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ROCK DRILL OIL

TECHNICAL FIELD

16661} Provided 1s a rock drill fluid comprised of a Fischer-Tropsch based oil (FTBO)
and an additive package. More particolarly, the Fischer-Tropsch base oil is blended with an
additive package comprising a {riction modifier based on synthetic esters and a sulfurized

exirerme pressure agent.

BACKGROUND

[0062] Ome of the key functions of any metalworking or rock drifl fluid is to protect
tools, parts or machine equipment from wear. These fluids add value to an operation in
several ways, including the extension of equipment life, increased moachining accuracy and
the avoidance of unnecessary shutdowns. A common strategy for formudating a lubricant
with good wear, friction and exireme pressure propertics is to use additives that further
modify friction between moving parts and/or protect metal surfaces. A convoon test used o
benchmark the wesdr, friction and extreme pressure properties of a lubricant is the Falex EP

test (ASTM 3233A).

{083} Gften a non-detergent motor o1l or a hydranlic fhiid s used to lubricaie
prneumatic tools. However, this type of oil is inadequate for the sophisticated and very-
expensive tools of today. The demands of the constant pounding or hard work of a rotary
tool requires a lubricant that can hold up much better than a hydrauhic oil. The need for a
suitable lubricating oil which exhibits the nceded wear, friction and exireme pressure

propertics required by votary pueumatic and reciprocating tools continues 1o exist.

SUMMARY

[B084] Provided is a lubricating o1l composition suitable for use in rotary pneurnatic
and reciprocating tools, comprising a Fischer-Tropsch base o1}, a friction modifier based on
synthetic esters and a sulfurized extreme pressure agent. The Viscosity Index (V) of the
Fischer-Tropsch base oil used in the composition is gencerally at least 128, The present

hubricating ol composition has superior wear, friction and exfrere pressure characteristics.
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[0685] Among other factors, the present lubricating oil is predicated on the discovery
that a Fischer-Tropsch base oil, when combined with a friction modifier additive based on
synthetic ester, and a sulfurized extreme pressure agent, provides one with g lubricating oif of
exceptional wear, friction and extreme pressure properties as compared to more conventional
formulations. These properties are particularly seen when measured by the Falex Pin and
Vee Block Machine. The present lubricating oil composition can therefore be readily used in

rotary pneumatic and reciprocating tools, such as a rock driil or a jack harmamer.

DETAILED DESCRIPTION

[3086] The term “comprising” mean including the elements or steps that are
wdentified following that term, but any such elements or sieps are not exhaostive, and an

embodiment can inchude other clements or steps.

{0047} The present lubricating o1l composition is based on a Fischer-Tropsch derived
base oil. "Fischer-Tropsch derived” means that the product, fraction, or feed originates from
or is produced at some stage by a Fischer-Tropsch process.  As used hevein, “Fischer-Tropsch
base ¢il” may be used interchangeably with “FT base o1l,” “FTBO,” “GTL base oil” (GTL:
gas-to-fiquid), or “Fischer-Tropsch derived base oil.” The feedstock for the Fischer-Tropsch
process may come from a wide variety of hydrocarbonaceous sources, including natural gas,
coal, shale o1l petroleum, municipal waste, derivatives and combinations thereofl The

Fischer-Tropsch base oil used can be any suitable Fischer-Tropsch base oil.

{088} For example, in a namber of patent publications and apphications, i.e.,
US2006/0289337, US2006/0201851, US2006/0016721, USZ0006/0016724, USZH06/0076267,
US2006/020185, US2006/613210, US2005/0241990, US2005/0077208, US2005/0139513,
US2005/0139514, US2005/0133400, US2005/0133407, US2005/0261 147, US2005/0261 146,
US2005/0261 145, US2004/03159582, USTG18525, US7083713, US Application Serial

Nos. 11/400570, 11/535165 and 11/613934, which are incorporated herein by reference, a
Fischer Tropsch base o1l is produced from a process 1o which the feed is a waxy fee
recovered from a Fischer-Tropsch synthesis. The process comprises a complete or partial
hydroisomerization dewaxing step, using a dusal-functional catalyst or a catalyst that can

isoraerize paraffing selectively. Hydroisomerization dewaxing is achicved by contacting the

[N
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waxy feed with a hydroisomerization catalyst in an isomerization zone under

hydroisomerizing conditions.

136069} Fischer-Tropsch synthesis products can be obtained by well-known processes
such as, for example, the coramercial SASOL® Slurry Phase Fischer-Tropsch technology,
the commercial SHELL® Middle Distitiate Synthesis (SMDS) Process, or by the non-
commercial EXXON® Advanced Gas Conversion (AGC-21) process. Details of these
processes and others are described in, for example, EP-A- 776959, EP-A-668342; U.S. Patent
Nos. 4,943,672, 5,059,299, 5,733,839, and RE39073 ; and US Published Application No.,
2005/0227866, W(O-A-9934917, WO-A-9920720 and WO-A-05107935. The Fischer-

1
i

Tropsch synthesis product usaally comprises hydrocarbons having 1 to 100, or even more
than 100 carbon atoms, and typically includes paraffins, olefins and oxygenated products.

Fischer Tropsch is a viable process to generate clean alternative hydrocarbon products

jeoeid) in one embodiment, the Fischer-Tropsch base oil used in the present
labricating o1l composition is of high viscosity mdex (V). Generally, the viscosity index 1s
at least 120, and in another embodiment, at least 150. In one embodiment, the Fischer-
Tropsch base oil has a VI greater than an amount determined by the equation: VI=28 x
Lo{Kinematic Viscosity at 100°C) + 95, The Fischer-Tropsch hase o1l can be used alone or
can be blended with another Fischer-Tropsch base oil. Minor amounts, e.g., less than 50 wt
%, of other conventional base oils, such as mingral based oils and synthetic oils, can also be
blended mto the lubricating oil, as long as the wear, friction and extreme pressure propertics

~

of the overall composition are not negatively affected.

16611} Additives which can be blended with the Fischer-Tropsch base oil to provide
the tubricating oil composition, include those which are intended to improve the propertics of
wear, friction and exireme pressure properties of the finished hubricant. Such additives are
commercially available, are known, and are available in commercially availabie packages.
The additives for the present lubricating oil composition include a friction modifier, which is
based on one or more synthetic esters, and an extreme pressure agent. The extreme pressure

gent is a sulfurized exireme pressure agent, but other exireme pressure agents can be used.
In another embodiment, the present lubricating oil composition designed for use in rotary

pneumatic and reciprocating tools include an emulsifier and a copper corrosion inhibitor.
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[BG12] {Mher tvpical additives include, for example, anti-wear additives, EP agents,
detergents, dispersants, antioxidants, pour point depressants, viscosity index improvers,
viscosity modifiers, denulsifiers, antifoaming agents, rust inhibitors, seal swell agents,
wetting agents, tubricity tmprovers, metal deactivators, gelling agents, tackiness agents,

bactericides, fluid-loss additives, colorants, and the hike.

166813} In one embodiment, the total amount of additives in the lubricating oil
composition will be approximately 0.1 to about 30 weight percent of the lubricating oil
composition. However, since the Fischer-Tropsch base otls can have excellent properties
mcluding excellent oxidation stability, low wear, high viscosity index, low volatility, good
low temperature properties, good additive solubility, and good elastomer compatibility, a
fower amount of additives may be required for the lubricating oif composition than is
typically required with base oils made by other processes. The use of additives in formulating
finished lubricants is well documented in the Hterature and well known to those of skall in the
art. In onc embodiment, the Fischer-Tropsch oil will comprise at least 780 wt % of the
lubricating oil, and in another embodiroent, at least 90 wi % of the lubricating oil
composition. In yet another embodiment, the Fischer-Tropsch base oil comprises at least 85

wt % of the composition.

166614 In one embodiment, the Fischer-Tropsch base oils may be obtained by using a
process comprising the steps of a) performing a Fischer-Tropsch synthesis on syngas o
provide a product stream; b) isolating from said product stream a substantially paraffinic wax
feed having less than about 30 ppm total combined nitrogen and sulfur, and less than about |
wt % oxygen: ¢) dewaxing said sobstantially paraffinic wax feed by hydroisomerization
dewaxing using a shape sglective intermediate pore size molecular sieve with a noble metal
hydrogenation component wherein the hydroisomerization temperature is between about 600°
F.{315° C) and about 750° F. (399° C.), whereby an isomerized ol is produced; and d)

hydrotinishing said isomerized oil.

[B0015] Alternatively, step d) of the above process may be changed to: d hydro
finishing said isomerized Fischer-Tropsch oil, whereby a base o1l is produced having: a
weight percent of all molecules with at least one aromatic function less than 0.30, a weight
percent of all molecules with at least one cycloparaffin function greater than the kinematic

viscosity at 1007 C. in mom™/sec. multiplied by three, and a ratio of weight percent of
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molecules containing monocycloparatfing to weight percent of molecules containing

multicycloparaffins greater than 15.

180016} Kinematic viscosity is a measurement of the resistance to flow of a fluid under
gravity., Many lubricating base otls, finished hubricants made from therg, and the correct
operation of equipmoent depends upon the appropriate viseosity of the fluid bemg used.
Kinematic viscosity is determined by ASTM D 445-10. The results are reported in mum’/sec.
In one embodiment, the kinematic viscosities of the Fischer-Tropsch base oils used in the
present lubricating oil composition are between about 2 mm’/sec. and about 20 mm’/sec., or

they can be between about 2 mm™/sec. and about 12 mn’/sec

166171 Pour point is a measurement of the temperature at which the sample will begin
to flow under carefully controlled conditions. Pour point may be determined as described in
ASTM D 5950-02 (Reapproved 2067). The results are reported in degrees Celsius. Cloud
point is a rocasurement complementary fo the pour point, and 15 expressed as a feraperature at
which a sample of the hubricant base oil begins to develop a haze under carefully specified
conditions. Cloud point may be determined by, for example, ASTM D §773-10. Fischer-
Tropsch base oils having pour-cloud point spreads below about 35° C. are desirable. The
pour-cloud point spreads of the present Fischer-Tropsch base oils are generally less than
about 35% C., preferably less than about 25° €., more preferably less than about 10° C. The

cloud points are generally in the range of +30 10 -30° C.

30618 As noted previously, the Fischer-Tropsch base oils may be blended with other
base oiis to improve or modify their properties (e.g., viscosity index, oxidation stability, pour
point, sulfur content, traction coefficient, or Noack volatility). Examples of base oils that may
be blended with the Fischer-Tropsch base oils are conventional Group { base oils,
conventional Group I base oils, conventional Group I base oils, other Fischer-Tropsch base
oils, isomerized petroleurn wax, polyalphaolefins, polyinternalolefins, oligomerized olefins
from Fischer-Tropsch derived feed, diesters, polyol esters, phosphate esters, alkylated
aromatics, alkylated cyeloparaf{ing, and mixtures thereof. The amount blended, however, 15
generally a minor amount so that the wear, friction and extreme pressure properties are not

adversely affected.

[G0G19] During Fischer-Tropsch synthesis, liquid and gaseous hydrocarbons are

formed by contacting a synthesis gas (syngas) comprising a mixture of hydrogen and carbon
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monoxide with a Fischer-Tropsch catalyst under suitable temperature and pressure reactive
conditions. The Fischer-Tropsch reaction is typically conducted at temperatures of from
about 300° to about 700°F. (abowt 150° to about 370°C.) preferably from about 400°t0 about
S50°F. (about 205%t0 about 236°C.); pressures of {rom about 10 1o about 600 psia, (0.7 to 41
bars) preferably 30 to 300 psia, (2 to 21 bars) and catalyst space velocities of from about 100

to about 10,000 cc/g/hr., preferably 300 10 3,000 co/g/br.

[00626] The products from the Fischer-Tropsch synthesis may range from Cq to Chyg
plus hydrocarbons, with a majority in the Cs 1o Ciep plus range. Fischer-Tropsch synthesis
may be viewed as a polymerization reaction. Applying polymerization kinetics, a simple one
parameier equation can describe the entire product distribotion, referred to as the Anderson-

Shultz-Flory (ASF) distribution:

W Loy xnxg™!

Where W, 1s the weight fraction of product with carbon number n, and o is the ASF chain

growth probability. The higher the valie of a., the longer the average chain length.

16621 The Fischer-Tropsch reaction can be conducted in a variety of reactor types,
such as, for example, fixed bed reactors contaming one or more catalyst beds, shury reactors,
fluidized bed reactors, or a combination of different types of reactors. Such reaction
processes and reactors are well known and documented 1o the Hierature. The slurry Fischer-
Tropach process, which is preferred in the practice of the invention, utilizes superior heat
{and mass) transfer characteristics for the strongly exothermic synthesis reaction and is able
to produce relatively high molecular weight, paraffinic hydrocarbons when using a cobalt
catalyst, In the shurry process, a syngas comprising a mixture of hydrogen and carbon
monoxide is bubbled up as a third phase through a slurry which comprises a particulaic
Fischer-Tropsch type hydrocarbon synthesis catalyst dispersed and suspended in a shurry
hguid cormaprising hydrocarbon products of the synthesis reaction which are Hquid under the
reaction conditions. The mole ratio of the hydrogen to the carbon monoxide may broadly
range from about 0.5 to about 4, but is more typically within the range of from about 0.7 o
about 2.75 and preferably from about 0.7 to about 2.3, A particularly preferred Fischer-
Tropsch process is taught in BEPOGOSOGT9, also completely incorporated herein by reference

~

for all purposes.
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106622} Suitable Fischer-Tropsch catalysis comprise one or more Group VIH catalytic
metals such as Fe, Ni, Co, Ru and Re, with cobalt being preferred. Additionally, a suitable
catalyst may contain a promoter. Thus, a preferred Fischer-Tropsch catalyst comprises
effective amounts of coball and one or more of Re, Ru, Pt, Fe, Ni, Th, Zr, Hf, U, Mg and La
on a suitable inorganic support material, preferably one which comprises one or more
refractory metal oxides. In general, the amount of cobalt present in the catalyst is between
about 1 and about 50 weight percent of the total catalyst composition. The catalysts can also
contain basic oxide promoters such as Th(y, Lay(4, Mg, and Ti0,, promoters such as Zr0s,
nobie metals (Pt, Pd, Ru, Rh, Os, Ir}, coinage metals (Cu, Ag, Au), and other transition
metals such as Fe, Mn, Ni, and Re. Suitable support materials include alumina, silica,
magnesia and titania, or mixtures thereol. Preferred supports for cobalt containing catalysts
comprise titania. Usefiid catalysts and thetr preparation are known and iHhustrated in U.5. Pat.
No. 4,568,663, which is intended to be illustrative but non-limiting relative to catalyst

selection.

[GBG23] in one embodirent, the substantially paraffinic wax feed is dewaxed by
hydroisomenzation dewaxing at conditions sufficient to prodace a Fischer-Tropsch base oil
with a desired composition of cyclopara{fins and a moderate poor point. For example, the
conditions for hydroisomerization dewaxing can be conivolled such that the conversion of
the compounds boiling above about 700° ¥, in the wax feed to compounds boiling below
about 7007 F. 1s maintained between about 10 wt 96 and 50 wt %, preferably between 15 wt
%% and 45 wi %. Hydroisomerization dewaxing is intended to iraprove the cold flow
proparties of a lubricating base oil by the selective addition of branching into the molecular
structure. Hydroisomerization dewaxing ideally will achieve high conversion levels of waxy
feed to non-waxy iso-paraffins while at the same time minimizing the conversion by

cracking.

106624} In one embodiment, hydroisomerization is conducted using a shape selective
intermediate pore size molecular sieve. Hydroisomerization catalysts that can be used can
comprise a shape selective ntermediate pore size molecular sieve and a catalytically active
metal hydrogenation component on a refractory oxide support. The phrase "intermediate pore
size,” as used hercin means a crystaliographic free diameter in the range of from about 3.9 to
about 7.1 Angstrom when the porous norganic oxide 18 in the calcined form. The shape

selective intermediate pore size molecular sieves can be 1-D 10+, 11- or 12-ring molecular

~3
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sieves. In one embodiment, the molecular sieves are of the 1-D 10-ring variety, where 10-(or
i1~ or 12-} ring molecular sieves have 11} {or 11 or 12} tetrahedrally-coordinated atoms (T-
atoms) joined by oxvgens. In the -1 molecular sieve, the 10-ring (or larger) pores are
parallel with each other, and do not interconnect. Note, however, that 1-D [0-ring molecular
sieves which meet the broader definition of the intermediate pore size molecular sieve but
include infersecting pores having 8-membered rings may also be encompassed within the
definition of the molecular sieve of the prescnt invention. The classification of intrazeolite
channels as 1-D, 2-D and 3-D is set forth by R. M. Barrer in Zeolites, Science and
Technology, edited by F. R. Redrigues, L. D. Rollman and C. Naccache, NATO ASI Series,
1984 which classification is incorporated o its entirety by reference (sce particularly

page 75}

16G25] In one embodiment, the shape selective intermediate pore size molecudar
sieves used for hydroisomerization dewaxing are based upon ahiminum phosphates, such as
SAPO-11, SAP(G-31, and SAPO-41. In another embodiment, the shape selective intermediate
pore size molecular sieves used for hydroisomerization dewaxing are selected from SAPO-11
and SAPG-31. In another embodiment, SM-3 s the shape selective intermediate pore sized
molecular sieve used for hydroisomerization dewaxing. SM-3 has a crystalline structure
falling within that of the SAPO-11 molecular sicves. The preparation of SM-3 and its unigue
characteristics are described in U.S, Pat. Nos. 4,943,424 and 5,158,665, Other shape selective
mtermediate pore size molecular sieves used for hydroisomerization dewaxing are zeohites,
such as ZSM-22, ZSM-23, Z8M-335, ZSM-48, Z8M-57, 8S87-32, offretite, and ferrierite. In
one erbodiment, the molecular sieve used for hydroisomerization dewaxing 1s selected from
S87-32, RRZ-32X, Z8M-23, and muxtures thereof.,  S8Z-32X 1s deseribed in US Patents

US7569507 and UST7468126, herein incorporated in their entireties.

(66626} In one embodiment, the intermediate pore size molecular sieve s
characterized by selected crystallographic free diameters of the channels, selected crystaliite
size {corresponding fo selected channel length), and sclected acidity. In one embodiment, the
crystallographic free diameters of the channels of the molecular sieves are in the range of
from about 3.9 to about 7.1 Angstrom, having a maximum crystallographic free diameter of
not more than 7.1 and a minimum crystallographic free diameter of not less than 3.9
Angstront. in one embodirgent, the maxtmum crystallographic frec diameter is not more than

7.1 and the mimmum crystallographic free diameter is not less than 4.0 Angstrom. In another
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embodiment, the maximum crystallographic free diameter is not more than 6.5 and the
manimuom crystallographic free diameter is not less than 4.0 Angstrom. The crystallographic
free diameters of the channels of molecular sieves are published in the "Atlas of Zeolite
Framework Types"”, Fifth Revised Edition, 2001, by Ch. Bacrlocher, W. M. Meier, and . H.

(ison, Elsevier, pp 10 15, which is incorporated herein by reference.

106627} I the crystallographic {ree diameters of the channels of @ molecular sieve are

unknown, the effective pore size of the molecular sieve can be measured using standard

digmeters. See Breek, Zeolite Molecular Sieves, 1974 {cspecially Chapter 8); Anderson et al.
J. Catalysis 58, 114 (1979} and ULS. Pat. No. 4,440,871, the pertinent portions of which are
incorporated herein by reference. In performing adsorption measurements to determine pore
size, standard techniques are used. it 1s convenient to consider a particular molecule as
excluded if does not reach at least 95% of its equilibrium adsorption value on the molecular
ve in less than about 10 minutes (p/po=(.5:25° C.}. Intermediate pore size moiecular
sieves will typically admit molecules having kinetic diameters of 5.3 to 6.5 Angstrom with

fittle hindrance.

156628] In one embodiment, the hydroisomerization dewaxing catalyst has a MTT
framework type and the catalyst contains at least one metal selected from the group
consisting of Ca, Cr, Mg, La, Na, Pr, S, K, and NB, and at least one Group Vil metal,

These catalysts are described mn US Patent Publication No. US20080083657.

16629} In one embodiment, the hydroisomerization dewaxing catalysts have sufficient
acidity so that (.5 grams thereof when positioned in a tube reactor converts at feast 50% of
hexadecane at 370° C., pressure of 1200 psig, a hydrogen flow of 160 ml/min, and a feed rate

of 1 m¥/hr. In one embodiment, the catalyst also exhibils isomerization selectivity of 40
percent or greater (isormerization selectivity is determined as follows: 100x{weight %
branched Cys in product)/(weight 9% branched Ci¢ in product+weight % Cis- in product) when
used under conditions leading (o 96% conversion of normal hexadecane (n-Cie) to other

species,

106838 Hydroisomerization dewaxing catalysts can comprise a catalytically active
hydrogenation noble metal. The presence of a catalytically active hydrogenation metal can

lead to product improvement, especially to fmprovements o viscosity ndex and oxidation
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stability. The noble metals platinam and palladiom can be ased, either alone or in
combination. In one embodiment, if platinum and/or paliadium is used, the total amount of
active hydrogenation metal is in the range of 0.1 to 5 weight percent of the total catalyst, or

from 0.1 to 2 weight percent, and in some embodiments will not exceed 10 weight percent.

166631} In one embodiment, the refractory oxide support can be selected from those
oxide supports which are conventionally used for catalysts, including silica, ahimina, silica-

afumina, magnesia, titania, and combinations thereof,

600832} In one embodiment, the conditions for hydroisomerization dewaxing depend
on the feed used, the catalyst used, whether or not the catalyst is sulfided, the desired yield,
and the desived properties of the lubricant base oil. In one embodiment, conditions under
which the hydroisomerization dewaxing can be carried out include temperatures from about
6007 F. to about 750° F. (3135° C. 1o about 399° C.}, such as from about 6007 F. {o about
700° F. (315° C. to about 371° C.}; and pressures from about 15 to 3000 psig, such as from

Fag 1
s
)

100 to 2500 psig. The hydroisomerization dewaxing pressures in this context refer to the
hydrogen partial pressure within the hydroisomerization reactor, although the hydrogen
partial pressure is substantially the same {or ncarly the same) as the total pressure. The hiquid
hourly space velocity during contacting can be from about 0.1 to 20 br-1, for example, from
about 0.1 to about § hr-1. In one embediment, the hydrogen to hydrocarbon ratio falls within
a range from about 1.0 to about 50 moles H; per mole hydrecarbon, such as from about 16 {o
about 20 moles H» per mole hydrocarbon. Suitable conditions for performing
hydroisomerization are described in U5, Pat. Nos. 5,282,958 and 5,135,638, the contents of

which are incorporated by reference in their entivety.

106633] In one embodiment, hydrogen 1s present in the reaction zone during the
hydroisomerization dewaxing process. For example, the hydrogen to feed ratio can be from
about .5 to 30 MSCE/bb! (thousand standard cubic feet per barrel), or from about 1 to about
10 MSCF/bbl o one embodiment, hydrogen will be separated from the produet and recycled

to the reaciion zone.

106634] Hydrotreating refers to a catalytic process, usually carried out in the presence
of free hydrogen, in which the primary purpose is the removal of various metal contaminants,
such as arsenic, aluminum, and cobali; heteroatoms, such as sulfur and nitrogen; oxygenates;

or aromatics from the feed stock. Fn one embodiment, in bydrotreating operations cracking of

1
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the hydrocarbon molecules, i.¢., breaking the larger hydrocarbon molecules into smaller
hydrocarbon molecules, is minimized, and the unsaturated hydrocarbons are either fully or
partially hydrogenated. In one embediment, waxy feed that is used to make the Fischer-

Tropsch base oil is hydrotreated prior to hydroisomerization dewaxing,

[06635] Catalysts used m carrying out hydrotreating operations are well known 1o the
art, See for example U.8. Pat. Nos. 4,347,121 and 4,810,357, the contents of which are
hereby incorporated by reference in their entirety, for general descriptions of hydroireating,
hydrocracking, and of typical catalysts used in each of the processes. Suitable catalysts
mclude noble metals from Group VHIA (according to the 1975 rules of the Intermational
Union of Pure and Apphied Chemisiry ), such as platinum or palladiom on an alumina or
siliceous matrix, and Group VU and Group VIB, such as nickel-molybdenum or nickel-tin
on an alomina or siliceous matrix, ULS, Pat. No. 3,852,207 describes a suitable noble metal
catalyst and mild conditions. Other suitable catalysts are described, for example, in U.S. Pat.
Nos. 4,157,294 and 3,904,513, In one embodiment, the non-nobie hydrogenation metals, such
as nickel-molybdenum, can be present in the final catalyst composition as oxides, and can
also be employed i their reduced or sulfided forms when such sulfide compounds are readily
formed from the particular metal involved. In one embodiment, the non-noble metal catalyst
compositions contain in excess of about 5 weight percent, such as from about 5 to about 40
weight percent molybdenum and/or tungsten, and can contain at least about 0.5, such as from
about 1 to about 15 weight percent of nickel and/or cobalt determined as the corresponding
oxides. In one embodiment, catalysts containing noble metals, such as platinum, can contain
in excess of (.01 percent metal, e.g., between about 0.1 and 1.0 percent metal. fo othe
embodiments, combinations of noble metals can also be used, such as mixtures of platinum

and palladivm.

(66636} In one embodiment, hydrotreating conditions vary over a wide range. In one
embodiment, the overall LHSV 1s about 0.25 to 2.0, such as about 8.5 t0 1.5. In one
embodiment, the hydrogen partial pressure is greater than 200 psia, and can be from about
500 psia 1o about 2000 psia. In one embodiment, hydrogen recirculation rates can be greater
than 50 SCF/BbL, such as between 1000 and 5000 SCEF/BbL In one embodiment, temperatures
;

in the hydrotreating reactor can range from about 300° F to about 750 degrees F (about 15

“C to about 400°C), or from 450°F 1o 725°F (230°C to 385°C),

[,
[
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106837} In one embodiment, hydrotreating is used as a step following
hydroisomerization dewaxing in the lubricant base oil manufacturing process to make the
Fischer-Tropsch base oil. This step, berein called hydrofinishing, is tntended to improve the
oxidation stability, UV stability, and appearance of the product by removing traces of
aromatics, olefins, color bodies, and solvents. As used in this disclosure, the term UV
stability refers to the stability of the lubricating base oil or the finished lubricant when
exposed to UV light and oxvgen. Instability is indicated when a visible precipitate forros,
usually seen as floc or cloudiness, or a darker color develops upon exposure to ultraviolet
hight and air. A general description of hydrofinishing may be found i U.S. Pat. Nos.
3,852,207 and 4,673,487, Clay treating to remove these impurities is an aliernative final

process step.

1B6G38] Optionally, the process of preparing a Fischer-Tropsch base ol may include
fractionating of the substantially paraffinic wax feed prior to hydroisomerization dewaxing,
or fractionating of the ubricating base oil. The fractionation of the substantially paraffinic
wax feed or hubricating base oil into distillate fractions is generally accomplished by either
atmospheric or vacuum distillation, or by a combination of atmospheric and vacuum
distillation. Atmospheric distillation is typically used to separate the lighter distillate
fractions, such as naphtha and middlc distillates, from a bottoms fraction having an initial
hoiling point above about 600°F. fo about 750°F. (about 315°C. to about 399°C}. At higher
temperatures thermal cracking of the hydrocarbons may take place leading to fouling of the
equipment and o lower yields of the heavier cuts. Vacuum distillation is typically used to
separate the higher bothing material, such as the lubricating base oil fractions, toto different
boiling range cuts. Fractionating the lubricating base oil into different boiling range cuts
enables the fubricating base oil manufacturing plant to prodice more than one grade, or

viscosity, of lubricating base o1l

[06639] Solvent dewaning may be optionally used to remove small amounts of
remaining waxy molecules from the lubricating base oil after hydroisomerization dewaxing.
Solvent dewaxing is done by dissolving the lubricating base oil in a solvent, such as methyl

ethyl ketone, methyl iso-butyl ketone, or toluene, or precipitating the wax molecules as

iy

iscussed in Chemical Technology of Petroleum, 3rd Edition, Williama Gruse and Donald
Stevens, McGraw-Hill Book Company, Inc., New York, 1960, pages 566 to 570. See also

L5, Pat. Nos. 4,477,333, 3,773,650 and 3,775,288,

12
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[06840] The Fischer-Tropsch base oils used in preparing the present lubricating oil
compositions can have low fevels of unsaturation. In one embodiment, the level of
unsaturation is less that 20 weight percent, as determined by elution coluron chromatography,
ASTM [32548-02 (Reapproved 2007).  In another embodiment, the tevel of unsaturations is

from 5 1o 50 wt 36, or from 10 to 40 wib.

[BGa41] Lubricating oils can come into direct contact with seals, gaskets, and other
equipment components during use. Original equipment manufacturers and standards sefting
organizations set clastomer compatibility specifications for different types of finished
labricants. Examples of elastomer compatibility tests are CEC L-39-T-96, and ASTM D
4288-03, An ASTM siandard entitled "Standard Test Method and Suggested Limits of
Determining the Compatibility of Elastomer Seals for Industrial Hydraulic Fluid
Applications™ is currently in development. Elastoroer compatibility test procedures tnvolve
suspending a robber specimen of known volume in the tubricating base oil or finished
hubricant under fixed conditions of temperature and {est duration. This is followed at the end
of the test by a second measurement of the volume to determine the percentage swell that has
occurred. Additional measurements may be made of the changes in elongation at break and
tensile strength. Depending on the rubber type and application, the lest temperature may vary
significantly. The present lubricating oil compositions are compatibie with a broad numiber of
clastomers, including but not linited to the foliowing: neoprene, nitrile {acrylonitrile
butadiene), hydrogenated nitrile, polyacrylate, ethylene-acrylic, silicone, chior-sulfonated
polyethylene, ethylenc-propylene copolymers, epichlorhydrin, fluorccarbon, perfivoroether,

and PTFE.

166421 The process for mamufacturing the tubricating ol composition includes the
step of blending the Fischer-Tropsch base oil with at least the friction modifier based on
synthetic esters and a sulfirized extreme pressure agent. The friction modifier based on a
synthetic ester provides a lower coelficient of friction to the hubricating o1l blended with it.
Examples of synthetic esters are diesters, phthalates, trimeilitates, pyromelitates, dimerates,
polyols, polyoleates, and complex polyols. In one embodiment the synthetic ester 18 made
from a multifonctional alcohols, such as neopentylglycol (NPG), trimethylolpropane (TMP,
pentagrythritol (PE), or mixtures thereof. In one embodiment, the synthetic ester is a digster

or triester made by processes disclosed i US20080194444, UST544645, US20000088351,
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US2010031 1625, US20090198075, or US Patent Application No. 12/962193, filed
December 7, 2010,

133043} In one embodiment the friction modifier based on a synthetic ester comprises
long, slim molecules with a straight hydrocarbon chain consisting of at least 10 carbon atoms
and a polar group at one end. In one embodiment, the synthetic ester is a partial ester, for
example glycerol mono oleate. In ancther embodiment, the synthetic ester is a fatty acid
sorbitan ester. In another embodiment, the synthetic ester is a borated or unborated fatty acid
ester of glycerol. In one embodiment, the synthetic ester is an oster of pentacthrythritol and
C6-C20 fatty acids.  In another embodiment, the synthetic ester is a ester from polyol, and

C12-C28 branched or cychc fatty acids.

[06844] A sulfurized extreme pressure agent 18 a sulfur carrier that contains sulfur in
its oxidation state 0 or -1, where the sulfur atom is bound cither to 8 hydrocarbon or to
another sulfur atoros, and does not contain other hetero atoros except oxygen. The subfurized
extreme pressure can be made by adding sulfur to different kands of unsaturated, double-
bond-containing compounds such as olefins, natural esters, acrylates, and others. Some
exarnples of sulfurized extreme pressure agents include: sulfurized isobutene, active-type
sulfurized olefins, mactive sulfurized alpha olefing, mactive sulfurized alpha olefins,

sulfurized synthetic esters, sulfunized fatty o1l, and salfurized fatty oil and olefin mixtures.

[0845] An emulsifier and copper corrosion inhibitor are also additives that can be
used in the tubricating oil. Other additives which can be blended with the Fischer-Tropsch
base oii to form the hubricating o1l composition include those which are intended to improve
other certain properties of the finished lubricant. Typical additives inchude, for example, anti-
wear additives, EP agents, detergents, dispersants, antioxidants, pour point depressants,
Viscosity Index tmprovers, viscosity modifiers, antifoaming agents, rust inhibitors, seal swell
agents, wetting agents, lubricity improvers, metal deactivators, gelling agents, tackiness
agents, bactericides, fhud-loss additives, colorants, and the like. In one embodiment, the fotal
amount of additive in the lubricating oil composition is within the range of 0.1 to 30 weight
percent. In one embodiment, the amount of Fischer-Tropsch base oil in the hubricating ol
composition is between 70 and 99.9 weight percent, such as between 90 and 99 weight
percent. Lubricant additive supphiers will provide mformation on effective amounts of their
mdividual additives or additive packages to be blended with lubricating base oils to make

finished lubricants.

14
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106846} Another desirable additive to be used m the Tubricating oil composition is a
tackiness agent. A fackiness agent is a solution of polymers in oil. The polymers canbe of a
molecular weight from 400,000 to 4,000,000, Exampies of polymers used in fackiness agents
are polyisobutylene, olefin copolymers, natural rubber, polyisobutylene/acrylic co-polymers,
and ethylene/propylene co-polymers. A demonstration of tackiness is the time-honored
[T a0t - Bk L - e [ . N 3 o o

finger test” where the tacky solution will draw a filament across the airspace as the fingers
are pulled apart. The tacking quality would also make the present lubricating oil composition

suitable for once-through application, e.g., labrication of chain drives.

[30847] Overall, the extreme pressure chemisiry of the present lubricating oil
composition makes it an excellent industrial extreme-pressure gear lubricant. The lubricating
oil composition, therefore finds an important application in a system of enclosed industrial
gears. As well, the lubricating ol composition finds application as an excellent stamping and

drawing fhuid for the metal working industry.

[30848] The lubricating oil has excellent load-carrying properties. In one embodiment,
the hubricating oil exhibits medium or high levels of extreme-pressure propertics.  In one
embodiment, the lubricating oil has a true load vahie at which {failure occurs in the Falex Pin
and Vee Block Method Test {ASTM D3233-93[Reapproved 20091, Test Method A, of at
least 3500 1b, at Teast 3600 b, at least 3700 Ib, or at least 3801 1b.

[60849] In one embodiment, the lubricating o1l has a passing result in the 4-hour Tort
B rust test, according to ASTM D665-06 Procedure B, using synthetic scawater. In another
embodiment, the fubricating oil has both a passing resuli in the 4-hour Tort B rust test and a
passing result in the 24-hour Tort B rust fest. ASTM D665-06 18 the Standard Test Method

for Rust-Preventing Characteristics of Inhibited Mineral Gil in the Presence of Water.

[G0850] In one embodiment, the lubricating o1l has a VI greater than 120, greater than
130, greater than 140, or greater than 150, Vs determined using ASTM D 2270-10, the

Standard Practice for Calculating Viscosity Index from Kinematic Viscosity at 40 and 100°C.

(66851} In one embodiment, the hubricating oil has a color less than 1.0 or less than
0.3, according to ASTM D 1500-07, the Standard Test Method for ASTM Color of Petroleum
Products {(ASTM Color Scale).

Pt
(]
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106652} In one embodiment the lubricating oil has an of ISO viscosity grade of ISO 32
or higher. In another embodiment, the lubricating oil has an SO viscosity grade from SO 32

to ISO 680, 150 viscosity grades are determined according to the following table:

! - Limits of Kinematic
SO Average Kinematic Viscosity at 48 °C
Viscosity | Viscosity at 48 °C .
Grade | /s -
| min. H max. l
L ISOVG32 | 32 | 288 | 352 |
L ISO VG 46 | 46 | 414 | 508 |
L ISOVG 8 | 68 | 612 | 748 |
SO VG 100 100 | 50 | 110 |
150 VG 150 150 I 135 || 165 |
IS0 VG 220 220 | 198 | 242 |
150 VG 320 320 | 288 || 352 |
SO VG 460 | 460 | 414 | 506 |
SO VG 680 612 | ez | 748 |
Isfé O\(’;G 1000 400 1100
isg g‘éG 1500 1350 1650
EXAMPLE
0833 A series of ISO 46 grade ubricating oils were prepared using a commercially

avatiable additive package containing a friction modificr based on synthetic csters and
sulfurized extreme pressure agents. Comparative lubricants (non-Fischer-Tropsch) from APE
Groups 1, 1L {11 and IV were used and compared to the Fischer-Tropsch-based hibricating oil.
The additive package was solubilized in the Fischer-Tropsch based lubricating oil at least as

well as, if not better thau, the comparative lubricants.

16654} The specifications for Lubricant Base (ils defined in the API Interchange
Guidelines (AP Publication 1509) using sulfur content, saturates content, and viscosity

index, are shown below in Table §:
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ABLET
Group Sulfur, pom Saturates. % Vi
I >300 and/or <G} ]0-120
It <300 and >34 80-120
i <300 and =90 >120
v All Polyalphaolefins
v All Stocks Mot Included in Groups -1V
[B0855] Facilities that make Group I lubricant base otls typically use solvents to extract

the lower viscosity index (VI) components and increase the VI of the crude to the
specifications desired. These solvents are typically phenol or furfural. Solvent exiraction
gives a product with less than 90% saturates and more than 300 ppm sulfur. The roajority of

the labricant production in the world is in the Group I category.

[B0856] Facilities that make Group I lubricant base oils typically enploy
hydroprocessing such as hydrocracking or severe hydrotreating to increase the VI of the
crude o1l to the specification value. The use of hydroprocessing typically increases the
saturate content above 90 and reduces the sulfur below 3060 ppm. Approximately 10% of the
Iubricant base oil production in the world is in the Group 11 category, and about 30% of UK.

production is Group 1.

10857} Facilities that make Group IH hubricant base oils typically employ wax
isomerization technology to make very high VI products. Since the starting feed is waxy
vacuurg gas oil (VGO) or wax which contains all saturates and hittle sulfur, the Group TH
products have saturate contents above 90 and sulfur contents below 300 ppm. Fischer-
Tropsch wax is an ideal feed for a wax isomerization process io make Group IH hubricant

base oils. Only a small fraction of the world's Iubricant supply is in the Group HI category.

[B6358] Group IV lubricant base oils are derived by oligomerization of normal alfpha

olefins and are called poly alpha olefin (PAD) lubricant base oils.

[G0G59] Below are resulis showing a Fischer-Tropsch based fubricating oil (B} to have
superior wear, friction and extreme pressure properties - as measured by the Falex Pin and
Vee Block Maching - compared to Group 1, Group {1, Group HI (mineral oil-derived) and

PAQ-based formulations. The Fischer-Tropsch based lubricating o1l obtained a 3700 1b
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result on the Falex EP test. This was snexpected, and it demonstrated that Fischer-Tropsch
base oils can be used to further reduce and optimize the friction and extreme pressure

proparties of a lubricant.

ISO Viscosity Grade ISO 46 ISO 46 SO 46 180 46 180 46
Identification A B C D E
1L - Fischer-
Base Oils - Group Type i 1 Mineral PAG (IV) e
S gy Tropsch
Ond
Method
Test (ASTM)

{inematic Viscosi \ . . . .
Fmematic Viscosy D445-10 465 | 4404 4412|4283 | aa
Kinematic Viscosily P G40 7 (0 . - g ,
@100°C DB445-14 6.942 7.0086 7.667 7.561 5.106
vl 22270-10 112 117 143 145 159
Color D15§0-07 L1.0 L0.3 oS5 Los Lo.s

Bri g‘hi, Bri g‘hl, Rarcly . . Barcly

6o cloud, | no cloud, 7} Contains Y
Appearance 9 . detectable ,, detectable

fioc or fioc or R sediment | 7

o by cloud cloud

sedinent | sedumnent

) - S e .

Copper Sirip, 3 frs at D136-10 3 ib b 3a ih
160°C
Ry
Rust 4 be/24 hr D663 “ p/p PP s P/P PP
Procedure B
33233 - 93
Falex Trae Load, fbf g%ff}z%f(?}?’ej 3100 2500 2800 3500 3700
2009 % Test
Method A

[6686608]  Various modifications and alterations of this fnvention will become apparent to
those skilled in the art without departing from the scope and spirit of the invention. Other
objects and advantages will become apparcnt to those skilled in the art from a review of the

preceding description.
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WHAT IS CLAIMED IS

5

i A lubricating oil composition for use i rofary pneumatic and reciprocating tools,
comprising a Fischer-Tropsch base oil, a friction modifier based on a synthetic ester, and a

sulfurized extreme pressure agent.

2. The hubricating oil composttion of claim 1, wherein the composition further comaprises

an emulsifier.

3. The lobricating o1l composition of claim 1, wherein the composition further comprises
a copper corrosion inhibitor.

4. The lubricating oif composition of claim 2, wherein the composition further comprises

a copper corrosion inhibifor.

5. The hubricating cif composition of claim I, wherein a Viscosity Index (V1) of the
Fischer-Tropsch base oil is at least 120.

6. The lobricating oil composition of claim 5, wherein the Viscosity Index (V1) of the
Fischer-Tropsech base oil is at least 150.

7. The hubricating ol composition of clamm 1, wherein the Fischer-Tropsch base oil 1s

blended with another Fischer-Tropach base oil.

8. The Iubricating ol composition of claim 1, wherein the Fischer-Tropsch base oil has a
viscosily of at least 120 and the composition further comprises an emulsifier and a copper

corrosion inhibitor.

9. The lobricating o1l composition of claim 1, wherein the Fischer-Tropsch base oil

comprises at least 70 wt. % of the lubricating o1l composition.

10. The lubricating oif composition of claim i, wherein the composition has a frue load

value at which fatlure occurs in the Falex Pin and Vee Block Method Test of at least 3660 1.

i1 The lobricating oil composition of claim 1, wherein the composition has a passing

result in the 4-hour Tort B rust test.
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'

The lobricating o1l composition of claim 1, wherein the composition has a passing
result in the 24-hour Tort B rust test
13.

The hibricating oil composition of ¢laim |, wherein the composition has a Vi greater
than 120,

14, The lobricating oil composition of claim 1, wherein the composition has a color less
than 6.5,
i5.

A rotary pnewmatic or reciprocating tool, comprising the fubricating oil composition
of claim 1 as its lubricating oil.
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