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Engi ne Buil der SAE G ade TBN (ASTM D 2896) Sul f at ed
Ash, W% Max Zinc, by wt. APl O assification Road
Test Requi r enent Max M n GE U S 40 or

ina fourth aspect, there is provided a method for operating a railroad engine,

comprising: using a fubricating oil in the railroad engine, wherein the

lubricating cil has: a) less than 100 ppm zinc; b} a coid cranking simulator

viscosity at -15°C Iess than 7000 ¢P; ¢) a GE HTHS-(ﬁnaI) of at least 10.8 ¢P;
5 .and d) a TBN between 8 and 20.

We have discovered a lubricating oit comprising: a) a lubricating base ofl, made
from a waxy feed; b) an engine oil a_dqiitivé package formulated to protect silver
bearings; and c¢) less than 2.0 wt% viscosity index improver; wherein the

lubricant oif has a cold cranking simulator viscosity at -15°C less than 7000 ¢P,

a GE HTHS {final) of at least 10.8 ¢P, and a TBN between 8 and 20,

Additionally we havediécovered a lubricating oil comprising: a} between § and
88 wt% lubricating base oil made from a waxy feed, b) between 5.and 20 wi%
engine oil additive package formulated to protect silver 'bearingé“, c) up to 55
wi% bright stock having a viscosity index greafer than 120, and d) no viscosity
index improver or conventional pour point depressant additives; wherein the
jubricating oil has a cold cranking simulator viscosity at -15°C less than 7000
P _ : ,

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 wi% molecules having cycloparaffinic
functionality, and a ratio of molecules with monocycioparafiinic functionality to
molecules with multicycloparaffinic functionality greater than 15; b)r blending the
lubricating base oil- with an engine oil additive package formulaied to protect
Si[rver bearings and less than 2.0 wt% viscosity index improver; wherein the
jubricating ofl has a cald cranking simulator viscosity at ~15°C less than 7000
¢P, a GE HTHS (final) of at least 10.8 cP, and a TBN between 8 and 20.
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20W 40 13 to 20 - - - 3 loconotives, 100,000 niles
CE Canada (Al co 251 Engines) 40 7 to 13 - - - CD- GM
EMD 40 or 20W 40 10 to 20 -
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We have also discovered a method for operating a railroad engine, comprising
using a lubricating oil in the railroad engine, wherein 'the lubricating oil has less
than 100 ppm zing, a cold cranking simulator viscosity at -15°C less than 7000
cP, a GE HTHS ({final) of at least 10.8 6P, and a TBN between 8 and 20.

DETAILED DESCRIPTION

Medium speed diesel engines are diesel engines with speeds between 450 and
1,000 rpm. They tend fo be used for electricity generation and in rail
locomotives, marine fugs, pumps, and stationary power units. Engine builders,
including General Electric (GE) and the Electromotive Division of General
Mators (EMD) set specifications for medium-speed diesel engine oils used in
their raiiroad engines. Inthe Uhitéd States., the Lacometive Maintenance
Officers Assodiation Fuels and Lubricants Committee héve established
‘Generation’ designations for railroad diesel engine oils. The highest quality oils
are 'designated Generation § and must have a high dispersant level and a
detergent leve! measured by TBN of 13 or greater. A summary of the different
engine builder specifications for Generation 5 railroad engine oils is provided in

the table below.
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- Railroad Engine Builder Generation 5 Rallroad Engine Oil Specifications

Engine SAE | TBN | Sulfated | Zinc, by wi. API Road Test
Builder | Grade | (ASTM | Ash, Classification | Requirement
D - Wi% ‘
2896) Max
Max | Min
GEUS. | 400r | 1310 - - - - 3
20W- 20 locomotives,
40 100,000
. miles
GE 40 (7013 - - - cD -
| Ganada
{Alco
251
Engines)
GM 400r | 10fo - 10 - - 3
EMD 20W- 20 ppm locomotives,
40 _ 1 year
MTU 300r - 1.5 - | 0.05% SE/CD Required
: 40 . .
15W- - 1.8 0.05% SE/CD Required
40
Sulzer 40 - - - - CD Required
SEMT 40 10 - - - CD Required
Pieistick mir.
‘| SACM 40 10 - - - CcD Required -
min,

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

{he 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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engine oils.

Until January 2000 GE set an upp_er limit of 15 wt% on the amount of bright
stock that could be included in the railroad engine oils. Since that time they
have reduced the upper limit to 10 wi% bright stock. These upper limits were
imposed due to problems caused by bright stock in railroad engine oils in the
past. When these limitations were imposed, bright stocks generally had
viscosity indexes less than 120 and were derived from conventional petroleum

feeds.

The term “lubricating oil” in the context of this invention refers to a finish'é'd
lubricant suitable for use in the equipment it is designed for, it contains a major
fraction of one or more [ubricating base oils and a lesser fraction of one or more
additives. The term “Fischer-Tropsch derived” means that the product, fraction,
or feed originates from or is produced at some stage by a Fischer-Tropsch
process. The feedstock for the Fischer-Tropsch process may come from a
wide variety of hydrocarbonaceous resources, including natural gas, coal, shale
oil, petroleum, municipal waste, derivatives of these, and combinations thereof.

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
less. Some newer conventional peiroleum derived bright stocks, such as bright
stock derived from Daqing 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.

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

..5..
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i ncorporated by reference. The waxy feed may be a
conventional petroleumderived fled, such as, for 10
-exanpl e, slack wax, or it may be derived from a
synthetic feed, such as, for exanple, a feed prepared
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The lubricating base oils of this invention were
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cycl oparaffinic group may be g9 optlonally
substituted with one or nore substituents.
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their ring- number {or more correctly, double-bond number). Thus, the single

ring aromatic containing 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 alk‘ylr substitution
 onthe ring elute sobner than those with naphthenic substitution.

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

25  electronic transitions were all red-shifted relative to the pure model compound
analogs to a degree dependent on the amounti of alkyl and naphthenic
substitution on the ring system. These bathochromic shifts are well known to be
caused by afkyl-group delocalization of the -electrons in the aromaiic ring.
Since few unsubstituted aromatic compounds bail 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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Quantitation of the eluting aromafic compounds was made by integrating
chromatograms made from wavelengths optimized for each general class of
compounds over the appropriate retention time window for that aromatic.
Retention time window limits for each aromatic class were determined by
manually evaluating the individual absorbance spectra of eluting compounds at
different times and assigning them to the-appropriate aromatic class based on
their qualitative similarity to model compound absorption spectra. With few
exceptions, only five classes of aromatic compounds were observed in highly
saturated API Group it and Il ubricating base oils. |

_ HPLC-UV Calibration:

HPLC-UV was used for identifying these classes of aromatic compounds even
at very low levels. Muiti-ring aromatics typically absorb 10 to 200 times more
strongly than single-ring aromatics. Alkyl-substitution also affected absorption
by about 20%, Therefore, it is important fo 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 highiy retained alky|-1—ring aromatic
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~rir_19 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
compound mixtures based on the nearest speciral 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)
transition that unsubstituted tetralin model compounds do at 268nm. The
conceniration of alkyl-1-ting aromatic naphthenes in !ubricating base oil
samples was calculated by assiiing that its molar absorptivity response factor
at 272nm was approximately equal to tetralin's molar absorptivity at 268nm,

-16-
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calculated from Beer's law plots. Weight percent concentrations of aromatics
were calculated by assuming that the average molecular weight for each
aromatic class was approximately equal to the average molecular weight for
the whole lubricating base oil sample.

This calibration method was further improved by isolating the 1-ring aromatics
directly from the lubricating base oils via exhaustive HPLC chromatography.
Calibrating directly with these aromatics eliminated the assumptions and
unceriainties associated with the model compounds.  As expected, the isolated

10  aromatic sample had a lower response factor than the modet compouhd
because it was more highty substituted.

More specifically, to accurately calibrate the HPLGC-UV method, the substituted
benzene aromatics were separated from the bulk of the lubricating base oil

15  using a Waters semi-preparative HPLC unit. 10 grams of sample was diluted
1:4 in n-hexane and injected onto an amino-bonded silica column, a Scm x
22.4mm ID guard, followed by two 25em x 22.4mm ID columns of 8-12 micron
amino-bonded silica particles, manufactured by Rainin Instruments, Emeryville,
California, with n-hexane_ as the mobile phase at a flow rate of 18mis/min.

20  Column eluent was fractionated based on the deiector 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.
Purfiication 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 alkyl substitution decreased the

molar absorptivity response factor by about 20% relative to unsubstituted

tetralin.

. i
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Confirmation of Aromatics by NMR:

The weight percent of all molecules with at least one aromatic function in the
purified mono-aromatic standard was confirmed via long-duration carbon 13
NMR analysis. NMR was easier to calibrate than HPLC UV because it sifnply
measured aromatic carbon so the response did not depend on the class of
aromatics being analyzed. The NMR results were translated from % aromatic
carbon to % aromatic molecules {to be consistent with HPLC-UV and D 2007)
by knowing that 95-99% of the aromatics in highly saturated lubricating base
oils were single-ring aromatics, -

High power, long duration, r:_ind good baseiing analysis were needed to
accurately measure aromatics down to 0.2% aromatic molecules.

More specifically, to accurately measure low levels of all molecules with at least
one aromatic function by NMR, the standard D 5292-99 method was modified
to give a minimum carbon sensitivity of 500:1 (by ASTM standard practice E
386). A15-hour duration run on a 400-500 MHz NMR with a 10-12 mm Nalorac
probe was used. Acorn PC integration software was used to define the shape
of the baseline and consistently integrate. The carrier frequency was changed
once during the run to avoid artifacts from imaging the aliphatic peak into the
aromatic region. By taking specira on either side of the carrier spectra, {he
resolution was improved significantly.

The medium-speed diesel engine oils of this invention may also comprise a
bright stock in the formulation. I the bright stock is one with a viscosity index
less than 120, it is preferably included in the formulation at a leve! less than 10

“wt%. 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 oll at a level up to
55 wt%. One preferred formulation of medium-speed diesel engine oil is one
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

18-
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blend component is a type of lubricating base oil made from a waxy feed. The
pour point reducing blend component is an isomerized waxy product with
relatively high molecular weights and particular branching properties such that
it reduces the pour point of lubricating base oil blends containing them. The
pour point depressing base oil blending component may be derived from either

- Fischer-Tropsch or petroleum products. In one embodiment the pour point

reducing blend component is an isomerized petroleum derived base oil having
a boiling range above about 950 degrees F (about 510 degrees C) and
contains at least 50 percent by weight of paraffins. Preferably the pour point
depressing base oil blending component will have a boiling range above about
1050 F (about 565 degrees C). In a second embodiment, the pour point
reducing blend component is an isomerized Fischer-Tropsch derived bottoms
product having a pour point that is at least 3 degrees' C highef than the pour
point of the distillate base oil it i‘s blended with. A preferred isomerized Fischer-
Tropsch derived bottoms product that serves well as a pour point reducing -
blend component haé an average molecular weight between about 600 and
about 1100 and an average degree of branching in the molecules between
about 6.5 and about 10 alkyl branches per 100 carbon atoms. The pour point
reducing biend components are described in detail in US Patent Applications
10/704031, filed November 7, 2003, and 10/839396, filed May 4, 2004, both
fully incorporated herein.  The medium-speed diesel éngine oils of this
invention may contain between 1 and 80 wi% 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
minimizing the formation of wax networks and thereby reduce the amount of oil
bound up in the network. Examples of conventional pour point depressanf
additives include polyalkylmethacrylates, styrene ester polymers, alkylated
naphihalenes, ethylene vinyl acetate copolymers, and polyfumé_rétes. Treat
rates of conventional pour point depressant additives are typiéally less than 0.5
wi%. '

Energy Savings:
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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 siiding speed between the ball and disk divided by the

30 mean speed of the ball and disk. SRR= (Speed1 —~ Speed2) / {(Speedt +
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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- OLOAO 167, wt% O

Each oil's traction coefficient data was plotted against its respective kinematic
viscosity data at each test temperature (40°C, 70°C, 100°C, and 120°C). That
is, an oil's 40°C kinematic viscosity [x coordinate] was paired with its 40°C
traction data [y coordinate], etc. Since kinematic viscosity information was
generally only available at 40°C and 100°C, the 70°C and 120°C kinematic
viscosities were estimated from the 40°C and 100°C data using the well known
Walther Equation [ Log10(Log10{vis + 0.6)) = a — ¢ * Log10(Temp, degs K) ].
The Walther Equation is the most widely used eduation for estimating
viscosities at odd temperatures and forms the basls for the ASTM D341
viscosity-temperature charts. Results for each oil were reported on a linear fit
of the log traction coefficient data versus kinematic viscosity in cSt. The
traction coefficient result for each oil at 15 ¢St kinematic viscosity, and other
kinematic viscosities, were read off of the plots and tabulated.

Engine Oil Additive Isackag_e:

The medium-speed diesel engine olls of this invention are distinguished from
passenger car and heavy duty diesel engine oils by using an additive package
formulated to protect silver bearings. Zinc containing antiwear additives often
used in passenger car and heavy duty diese] 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.

Additive suppliers sell additive péckages formulated fo protect silver bearings.
They often contain_'most_ of the components necessary to blend a medium- 7
speed diesel engine oil. Typically the engine ofl additive package is used in an
amount between 5 and 20 wt% to blend to a specific TBN target. When
blending a multigrade medium;speed diesel engine oil, a viscosity index

) i'mprov'er‘ 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 {emperature
properties. Occasionally a conventional pour point depressant additive is also

-21-
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required. Examples of medium-speed diese! engine oil additive packages that
are formulated to protect silver bearings and are usefut in this invention are
OLOA® 2000 and OLOA® 2939. OLOA® 2000 contains less than 30 ppm zinc
and is designed to produce a 10-and 17 TBN railroad engine oil. OLOA® 2939
contains less than 50 ppm zinc and is designed to produce a 10 and 13 TBN
raiiroad engine oil. OLOA® is a registéred trademark of Chevron Oronite
Company LLC. Typical additive packages that are formulated fo protect silver
bearings contain one or more of the following components (and mixtures of the

~ components) as follows: Alkyl phenates, sulfonates, salicylates, and

carboxylate detergents; succiminide, succinate esters, mannich and
phosphorus dispersants; phenolic, amine, sulfides and sulfurized phenol
antioxidants; organic acids, esters, fatty acids, sulfur compounds, phosphorus
compounds, borate, and molybdenum antiwear compounds and/or friction |

modifiers.

Examples:

Exampie 1.

One distillate fraction (FT-6.4) and two distillate bottoms fractions {(FT-14 and
FT-186) 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 Timé-of-Flight spectrophotometer. The emitter
on the Micromass Tim_é—of—Fiight was a Carhotec 5um emitter designed for Fl
operation. A constant ﬂbw of pentaflourochlorobenzene, used as lock mass,
was delivered into the mass spectrométer 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
properiies of these lubricating base oils are summarized in Table L.
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GE FITHS, cP ( initial) 12.4 na na GE HTHS, cP (

final) 10.8 mn 11.8 na na CCS, -15C cP (9500 max for
20W 4784 4436 4240 na = not available Exanple 3: 5
woBbeRtkogf railroad engine oil having a SAE ZQM#Q006/015854
viscosity grade and a 17 TBN is prepared by m Xing
FT-6.4 and FT-16, with the sanme commercial railroad
engi ne oil additive package u F in the earlier

exanpl es. The bl end contains %e\}l scosity index

| MRy pYeT or CoplgRRRiernal DOUT IOV TET AR §SSETNG T FT-16
ki nelmatic vfié@sﬂlﬁit p0:¢, ;{(‘”C@L'I Hnﬁﬁ%ﬁotfﬁfgfs an1d§'48.. __
col d_cranki nd/iscoritY B89 vi scosilty aP3- 15¢.  TRE 149
fornul ati on ddfpbomaticn and tedt 86806 s [sfddi 2ed na
in Table TV, Wigbbrefhe/ RREOD  349. 3.17 0.12
FIMS, Wi%
Alkanes | 68.1 59.0 61.0
1-Unsaturations 31.2 40.2 38.1
2-Unsaturations o7 . 0.8 0.4
3-Unsaturations 0.0 0.0 0.0
4-Unsaturations 0.0 0.0 00
5-Unsaturations 0.0 0.0 0.0
6-Unsaturations 0.0 0.0 0.0
Total 100.0 100.0 100.0
Total Molecules with 284 37.8 38.4
Cycloparaffinic Functionality ‘ :
Menocycloparaffins/Multicycloparaffins 39.6 46.3 95.0
Boiling Point Distribution, °F - na -
- T5 847 963
T10 856 972
T20 869 980
T30 881 1006
T50 905 1045
T70 o931 1090
T80 | 946 1122
T90 962 1168
, T95 972 1203 n
Pour Point, °C -23 -8 -26
Traction Coefficient Not tested | Not tested |
Visg (cst) / Traction Coef. 6.4/0.01138
12.5/0.01732
15/0.0197 -
32/0.02415

FT1-6.4, 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 wi% aromatics, greater than 10 wi% molecules with
cycloparaifin funciionality, and a ratic of molecuies with monocycloparaffinic
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OLOND 2000, wt% 15.74 VIl - LOAD 167, wt% O PPD,
w% 0 FT-6.4, wt% 13.78 FT-16, wt% 70.48 Vis @
100C 12.6 - 16.3 15.3 GE HTHS (final), cP 10.8 mn

woQoddnto - 15C cP (9500 max for 20W <4200 pdy@uszeos/015854
not avail able This exanple of railroad engine oil has

an even higher VI and |ower CCS vi scosi ty than the
Eg;g?mg%{o%%lﬁgp magglleesswﬁh mul cyclsopgrua inic funcqtonallty greater than 15.
FT-6.4 has a viscosity index greater than an amount defined by 28 x
Ln{Kinematic Viscosity at 100°C) + 85. The viscosity index of FT-6.4 = 28 x
Ln(6.362) + 101.19 = 153, ?T—6.4 also has a very low traction coefficient. In
5 addition, FT-14 and FT-16 are also compositions of pour point reducing base
oil blend component and FT-16 is a Fischer-Tropsch derived bright stock.

Example 2:
Three blends of railroad engine oil having a SAE 20W-40 viscosity grade and a

10 17 TBN were prepared by mixing either FT-6.4, or FT-6.4 and FT-14, with a
commercial railroad engine oil additive package having less than 30 ppm zinc,
OLOA® 2000. Two of the blends, RREQO A and RREO B, also contained a
bright stock derived from Daging crude. Bright stock derived from Daging crude
is unlike the majority of commercially available bright stocks as it has a higher

15 viscosity index, generally greater than 120, typically about 135. None of the
three blends contained any viscosity index improver or conventional pour point
depressant additive. The three railroad engine oils were tested for kinematic
viscosity at 100°C, GE HTHS (final), cold cranking simulator viscosity at -15°C,
and density at 60°F. The properties of the bright stock derived from Daqing

20  crude used in the blends are sumimarized in Table 1. The formulation
compositions and test data are summarized in Table I,

Table Il
Bright Stock Derived from Daging Crude
Viscosity at 100°C, ¢St 2145
Viscosity Index - 137
Pour Point, °C |
- T10 Boiling Point, °F 989
TQ0 Boiling Point, °F _ 1253

25
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5 different desirable lubricating base oils, one of

which is a Fischer-Tropsch derived bright stock with

a viscosity index greater than 120 (FT-16). Exanple 4
WwouLeH/194did er ent conparison bl ends of rail r oade®@Ngd 06015854
oil were made with 10 commercially avail abl e

conventional Goup | or Goup Il base oils. These

oils are representative of the medi um speed di ese

engine oils that were avallaEP@erlor to this

i nvenqtton—AH—of—these sevenraj - ETTg] Rig
ASTIY rl%d’s RREO C
wer e |bl ended_to obtain a SAE 40 orR 2 Vﬁl

Vi scg QL@L\@B@ﬂJewand 17 [TBN. The| SAB.7Z0W0 Bb&Ads| 15.74
Fthree grffgrent—TouggTcati g,
an 2 wt%viscositly index

irrprC\F’é’iD withd no conventl onal pour pBint deprﬂessant 0

additlF\(-qg I“Ho[llebc btenmds—the Vi bb%i_g |n0gé'8 1264
i mpr Qver \vias ‘needed to elp provide the esireg [ ow

cold (Eﬂ'a‘iﬁkw% si mul ator |viscosity t 09proyi de & he 71.62

W Nt §TRaYSTEE wB&’frbM' nMemnce. The formogtrTton
conposi FI ons an ddta are sjunmarized in_Tabl e V.

20 @@ﬁm&r@dﬁa“m507 017 tE91 4489 HExxdh4800sN 0O

84. 26 (0B gghs OU 0001 |LE%L 15 3YE - 15@0TPaT | §528RREC ¥5 22
0 171 AF91 _

GE HTHS, cP ( initial) : 124 na na
GE HTHS, oP { final) 08mn | 118 na na
GCS, ~15°C oP (9500 max

for 20W) | 4784 4436 4240

na = not available -

Example 3: 7
5 - A blend of railroad engine oil having a SAE 20W-40 viscosity grade and a 17

TBN Is prepared by mixing FT-6.4 and FT-16, with the same commerciél
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

40 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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Ot O 9173 c11091. 1-1010r2 L' 19 NS 009 uoxx3 SuQU
0' 001. E' t Conparison RREO5 017 MOQZ 17E9i. 69t
0 609 N8008110)013 891. NSO09 uoxxa uoN O * 001.

W0 Wos/11soWPTPar i son RREO 4 017MZ PCT/US2006/015854
Table IV
RREO D

OLOA® 2000, wi% 15.74

Vi — OLOA® 167, wid% 0
PPD, wi% 0
FT-6.4, Wi% 13.78
FT-16, W% 70.48
Vis @ 100°C 126-163 | 15.3
GE HTHS (final), ¢P 10.8 min >10.8
GCS, -15°C cP (9500 max
for 20W) <4200

10

15

20

na = niot available _

This example of railroad engine oil has an even higher VI and lower CCS
viscosity than the three earlier examples. This is due fo the combination of two
different desirable lubricating base oils, one of which is a Fischer—'!'robsch
derived bright stock with a viscosity index greater than 120 (FT-16).

Example 4

Seven different comparison blends of railroad engine oil were made with
commercially available conventional Group | or Group Il base oils. 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 wi% 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

summarized in Table V.
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29.8 Chevron Neutral Gl 600R 36.0 Wtco 2033- 100

15.0 C1001. Z'S tt sillJfl Conventional B/S

10%veax vst. - wn. 11111-19"01. -Target SAE G ade

01 0,402000, % VIl - OLONE) 167, W %

WO 2006/118910 : PCT/US2006/015854
We claim:

1. - Alubricating oil, comprising:
a) a lubricating base oil, made from a waxy feed;

b} an engine oil additive package formulated to protect siiver

5 bearings; and
) less than 2.0 wit% 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.

10 2. The lubricating ol of claim 1, wherein the lubricating base oil, made
from a waxy feed, has: o '

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

¢) . aratioof m__olecuies with monocycloparaffinic functionality to
15 ' molecules with multicycloparaffinic fUhctionality greater than 15.

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

4. The Iubricating oil of claim 2, wherein the lubricating base oil has less
than 0.07 wi% 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 oif 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.

-29-



PPD wt % First Base G| w % Second Base O | wt % Third
Base 011 wt% (BPI |Viscosity at 100C GE HTHS (final),

cP a) abla Toa) a) tha) 0z "in

os Eu ul4 -o C) W claim 1.A lubricatin )
NMPPPEPHY: a) a lubricating base oil, nade ??Cd'fﬂ}%?mmbs“
waxy feed; b) an engine oil additive package

formul ated to protect silver 5bearings; and c) |ess

It hgm 280 V\I'ﬁﬁe\rukﬁiﬁﬁtﬁ"igtdﬂ of Fﬁmﬂ J whare the; lubleating ol dobe not
ubricatin o) as ¢ranki ng simul ator

vi scosity aml@'ﬁq'tgggﬁ?ﬁ?gﬁ{ ©7000 gP a GE HTHS

“(final) of at.least 10.8 cP, and a TBN between 8 and

20. 1092. THdelluitsicatingtoil wfclaim 1.0vhasgiathelubricaingralljina SAE 15W-

lubricati ngo@ ape ;bW-xxr@rCiﬁAé S, WAk 0eRSelcBRA frof the
~less than O. aromat i Cs;

5 group consnstlng of 40, 50, and 60.
10.  The lubricating oil of claim 1, wherein the tubricating oil hars a cold

cranking simulator viscosity at -15°C less than 5000 cP.

11, The Iubﬁcating oil of claim 1, additionally comprising a pour point
reducing base oil blend component. -

10  12.  The lubricating oil of claim 11, wherein the pour point reducing base oil
blend companent is selected from the group of a) an isomerized
Fischer-Tropsch derived bottoms product having an average molecular
weight between about 600 and about 1100 and an average degree of
branching in the molecules between about 6.5 and about 10 alkyl

hranchas per 400 carhons, h\ an :enmnﬂvnr! nnfrn!mlm derived base ail

LW WAl hS ) e Twor 3 vt

ke
“n

having a bmlmg range above about 510 degrees C (about 950 degrees
F) and containing at least 50 percent by weight of paraffins, and ¢)

rnixtures thereof.

13.  The lubricating oif of claim 12, additionally cémpn'sing no conventional

20 ~ pour point depressant additives selected from the group consisting of
| polyalkyimethacrylates, styrene ester polyh_)ers, alkylated

" naphthalenes, ethylene vinyi acetate copolymers, and polyfumarates,

14.  The lubricating ofl of claim 1, wherein the jubricating 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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b) greater than 10 wt % nol ecul es with cycl oparaffinic
functionality; c) a ratio of nolecules with
nonocycl oparaffinic functionality to 15nol ecules with
mul ti cycl gparaffinic functionality greater than 15. o
WO I8y i cating oil of claim1, wherein t He- FEROG6015854
bet ween 10 and 20. 4. The lubricating oil of claim 2,
wherein the lubricating base oil has |ess than 0.07
W % ar dfat | Te. lulbricaliigeoil of bizint 88, iwihgredi the ehgioé ail additive package
- wherein the | ubricatj oil has a 20viscosity

i ndex great & %wsatﬁﬁ\z@%pﬁﬁ%%'nenati c Viscosity at - _
100C) + 95. 6. The lubricating oil of claiml, .
addi t i dBal 1 Theddrrisaiing ol laist { % peheesiny'biR epging pifpdditive package
viscosity idyd@insHn8ak flord dfaR fRding compoResikyCiHena® ,
oil _of claim.1, corrlprlsmg no wg‘%‘?ltlyl_ndex,, § , :
i npPover . - SWPTENR GENCYEER: BRESETPRY BERIITBEE S USCINifle. succinate
| ubri cati ngserd, riinnich ah@phosphbras eisperbii; phehsliccarhine gulfide

oi | does not coptain zinc dithigphosphate. 9. T .
ubr i cat ngnERHRGEeE PAF Aoy P g, B P e th o

oi I is a SAHFDEMouEABhEPHENX compouBAFbarEEy 304 molyteleatum
XX is selected fromthe 5aroup. l.sting of 40, 50,

and 60. 10.3"“?‘1’4%3’|-."BB‘PP‘&'5W}%6°rEuéﬁt's'g‘g’l'gﬂ'ﬁ‘%{i m 1, wherein

the lubricating oiT has a cold cranking sinulator .
vi 4@osiy dihelubsicatingsd of laim todereipthe ehging pibadditive package is

| ubri cati ngy @ A® ehoodrddBale oggddi tional Iy conprising a
pour point reducing base oil blend conponent.

10
12. The_l ubricating. oi'l of claim11l, wherein t our
o nt Py Ia 50 o Haef WsTbRE AP FRg al Bt &
from t he grddifioredl corentiomal sounpsintzdegrdssant beditiver opsch
derived bottoms product having an -average nol ecul ar
vei ght et Whg RuRay o 8Pciaffac WAkeinthO BorRiBHiARl pour point
average degree o anching 1n the nol ecul es between
ab®hit 6.5 sepreasaneddibeds xgectadimg Hergsaupransising of
carbons, aRch SRR laiddCsiehe BsARInYRS akyRfedoi |

having a boil'l ng rangé above about 510 degrées C

(about 950 Narfgh@eResFFthyRRe WaY PaFtRESgPRlYMErENd Pelyfumarates.
_percent by weight of paraffins, and c) m xtures _
-t her eaf2. 12 brvatihgudil, coraprisirg: oi | of claim 12,

addi ti-onal 'y conprising no conventional 20pour poi nt

depr essant agddi Wén §2h& 85 &b TtAtRInE Bagd GHRade from a wax
consi-'sting of po %al kyl met hacryl at es,” styrene ester
pof§ners, al kylf88%d napht hal enes, ethyl ene vi nyl '
acetate copol yners, and pol yfumarates. 14. The

| ubri cati ng) oi | betfveeh Biand 20 with enging ol aditlve paciagt forgulated

oil additionall ets.the specifications for Electro
Wbt ve Di vior orfo B Aivenbe s 11 oo 28 15, The

lubricating oil of claim1, wherein the waxy feed is
Fi scher - Tr epscipde5p wéH. bright sioek having p yiseosify ingex gigater than
cl _ai m 1, wher ei.ﬂmg% engi ne oil additive package

25 d) -no viscosity index improver or conventional pour point
depressant additives; '
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has | ess than 250 ppmzinc. WO

2006/ 118910PCT/ (1S2006/ 015854 17. The lubricating oil

of claim 16, wherein the engine oil additive package

has | ess than 100 ppm zinc. 18. The lubricating oil N
B0 ¥PHIP6, wherein the engine oil additive B&W&@@“‘HS’M
contains one or nore of the foll ow ng conponents:

al kyl phenate, sulfonate, salicylate, and carboxyl ate

det ergent; gns6ih Heistebatisy6iChab lEehRISy sifarRr oldcesty at -
phosphor us %ﬁé?ﬁeﬁr%am 'qs}@h nolic, amne sulfide and

sul furized shan 70¥iFant ; organi c adds, esters,
fatty acids, sulfur conpound, phosphorus conpound, -
bor at e 23andrhedityivdimoh aiclaim@2r wiroeip themsldsiaiing simulator
friction mqgii L€ e 4] “#hRA Geiting oil of claim

1, wherein t céélg{%iﬂ%célg‘elggﬁhéleg%gﬁackage is OLOA(Tr)
2000 or LOA(r) 2939, 20. The lubricating oil of claim

1, whefdi n A pecessie make adepricaingilscomRPrisidi t i onal
conventional pour point depressant additive. 21. The

| ubri cati ng)oi | seléctiog ailubriztingese eil, madedronoa wary feeddiaving:
pour point 15depressant-additive is selected fromthe :

group consisting of pol y%&é‘-bﬁ'a LRI HbRbhS, Styrene

ester polyners, al kyl at ed napht hal enes, et hyl ene

vi nyl acetate cgopolyners, and p f rajes. .22 A __ .

| ubricating oi I codpFateit .Faa‘)"&éﬁﬂggﬁe%h%\w Qglopgrpffinic

| ubricating base oi kurislgealify; om a waxy 20f eed;

between 5 and 20 w % engi ne oil additive package

fo | ated to pgotect., si ?fﬁﬂf.' : RT3
brﬁgﬁt stock haﬁ/"l ng%arat\?/é lgf\érgcélﬁ y |‘Aﬂg§§°ng#g%é%{§tﬁﬁ§ﬁuﬁb fonaltty
120; and 25d) no vi sdéoeiotepulies Wik multisyaapsraf@mc functionality greater
conventi onal pour paifpt essant additives;

wherein the | ubri ca??ér%gwglgﬁ& has a col d cranking

si mul at or scosity at - :15C |l ess thanp 7000 cP., .
35 Tho. | ubi cat BiRtAE the breringtiess of Gl pioitna aditye
cranki ng si nul apsekage foaasialey t@protetbsilvercshdadsgs dritbiess than 2.0
50 chP. 5 24. @gpr.oce s.to nmake a lubricating oil,

¢ UBGesRY

conprising: a) 95 '%%W%e&ti ng base oil, nade
froma waxy feed, having: |less than 0.3 w % L
aromat i cs, Wieesin e lutigatinoooiviasaRsideEanking Javiaigg viscosity at -
cycl opar af 15 s HRRIABORP] 4 BE HEHS {find) bBdtisPi0.8 cP, and a
nol ecul es Wi th nonocycl oparaffinic functionality -
o TBN between 8 and 20. : :
25, The process of claim 24, wherein the lubricating base oil has less than

20 0.07 wi% 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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to nolecules with nmulticycloparaffinic functionality
greater than 15; and b) bl ending the lubricating
base oil with an engine oil additive package

fornul ated to protect silver bearings and | ess than

MO 2P i scosity i ndex inprover, wherein tHel/US2006/015854

| ubricating oil has a cold cranking sinul ator
viscosity at - 15C | ess than 7000 cP, a GE HTHS

(final)z0f ghe brR&Es HQiafin OF, wiRhsh the bBOhtREICKREFIscheRMbpsch
20 25.  The process of claim?24, wherein the

| ubricating9®¥88 oi| has | ess than 200.07 wt % .
aromatics. 26. The process of claim 24, wherein the
waxy f el i 4 ntbohhier efaratingcraitfead ergihe, @mprising: pgingass

of claim 24, ... ' : IJ: .
a bright st %’gﬂ&ﬁga? hg'% %Ea?{c%g? bé{g&@%%%ﬁg.l%gag@.dﬂ%as'
The process of claim 27, wherein the bright stock has

a vi%cosit yal nddsssdhmtGPPrtaERFi 120, 29. The process

of claim 27, wherein the bright stock is -

Fi scher - Tr opsch admid sranking3@mdiatoetibudityf air-155pdesst thay7@00 cP;
rail road engine, conprising: using a lubricating oil

in the rail goad i [ kybr Lcating oil
has: a). | esé) th_ﬁ%ﬁgé%ﬁgﬁeﬁ?qg‘sggr édﬁogr anki ng

simul ator viscosity at, -15C | than 7000 cP; c¢) a

GE FI THS (f%hal )355%“‘2’?“'{3@85@"3%38 cP: and d) a TBN
between 8 and 20. 31. The nethod for operating a

rail ro&d. entiaveethbd frapeaiy a wilad engindef claim 30, wherein the
10l ypri cat i Q. Qe ' . | [ j

s 11 om oAy SEERARES s ReliAhh ol dithRTfonds ey foca,
oi | conpr i sekerein)thd wbrcatingbase. ol campgisgsonat i cs; b) :
greater than 10 wt % nol ecul es ‘havi ng cycl oparaffinic

functi onal ig)y_; 78 tH4p0. Bwio biothalits; ol ecul es with
nonocycl oparaffinic functionality to nol ecules with

nmuf fi cycl opar af f | nj {] i : .
32, The meclod Sl oG Bobbies B Rb Slooiittnde
cl ai m 30, wher eifunctidralilyldnd cating oil conprises:

a) between 5 and 88 wt % | ubricating base oil nmade from

a waxy 2 Of e§d; & ratio of molecules with monocycloparaffinic functionality to -
moiecules with multicycloparaffinic functionality greater than 15.

32,  The method for operating a railroad engirie 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 wi% bright stock having a viscosity index greater than |
120; and

’ -f33"



between 5 and 20 w % engi ne oil additive package

formul ated to protect silver bearings; c)up to 55 wt %
~bright stock having a viscosity index greater than

120; and WD 2006/ 118910PCT/ US2006/ 015854 d) no o
WQHBEIIB91% ndex i nprover or conventional pour PREU1006/015854
depressant additives. 33. The nethod for operating a
railroad engine of claim 31, wherein the waxy feed is
Fi scher - Tr ofys chng @tosity index Fiprdts ofBéivestidnar pour point
operating a railroad engine of claim31l, wherein the
energy use is rgﬁﬁ@%ﬁ“f)%ddé‘{ve%ast 1% conpared to
operating the railroad engine with an engine oil of "

t he samg. SAmheunstbossfor pperatimtea railcad ehgihe of damsdnwhenaklthe

Group | or v%&}%’ed' ié FRER&G-13bdsch derived.

"5 34. The method foi" operating a railroad engine of claim 31, wherein the
energy use is reduced by at least 1% compared to operating the
railroad engine with an engine oil of the same SAE viscosity grade
made with a conventional Group 1 or Group |l base oil.
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