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US Provisional Application 60/599665, filed August 5, 2004, teaches a
multigrade engine oil comprising: (a) a Fischer-Tropsch base oil

20  characterized by a kinematic viscosity between about 2.5 and about 8 ¢St at
100°C, and having a desired composition of cycloparaffin molecules; (b) a
pour point depressing base oil blending component; and (c) an additive
package designed to meet the specifications for ILSAC GF-3; and (d) no
additional pour point depressant additive or viscosity index improver.

25

Current medium-speed diesel engine oils may be blended to SAE 40 or SAE

20W-40 using conventional Graup | or Group Il base oils and engine oil additive

packages formulated to protect silver. All of these medium-speed diesel engine

oils have cold cranking simulator viscosities greater than 7000 cP at -15°C. In
30  order to meet SAE 15W-40 viscosity grade, they also require that at least 2

wt% viscosity index improver be used. Viscosity index improvers are subject to
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order to neet SAE 15W40 viscosity grade, they also

require that at least 2 wt% viscosity index inprover
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toshearing, and al so add expense to the finished
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We have also discovered a process to make a lubricating oil, comprising: a)
selecting a lubricating base oil, made from a waxy feed, having less than 0.3
wi% aromatics, greater than 10 wt% molecules having cycloparaffinic

25  functionality, and a ratio of molecules with monocycloparaffinic functionality to
molecules with multicycloparaffinic functionality greater than 15; b) blending the
lubricating base oil with an engine oil additive package formulated to protect
silver bearings and less than 2.0 wt% viscosity index improver; wherein the
lubricating oil has a cold cranking simulator viscosity at -15°C less than 7000

30 cP, a GE HTHS (final) of at least 10.8 cP, and a TBN between 8 and 20.



nol ecul es with multicycloparaffinic functionality

greater than 15; b) blending the lubricating base oil
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protect silver bearings and less than 2.0 wt %
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the followng test matri x:

1000C on the fresh oil
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at 1000C on the sheared oil

(ASTM D 445)
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(ASTM D 445)
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GE requires that a specific set of tests, referred to as GE Package 1 tests be

conducted on Generation 5 railroad engine oils. The GE Package 1 testing for

Generation 5 railroad engine oils (also known as the B82-1 testing) consists of

the following test matrix:
-Kinematic Viscosity at 100°C on the fresh oil (ASTM D 445)
-Shear the fresh oil 20 passes using the Fuel Injector Shear Stability (FISST)
apparatus (ASTM D 5275)
-Kinematic Viscosity at 100°C on the sheared oil (ASTM D 445)
-High Temp. High Shear Viscosity at 100°C using the Tapered Bearing
Simulator (ASTM D 4683) on the sheared oil as indicated above. This test
is referred to as the GE HTHS (final) in this disclosure. GE sets a minimum
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oil, petroleum nunicipal waste, derivatives of these,

and conbi nati ons thereof. Bright stock is naned for
woOhercBW®10i scosity at 210 degrees F, havi ng vi BCOAISR006D15854

above 180 cSt at 40 degrees C, preferably above 250

cSt at 40 degrees C, and nore preferably ranging from
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20W 40 viscosity grade; and nost preferably they are
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they W ||
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20
Bright stock is named for the SUS viscosity at 210 degrees F, having
viscosities above 180 ¢St at 40 degrees C, preferably above 250 ¢St at 40
degrees C, and more preferably ranging from 500 to 1100 ¢St at 40 degrees C.
Conventional petroleum derived bright stock has a viscosity index of 120 or

25 less. Some newer conventional petroleum derived bright stocks, such as bright
stock derived from Daging crude, have viscosity indexes greater than 120.
Fischer-Tropsch derived bright stock has a kinematic viscosity between about
15 ¢St and about 40 ¢St at 100 degrees C and a viscosity index greater than
120, preferably greater than 145.

30
SAE J300 June 2001 contains the current specifications for SAE viscosity
grades. The medium-speed diesel engine oils of this invention may be
monograde or multigrade. Examples of monograde oils of this invention are

-5



mul ticycl oparaffinic functionality greater than 15.

The medi um speed di esel engine oils contain an engine
woi2bocadshiidi ve package fornul ated to protect siPCEMUS2006/015854

bearings in an anount between 5 and 20 wt % preferably

I n an anount between 10 and 17 wt% The anmount is set
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Vi s %(F'tlfy‘/ |ndex i nprover reduces the overall cost of

the formul ated product, inproves the cold cranking

simul ator viscosity, and inproves the shear stability

of tThe mediumrapspddigseliengise o gf this iovantiostay contairkbetyeen 5
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oi | s of t isS inven have a ver
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is b
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det Shilevechalh RIcRGIS LM Y4 SFAS bt hEsdia Rel

sults are re ncen 0l Sé
cr arfkoing ods gentain@n angmonhadydltlnagaMn f@rﬁum:ted to protect silver

or 'te ﬁrﬁ% lWahl%rr#d&Wt HEWREN Qta%% ﬁﬁef%eglfﬁ Qﬁ‘a ount
peC| I catl ons max| mum coI ra
vi sbebyaep Wranddst wited Theameuni meetdo rpeovi:cge zﬂé@lr@ﬁa{ﬁN by ASTM

reV'lf%bd %MH&?S%Q@%?. _The col d cranki ng si nmul at ed

Vi scosity neasure 15 C of the nedi um speed
di esel engine oils of this invention are | ow,

genei@lhduilfiSpedd @8sel engine oils of this invention also have very low

20  amounts of viscosity index improver. This is due to the very high viscosity of
the lubricating base oils made from a waxy feed. The amount of viscosity index
improver is generally less than 2 wt% of the medium-speed diesel engine oil,
and preferably there is none. The low amounts of viscosity index improver
reduces the overall cost of the formulated product, improves the cold cranking

25  simulator viscosity, and improves the shear stability of the medium-speed
diesel engine oil.

Cold Cranking Simulator Viscosity:
The medium-speed diesel engine oils of this invention have a very low cold

30  cranking simulator viscosity. Cold cranking simulator viscosity is a test used to
measure the viscometric properties of lubricating base oils and engine oils
under low temperature and high shear. The test method to determine cold
cranking simulator viscosity is ASTM D 5293-02. Results are reported in

-6-



7000 cP, preferably I ess than 5000 cP. GE HTHS

(final): The nedi um speed diesel engine oils of this
wonuentisan have excel |l ent shear stability. H gRCT/US2006/015854

tenperature high shear rate viscosity (HTHS) is a
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nuntfef Jﬁﬁw@ﬁ@hred by ASTM D 2896-03. It is a neasure
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pr efsegedbiigse)eagine oils rsadstsrfmmm she@nng;thsg‘resh oil 20 passes
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e o S PR 1,00 70 o
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f eedpeddGie¥éPehigiheefls BFisihvdioh Rgves & L¥ASYinal) of at least

10.8 cP, preferably at least 11.2 cP.

20 TBN:
TBN refers to the total base number as measured by ASTM D 2896-03. ltis a
measure of the amount of basic constituents that are present as additives in the
oil. The TBN is determine by titration with acids, and reported in units of mg
KOH/g. Railroad engine builders often specify the TBN of the engine oil to be

25 used in their equipment. The TBNs of the medium-speed diesel engine oils of
this invention are generally between 8 and 20 mg KOH/g, preferably between
10 and 20 mg KOH/g, and more preferably greater than or equal to 13 mg
KOH/g.
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20 slack wax is recovered from solvent dewaxing feedstocks prepared by one of
these processes. Hydrocracking is usually preferred because hydrocracking will
also reduce the nitrogen content to a low value. With slack wax derived from
solvent refined oils, deoiling may be used to reduce the nitrogen content.
Hydrotreating of the slack wax can be used to lower the nitrogen and sulfur

25 content. Slack waxes posses a very high viscosity index, normally in the range
of from about 140 to 200, depending on the oil content and the starting material
from which the slack wax was prepared. Therefore, slack waxes are suitable for
the preparation of lubricating base oils having a very high viscosity index.

30 The waxy feed useful in this invention preferably has less than 25 ppm total
combined nitrogen and sulfur. Nitrogen is measured by melting the waxy feed
prior to oxidative combustion and chemiluminescence detection by ASTM D
4629-96. The test method is further described in US 6,503,956, incorporated
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the preparation of |ubricating base oils having a very

hi gh viscosity index. The waxy feed useful in this
wonventisan preferably has | ess than 25 ppm t ot 2CT/US2006/015854
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into production. Syncrude prepared fromt

Fi scHEQCEPPEHEIRE \@F%@@é@ct@arr&vn%ge arqwmfr@n #te KisghegrJsopsch

S0l i Grodds8dbfpristith BRERE S 5}%&% Iy ngh%%
Fi scﬁ)é? Ts'ro sg?] product s \M\% ch BWJ e‘ma’hl n eolrxzhsédrocarbons

of | dbese EtSF'PFd Tifae\%,hcnr@d%w@m baﬂ mﬂyﬂ thst @pee of Whriggting base
WaX \wilicehtalfek Bigh b%iﬁ%ha&%ﬁékﬁ%ﬁ@s ther B e83FaA8s for

into lubricati n}g base oil. Accord '19%6
Fi scIPEREessipg dim IURHsatinghage eihtAccaiingls Eischat-Trepseh faK

Pr epaépraserté 7 e%éﬂbhttf&eé R bipRkhG Blgﬁfﬁﬁgllﬁ 'ldb?lcélﬁﬁoééebr@ﬂs

to the process of the invention.” Fi'scher-Tropsc

i s n@CRAFING 1 He pocass b Hin inanien dtisgher-Zrapsch wax is normally solid
CONS @l S teYnpetttSie! 45 cHRBEuSHRY. &@W é:k' Id?/v temperature

properties, such as pour point and

Héwe PEIRertes; suskl aspawy apiot asheleud peint ﬁ*qwevphéo\mg
Fi sc 'h? m%ﬁfé?aﬁ&tdﬁ%f iveHak, WcheRT oPchp@érﬁ/eg 'ldb?lcgtﬂ? B%e oils

excellent | ow terrper at ure prop ert e pr
A gefiayigg eyealient |BW|t%mP@’ﬁtl§® ptoagrt@s H?Wrtlﬁ rygn@reﬂzétgamral

d evva
Hb@& gﬁgﬁ gﬁ?ﬁﬁw'@ﬁ#&%ﬁégﬁ%@%g&@ﬁ rSféssép ﬁTaX be found in

20/ 7 dlgaesent Nog 51136698 end 23262, 9580 Apb st Ralenniigation
20  10/744870 filed December 23, incorporated herein.

The hydroisomerization is achieved by contacting the waxy feed with a
hydroisomerization catalyst in an isomerization zone under hydroisomerizing
conditions. The hydroisomerization catalyst preferably comprises a shape

25 selective intermediate pore size molecular sieve, a noble metal hydrogenation
component, and a refractory oxide support. The shape selective intermediate
pore size molecular sieve is preferably selected from the group consisting of
SAPO-11, SAPO-31, SAPO-41, SM-3, ZSM-22, ZSM-23, ZSM-35, ZSM-48,
ZSM-57, SSZ-32, offretite, ferrierite, and combinations thereof. SAPO-11, SM-

30 3, SSZ-32, ZSM-23, and combinations thereof are more preferred. Preferably
the noble metal hydrogenation component is platinum, palladium, or
combinations thereof.



The hydroi sonerization is achieved by contacting the

waxy feed with a hydroi sonerization catalyst in an
womvansaat i on zone under hydroi sonmeri zi ng CONBCTIUSD®G6/015854

The hydroi sonerization catal yst preferably conprises a

shape sel ective internediate pore size nol ecul ar

Si Yfle hjdrdRBhRIiARY Bbndiighs Q@ ﬁeﬁé bR tHe WATREEE (ded, BA 2

refractory oxi de support. a e sel'ective

i nt BYdrelgpRIeEZation satalEE USRS, whather oencé\t@ sajalysids syifiged, the

sel %éél&é@l )flél@ 'Bntdhﬁe GéQI‘éB ;ﬁésiibﬂléal 6fQHSeM%%g§Q§gb]as& oil. Preferred

zswbuféfmsz@wyvg cwztwglz usgiu} indbe earrent évention ingudend
g g”’iérﬁﬁgrét%% dr28o aeéree%F%Qalao&bm%Mergge s gsc?% abolM 273,

nmbi nati ons thereof are nore

Pr e F89788$ ). iHetahpiessurgsf 45 tq]%ﬂodgeeg: a&nf erhydegsone frediratio
Pl akbREBouPEb e 8b mcﬁsmcmrmy rremsab‘ohﬁ’f &P4bolh $0 MSCFi/bbl.

hydr oi soneri1zi ng conditions pend on the waxy

us e@eneray,Hydrages sifthe waraiﬁd éfaﬂbth? prodysteand r\ﬁﬁ)éftlfmaﬁﬂ the

not lsbﬁ'%nﬁéﬂdﬁ'z)bﬁé is sulfided, the desired yield, and
the desired properties of the |ubricati ng base oil.

1®r ef erred hydroi sonerizi ng condi tions useful in the
oo A Bl i o difgSor
a t b1osg frpstiens bﬁ\@n@gre@@rtﬂaﬁre@wglgbt;p@'ceramplecw@w@gen to
fee f\gﬁg@é K
fromogg%ylﬁb pffFét?gnlgﬁ@Eitior%“@N@%Feg%b ﬁ%%'g gfe%feﬁ}t? oyoen
wi | weight perpent malerulesomii m@nwyalmataffmmfun@t@ﬁehtad h@ fnanuons
[ |
gfgwty@g@gmvéa%cﬁ Bin Jti%sﬁ% RPIERI148'nA" SR bt REE than
fr aé@rpd#@srcwa -nigfefaratly te ﬂMﬁOBt widlibgHesgibae et degrees C.
mol ecul es wi th nmonocycl oparaffinic functionality, nore
preferably having greater than 10 wei ght percent

nol &ptiorallyvine ibisatteyhsse pd psdduced by hydrotspmerization. deWaxing
f 1 agldyYRSydrofinished. The hydrofinishing may occur in one or more steps,

20 either before or after fractionating of the lubricating base oil into one or more
fractions. The hydrofinishing is intended to improve the oxidation stability, UV
stability, and appearance of the product by removing aromatics, olefins, color
bodies, and solvents. A general description of hydrofinishing may be found in
US Patent Nos. 3,852,207 and 4,673,487, incorporated herein. The

25  hydrofinishing step may be needed to reduce the weight percent olefins in the
lubricating base oil to less than 10, preferably less than 5, more preferably less
than 1, and most preferably less than 0.5. The hydrofinishing step may also be
needed to reduce the weight percent aromatics to less than 0.3, preferably less
than 0.06, more préferably less than 0.02, and most preferably less than 0.01.

30
In a preferred embodiment the hydroisomerizing and hydrofinishing conditions
in the process of this invention are tailored to produce one or more selected
fractions of lubricating base oil having less than 0.3 weight percent aromatics,
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will typically have a viscosity index greater than 140

and a pour point |less than zero degrees C. Preferably
woOheospagaiopoi nt will be | ess than -10 degrees E€CT/US2006/015854

Optionally, the lubricating base oil produced by

hydroi someri zati on dewaxi ng may be hydrofinished. The

hy drpéatsr thhh 70 WERht BEELHt rhaeém@s R HW@pa?éfﬁrﬂé fun%hérrbﬁy, and

before or after fractionating o | ubricating b
oi | 3 %Riipobmelegyleswita nrqnaerqlmafﬂmﬁ @erqurm tﬁ.raqrw@ea \ylth

| Nt eRGlec)cloBalaMMicviRctionglitg yrekadrtRan g4 abi lity, W

stability, and appearance of the product by renoving
aromatics, olefins, color bodies, and solvents. A

BENgf Bhe @%Sﬂrh%t o raBnéar.ﬂg %&g@ bt maas g R8xy e therm in

US Patent Nos. 3, 7, 1 ncor’por at
her dhif lnwn@mwﬁa \rerry brgh w@cgw%néﬁytw&am@@r@e&rr@n 140 but

redygsy rtnaggrée g a.rer&eﬁrghér'\ﬁécbg.gy |«&1qu g?eétc%rﬁ%ﬁ bRQunt

base oi | | ess o prefer , nhore

pr efc@lchiztad hythg egh@twnlvlsamtyrrwx 'p?%x bngfingmatissyseasiin at
0. 5.10618 iR¥df) quamererrgmre?@rs 'r@rheara%ﬂahﬁ érﬁﬁﬂ%# trreooase e

reduce the weig percent aromati Ccs
1r ef@%ﬂ&'@@é@ QGF%W"@C’(W ASTM @ %7&%1(315339 I ess t han
0.02, and nost preferably less than 0.01. In a
preferred enbodi nent the hydroi sonerizing and
hy drideilwhricfingbassmilifiactions Havetdreaterthar 68 weight persent non-
i nv [ r
R i e e R A R R

vei @rﬁaSHeqddyrﬁlM& d%raiera;&v @ew aav;e gremten trm 1Qewejaint percent
@er G Ul ﬁgt‘&ﬁﬁ:py I&Mﬁ frihbrré' efe\%lﬁ)% ?r‘ég@r kiafy 20.

aratio noc Cl oparda
f unJﬂ‘Ie)zS ﬂ&if*Pfﬁ?'Yth@V?rﬁlf@fmfe@@httphmmt rmptey@rea pathaf f i ni c
fun t he
| iy REIbpaKaffiE Artiohdhfyto Whicrh BeRBS: AEIREALTRA |
t hi gnultmrélﬁpar@ﬁlnwefuect@neléy grerarejﬁhan t%omwyorefﬁr@éby greater than

ty p'z@%\réh rﬁér%abtr%ratb pthah% tT'H@%)r cé‘bﬁﬁ’regéﬁﬁﬁaﬁﬂy

even gher Vi scosit ex grea e an an anoun
20a| cYrlepasariipig mqrecuéeamth mARoaycloparsffinic funetiopality zsthxe

Ln( iRigd@aRid as¥ion #2&idné frbvides excellent oxidation stability as well as

desired additive solubility and elastomer compatibility. The lubricating base ol
fractions have a weight percent olefins less than 10, preferably less than 5,
more preferably less than 1, and most preferably less than 0.5. The lubricating

25 base oil fractions preferably have a weight percent aromatics less than 0.3,
more preferably less than 0.07, and most preferably less than 0.02.

The lubricating base oils useful in this invention are distinct from
polyalphaolefins in that they are made from a waxy feed. Another distinction
30  between polyalphaolefins and the lubricating base oils useful in this invention
are that polyalphaolefins do not contain hydrocarbon molecules having
consecutive numbers of carbon atoms. Polyalphaolefins are fri-, tetra- or
penta- oligomers of 1-alkenes. Polyalphaolefins are small aliphatic molecules

-11-



1000C, in cSt) + 95; wherein Ln refers to the natural
logarithmto the base 'e\ Viscosity index is

wdet@rmmsaied by ASTM D 2270-93(1 998). The | ubr PCcatisnme/015854
base oil fractions have greater than 50 wei ght percent
noncyclic isoparaffins. They have neasurabl e

qua%thtﬂr%?chﬂfg SHNSREMEAERANSR RCu 8S i WgﬁéiL&% e fdsifens

Preferably they have greater than 1 er cent

ol SERPRG RN b5 exiepbe feﬁilgpmpazatlenc MnUfﬂaﬂJQ'Y%lph&ﬂﬁf@S the
pr efigdrbling KHB3iI§ UsélBA oapmvgﬁ'{%\ﬁ o%%ﬁrﬁlﬁﬁ%éér%vﬁo%cules

rati o of wei ght percent nolecules wt
M@Q&BWW@P‘H"?QH%@W%R@T oSt o wei ght per cent

r50| ecules with nmulticycloparaffinic functionality

greater than 15, rmregpreferably greater than 20, even

mor MQlecia CamRpsijpa kY EiMBhan 30. The presence of
pr e%@‘llﬂﬂﬁbﬂld@ lféé%'o%’ ftebioM & ng %e‘d'o? §h|¥“|n§/Entton were

nmonocycl oparaffinic functionalit ricating
bas &haactefizedly Bigld 'BF'WiQﬂ’é‘ﬂa?@&@qﬂéﬁﬁOPd)(Fkﬂ@ iigta alkanes and

st a%dlé&ﬂ’es@ﬁtﬁ’kﬁ*féreﬁﬁwdﬁﬁféré %rﬁgglrétio\‘\g TRb ‘dt%'tr*duWn ahtle

el ast orer corrpatl ricati né; base

10r aci9lenmesriatie ¢ fVﬁSi“@'Pﬁ Wfa%fiet@ﬁnm@@ By FidS| Ebe samaﬁs 1@re
pr eﬂrﬁfo@nbyd \h§§§no¢ ;5}699 ? &é&ﬁ@ﬁ sw] %%UBP%’BO% 0.1

rmst referab bri cat %_
basénsb of the hlém:ailﬁs s%p'étoenﬂ gﬁesm\;@a@laﬁ@cgnrﬂaruémbﬁe he

ar O'E’Bﬁlgéﬁ tL}g;éé/?aé ﬂé?bo?agghe Eéf;‘as E’(SI@E %ch}él fér 4 ?ﬁés sP8&rometer,
| ubnane e mgbwgé heated fr@mbgut PG up to 60076 et adateanf 400°C per

@' Sthingé irf é%@gbé/&tlo | l' a'E‘aBJlﬁ‘ttotdqt%Vr ‘ﬁ‘i&m%ge

froma wax Anot her nct bet we

pol ﬁﬁ?%mt@fwa%scan@eq ﬁﬁ@“lmdb ADé@m/'n @00%@@ r@ta @' fusasontis per
| N l4Bésyel Nvention are that polyal phaol efins do not
contai n hydrocarbon nol ecul es havi ng consecutive
nuni3 B §nask spestpietenused wapsl Misrgmass Bmernd-Fiight. Response

t et fRsororRARbAPoGhd §EE éreg%ssi]: L%&$BES 0 such that weight

Pol yal phaol efins are’sm t| c nol écul esw
28r aRereRgvas detemtned figm adifmamefgerat The acquiredgnasseapectra were

POS ktihRHed to bESerBR@nke!“Ataged” spectrum.

The lubricating base oils of this invention were characterized by FIMS into
alkanes and molecules with different numbers of unsaturations. The molecules

25  with different numbers of unsaturations may be comprised of cycloparaffins,
olefins, and aromatics. If aromatics were present in significant amounts in the
lubricating base oil they would predominantly be identified in the FIMS analysis
as 4-unsaturations. When olefins were present in significant amounts in the
lubricating base oil they would be predominantly identified in the FIMS analysis

30 as 1-unsaturations. The total of the 1-unsaturations, 2-unsaturations, 3-
unsaturations, 4-unsaturations, 5-unsaturations, and 6-unsaturations from the
FIMS analysis, minus the wt% olefins by 'H NMR, and minus the wt%
aromatics by HPLC-UV is the total weight percent of molecules with
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dependi ng upon the extent of oligonerization. Unlike

pol yal phaol efins, the lubricating base oils useful in
wounosingsant i on contai n hydrocar bon nol ecul es hagirng2006/015854

consecutive nunbers of carbon atons. Mol ecul ar

Conposition by FIMS: The |ubricating base oils nade

fro 'Byaowéiréﬁﬁnfcﬂ'@l%tleﬁal I\ginsthé MORBAtINGhase bﬁs Sﬂﬁfs%ﬁbﬁ efote

by Field |onization Spectroscop ¥ into
al kPRl the aromntiss e%gnw&tquﬂ iFeREHIeay | waﬁr@mn@ﬁ to be less than

uns ., etk iaRB ot inG1BdEH Hlthd Balbiibrabr ol \I\%h@ Eé’r‘c@ﬁt difolecules
he qil fractions was determ ned by FI e sanpl es

t MS.

ver &Vinfyelgparalwicfuactiopaiity probe, preferably by pl aci ng
& smal | anmount (about 0.1 ng.) of the lubricating base
oi | obetestedlnaglass capillary tube. The

capiM9legules Willeexmoparmffiticiynationali n@era@ any raolgeylle that js ebe

for c@nt'&ﬂﬁsﬁas%h@fdr WRE b@stitdRts, bitSorcpdie O\A@$u§%QQCJdI@m
about, 500C u 6000C at_ a rate of 100C per m nute in

a myeurapdpy re?ﬁ_rP@? g@gyRr dhe Fyclanargiiaiggraup rpay be pptionady

mas SubfRGkd Wi’fﬁ"oﬁé owﬁﬁréﬁﬂi%ﬂﬁgntfsr ‘N@p?@sénfb@vé Bxdthpled ffide,
at a rate of 5 seconds per decade.

18pe btk %fﬁépékmm%fb@ Qeplopsonv sy elrbiiyl, wqimue@fyl mypigmxyl
Res Fé%l&@e&ftﬂCdé%bﬁyd‘r@ﬁa[ﬁiltﬂaléi@r@@tﬁﬂﬁhrbb(é?ﬁéleH@r (FerRSSetaR%S-

suc h weli ercent was determ ned

f rorw%@f@.h’%@?% Srft10- frﬁécl%iw&pp@fadﬁ%aj@ derabydre- lnhegtadecan-6-

SUMBRagHhAGRC BAd heQikg, “ aver aged” spectrum The
| ubri'cating base oils of this invention were

characterized by FIMS into al kanes and nol ecules with

1¢i f W&ﬂdes%fmﬁbﬁoc%lobﬂé}ﬁﬁhH:rfﬁﬁétfaﬂéht ha&n réﬂy B &R %{

di fferent nunbers unsaturalons}(ra be conpri sed ?
cycIEpRrylic satrated eyqrwéarb@h@roap ohtiresd seven an@ﬁ@bpe%or any

Ver endicefeibt is BuSsiaRbd WAR BlsiiiPMBhScyclic sdi6rated hydrocarbon
group of three to seven ring carbons. The cycloparaffinic group may be
optionally substituted with one or more substituents. Representative examples

20 include, but are not limited to, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycloheptyl, (pentadecan-6-yl) cyclohexane, and the like.

Molecules with multicycloparaffinic functionality mean any molecule that is a
fused multicyclic saturated hydrocarbon ring group of two or more fused rings,

25 any molecule that is substituted with one or more fused muiticyclic saturated
hydrocarbon ring groups of two or more fused rings, or any molecule that is
substituted with more than one monocyclic saturated hydrocarbon group of
three to seven ring carbons. The fused multicyclic saturated hydrocarbon ring
group preferably is of two fused rings. The cycloparaffinic group may be

30  optionally substituted with one or more substituents. Representative examples
include, but are not limited to, decahydronaphthalene, octahydropentalene,
3,7,10-tricyclohexylpentadecane, decahydro-1-(pentadecan-6-yl) naphthalene,
and the like.
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| ubricating base oil they would predom nantly be

identified in the FIMS anal ysis as 4-unsaturations.
whers/108bi ns were present in significant anouBRCE/USD06/015854

the lubricating base oil they would be predom nantly

identified in the FIMS anal ysis as 1l-unsaturations.

The total of the 1-unsaturations, 2-unsaturations, 3-

uns&ggﬁtl ons, 4-unsaturations, 5-unsaturations, and
128%'ons from the FIMB anal ysis, mnus the wt %

ol efihasvigy OldfindiMhe mcﬂﬁr@&sbhﬂs o (HisAneaisbh %r@&etermmed
HPLC- UV is the t ght percent of nol ecul es

Wi t m)PE‘PtB’ﬂ)‘%PYme%O‘f%EQ $6R%IAPY in the lubricating

Basq, Prdpardh sbitticn oiBLEIH P he ISt H%Ide%denfm HB@terochloroform
aronmtjcs, content was not neasured, it was

nmed t
be IBeg¥quiaa N9rmalpreion speqieim Pirtleast R RAM ﬁrPﬁétra' Width and
cal %ub@biemefe@éncb%@bhémﬁibg%afp@mﬁakusofhémémﬁérﬂsmwm hhve

cycl oparaffinic functiognalit lecules wt

cycl8 5'?5?94"?1[96‘9?&16‘5%%&1 ?'gfia' wiBpHtavgrieasing-fie eeqeiuer/ADC.

IS, Votert®80 aég‘rée ?ﬁls@"lﬁaﬂﬂlewﬁ@ instimeht Mﬁﬁtrﬁwe@ minimum
m)nocycl ic or used [ticyclic sat ur at

1Rydﬁ@&ﬁk%ﬁza@%@pﬂnmﬁéawf 1097 Py réblgﬁfaﬁjﬁywayc Fnge will
opt ingn@blovoorhwkd.t uted with one or nore substituents.
Repr esentative exanpl es include, but are not linited

. Gyeavreihglinteghatintamgiios beteenopent yl, cycl ohexyl ,
cycl ohepsy)l4,5g}9,ﬁq$mﬁk)onapht hal ene, octahydropent al ene,
(pent adecan cl ohexane, 3,7,1
O-tri cyc?@ﬁe‘%??@éﬂb’ﬁ ecane decahydro 1- (pent adecan- 6-
19%!) naphthgloe@? l'i ke. Mol ecules with
nonocycl oparaffinic funct| onal ity nean any nol ecul e

t hat-i lés"éﬂ %ﬁ'@@?‘é-!'@fd"’%%t@f gleéGStrWB'PtéB‘éf? gefarrgpedipy 68TM D
thr egos QakQM@&N ring carbons or any nolecule that is

substituted wth a single nonocyclic saturated
hydr ocar bohegvsiagedpolegiiardornla el b spiurried Avdesarborte

cycl opar aftreHverdde Mdle SR 10PN IRbf PBNdrvs SUbSti t ut ed
8 " 0" e Totat mtoaral intersity (Ssum of all miedral ntenitesy T C
4. The integral intensity per sample hydrogen (=total integral/number of
hydrogens in formula)
5. The number of olefin hydrogens (=olefin integral/integral per
hydrogen)
25 6. The number of double bonds (=olefin hydrogen times hydrogens in
olefin formula/2)
7. The wt% olefins by "H NMR = 100 times the number of double bonds
times the number of hydrogens in a typical olefin molecule divided by the
number of hydrogens in a typical test substance molecule.
30
The wt% olefins by "H NMR calculation procedure, D, works best when the %
olefins result is low, less than about 15 weight percent. The olefins must be

“conventional” olefins; i.e. a distributed mixture of those olefin types having

44~



i nclude, but are not limted to, cyclopropyl,

cycl obutyl, cyclopentyl, cycl ohexyl, cycl oheptyl,
wopeosiiagkacan- 6-yl ) cycl ohexane, and the |ike. PRoras206915854

with multicycloparaffinic functionality nean any

nol ecul e that is a fused nulticyclic saturated

hyd ydRigeas attadhgd 8 PiéRlobletbond @arbdRE udiiss %xﬁwanqﬁyndeﬂa cis,

il Eep A eusliie Theas o Bt bemwiliags grdrinsies st

or rofi !iﬁtégl%drahb BEfveedr! @ityabval QQUM#\ehhﬁE rdtfo exceeds about 3,
subst.i ute n_one nonocyclic saturat

ny RSP EER IR PSTRRSE 157 S DF His Ao ree Prasgnt and

fsusenbmﬁdrema@éurﬁptmb Wit BE ntavd e eAEMaR thé RUmBEOsRIouble
is of two fused rings. The cycloparaffinic

pref era%
gr o Wth%S%'BPIPonaI |y substituted with one or nore
substituents. Representative exanples include, but are

not lim decah napht hal ene,

oct &ﬁ%?ﬁfﬁ%?%ﬁ%em@w o'-fOBVrl cycl ohexyl pent adecane,

deCﬂMdﬁahdd néeed RO loR1dle)s SFaRhEO M LR atBBsktloRE aromatic
% O tF\chﬁwgaTh W% A efins in the lubricatin

18as guraﬁ Ipg Iy i olibisdnyratian smpiayepp Hewlet
pr otP@&kéWRoBa Sehes Dth’eﬂWrﬁGraﬁﬁ@ﬁﬂngWPQforﬁ»anE’é Eidlce a
sol i on of 10% of the 1 drocarb

deut @Eﬂfpe'faafw*#ﬁ'—@ SVA??E{U?QL@' Wit arbiP mﬁetfaﬂd%ﬁaray HynYis

of @btdcﬁﬂ%‘teﬂf&eﬂ RERE PFPC@:lﬁé?h-sVétlﬁh hd@:ﬁtﬁ"c@ﬁd}%ﬁﬁ@‘nﬁlwd ual
reference the chem cal

i ns GFURRIGCIFRges InHhe B'gélb‘?%attaﬁ@ﬁt'utgj&mq %ﬁ@élwaédmﬁer@ﬁ the

18 snbgaalof metrwgpémrda@@m A thBR U8B kiRl TR Smindtiurdn
the instrunent nust have a

30 de ul s lie
ni niv tymana uﬁlﬁﬁlﬁgll%a%'@teﬁaa&mﬁéfﬁmolmh@séa@elm\ hedasis of
Pr eftl%’rﬂiﬂgy nbifBeitibP Bt corrfttl®, dbuble- %dgﬁ%tﬁ;@ﬁTﬁus Y Single
C. Measure the integral intensities betwe
ring aromatic coniaining molecules elute first, followed by the polycyclic
aromatics in order of increasing double bond number per molecule. For
20 aromatics with similar double bond character, those with only alkyl substitution

on the ring elute sooner than those with naphthenic substitution.

Unequivocal identification of the various base oil aromatic hydrocarbons from
their UV absorbance spectra was accomplished recognizing that their peak

25 electronic transitions were all red-shifted relative to the pure model compound
analogs to a degree dependent on the amount of alkyl and naphthenic
substitution on the ring system. These bathochromic shifts are well known to be
caused by alkyl-group delocalization of the -electrons in the aromatic ring.
Since few unsubstituted aromatic compounds boil in the lubricant range, some

30  degree of red-shift was expected and observed for all of the principle aromatic
groups identified.
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6.0-4.5 ppm (olefin) 2.2-1.9 ppm(allylic) 1.9-0.5 ppm

(saturate) D. Using the nolecul ar weight of the test
weubwmiiassae determ ned by ASTM D 2503, cal cul at eCTAIS20D6015854

average nol ecul ar formula of the saturated

hydrocarbons 2. The average nol ecul ar formula of the

ol ele%tl%thI € tHe Qi @i 'a?élﬁ&fcaéorﬁ RAS vhY nate W itbg@ltihg
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must be "conventi ona K .e. a distributed
W xture of those olefin types haV| nghydrogens attached

to tihe cloybbipkaid: carbons such as: al pha, vinylidene,

cis, trans, and trisubstituted. These olefin types
wi | | HRl 8 Vavarusegifarirentiiying these clgsenscafianomalicepmpounds even
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about 3, | cates tri
t et rSéroggiwéhart singletring émmﬁlcar@kwsébﬁmtw@rﬁiﬁo affected absorption

15 by about 20%. Therefore, it is important to use HPLC to separate and identify
the various species of aromatics and know how efficiently they absorb.

Five classes of aromatic compounds were identified. With the exception of a
small overlap between the most highly retained alkyl-1-ring aromatic

20 naphthenes and the least highly retained alkyl naphthalenes, all of the aromatic
compound classes were baseline resolved. Integration limits for the co-eluting
1-ring and 2-ring aromatics at 272nm were made by the perpendicular drop
method. Wavelength dependent response factors for each general aromatic
class were first determined by constructing Beer's Law plots from pure model

25 compound mixtures based on the nearest spectral peak absorbances to the
substituted aromatic analogs.

For example, alkyl-cyclohexylbenzene molecules in lubricating base oils exhibit
a distinct peak absorbance at 272nm that corresponds to the same (forbidden)

30 transition that unsubstituted tetralin model compounds do at 268nm. The
concentration of alkyl-1-ring aromatic naphthenes in lubricating base oil
samples was calculated by assuming that its molar absorptivity response factor
at 272nm was approximately equal to tetralin’'s molar absorptivity at 268nm,
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conpavindshonded siita pdrticlés) martifactured by Rairdo mstruments, Emeryville,
California, with n-hexane as the mobile phase at a flow rate of 18mls/min.

20 Column eluent was fractionated based on the detector response from a dual
wavelength UV detector set at 265nm and 295nm. Saturate fractions were
collected until the 265nm absorbance showed a change of 0.01 absorbance
units, which signaled the onset of single ring aromatic elution. A single ring
aromatic fraction was collected until the absorbance ratio between 265nm and

25 295nm decreased to 2.0, indicating the onset of two ring aromatic elution.
Purification and separation of the single ring aromatic fraction was made by re-
chromatographing the monoaromatic fraction away from the “tailing” saturates
fraction which resulted from overloading the HPLC column.

30 This purified aromatic “standard” showed that alky! substitution decreased the

molar absorptivity response factor by about 20% relative to unsubstituted

tetralin,
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MKyl -substitution also affected absorption by about

HPLC to
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S opabiahcboies 15ha.drpiich. AR Soad Paselife ARAyE Viare Seasivde cs

and kcmvatbigweisticcarombtios dédwyt_ofadoz%_ drénomEtiio/mﬁrebmss.es of

aro |C CO oungds wer ldentifi.e t e except.,,o
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e S P RRB A SR POdeaRiN SOMAE wias fsed tn fEtyalas shape
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Beer or?ceL l}llyingltr?é Fc’unftcra %vmoi %rt'tﬁa&g grgln imaging the aliphatic peak into the
20 aromatic region. By taking spectra on either side of the carrier spectra, the

resolution was improved significantly.

The medium-speed diesel engine oils of this invention may also comprise a

bright stock in the formulation. If the bright stock is one with a viscosity index
25 less than 120, it is preferably included in the formulation at a level less than 10

wit%. If the bright stock is one with a viscosity index greater than 120, such as

bright stock derived from Daging crude (which has a viscosity index of about

135), it may be included in the medium-speed diesel engine oil at a level up to

55 wt%. One preferred formulation of medium-speed diesel engine oil is one
30 with a Fischer-Tropsch derived bright stock.

In one embodiment of this invention, the medium-speed diesel engine oils are
made with a pour point reducing blend component. The pour point reducing
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Eﬁ; Igf%il esg b[mrl)g comptoHén S arey deF\s)%ntg]é lnld% |Irln Wéﬁént Applications
20 10/704031, filed November 7, 2003, and 10/839396, filed May 4, 2004, both
fully incorporated herein. The medium-speed diesel engine oils of this
invention may contain between 1 and 80 wt% of a pour point reducing base oil
blend component. Preferably, they will contain no conventional pour point
depressant additives. Conventional pour point depressant additives work by
25  minimizing the formation of wax networks and thereby reduce the amount of oil
bound up in the network. Examples of conventional pour point depressant
additives include polyalkylmethacrylates, styrene ester polymers, alkylated
naphthalenes, ethylene vinyl acetate copolymers, and polyfumarates. Treat
rates of conventional pour point depressant additives are typically less than 0.5

30 wit%.

Energy Savings:
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B8 SbiGres R paBoranigrs < o1 T KPgrTRye Visetrir g o0 20! Uerein the
| ubr Kiﬁémiaﬂ@wgaﬁsﬂy@iuﬁﬁg WRIEHD iﬁrg@tbmhiamnaaan?ménﬁs betwglen 2
power ng duration _an 00 asel i apnal ysis were .
Poeqein 1008, bRSires 9t b aranantonaes oLS Bolkie be' S a slide
ar on@trblt ratidlof eerog@@rcent, and a load of 20 Newtons. Lubricating base oils

made from a waxy feed having these low traction coefficients and relatively
20 thick EHD film thicknesses are taught in US Patent Application 10/835219, filed

April 29, 2004.

Traction data were obtained with an MTM Traction Measurement System from
PCS Instruments, Ltd. The unit was configured with a polished 19mm diameter

25 ball (SAE AISI 52100 steel) angled at 22° to a flat 46mm diameter polished disk
(SAE AISI 52100 steel). Measurements were made at 40°C, 70°C, 100°C, and
120°C. The steel ball and disk were driven independently by two motors at an
average rolling speed of 3 Meters/sec and a slide to roll ratio of 40% [defined
as the difference in sliding speed between the ball and disk divided by the

30 mean speed of the ball and disk. SRR= (Speed1 - Speed2) / ((Speed1 +
Speed2)/2)]. The load on the ball/disk was 20 Newton resulting in an estimated
average contact stress of 0.546 GPa and a maximum contact stress of 0.819
GPa.
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20 used in passenger car and heavy duty diesel engine oils, in particular zinc
dithiophosphate, may harm silver bearings. The engine oil additive packages
useful in this invention contain a low amount of zinc, generally less than 250
ppm zinc, preferably less than 100 ppm zinc; and in preferred embodiments do
not contain any zinc dithiophosphate.

25
Additive suppliers sell additive packages formulated to protect silver bearings.
They often contain most of the components necessary to blend a medium-
speed diesel engine oil. Typically the engine oil additive package is used in an
amount between 5 and 20 wt% to blend to a specific TBN target. When

30 blending a multigrade medium-speed diesel engine oil, a viscosity index
improver in an amount between about 2.5 and 4% is usually added to increase
the viscosity at 100°C up to specification, while retaining good low temperature
properties. Occasionally a conventional pour point depressant additive is also
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s 6RO Srhprater et ct e By CopRey et Fcien
cont gob#ifié@. conventi onal pour poi nt depressant

ditives. Conventional pour point depressant

ditives work by minimzing the formati on of wax
net wexdtsplesid t hereby reduce the anount of oil bound up
in the netmork Exanpl es of conventional pour point
depressant additives include polyal kyl net hacryl at es,
styrEne qster pol ymers, al kyl at ed napht hal enes,
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Tr eapne distillate fraction (FT-6.4) and two distillate bottoms fractions (FT-14 and

20 FT-16) of lubricating base oil made from the hydroisomerization of a Fischer-
Tropsch derived waxy feed were produced in a pilot plant. The FIMS analysis
was conducted on a Micromass Time-of-Flight spectrophotometer. The emitter
on the Micromass Time-of-Flight was a Carbotec 5Sum emitter designed for Fl
operation. A constant flow of pentaflourochlorobenzene, used as lock mass,

25 was delivered into the mass spectrometer via a thin capillary tube. The probe
was heated from about 50°C up to 600°C at a rate of 100°C per minute. The
properties of these lubricating base oils are summarized in Table I.
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are typically less than 0.5 wt %
wonefoanssd enbodi ment s,

es of conventi onal

pour point depressant additives
Energy Savings:In
t he medi um speed di esebPCEUYRW6/015854

oils of this invention will reduce energy use by at
| east 1% conpared to nmedi um speed di esel engine oils
of the sanme SAE viscosity gra'%s rrade wth a
conventional Goup | or G oup , base oil. This is due
to fhe Tow rq:ﬁ}-bbémeéloeTTl Cl ents Of T- ge,rt a nF[raﬁqe o1 TPT-16
nad%ﬁenw y 1 dires gire
oi | |Q0¥M[E plbn%” C:IZ :Iliz ener gy Use g\?lhgr 1\6 48
| ubti cating Bﬁg%g'téillmd%de fromla waidp feed Lo i tﬁ'39
med|{ um speedWifedgeinaticsgi ne oi | |ha$.08896 acl i 0414 na
coeffiCient |M%GIB% an anount ca13:49 ated by1vhe 0.12
equattom—Tra effrcirent —UUUUX ) (Kinenratic
Visgosity in gg\ﬁ’WW 001l V\,herel {1 g{a 61.5
Vi sgosity during the trac’N‘ Sdoef 198 ent rerrent
i s between 2 and 501d$ﬂsatléiﬁﬁpﬂﬁhere| ratd 38.1
coeftficient is meas@dosattrationsgver ag.@ roI i n@. aspeed dd.4
3 neters per secondg. @nggmrgﬁb,;so rol porati p ofp, 040 0.0
perc¢ent, and a:l oad 4°U s%Qu%? gns. Addi ti onal I he 0.0
base oi | rradefrom?,?wasﬁ may pave an f|Im 0.0
t hi tkness greater tRam rﬁﬁ?ﬂf‘nt caPcul at p t he '
equation: EHD fil m Brhinsaterationsn nanBfet ers —0(0 105 x0.0
Kingmatic Viscosity in cSt)Tetal0, wb@0ein| t H€0.0 100.0
Ki nematic Ybf%?%@cﬁle@%tfgng the EHI:S)gg_4 mthi cgngss 38.4
nmeasur e cSt; measpred at an
ent al Bio §a ﬁ 'ma@%rc er—s cond—1a 2' ide *0950
rol | MP&P%‘Q?PTGZ%'}SHMB%KWW% a |88 of | 20 ns 95
Lubr i catBeilipgiaiet Ristibuticed& f r om a waxy fepd havi ng na
these low traction coefficiemntss and34’7tel at | vebg3t hijck
EHD|fil m thicknesses are taugfy 48 Pat ent g72
Applii cation 10/83521 9, fil e‘dmﬂprl |86799 2D04 9494
T30 881 1006
T50 905 1045
T70 931 1090
T80 946 1122
T90 962 1168
T95 972 1203
Pour Point, °C -23 -8 -26
Traction Coefficient Not tested | Not tested
Visc (cst) / Traction Coef. 6.4/0.01138
12.5/0.01732
15/0.0197
32/0.02415
FT-6.4, FT-14, and FT-16 are all examples of the preferred lubricating base oils
useful in the medium-speed diesel engine oils of this invention, that is, they
5 have less than 0.3 wt% aromatics, greater than 10 wt% molecules with

cycloparaffin functionality, and a ratio of molecules with monocycloparaffinic
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contact stress of 0.819 GPa.Each oil's traction
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(400 8 1 1000C1l and 12Q0C). That is, an oil's 400C

Ki nemgiee ®lands wﬁaultaad[engmwlmanmw smaovmo adcouuty radesand a
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Logl@uﬁg}m gk ‘dbﬁved fEbn@D)aqmga;rudec Bﬁgrhicegdd&(d’éﬁneu fre@d¥adif)g crude

.TheV\ather tion is the
b ualF K Lo TRIPTERA Forgmeiciatl SvellFbie biidn Sigts 55t has a higher
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wer oTTe PTG EaAEE] FHCUSCoRT e PRI g Epaighel pour poit

% gef ?emt@sﬁwt d@dlmﬁy em‘%btﬁrdélralﬁﬁﬁ é?glﬁé ﬁﬂis)ﬁerte)teﬁéd edpkinematic
e ractil o u or eac

o meksesaty of 1BE BEES dieutoiy Fibre cinJrior Bereg et 15°C.

wer eangashsitl fat 66°Ft Meropcitic st thabrigratsisdk derived from Daging

20 crude used in the blends are summarized in Table Il. The formulation
compositions and test data are summarized in Table ll.

Table 11
Bright Stock Derived from Daging Crude
Viscosity at 100°C, cSt 21.45
Viscosity Index 137
Pour Point, °C -21
T10 Boiling Point, °F 989
T90 Boiling Point, °F 1253

25
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Engine G| Additive Package: The nedi um speed di ese

engine oils of this invention are distinguished from
woasmangpad car and heavy duty di esel engi ne oi PETHE2006/015854

using an additive package fornulated to protect silver

bearings. Zinc containing antiwear additives often

used in passenger car and heﬂ%ﬁ ﬂgty di esel engine

oils, in particular zinc dithfOpHosphate, may harm

si | ver—pearings. The engine of | aCFQREOV!@ PFEROF | RREO C

useflul _in this invention contain | ow ampunt of zj nc,
gengrRUQA® 2EEG Wi¥an 250 |ppm zi nc|, p15e?"er bl y15.&ss | hatp.74
100 Rpm 6Lbh®1 g PTE ferTed gmbodpments dognot
contlain_any Zzi th| ophosphate. Additive suppliers

sel | RR[Miwt%ve packages flormul at ed t oOprotiect il vef

bearft y—oftenr——contar—rost—ofz{he ot et
sta 3, \W’ : 35,3 13084 12.64

nece bl end a medi unspeed di€sel engine oill
Typi cFéH&Mvstt%e engi ne oi l| additivie paOkage is Osed jn 7162
an weeR—b—and20—wt-%-to—blentd—to—a—spectfi+e
TBN T%QB&tOCWEHV%ﬁé ing a nmultfi grade nmedi um speed
di esagimotmdeont’s a VI gcosity ijndets.9mpriovet74nh ap 0O

B _~And o o vcial l addaod.

y
anmoy en—about Ye—49%--5 H £
i ncrmbw SCOSi ty at12f06§é up 1(Lspé’rtgpeél f 65%% on, 15.22

whi ||esE efraiSicP@irgmd | ow t enper at ur e2ar oper t i 5. na

Cccasd -onal DQUF nnl nf debressant
addi t@ﬁ/é‘ﬁg SNSF'gbui red. TERAM les " 81 Bredi um $eed na

formul ated to protect sifl ver bearings and are usef ul
in t|HPs2QWkention are OLOA(r) 2000 Qpﬁ\(‘?“%’@% . 4240

di es@cgngsqqpcm%ongé)@lve pack:iges that pre

OLOARE E 1 @PERiiemBT ai NS Tess than 30 ppm zinC and 1S
designed to produce a 10 and 17 TBN railroad engi ne
oil. OLOA(r) 2939 contains |less than 50 ppm zi nc and
i's deSITgﬂ g to produce a 10 and 13 TBN railroad engine
oi | €r) is a registered trademark of Chevron

G Onh e Wﬁéfad gmeTéfMaQ/mg ?§§E@b§/\?4@%5@éﬁ?%ré&@énd a17

areforrmlated I ot ect
TBN is prepared by mixing FT-6.4 and FT-1 6, with the same commercial

railroad engine oil additive package used in the earlier examples. The blend
contains no viscosity index improver or conventional pour point depressant
additive. The railroad engine oil is tested for kinematic viscosity at 100°C, GE

10  HTHS (final), and cold cranking simulator viscosity at -15°C. The formulation
composition and test data is summarized in Table IV.
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beari ngs contain one or nore of the follow ng

conponents (and m xtures of the conponents) as
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15. FT-6.4 has a viscosity index greater than an
amount defined by 28 x

10

15

Example 4

Seven different comparison blends of railroad engine oil were made with

commercially available conventional Group | or Group Il base cils. These oils

are representative of the medium-speed diesel engine oils that were available

prior to this invention. All of these seven railroad engine oils were blended to
obtain a SAE 40 or SAE 20W-40 viscosity grade, and 17 TBN. The SAE 20W-
40 blends contained between one and three different lubricating base oils,

greater than 2 wt% viscosity index improver, and no conventional pour point

depressant additive. In these blends the viscosity index improver was needed

to help provide the desired low cold cranking simulator viscosity to provide the

- winter “W" grade performance. The formulation compositions and test data are

20

summarized in Table V.
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Ln(Ki nematic Viscosity at 1000C) + 95. The viscosity
i ndex of FT-6.4

addi ti on,
pour poi nt

28 x Ln(6.362) + 10 1.19
woDew/148|bso has a very |low traction coeffici eRCT/USZ006/015854

158.

FT-14 and FT-16 are al so conpositions of

reduci ng base oi
is a Fischer-Tropsch derived bright stock.

Three bl ends of
20W 40 viscosity grade and a 17 TBN were prepared by
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Comparison
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TableV

20W40

15.74

3.65

Exxon 150LP
23.21

Exxon 600SN | Exxon 6
574

None

100.0
15.44

Comparison
RREO 2

20W40

15.74

3.54

Chevron
Neutral Oil
220R
30.0
Chevron

Neutral Oil
B600R
33.2

RAFFENE®

750L
8.0

100.0

15.35

11.1

Comparison
RREO 1

20W40

15.74

3.46

Chevron
Neutral Oil
220R
29.8
Chevron

Neutral Oil
600R
36.0

Witco 2033-

100
15.0

100.0
15.2

11.1

LIMITS

Conventional
B/S 10%Max

12.6 - 16.3

10.8 min

Target SAE Grade

OLOA® 2000, wt%
Vil - OLOA® 167,

wit%

PPD wt%

First Base Oil
wit%

Second Base Oil

wit%

Third Base Oil wi%

Total

Viscosity at 100°C

GE HTHS (inal),

cP
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railroad engine oil

earlier exanples.
wOna@sx1891pr over or conventi onal

addi tive.

The railroad engine oil
ki nematic viscosity at 1000C, GE HTHS (final),
col d cranking sinulator viscosity at

addi ti ve package used in the

The bl end contains no viscosity

pour poi nt depPesAANI06/015854
is tested for

and

-15C. The

formul ati on conposition and test data is summarized in

Table IV. Table IV na

railroad engine oil

CCS viscosity than the three easlier exanples.

not avail able This exanple of
has an even higher VI and | ower
This is

due-to {he conpinafi on of tv% & fferent desirable
| uhBi eating base pils, one dP vhich is a
Fi 98h& 191 opgch dnived bri gfit Btock with a viscosity
incéxﬁ?greater han{120 (FT- 1_5) .© Exanpl e 4 Seven
di f{Per ept |conpari son bl ends &f @ailroad engine oil
werle mafe W th comprer cially Bval abl e conventi onal
G qgpd |HN Goup Il base oilQ. hese oils are
repiege(® ati ge ofe the medi unEsd@ed diesel engine oils
t haE Be(R |avdi | abl ¢ prior tost H¥'s invention. Al of
(e} A . . [}
these seven rajil road engine ail& were blended to
obtfai-r—a—SAE—46—or SAE 20W 48 v scosity grade, and 17
TBNS The $AE Zi?W 40 bl ends ai ned between one and
t hrige od gfergn lybricating Basg oils, greater than 2
wtocgvit'sﬁas,i t§ | ndex inprovers gnd no conventional pour
poi |8t “depr essaLr(lt additive. 1@ these bl ends the
Vi §cosity tindel inprover vvas?:’n%ded to hel p provide
thgcdes|red | ol colld cranki n8 KRnul ator viscosity to
pr Qi @eghe wintes "W gradegpe?formnce. The
f or Ea% on §onpdsiti ons andet est data are sunmarized
in|8abl £'Y. Attprney' s Docket-§Nugber: G 0167 Table
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na = not avail able RAFFENE(r) is a registered

trademar k of San Joaqui n Refining Conpany, Inc.
weaéhodsaugho a nunber of these bl ends nmet the reqBCTARISENGS15854

for SAE 20W 40 engine oil, none of them even with the

addi tion of OCP 5 viscosity index inprover (OLOA 167),

had t%ﬁ,@gﬁ\[ red |l ow cold cranking sinulator viscosity

of the I'um speed diesel engine oils of this

i nvengion. A/ﬁbﬁéaﬂ,hg‘bu Joordprisialr i cating oil, conprising:
a) a Iubricating ase oil, made froma vvaxy feed; b)

oD, 0900 o o SRR R OB, Rt o

i ndex |nprover wherein the lubricating oil has a cold
cr anki ng gi)nul an engine sit edditiye packaga Soulataskiopnetact Aloe

a GE HTHS %&rf@g) f at least 10.8 cP, and a TBN
be‘?ween 8 and "“The lubricating oil of claiml,
wherein the lubricating base oil, nmade from a waxy
feed, has:C)a) lesshanty Wbylaﬁp%yandmﬁmwerb) gr eat er
than 10 wt % nol ecul es with cycl oparaffinic

f unct i onalyHeyein $le Iubl%dhﬁg oPhed a @BidQﬁéHl@‘fg wnhléitor vuscosxty at -

I ff I
Tl 1 oyl R i Ok FORHTES GPRpest PR AD EsP, gnd

The | ubri cdN p&webh 8@hd@pai m 1, wherein the TBN i s
between 10 and 20. 4. The | ubricating oil of claim2,

vvh rej at| ase oi, | ess an 0. Q7
w9 a oma?'%é‘leb r1-“n‘(2_\' i ca%"’hﬁbe”bﬁe 'B‘?”C@%'%? ﬁ%‘sf’ oll, made
wher ei n t Heom ab\rab(yﬁdeldngasbase oil has a

a) less than 0.3 wt% aromatics;
b) greater than 10 wt% molecules with cycloparaffinic functionality;

c) . aratio of molecules with monocycloparaffinic functionality to
15 molecules with multicycloparaffinic functionality greater than 15.

3. The lubricating oil of claim 1, wherein the TBN is between 10 and 20.

4. The lubricating oil of claim 2, wherein the lubricating base oil has less
than 0.07 wt% aromatics.

5. The lubricating oil of ¢claim 1, wherein the lubricating base oil has a
20 viscosity index greater than 28 x Ln(Kinematic Viscosity at 100°C) +
95.

6. The lubricating oil of claim 1, additionally comprising a bright stock
having a viscosity index greater than 120.

7. The lubricating oil of claim 1, comprising no viscosity index improver.
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viscosity index greater than 28 x Ln(Kinematic

Viscosity at 1000C) + 95. 6. The lubricating oil of
wobheiernig910 addi ti onal |y conprising a bright stoekThaiongisss4

a viscosity index greater than 120. 7. The lubricating

oil of claim1l1, conprising no viscosity index

| nproyer . & T%emlgfﬁ?d QF&tc'leﬂ%t OWhefefm ﬁ\le%lgﬂc%tmd\@l%c?ésrhot

t he | brlc 0oes con
di t hi ophosphtirezin®dithidphobph@tée.cat i ng oi I of claim1,
wherein the lubricating oil is a SAE 15V\XX SAE

20W X, Orrnaifh %é eI ?/%ef & ﬁn_cf 5P S&E 15W-
group conS|st|n O d

| ubri cati g &AE %GWMlom‘SﬁE ZM whefeexxlﬁﬁqlefé@d figm the
oig has a g@ﬂ: viscosity at -150C

I ess t han g&%&%&é@ﬁlﬁ rg‘)ﬁt{:atl ng oil of cI a| m 1
addltl onal_ly conprising a pour poi nt reduci ng [

bl end1@onIdiedwiricating oirfeiaini W@sf%aledwrwélf'ng;P'éh@ﬁ '«1§°'d

wherein the, sitfQlafd visBsuHy IR 01 98%€ssthlin @b@m&b
corrponent is selected fromthe group of: a)

i soney | Fi sche tt d

oot nl-an HodiatRe Lo e nerdRengchgan é%&ouaewm
and about rédihgintbeail baerﬁro@gq)odegx ee of branching in
the nol ecul es between about 6.5 and about 10 al kyl

e, R SR A e o
510 degr edserd doniponentds Geldetgd éom the geoup m‘oan)tal isomeyrizad
ot 20 BAKAERT BBl Rl RS Becpon mgecur
addi t i onalweight befwedesi abguing00canuivabout o120 and an average degree of
branching in the molecules between about 6.5 and about 10 alkyl
15 branches per 100 carbons, b) an isomerized petroleum derived base oil
having a boiling range above about 510 degrees C (about 950 degrees
F) and containing at least 50 percent by weight of paraffins, and c)
mixtures thereof,

13.  The lubricating oil of claim 12, additionally comprising no conventional

20 pour point depressant additives selected from the group consisting of
polyalkylmethacrylates, styrene ester polymers, alkylated

naphthalenes, ethylene vinyl acetate copolymers, and polyfumarates.

14.  The lubricating oil of claim 1, wherein the lubricating oil additionally
meets the specifications for Electro Motive Division or General Electric.

25 15.  The lubricating oil of claim 1, wherein the waxy feed is Fischer-Tropsch
derived.

16.  The lubricating oil of claim 1, wherein the engine oil additive package
has less than 250 ppm zinc.
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pour point depressant additives selected fromthe

group consisting of polyal kyl net hacryl ates, styrene
weberiigabynmers, al kyl at ed napht hal enes, et hyl eae/vsz0gh15854

acetate copol yners, and pol yfumarates. 14. The

l'ubricating oil of claim1, wherein the lubricating

oi | agdi tionally. @F’ fﬁéqﬁmé Erleﬁ'?trh%%?@?%%ﬁl adf6d pAckage

Motive 'DiviSio
| ubricati rigzsdnésthﬂn w(lappmzmcmher ein the waxy feed is
Fi scher-Tropsch derived. 16. The lubricating oil of

cl ai m %an%d@érf&aﬁr%em%wjﬁﬁﬁj@e%%m ﬂwb\éﬁgm@%%ﬂentnl?@ﬁackage

| ess t nc.1 ubri cati ng
cI aim 16, qm@rr@lqmetqﬁ@\@ﬁgf e f@llqw"wj@nmnqr@nﬁaalkﬂg@eﬁa@

ol §a |S mt 22” s\kﬁgna?@ @aﬁwe tgt?(yia%ébéétéﬁhhp Qué&nﬂlmﬁfe succinate

erei’n t diti-ve package
cont ai ns @sromMmannich ard p ph‘Qﬂl$ dispergantopprieletainine sulfide

al kyl phe%ﬁ%ulf&ﬁﬂeﬁ%@@ﬁ&’anﬁd@lldémlcﬁ'ggmc ahds RN ﬁity”‘é ds,

det er gent sSuccl nim Succl nate eésters, mannic
phosphor usuliirgestresnd,: phorpfRss eompeHngeberaler iaté Mmahdpdenum

sul furi ze%nﬂwg% nﬂi?)hh&”éhﬁllepﬁlctl ospﬁiggr aci ds, esters,

fatty aci ur  conpound, p rus conpound
borate, and nol ybdenum ant i wear conpound, and/ or

19 ct 1On nidilebricating o ofglaim) itk fhegengine %'fadért%(ﬁmkage is

wher ei n ”tﬂ_@A@QO@OB*bL@ﬂ@Z%‘Be package is OLOA(r)
2000 or (lOA(r) 2939 . The | ubri cati ng 0|I of claim

ei e lu ric, has
conve { onnr %?'ﬁ?#%%'ﬁ'r T dbgrRin g@d? ri"\‘?l ng 9' lias Ahe
| ubricati rwid%hal%nvérmbﬁalaféur péiet ®ipredshnt auaitivent i onal
pour point depressant additive is selected fromthe

group,f .onsllhe Ibtglr%a%g oil of claim 20, wherein the conventional pour point
15 depressant additive is selected from the group consisting of
polyalkylmethacrylates, styrene ester polymers, alkylated
naphthalenes, ethylene vinyl acetate copolymers, and polyfumarates.

22.  Alubricating oil, comprising:

a) between 5 and 88 wt% lubricating base oil made from a waxy
20 feed,

b) between 5 and 20 wt% engine oil additive package formulated
to protect silver bearings;

c) up to 55 wt% bright stock having a viscosity index greater than
120; and

25 d) no viscosity index improver or conventional pour point
depressant additives;
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pol yal kyl net hacryl ates, styrene ester polyners,

al kyl at ed napht hal enes, ethylene vinyl acetate
woapwliysso s, and pol yfunmarates. 22. A | ubri cat pag/us2dos/015854

conprising: a) between 5 and 88 wt % | ubri cati ng base

oi | made froma vvaxy feed; b) between 5 and 20 wt %

engi ne oil add kage fornu N
o9L1e 01 S G98 SR BB LR St
Vi SCOSi ty 15ﬁ6¢aesghwa7(w0 ¢than 120; and d) no viscosity

i ndex i nprover or conventional pour point depressant

addi t hyes ;

o ankP g oRIEBAG G o i 2% WS e (3R Gafitid simylotor
cP. 23. Thesdosity dtedbiOnig Ieaslthm"fSQﬂQaan 22, wherein the
cold cranking sinulator viscosity at -15C is |less than

5050 6. Zfprofesy %?é!ééﬂbf@f@g%ﬂ'é&wr%%l ng oil,

conpri si ng: a) se ectlnga Ficating base oil, nade
froma waxy feed, havin han, 0. 3 W %

aromatics,@ii. salfa@tg}géarlugﬂ%mg@ams/é feAdedaned "fmlf‘?ﬁj having:

cycl oparaffl nic functionality, iii. a ratio of
nol ecul es wi t hi.nonocycl dgsartiadrf 0.8iwt% aroomaticnal ity to
nol ecul es with nulticycl oparaffi nic functionality

i _ i onal _
or faﬁm er ht a";‘”eﬁé. nerggr ?&e ﬁqga'vv@% hBR MO RLARY ERFo RS Enic

functlonallty,

10 i, a ratio of molecules with monocycloparaffinic functionality
to molecules with multicycloparaffinic functionality greater
than 15; and

b) blending the lubricating base oil with an engine oil additive
package formulated to protect silver bearings and less than 2.0
15 wt% viscosity index improver,

wherein the lubricating oil has a cold cranking simulator viscosity at -
15°C less than 7000 cP, a GE HTHS (final) of at least 10.8 ¢cP, and a
TBN between 8 and 20.

25. The process of claim 24, wherein the lubricating base oil has less than
20 0.07 wt% aromatics.

26. The process of claim 24, wherein the waxy feed is Fischer-Tropsch
derived.

27.  The process of claim 24, including the additional step of adding a bright
stock to the lubricating base oil.

25 28. The process of claim 27, wherein the bright stock has a viscosity index
greater than 120.
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viscosity at - 15C |ess than 7000 cP, a GE HTHS

(final) of at l|east 10.8 cP, and a TBN between 8 and
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26. The presied. of claim 24, wherein the waxy feed is
Fi scher-Tropsch derived. 27. The process of claim 24,

i ncl ughng j 1] X f i_n 1 ght: st.ock
to thadt aueiiot pad8ing's i dipfle Sty dpbinpia
27, wher ei lobtideding pil ifhthe sailvosd éraginea wihiegsi Hietlybricatieg oil has:
greater than 120.29. The process of claim 27, wherein

the bri ghta)st o%%s!tﬁar{:ilédr:gglﬁrl'zi-ﬁrc?ps‘:h derived. 30. A

nmet hod for ‘operating a road engi ne, conpri sing:

using a lubricating oil in the railroad engine, _
wherein th¥ | u&@&@rﬁln@ns&)ﬁlm%@n v'%psntégg-??ﬁamwrlﬁm cP;
zinc; b) a cold cranking sinulator viscosity at -150C

| ess than ¢)000 s06E HIHS(ficdl) biTdddedst H08IcP; @hd at | east
10.8 cP; and d) a TBN between 8 and 20. 3 1. The

met hod fordoperé\ﬁ.éplgoe%éé}.i gﬁ)@go'engi ne of cl ai m 30,

wherein the | ubricating 0|+ conprises a lubricating
base oil nade froma waxy feed, wherein the
| ubri 4t i nfheomethodifor apsfgiing sergliroad engine of claim 30, wherein the

10 lubricating oil comprises a lubricating base oil made from a waxy feed,
wherein the lubricating base oil comprises:

a) less than 0.3 wt% aromatics;

b) greater than 10 wt% molecules having cycloparaffinic
functionality; and

15 c) a ratio of molecules with monocycloparaffinic functionality to
molecules with multicycloparaffinic functionality greater than 15.

32. The method for operating a railroad engine of claim 30, wherein the
lubricating oil comprises:

a) between 5 and 88 wt% lubricating base oil made from a waxy
20 feed;

b) between 5 and 20 wt% engine oil additive package formulated
to protect silver bearings;

c) up to 55 wt% bright stock having a viscosity index greater than
120; and
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functionality greater than 15. 32. The nethod for
oper ati ng rai |l road engj ne of claim 30, wherein ,ktvg]e
| Ubr i cat 116 of 'O YSRENYdaiex Taprayg GisenveioRel resi e
| ubricating bagepresdantadditifgsom a waxy feed; b) between
5 and 20 wt % engine oil additive package formulated to

t ' ' - to, 55.wt % br.i ght
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Vi scosi ty waxydeed infFiszherTopsdoderiyati onal pour poi nt
depressant additives. 33. The nethod for operating a
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