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A LOW PHOSPHORUS LUBRICATING OIL COMPOSITION HAVING LEAD
‘CORROSION CONTROL.

The:present.invention is related, in par, to a lubricating oil composition, More
particularly, the present invention relates'to alow phosphorus lubricating oil
composition employinga mixture of zinc dithiophosphates and wherein the
lubricating oil composition has less than about 0.06 wt % total phosphorus
contentbased-en the total weight of the lubricating oil compaosition. The low
ph{osphorusflub[ilcatin_g oil composition of the present:invention is effective in lead.
corrosion.control when used as a lubricating oil composition in internal
combustion engines:

BACKGROUND OF THE INVENTION
Emissions arising from automotive exhaust-has been a-problem for several

decades and approaches for addressing this problem have included the use of
unleaded fuel (to deal; in part, with lead pollution arising from leaded fuels),

‘oxygenated fuel (to reduce hydigcarbon emissions), the use of catalytic

converters (also to reduce hydrocarbon-emissions), etc.

‘Catalytic converters are now universally employed with gasoline powered

vehicles and the efficiency of these converters is directly related to the ability of
the catalyst:to effect conversion of unburnt or-partially burnt hydrocarbons
generated during . combustion to carbon dioxide and. water. One problem arising
with the: use of such converters.is poisoning of the catalyst.resulting in reduced

catalyst efficigncy. Since catalytic converters are intended for extended use,

.ca‘talyét» poisoning results'in higher levels of-atmospheric ‘disbharges of pollutants

from internal combustion engines over prolonged periods of time.

In. order to minimize-such poisonih_g, the industry has set standards for both fuel
and lubricant confents. For example; standards for fuels have included the use of
unleaded gasoline:in.order to avoid lead poisoning of the catalyst as well as lead
discharge into'the environment. See, for example, Buckley, I, “Long Chain
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Aliphatic: Hydrocarbyl. Arnine Additives Having an Oxyalkylene Hydroxy
Connecting:Group”, U.S..Patent No. 4,975,096, issued December.4, 1990.

As to'the lubricants, one additive family currently being addressed by industry
standards i§ the phosphorus-containing additives such as zinc dithiophosphate
wear inhibitors used'in lubricant. compaositions employed to lubricate internal
combustion-engines.. Specifically, phosphorus-containing additives reach the
catalytic:converter as a result of, for example, exhaust gas recirculation-and/or oil

blow-by processes as well as other methods known in the art. See, for example,

Beck, et-al. “/mpact of Oil-Derived Catalyst Poisons on F TP Performance of LEV
Catalyst Systems”, SAE Technical Paper 972842 (1997) and Darr et al. “Effects
of Oil-Derived Contaminants on Emissions from TWC-Equipped Vehicles", SAE

‘2000-01-1881(2000). In-any event, the phoskphoru's is known to.accumulate in

the catalytic converter, at active metal sites; thus reducing catalyst efficiency and

effectively over time, poisoning the catalyst. As a fesult of the-above, a new

focus is to lower phosphorus in the lubricating oils. For example, the draft GF-4

-specifications:for Ipbripant.compositions:have proposed significantly lower

phosphorus contents than heretofqre-ejmploy‘ed..

A problem arises when the level of phosphorus is:reduced in a lubricant
composition containing an o'i'l-solub_le,:_phbsphorus-cohtéining, anti-wear
compound.in that there is a significant reduction in anti-wear performance arising
from this dimiriution.in phosphorus.content. Orne well known class of antiwear
additives-are metalalkylphosphates, especially zinc d,i,a!kylfdithiophos‘pha_tes, are

generally employed. in lubricating oils at phosphorous levels above 0.1 weight

percent'when used: for wear.control. At-lower levels, it is not found to be an
efféctive antiwear additive. For instance, as exemplified.in U.S. Patent No.

6,696:393, issued February 24, 2004, lowering the level of _phOSphOrus dueto the

presence of a metal dithiophosphate additive‘in a lubricant composition by one-
half from 0.095 weight percentto 0.048 weight percent phosphorus results in
about a seven-fold-increase in'engine wear.

Zinc dithiophosphates have either dialkyl or-diaryl groups. Zinc dialkyl
dithiophosphates aré further subdivided into.primary.alkyl and secondary alkyl
2
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zinc dithiophosphates. Pentan-1-ol.and 3-methylbutan-2-ol are illustrative of the
primary and secondary:alcohols used to prepare primary and secondary-zinc
dithiophosphates. Different zinc.dithiophospHate chemical types perform
differently (See below).

Performance Parameters of Zinc Dithiophosphate: Types

Primary:Alky! Secondary Alkyl Aryl
Thermal-Stability.
| Medium Low High
Antiwear Protection: _
Mediim - High Low
Hydrolytic Stability
Medium: o High Low

Each type has-important applications:in-modern additive packages. It is therefore
important to have the fi"g_ht mix of zinc dithiophosphates:in any. given lubricating
oil compositionto provide adequate anti-wear:performance and at the same time
keeping'the phosphorus levels, due to the presence of a metal dithiophosphate.
additive, balow:0:1'wt % because phosphorus has a tendency to-accumulate in
the-catalytic:converter-thus reducing:catalyst efficiency, poisoning the catalyst.

SUMMARY-OF THE INVENTION

As previously mentioned, the present invention is related, in part, to a lubricating

oil:composition. More particularly, the present invention relates to.alow

‘phosphorus lubricating oil-.composition employing a:mixture of zinc

dithiophosphates.in-a certain ratio and wherein the lubricating oil composition has
less.than about 0.06 wt % total phosphorus content, based on the total weight of

the lubricating oil composition. The low- phosphorus lubricating oil composition of
the preserit invention is éffeqﬁve‘ in lead ;corrosion-control when used as a

\ubricating oil composition in internal combustion engines.

Accordingly, in'its broadest aspéct; the present invention is related to a
lubficating oil composition comprising-a major amount of base-oil of lubricating
5



WO 2008/021901

10

15

20

25

30

35

PCT/US2007/075507

viscosity:and:a.minor-amount of a mixture of:a zinc primary dialky!
dithiophosphate, a zinc.secondary dialky! dithiophosphate and a zinc diaryl
dithiophosphate wherein the respective ratio, based on the phosphorus content,
of thezinc primary dia‘lkyl:dithiOphosphate;tozinc secondary dialkyl
dithiophosphate is from abouit 2;1 to about 1;2 and the ratio of the mixture of zinc
primary dialkyl dithiophosphateand zinc secondary dialkyl dithiophosphate to
zinc diaryl dithiophosphate is from about 6:1 to about 1:1-and wherein the total
phosphorus content of the lubricating oil composition is less than about 0.06 wt
%, based on the total weight of the lubricating oil composition.

The minor amount of the mixture of a zinc. primary dialky! dithiophosphate, a zinc
secondary diatkyl dithiophosphate:and.a zinc diaryl dithiophosphate employed in.
the:Iubricating oil composition of the present invention is from about 0.1 wt % to
about 1.5 wt %, preferably from about 0.3 wt % to about 1.2 wt % and more
preferably about 0.5 wt % to about 1.0 wt %, based on the total weight of the

lubricating oil composition.

The lubricating.oil.composition of the present invention will contain from about

0.05 wt % to.about 1.2 wt.% of-a zinc primary dialkyl dithiophosphate, from about
0.05 wt % to-about-1.2 wt % of-a zinc secondary dialkyl dithiophosphate and from
:a‘bout_.0.0Z wt % to about 0.7 wt %:of a zinc diaryl dithiophosphate, based on the

total weight of the lubricating oil composition. Preferably, the lubricating oil
.composition of the present invention. will contain from about 0.1 wt % to about 0.7

wt % of a.zinc primary dia_lkyl(’dithiophosp‘hate, from about 0.1'wt % to about 0.7
wt % of a zinc'secondary dialkyl dithiophosphate and from about 0.05'wt % to
about 0.5 wt % of a zinc diaryl dithiopho‘sphaté, based on the total weight of the
lubricating oil composition. More preferably, the lubricating oil composition of the
present invention will contain from about 0.2 wt %to about 0.5 wt % of a zinc
primary dialkyl dithiophosphate, from about 0.2 wt % to about 0.5 wt % »of.a zinc
secondary dialkyl dithiophosphate and from-about.0.1 wt % to about 0.3 wt % of a
zinc diaryl dithiophosphate, based.on the total weight of the lubricating oil

composition.
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The primary-alkyl-group of the zinc primary dialky! dithiophosphate. has from
about C to about Cyzcarbon atoms, preferably from about C; to. about Csgcarbon
atoms-and more preferably, from about Ce to about Cg carbon atoms.

The sécondary alkyl group.of the zinc secondary dialkyl dithiophosphate has from
about Cj to.about‘C,f;:carbon:atoms_, preferably from-about C; to about Cgcarbon
a‘t’or‘rj_s:-andﬁmO’reﬂ.prefé[ably; from about C3 to about Cg carbon atoms.

The aryl group of the: zjnc»dianyl ’dithiophosphate has from about Cg to about C3p
carbon atoms,- preferably from-about Cs to about C»4 carbon atoms and more

preferably, from about Ce to about Czp carbon atoms.

In a preferred embodiment, the respective ratio, based on the phosphorus
content, of zinc.primary dialkyl dithiophosphate to zinc. secondary dialkyl
dithiophosphate is from-about:3:2 to about 2:3. More preferably, the ratio is about

1:1.

In a preferred-embodiment, the respective ratio, based on the phosphorus
content, of the mixture-of zinc: primary:diatkyl dithiophosphate-and zinc secondary
dialky! dithiophosphateito zinc diary! dithiophosphate.is from about 4:1 to about
1:1. More preferably, the ratio is about2:1.

In an especially preferred embodiment, the respective ratio, based on the
phosphorus content, of the mixture.of zinc primary dialkyl dithiophosphate to zinc
secondary dialkyl dithiophosphate to.zinc diaryl dithiophosphate is 1:1:1.

in another embodiment, the:total phosphorus content in-the lubricating oil
composition.of the present invention is: preferably less.than about 0.05'wt %,
more preferably, based on the total weight of the lubricating oil composition.

In still another embodiment, the sulfiir content in the lubricating oil composition of
the presentiinvention is less than about 0.5 wt % and, preferably, less than about
0.2-wt %, based on: the total'weight:of the lubricating oit composition and the total
sulfated ash content inthe lubricating oilgco’m}position of the present invention is

5
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less than about 1.2 wt %, preferably, less than about 1.0 wt %, and more:
preferably.less than about 0.8 wt %, based on the total weight of the lubricating
oil composition..

In one.of its method aspects, the present invention further relates to-a method for
improving lead corrosion. The method involves operating an'internal combustion
engine with-a lubricating oil composition comprising a major amount of base oil of
lubricating viscosity and a minor amount of a mixture-of a zinc primary dialky!
dithiophosphate; a.zinc 's‘s_,aconda,w‘dialkyi-dithiophosphate and a zinc diaryl
dithiophosphate wherein the respective ratio, based on the phosphorus content,

of the zinc primary dialkyl dithiophosphate to zinc-secondary. dialkyl

dithiophosphate is-from:about 2:1 to.about:1:2 and the ratio of the. mixture of zinc
primary dialkyl dithiophosphate and zinc secondary dialkyl dithiophosphate to
zinc diary! dithiophosphate is from about 6:1 to-about 1:1 and wherein the total

‘phosphorus content of the lubricating.oil composition is less than about 0.06 wt

‘%, based:on the total weight:of the lubricating-oil composition.

Among.other factors, the present.invention provides alow phosphorus lubricating
oil composition containing-a mixture of zing dithiophosphates in a certain ratio
surprisingly yields improved lead-corrosion. The mixture- of zinc dithiophospates
contains a‘zinc primary dialky! dithiophosphate, a zinc secondary dialkyl
dithiophosphate and a zinc diaryl dithiophosphate. The synergistic combination of
mixed zinc dithiophosphates wherein the respective ratio, based on the

dialky! dithiophosphate is from about 2:1 to-about 1:2 and the ratio of the mixture
of zinc primary dialky! dithiophosphate and zinc secondary dialky!

5dit:hi_oph“o;s;jvhate.'to Zinc diaryl dithiophosphate is from about 6:1 to about 1:1

when usedin a lUbricating'o_iI.co_mpos’ifion having a total phosphorus content less

‘than about 0.06 wt %, based on-the total weight of the. |ubricating oil composition,

greatly reduces lead corrosion:when.used to lubricate internal combustion

engines:
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DETAILED DESCRIPTION OF THE INVENTION

The present invention is related, in part, to a lubricating oil composition. More
particularly, the present invention relates to a low phosphorus lubricating oil
composition.employing a mixture of zinc dithiophosphates containing a zinc
primary-dialkyl dithiophosphate; a zinc'secondary dialkyl dithiophosphate and a
zinc diary! dithiophesphiate wherein the;respecti\/e'ratio, based on the
phosphorus- content; of the zinc primary dialkyl-dithiophosphate. to zinc secondary
dialky! dithiophosphate is from about 2:1to about 1:2.and the ratio of the mixture
of zinc primary dialk_yl-dithiophosphate;,iand zinc secondary dialkyl

dithiophosphate to zinc diary! dithiophosphate is from about 6:1 to about 1:1 and

wherein the lubricating oil composition has'less than about 0.06 wt % total
phosphorus content, based on the total weight:of the lubricating oil composition.
The low phesphorus lubricating oil composition of the present invention is

éffective in lead corrosion control- when used-as-a lubricating oil in internal

combustion engines.

Each of these components inthe claimed composition will be described in detail
herein. However, prior to'such a description, the following terms will first be

defined..
The term “alkyl” refers to both straight--and branched-chain alkyl groups.

The term aryl refers to a substituted or unsubstituted aromatic group, such as
the phenyl, tolyl, xylyl, ethylphenyl-and cumenyl groups:.

The term “low phosphorus” refers to the phosphorus content of the lubricating oil
composition of the».prQSemvinveniiOn..The,phosphorus, content is in the range of
about 0.005.weight percent to about.0.06 weight percent based on the total

weight of the lubricating oil. composition.

The term “total phosphorus” refers to'the total amount of phosphorus in‘the
lubricant composition'regardless of whether such phosphorus is present as part
'of an 0oil-soluble, ‘ph‘psph‘o'rju‘s-,contéining; anti-wear compound or in the form of a

7
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~ contaminant in the lubricant'composition such as residual phospherus remaining

due'tb.the:presence_of P,Ss used to prepare metal dihydrocarbyl

dithiophosphates. In-gither event, the:amount of phosphorus permitted in the

| lubricant-composition is independent of source. Preferably, however, the

phosphoius is part of a lubricant additive.

~ Unless otherwise specified, all percentages are'in weight percent.

The Zinc Dithiophosphate Compound
The lubricating oil composition of the -preserit invention will employ. in part, a

mixture of zinc dithiophosphates. The zinc dithiophosphates are independently
characterized by-formula |:

Rt Zn

wherein each R-is:independently a group containing from about 1 to about 30

carbon atoms.

The R-groups in the dithiophosphate can independently be about C, to:about.Ci3
primary alkyl, about Cs to-about C.3.secondary-alkyl, and about Ce.to about Cao
aryl group.. Prefe'rably; the RV groups in the dithiophosphate can independently be
about C3 to about Cjo;pr,im.ar,y alkyl, about C; to about Cg secondary alkyl, and
about Cg to about Cjq aryl group. More preferably, the R ‘groups in the:
dithiophosphate can independently be :about Cg to.about Cg primary alkyl, about
Cs to about Cq secondary alkyl, and about Cgto about Cz aryl group. The R
groups may-be a substantially hydrocarbon group. By "substantially hydrocarbon”
is meant hydrocarbons that contain: substituent groups.such as ether, ester, nitro,
or halogen which do not materially affect the hydrocarbon character of the group.

8
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The R group of the. zih’c:'ditﬁiophosphate may be derived, for example, from a
primary alcohol such -as-methanol, ethanol, pro’panol,. butanol, pentanol, hexanol,
heptanol, octariol,:nonanol, decanol, dodecanol, octadecanol, propenol, butenol,
ﬁ;et'hylhexa-nol; a-secondary alcohol such as isopropyl alcohol, secondary butyl
alcohol, isobutanol, 3-methylbuitan-2-ol, -2~p’entahol.-_'4-méthyl-2-pe,nta nol, 2-
hexanol, 3:hexanol, amyl alcohol; an aryl alcohol such as phenol, substituted
phenol (particularly aikylphendltsuch as:butylphenoi, octylphenol, nonylphenol,
dodecylphenol), disubstituted. phenol.

Preferably the R:group will be indépendently a:primary alkyl, a secondary alkyl or

-an.aryl group.

For"theip_r‘es‘em;in’Vention it is-contemplated that.the mixture of a zinc primary
dialkyl dithiophosphate, a zinc Sec,ondagy dialkyl dithiophosphate and a zinc diaryl

dithiophosphate will be in a respective ratio, based on the phosphorus content, in

the lubricating oil composition of the present invention. The. ratio of zinc primary

dialky! dithiophosphate to zinc secondary dialkyl dithiophosptiate will be from
about 2:1.to-about 1:2 and the ratio of the mixture of zinc primary dialkyl
dithiophosphate and zinc secondary dialky! dithiophosphate.to zinc diaryl
dithiophosphate is from about 6:1 to about 1:1. Preferably, the respective ratio,
based on the phosphorus content, of zinc. primary-dialkyl dithiophosphate to zinc
secondary dialky! dithiophosphate is-a range from about 3:2 to about 2i3, more
preferably about 1:1. Preferably, the respective ratio, based on the phosphorus
content, of the mixture of zinc primary dialkyl dithiophosphate and zinc secondary
dialkyl dithiophosphate to zinc diaryl.dithiophosphate is.a range from about4:1 to
about 1:1, more preferably about 2:1. Most preferably, the respective ratio, based
on the phqsphorus-co_n'tent. of the mixture of zinc-primary dialky! dithiophosphate
to zinc secondary. dialky! dithiophosphate to zinc diary! dithiophosphate is 1:1:1.

Mariy of the zinc dithiophosphates useful in the. present invention are available
commercially. However, zinc dithiophosphates-are widely known in the art and a
skilled artisan can readily:synthesize such compounds for the purbos‘e of the
present.invention. Typically, iinqdithibphosph_ates can be made by initial reaction
of phosphorous.pentasulfide and an alcohol or phenol or mixtures of alcohols

9
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and/or phenols such as ‘those illustrated :above for the R group. The reaction
involves four-moles of the alcohol or phenol:per mole of phosphorous:
pentasulfide, and.may be carried out within the temperature range from about
50°Cto about 200°C. Thus, the preparation of O,0-di-n-hexyl phosphorodithioic
acid, for example, involves the.reaction .of phosphorous pentasulfide with four
moles of n-hexyl.alcohol at.about 100°C for about two hours. Hydfogen sulfide is
liberated and the reSidue is »»thSphorodithi.oic ,acida'The preparéiion of the metal
salt of this acid:may be effected by reaction with either zinc oxide or zinc
hydroxide to yield the zinc dithiophosphate. Simply mixing and heating these two
reactants:is. sufficient to.cause-the reaction.to take: place and the resulting

pro,duct'i'{s-’sufﬁc’ient‘ly:_pure for the purposes of the:present invention.

Patents describing the synthesis of such zinc-dithiophosphates include U.S.
Patent Nos. 2,680,123, 3,000,822; 3,151,075; 3,385,791; 4,377,527, 4,495,075
and 4,778,906. Each of these patents is incorporated herein by reference in their

entirety.
The Lubricating Oil Composition
The mixture of zine dithiophosphates of the present invention is typically added to

a base oil'in sufficient amounts'to. provide lead corrosion control if internal

combustion engines. Generally, the lubricating oil cqmposition of the present

invention will contain a major amount of base-oil of lubricating viscosity and a
minor amount of the mixture of zinc dithiophosphates of the present invention.

Baise- Oii-of Lubricating Viscosity

Base oil as used herein is defined-as a base stock or blend of base stocks which
is a lubricant component that:is produced by each manufacturer to the same
specifications (indepéndenit of feed source or manufacturer’s location); that meets
the same:-manufacturer's speciﬁcatiOn;‘and:thatf is identified by a unique formula,
pfoduct.identiﬁ_c‘:ation-‘hujmb_e‘t,,’or both. Base stocks may be manufactured using a
variety of different:processes including but not limited to distillation, solvent.
refining, hydrogen pro‘c_essing;;-oligor:nerizat-ion_, esterification, and rerefining..

10
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Rerefined.stock shall be substaritially free from materials introduced through

manufacturing, contamination; or previous use. The base oil of this invenition may

be any natural-orsynthetic lubricating base oil fraction particularly those having a
kinematic viscosity at.100° Centigrade»("’C_)_and about 4 centistokes (cSt) to about

the polymerization of ethylene, polyalphaolefin or PAO, or from hydrocarbon
synthesis procedures using carbon monoxide and hydrogen gasges such as in a
Fisher-Tropsch process. A preferred base oil is one that comprises little, if any,
heavy, fraction; e:g., little, if any, lube oil:fraction.of viscosity about 20 ¢St or
higher-at about.100.°C. Qils used.as the base oil will be‘selected or-blended

.depending on the desired end use and the:additives in the finished oil to give the

desired grade of engine oil, €.g. a:lubricating oil composition having an SAE
Viscosity Grade of OW, OW-20, OW-30, 0W-40, OW-50, OW-60, 5W, 5W-20, SW-
30, 5W-40, SW-50, 5W-60, 10W, 10W-20, 10W-30, 10W-40, 10W-50, 15W, 15W-
20, 15W-30, of. 15W-40. ‘

The base 6il may-be derived from natural lubricating oils, synthetic lubricating oils
or mixtures-thereof. Suitable base-oil includes base.stocks obtained by
isomerization of synthetic wax and slack wax, as well as hydrocrackate base
stocks:produced by:hydrocrac;king‘(rather'than solvent extracting) the aromatic
and polar components. of the crude. Suitable base oils include those in all AP|

.categories |, 11, lIl,. IV'and \ as defined in-AP:Publication 1508, 14th Edition,
Addendum |, December 1998. Saturates levels and viscosity indices. for- Group |,

Il'and 11l base oils are-listed in Table'l. Group IV base oils are polyalphaolefins

(PAO). Group V base.oils include-all other base oils' not included in Group I, Il 1il,

or IV. Group lll base oils are preferred.

11
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TABLE:,
SATURATES, SULFUR:AND VISCOSITY lNDEX OF-GROUP |, I, lil, IV AND
V BASE STOCKS

Saturates (As determined by ASTM

s D2007) Viscosity Index:
Groip . U 1 (As. determined by ASTM D4294,
Suffur (As-determined by ASTM | A5TM D4297 or ASTM D3120)
02270)
| Less than 90 '% saturates: -and/or Greéjéf than or equal to 80.and

Greater than to 0.03 % sulfur less than 120

_ Greater than or equal to 90 %
Il |saturates and less than o equal to
| 0.03°% sulfur

‘Greater than or equal to 80 and
less thain 120

| Gredter than or equal to 90 % | ,
i | saturates and less than or equal to |-Greater than or equalto 120
-} 0:03% sulfur

v All Polyalphaolefins (PAOS):

\% All others not included in Groups I, 11, lll, or IV

Natural lubricating oils may include animal oils, vegetable oils (e.g., rapeseed
oils, castor. oils-and lard oil), petroleum oils, mineral oils, and oils derived from

coal or shale.

Synthetic oils may include hydrocarbon cils:and halo-substituted hydrocarbon oils
such-as polymerized and inter-polymerized olefins, alkylbenzenes, polyphenyls,
alkylated diphenyl ethers, alkylated diphenyl sulfides, as well as their derivatives,
analogues and homologues thereof, and the like. Synthetic lubricating oils also
include alkylene-oxide polymers, interpolymers;, copolymers and derivatives
thereof wherein the terminal hyd‘roxy‘l. groups have been modified by
esterification, etherification, etc. Another suitable class of synthetic lubricating oils
comprisés the esters of dicarboxylic acids with a variety of alcohols. Esters useful
as synthetic oils-also include those thade from about Cy to about C+2
fignocarboxylic acids and polyols and polyol-ethers. Tri-alkyl phosphate ester oils
such as those exemplified by tri-n-butyl phosphate and tri-iso-butyl phosphate are
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also suitable for use.as base-oils.

Silicon-based ails: (such-as the polyalkyl-; polyaryl-, polyalkoxy-, or polyaryloxy-
siloxane .oils and silicate oils) comprise.another useful class of synthetic
lubricating oils. Other'synthétic lubricating oils include liquid-esters of
phosphorus-containing aCids,-hpolymeric‘tétrahydrofUrans, polyalphaolefins, and
the:liKe,

The base oil may be derived from unrefined, refined, rerefined oils; or mixtures

thereof. Unrefined oils are obtained. directly from a natural source or synthetic-
source (e.g., coal, shale, or tar sand bitumen).without further purification or

treatment. Examples of unrefingd oils:include a shale ¢il obtained directly from a

retorting operation, a petroleum oil obtained directly from distillation, or an ester

oil-obtained directly from an esterification process, each of which may then be
used without further treatment. Refined oils.are similar to the unrefined oils

except:that refined oils have been treated in one or more purific‘ati'bn steps to

improve.one ‘or more: propetties. Suitable purification techniques-include
distillation, hydrocracking, hydrotreating, dewaxing, solvent extraction, acid or

base extraction, filtration, and percolation, all.of which are known to those skilled

in the .art.. Rerefined oils are obtained by treating used oils in processes similar to

those used to obtain the refined oils. These rerefined oils are also known as

reclaimed or reprocessed oils and often are additionally processed by techniques

“for removal of spent.additives and oil breakdown products.

Base oil derived from the hydroisomerization of wax may also be used; either

alone of in combination with the aforesaid natural and/or synthetic base oil.

Such wax isorierate oil is produced by the hydroisomerization of natural or
synthetic-waxes or:mixtures thereof over-a hydroisomerization catalyst.

It is preferred to use.a major amount of base oil in the lubricating-oil composition
of the present invention. A major amount of base oil as defined herein comprises
about 40 wt % of more. Preferred arounts of base oil comprise about 40 wt % to
about 97 wt %, preferably greater than about.50 wt %'to about 97 wt %, more-
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preferably about 60 wt % to about 97 wt % and most preferably about 80 wt % to
about 95 wt:%:of the lubricating oil composition. (When weight percent is used
herein, it is referring to weight percent of the lubricating oil unless otherwise
specified.) |

The .amount of the mixture of zinc dithiophosphates employed in the lubricating
oil composition of the present invention-will be in'a minor amount compared to

the base oil of lubricating viscosity. Genérally, it will be in an amount from about

0.1.wt % tg:about 1.5:wt'%; preferably. from-about 0:3 wt-% to about 1.2 wt %-and

more preferably from about 0.5 wt % to about 1.0 wt %, based on the total weight
of the lubricating oil composition.

The'lqbricating oil composition of the: present invention will contain from about
0.05 wt % to‘about 1.2 wt %, preferably from about 0.1 wt % to about 0.7 wt %,
and more preferably from about 0:2 wt % to about 0.5'wt % of a zinc primary
dialky! dithiophosphate, based on the total weight of the lubricating oil
composition.

‘The lubricating oil composition-of the present invention will contain from about

0.05 wt %, to abotit 1.2 wt %, preferably:from about 0.1 wt % to about 0.7 wt %,
and more preferabiyfrom about 0.2 wt.% to about 0.5 wt % of a zinc secondary
dialkyl dithiophosphate, based on the'total weight.of the lubricating oil

composition..

The lubricating. oil composition of the present invention will contain from about
0.02 wt % to about 0.7 wt %.}preferably’from about 0.05 wt % to about 0.5 wt %,
and.more preferably from about 0.1 Wt % to about 0.3 wt % of a zinc primary
diaryl dithiophosphate, based on the totalwéight of the lubricating oil

composition.

In a preferred embodiment, the lubricating oil composition of the present

iinvention will have a phosphorus. content preferably less than about 0.05 wt %,

based on th'e":’itdtél' weight of the lubricating oil‘composition.
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In another embodiment, the lubricating oil composition of the presént invention

will further have asulfur content less-than about 0:5 wt % and, preferably less
‘than-about 0.2 wt %, based on the total weight of the lubricating oil composition

and the total sulfated ash content in the. lubricating oil composition of the present

‘invention is léss than about 1.2 wt %. preférab!y_;"less than about 1.0'wt %, and

more-preferably less than about 0.8 wt %, based on the total weight of the

lubricating oil-composition.

Other Additive Components

“The following additive components-are examples.of components that can be

favorably employed-in combination with the lubricating additive of the present:
invention. These examples of additives are provided to illustrate the present
invention, but they are not intended to limit it.

(A) Detergent"s are additives designed to'hold the aci“d-neutralizihg,‘compounds- in

solution in the oil. They-are usually alkaline and react with the strong acids

.

(sulfuric-and.nitric) which form- during-the combustion.of the fuel and which
would cause corrosionto the engine parts if left unchecked. Examples are
carboxylates, sulfurized or unsulfurized ‘alkyl-or alkenyl phenates, alkyl or
alkenyl-aromatic sulfonates, sulfurized or unsulfurized metal salts of multi-
hydroxy alkyl or-alkényl ‘aromatvic_ compounds;.alkyl or-alkenyl hydroxy
aromatic sulfonates, sulfurized or unsulfurized alkyl or alkenyl naphthenates,
metal:salts of alkanoic acids, metal salts-of an alkyl or alkenyl multiacids and

chemicaland’ physical:mixtures thereof.

(B) Dispersants are additives. that keep soot and combustion products in
suspension in the body of the oil and therefore prevent deposition as sludge
or lacquer. Typically, the ashless dispersants are nitrogen-containing
dispersants formed by reacting alkenyl succinic acid anhydride with an amine.
Examples are alkenyl succinimides, alkenyl succinimides modified with other
organic compounds, e.g., ethylene carbonating post-treatment and alkenyl

succinimides modified: with boric-acid, polysuccinimides, alkeny! succinic
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ester.
(C).Oxidation Inhibitors:

1) Phendl.type (phenolic) oxid_a"_tion inhibitors: 4;4?-mefhylenebis (2,6-di-tert-
butylphenol),4,4'-bis(2,6-di-tert-butylphenol), 4,4'-bis(2-methyl-6-tert-
butylpheno}), 2;,2'—methylenebi’s(4-methyl-6*-tert-'butyl—phenol)',/ 4,4'—*
butyldieneb,is(;B_-methyI-G'-tertébut'ylph‘en_ol), 4 4'-isopfopylidenebis(2,6-di-tert-
butylphenol), 2,2-methylenebis(4-methyl-6-nonylphenol), 2,2-isobutyldiene-
bis(4,6-dimethylphenol), 2,2'-methylenebis(4-methyl-6-cyclohexylphenol), 2,6-
di-tert-butyl-4-methyiphenol, 2,6-di-tert-butyl-4-ethylphenol, 2,4-dimethyl-6-
tert-butyl-phenol, 2 6-di-tért-a-dimethylamino-p-cresol, 2,6-di-tert-4(N,N’
di,rh‘eth_y‘la,minomethylphenp'l)f,d,4'.-'thiobis(‘2-methyl+6-tert~buty|phenol), 2,2-
thiobis(4-methyl-6-tert-butylphenol), bis(3-methyl-4-hydroxy-5-tert-
butylbenzyl)-sulfide and bis (3 5-di-tert-butyl-4-hydroxybenzyl).

2) Diphenylamine type:oxidatibn inhibitor; alkylated diphenylamine, phenyl-a-
‘naphthylamine and-alkylated a-naphthylaminé.,

3) Other types: metal dithiocarbamate (€:g., zinc dithiocarbamate) and -
methylenebis(dibutyldithiocarbamate).

(D) Rust Inhibitors (Anti-rust-agents):

1) Nonionic polyoxyethylene surface active agents: polyoxyethylene lauryl ether,
polyoxyethylene higher alcohol ether, polyoxyethylene nonylphenyl ether,
polyoxyethylene-octylphenyl ether, polyoxyethylene. octyl stearyl ether,
polyoxyethylene oleyl ether, polyox.ye“thylene sorbito! monostearate,
polj(.oxyéthylenessorbitolmbno-—oleate and polyethylene glycol monooleate.

2)-Other compounds: stearic acid-and other fatty acids, dicarboxylic acids, metal
soaps, fatty acid amine salts, metal salts of heavy:sulfonic acid, partial

carboxylic acid ester of polyhydric aicohol and phosphoric ester.

(E) Demulsifiers: addition product of alkylphenol and-ethyleneoxide,
polyoxyethylene alkyl ether and polyoxyethylene sorbitane ester.
16
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(F) Extreme pressure agents (EP .agents): sulfurized oils, diphenyl sulfide, methyl

trichlorostearate, chlorinated naphthalene, benzyl-iodide,
fluoroalkylpolysiloxane and lead naphthenate.

(G) Friction modifiers:.fatty alcohol, fatty-acid, amine, borated ester and other

esters.

(H) Multifunctional additives: sulfurized oxymolybdenum dithiocarbamate,

sulfurized oxymolybdenum organo phosphorodithioate, oxymolybdenum
monoglyceride; oxymolybdenum diethylate amide, amine-molybdenum

complex compound and sulfur-containing m‘o,lybdénum complex compound

(1) Viscosity Index Improvers (VIl): polymethacrylate type polymers, ethylene-
propylene copolymers, styrene-isoprene copolymers, hydrogenated styrene-
isoprene éopqunié'rs. hydrogenated star-branched polyisoprene,
polyisobutylene, hydrogenated star-branched styrene-isoprene.copolymer and
dispersant type viscosity index improvers.

(J) Pour point depressants: polymethyl methacrylates, alkylmethacrylates and

dialkyl fumarate-viny! acetate copolymers.
(K) Foam Inhibitors: alkyl methacrylate -polymers and dimethyl silicone polymers.
EXAMPLES
The present invention will be further illustrated by the following examples, which
set foith particularly advantageous method embodiments. While the Examples
are provided toillustrate the present invention, they are not intended to limit it.

Example 1

prepared by blendinga 0.78 wt % mixture of zin¢ biis(0,0'-di-(2-ethyl-1-hexyl)
17
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dithiophosphate (0.24 wt %, primary), ziric bis(0,0'-di-(2-butyl/4-methyl-2-pentyl)
dithiophosphate (0.15 wt %, secondary).and zinc bis(O,0"-di-{dodecylphenyl)
dithiophosphate (0.39 wt %,; aryl). with-a-Group Il base oil of lubricating viscosity. '
The ratio of zinc bis(O,0'-di(2-ethyl-1-hexyl) dithiophosphate to zinc bis(O,0'-di-
(2-butyl/4-methyl-2-pentyl) dithiophosphate was about 1:1, based on the

-phosphorus:content. The ratio of the mixture of zin¢ bis(O,0'-di(2-ethyl-1-hexyl)

dithiophosphate and zinc bis(O,0'-di-(2-butyl/4-methyl-2-pentyl) dithiophosphate

to zinc'b_is(__Q,'O"-di-(dodepylph_ehy,l)j dithiophosphate was about 2:1, based on the

pho’s;phqrus'co_ntent:. The: resulting.ratib»of the three-way mixture of zinc bis(0,0’

,di(2.-ethyl-':1‘-hé)'(yl)..d ithiophosphate to-zinc bis(0,0'-di-(2-butyl/4-methyl-2-pentyl)

dithiophosphate to zinc'bis(0;0'di-(dodecylphenyl) dithiophosphate was 1:1:1,
based on the:phosphorus:content. The 'wt. % of phosphorus-in the prepared
lubricating oil composition was. less than about:0.06 wt % based on the total
weight of the lubricating oil composition. Further, the sulfur content and sulfated

-ash content'were:0.2 wt % and 0.8 wt %, respectively, based on the total weight

of the.l,ubric,a_‘tingyo,il‘ composition.. The wt % b’al,a,nc-:’e of the lubricating oil
composition containing-a 1200 molecular weight (MW) isobutylene bis-
succinimide dispersant, a'2300 MW isobutylene bis-succinimide dispersant, a
n'eutral sulfonate deterg{en‘ti an overbased calcium phenate, a molybdenum
oxidation.inhibitor, diphenylamine oxidation inhibitor, a phenolic oxidation
inhibitor, anti-foam agent, pour point depressant.and a viscosity index improver to

complete the 100 wt %.lubricating oil composition..

Comparative Example A

Comparative Example A was prepared according-to Example 1 except only about
1.16'wt % aryl zinc b,is(O‘,O'—'di-(dodecylphenyl)‘dit_hiophosphate was added,
instead of the mixture of zinc bis(‘O},O-"-di—:’(2-:ethyl-f1 -hexyl) dithiophosphate, zinc
bis(0,0'"-di-(2-butyl/4-methyl-2-pentyl) dithiophosphate and zinc bis(O,0"-di-

(dodecylptenyl) dithiophosphate.
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Comparative Example B

Comparative Example B was prepared according'to Example 1 except only-about
0.46 wt % zinc: bis(0,0’-di-(2-butyl/4-methyl-2-pentyl) dithiophOSphateWas

‘added, instead of the mixture of zinc bis(0,0’-di-(2-ethyl-1-hexyl)

dithiophosphate, zinc bis(O,0'-di-(2-butyl/4-methyl-2-pentyl) dithiophosphate and
zing bis(0,0'-di-(dodecylphenyl). dithiophosphate.

Comparative Example C

Comparative Example C was prepared according to Example 1 except only about
0.71 wt'% zinc bis(O,0’'-di-(2-ethyl-1-hexyl) dithiophosphale was added, instead

:of the mixture of.zinc bis(0,;0%di-(2-ethyl-1-hexyl) dithiophosphate, zinc bis(0,0'-

di-(2-butyl/4-methyl-2-pentyl) dithiophosphate and zinc bis(0,0'-di-
{(dodecylphenyl) dithiophosphate.

Comparative Example D

Comparative Example-D:was prepared according to Example 1 except about
0.81'wt % of a mixture of zinc bis (0,0'-di-(2-butyl/4-methyl-2-pentyl)
dithiophosphate and zinc bis (Q',O_’4di‘—(‘do,decyiphehyl)idithi'ophos'phate in about a
1:1 ratio were:added, instead of the mixture of zinc bis(O,0’-di-(2-ethyl-1-hexyl)
dithiophosphate, zinc bis(0,0’-di-(2-butyl/4-methyl-2-pentyl) dithiophosphate and
zinc bis(0,0'-di-(dodecylphenyl) dithiophosphate.

Comparative Example E

Comparative Example E was prepared according to Example 1 except about 0:94

wt % of a mixture of zine bis(0,0'-di-(2-ethyl-1-hexyl) dithiophosphate and zinc

bis(0,0’-di}(dodecyl_p_henyl) dithiophosphate in ‘about a 1:1 ratio were added,
instead. of the mixture of zinc bis(0,0'—di-(Z-.,ethyl-j.-.hexyl) dithiophosphate, zinc
bis(0,0'-di-(2-butyl/4-methyl-2-pentyl) dithiophosphate and zinc bis(Q,0’-di-
(dodecylpheriyl) dithiophosphate.
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Comparative Example F was prepared-according to Example 1 except about 0.59

wt% of a:mixture-of zinc bis(0,0"-di-(2-ethyl-1-hexyl) dithiophosphate and zinc

bis(©,0'-di=(2-buityl/4-methyl-2-pentyl) dithiophosphate in about a 1:1 ratio were
added, instead of the mixture.of zinc.bisﬁ(0,0"-di-(Z‘-ethyM;hexyl)
dithiophosphate, zin¢ bis(0,0'-di-(2-butyl/4-methyl-2-pentyl) dithiophosphate and

zinc bis(0,0"-di-(dodecylphenyl) dithiophesphate.

Each formulation according to Example: 1 and Comparative Example A-F were

tested for lead ¢orrosicn using the 'Hi_gh Temperature Corrosion Bench Test
(HTCBTHASTM D6594) which is-an industry standard-bench test to measure-

corrosion performance of a motor oil.. Briefly, four metal specimens of copper,
lead, tin, and phosphor-bronze are immersed in a measured amount of engine oil.
The gil, at:an elevated temperature; is blown with, air for a period of time. When

-the test is completed, the lead specimen and th_e«stressed oil are examined to

detect corrosion and corrosion products, respectively. A reference oil is tested
with.each group of tests to verify test acceptability.

The test results are summarized in-T.able [l.

Table ll. HTCBT Resuits

| ‘Example ‘Co‘mparative Examples
[ A | B | C | D] E F
Leédu _ . N , '
B 484 | 1134 | 934 | 305 | 646 | 87.3 | 994
PPM :

These results demonstrate that the low phosphorus lubricating oil composition of
the present invention (Example 1) containing a mixture of zinc primary dialkyl
dithiophosphate, zinc secondary dialkyl dithiophosphate and zinc diaryl
dithiophosphate.in-a1:1:1 ratio, and wherein the phosphorus content of the
lubricating oil compaosition. is less than 0.06 wt%, provides excellent lead

20



WO 2008/021901 PCT/US2007/075507

5 corrosion pefformance when compared:to the. comparative examples not having
-a.mixture of all three dithiophosphates. The amount of lead corrosion is
significantly reduced. by the lubricating oil composition of the present invention.
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What is claimed is:

. A lubricating.oil composition comprising a major amount of base oil of

lubricating. viscosity and a'minor amount of a mixture of a zinc primary
dialky! dithiophosphate,.a zinc secondary dialkyl dithiophosphate and a
zinc diaryl dithiqphos’phat_e wherein the respective ratio, based on the

phosphorus content, of the'zinc primary dialkyl dithiophosphate to zinc

secondary. dialkyl dithiophosphate is from about 2:1 to about 1:2 and

the ratio of the mixture of zinc primary dialky! dithiophosphate and zinc
$econdary:dialkyl dithiophosphate to zinc diaryl dithiophosphate is from
-about 6:1 to about 1:1-and wherein the lubricating oil composition has

less than about 0.06 wt % total phosphorus content, based on the total

weight of the lubricating oil composition.

. The lubricating oil composition according to Claim 1, wherein the minor

amount of the m’ix‘ture of zinc primary dialkyl dithiophosphate, zinc

secondary dialky! dithiophosphate and zinc diaryl dithiophosphate is

from about 0.1 wt % to about 1.5 wt %, based on the total weight of the
lubricating oil composition.

3. The .Iub_ricating oil composition,a'ccprding to Claim 1, wherein the minor

amouiit of the mixture of zinc primary dialkyl dithiophosphate, zinc
secondary dialkyl dithiophosphate and zinc diaryl dithiophosphate is
from about 0.3 wt % to about 1.2 wt %, basedon the total weight of the

lubricating oil composition.

. The lubricating oil composition according to Claim 1, wherein the minor

amount of the mixture of zinc primary dialkyl dithiophosphate, zinc
secondary dialkyl dithiophosphate and zinc diaryl dithiophosphate is
from about.0.5.wt % to about 1.0 wt %, based.on the total weight of the
lubricating oil: composition.

. The.lubricating oil composition according to:Claim 1, wherein the

mixture contains from about 0.05 wt% to about 1.2 wt % zinc primary
22



WO 2008/021901 PCT/US2007/075507

5 dialky! dithiophosphate, from about 0.05 wt % to about 1.2 wt % zinc
secondary-dialkyl dithiophosphate and from about 0.02 wt % to about
0.7 wt % zinc diaryl dithiophosphate; based on the total weight of the
IUbr‘icating.‘oil.COmlp‘OSition.

10 6.. The lubri_catingoil composition according to Claim 5, wherein the
mixture contains from about 0.1'wt % to 'about:0.7 wt % zinc primary
dialkyl dithiophosphate, from:about.0.1 wt % to-about 0.7 wt % zinc
‘secondary dialkyl dithiophosphate and from about 0.05 wt % to about
0:5 wt % zinc diaryl dithioﬁhOSpha‘te. based on the total weight of the

15 lubricating- oil composition. |

7. The lubricating oil composition-according to Claim 6, wherein the-
mixture. contains from about 0:2 wt % to about 0.5 wt % zinc primary
dialkyl dithiophosphate, from about 0.2 wt % to about 0.5 wt % zinc

20 secondary dialky! dithiophosphate and from about 0.1 wt %:to about
0.3 wt % zinc diaryl dithiophosphate, based on the total weight of the
lubricating. oil composition.

8. The lubricating oil composition.according to Claim 1, wherein the
25 primary alkyl group of the zinc primary dialky! dithiophosphate. has from
about C; to-about Cy3 carbon atoms.

9. The lubricating oil.composition according to Claim 8, wherein the
pr.imar”y'alkyl:grdup of the zinc primary dialkyl dithiophosphate has fram.

30 about C3 to about Cig carbon atoms.

10. The lubricating oil composition according to Claim 9, wherein the
primary alkyl group of the zinc primary dialkyl dithiophosphate has from
about Cs to about Cg carbon:atoms.

35

11. The.lubricating.oil composition according to Claim 1, wherein the
secondary alkyl group of the zinc.secondary dialkyl dithiophosphate
has.from about C; to-about Cy3 carbon atoms.
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12.The lubricating oil composition:according to Claim 11, wherein the
'secondary alkyl group of the zinc.secondary dialky! dithiophosphate
‘has:from about C3to about.Cg carbon atoms.

13.The lubricating oil composition according to Claim 12, wherein the
secondary alkyl group of the zinc-secondary dialkyl dithiophosphate
‘has.from.about.C; to about Cg carbon atoms.

14.The lubricating oil composition-according to Claim 1, wherein the aryl
group-of the zinc diaryl dithiophosphate has from about Cg to about Cso
carbon atoms.

15.The lubricating oil composition-according to Claim 14, wherein the aryl
group of the zinc diaryl dithiophosphate.has from-about Cs to about Cza

carbor ’atoms.

16.The lubricating. oil‘composition according to Claim 15, wherein the aryl
group of the zinc diaryl dithiophosphaté has.from about Cg to about Cao

c¢arbon atoms.

17.The!|u,b‘!:ica_ting_;oi'lgcom'p,os_it_ion according to'Claim 1, wherein the
respective ratio of zinc primary dialkyl dithiophosphate to zinc
secondary dialkyl dithiophosphate is a range from about 3:2 to ‘about
2:3, based on the phosphorus content.

18. The lubricating oil composition-according to Claim 17, wherein the
respective ratio-of zinc. primary dialkyl :dithiOpHosphate. to zinc
secondary dialkyl dithiophosphate'is about 1:1, based on the
phosphorus content.

19. The lubricating oil composition according to Claim 1, wherein the
respective ratio.of the mixture of zinc primary dialkyl dithiophosphate
and zinc secondary dialky! dithiophosphate to zinc diaryl
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dithiophosphate.is a range-from about 4:1'to about 1:1, based on the

phosphorus content.

20.The lubricating oil composition-according to Claim 19, wherein the
respectiveratio of the mixture-of zinc primary dialkyl dithiophosphate
-and zinc -_’s_'econda'ry dialkyl dithiophosphate:to zinc diary!

dithiophosphate is-a about 2:1, based on the.phosphorus content.

21.The lubricating oil composition according-to Claim 1, wherein the
~ respective ratio of the mixture of zinc primary dialkyl dithiophosphate to
zinc.secondary-dia‘lkyldithiophdsphate.té_zinc diaryl dithiophosphate is
1:1:1, based.on the phosphorus content.

22.The lubricating oil composition according:.to-Claim 1, wherein the total
phosphorus content of the Iubfibating;éil-cd‘r‘nposition in less than 0.05
wt %, based on the total weight of the lubricating oil composition.

23. The lubricating oil composition.according to Claim 1, wherein the total

sulfur content of the-lubricating oil composition in less than 0.5 wt %,
based on the total weight of the lubricating oil composition.

24.The lubricating oil composition according to Claim 23, wherein the total
sulfur content of the lubricating oil composition in less than 0.2 wt %,
based on the total weight of the lubricating oil composition.

' 25.The lubricating oil composition according to Claim 1, wherein the total

sulfated ash content of the lubricating oil composition in less than 1.2
wt: %, based on the total weight of the lubricating oil composition.

26:The Iubri‘catihg oil composition according to Claim'25, wherein the total

‘stilfated.ash content:of the lubricating oil composition in less than 1.0
wt %, basedon the total weight of the lubricating oil composition.
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5 27.The lubricating oil composition according to Claim 26, wherein the total
sulfated ash:content of the lubricating oil. composition in less than 0.8
wt %, based on the total weight of the lubricating oil composition.

28. A method for improving lead corrosion, said method comprising
10 :o_pe’r'a‘tin_g‘a,h internal combustion engine with a lubricating oil
composition comprising a major amount of base oil of lubricating
viscosity-and-a minor amount of a mixture of zinc primary dialkyl
dithiophosphate; zinc-secondary dialky! dithiophosphate and zinc diaryl
dithiophosphate wherein the. respective ratio, based on the phosphorus
1% -contfeh_t?,vaof the zinc primary dialkyl dithiophosphate to zinc secondary
dialky! dithiophosphate is from.about 2:1 to about 1:2 and the ratio of
the mixture of zinc primary dialkyl.dithiophosphate and zinc secondary
dialkyl dithiophosphate. to zinc diaryl dithiophosphate is from about 6:1
to-about 1:1 and wherein the-lubricating oil composition has.less than

20 about 0.06 wt % total phosphortis content, based on the total weight of

the lubricating oil composition..
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