIssashi ch conprises bl ending a base oil whergifiy giase
oil has a V|scos%%y i ndex greater than about 100, a finished 0|?Mﬁ%ack
volatility less than or equal to about 15% a finished oil Cold Cranking
Sinmul ator value less than about 2500 cP,@-20C, and a base oil kinematic
viscosity at 100C of from about 5.0 to about 6.0 cSt. 3. A nethod for

i mproving the fuel econony and cold flow properties of |ubricating base
oils used to prepare 5Wnul tigrade passenger notor. oils which conprises:
bl ending a base oil wherein sald base oil has a 'viscosity index greater

t han about 100, a fi K v tilit

about 15% a fini she‘g gﬁl d M@Wﬁ%ﬁ@% M&aﬁb&ls{ﬁgsn%o

2500 cP @-2?:(,.‘0 and a base oil kinematic viscosity at 100C of from about
4.0 to abou éo cSt. 4. The nethod of claim2 wherein the Noack
volatility is less than 13% :; 11 !1111111121111212111121111111 MS WO
01/ 34735 PCTIUSOQO 30384 -22 5. The nethod of claim3 wherein the Noack
volatility is |ess t@amTheliéthol. of Uhin®WireteinftheSW mubtigiade @ilnis thW-20/6r
multigrade oil is 5W20 or 5W30. 7. The nethod of claim2 wherein the
Col d Cranki n§Ws30ul ator value is less than 2100 cP at -20C. 8. The nethod
of claim3 wherein the Cold Cranking sinulator value is less than 2100 cP
at -25C I Lill~tf e rere rerer rrr~1

7. The method of claim 2 wherein the Cold Cranking simulator value
is less than 2100 cP at -20°C.

8. The method of claim 3 wherein the Cold Cranking simulator value
is less than 2100 cP at -25°C.
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