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The embodiments described herein relate to particular formu 
lations and methods that provide reduced exhaust catalyst 
deactivation and/ or reduced oil consumption. 
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LUBRICANT FORMULATIONS AND 
METHODS 

TECHNICAL FIELD 

[0001] The embodiments described herein relate to particu 
lar formulations and methods that provide reduced exhaust 
catalyst deactivation and/ or reduced oil consumption. 

BACKGROUND 

[0002] For over ?fty (50) years automotive engine oils have 
been formulated With Zinc dialkyl dithio phosphate (ZDDP) 
resulting in loW levels of Wear, oxidation, and corrosion. The 
additive is truly ubiquitous and found in nearly every modern 
engine oil. It imparts multifunctional performance in the 
areas of anti-Wear, anti-oxidation, and anti-corrosion and is 
undeniably one of the most cost-effective additives in general 
use by engine oil manufacturers and marketers. It is, hoWever, 
knoWn to cause a signi?cant problem in the area of exhaust 
catalytic converters and oxygen sensors When the phosphorus 
from combusted oil forms an impermeable glaZe and masking 
the precious metal catalytic sites. As a result there is pressure 
by the automakers to control and reduce the amount of ZDDP 
used in engine oils to facilitate longer converter and oxygen 
sensor life, and to reduce the manufacturer’s initial costs of 
converters through loWer precious metal content. 

SUMMARY 

[0003] In an embodiment a lubricant composition may 
comprise a base oil having a NOACK volatility of from about 
5 to about 15: and a Zinc dialkyl dithio phosphate having a 
primary alkoxy moiety. The lubricant composition may be 
essentially free of Zinc dialkyl dithio phosphate having all 
secondary alkoxy moieties. 
[0004] In another embodiment a lubricant composition 
may comprise (a) a base oil having a NOACK volatility of 
from about 5 to about 15 and (b) the reaction product of: (i) 
about 50 to about 100 mol % of about C1 to about C18 
primary alcohol, (ii) up to about 50 mol % of about C3 to 
about C18 secondary alcohol; (iii) a phosphorus-containing 
component: and (iv) a Zinc-containing component. 
[0005] In another embodiment, a method for providing a 
decrease in catalyst deactivation in an automotive exhaust 
catalytic converter may comprise lubricating an engine With a 
lubricant composition comprising (a) a base oil having a 
NOACK volatility of from about 5 to about 15; and (b) a Zinc 
dialkyl dithio phosphate having a primary alkoxy moiety. The 
lubricant composition may be essentially free of Zinc dialkyl 
dithio phosphate having all-secondary alkoxy moieties. 
[0006] In another embodiment, a method for decreasing oil 
consumption in an engine may comprise lubricating an 
engine With a lubricant composition comprising (a) a base oil 
having a NOACK volatility of from about 5 to about 15; and 
(b) a Zinc dialkyl dithio phosphate having a primary alkoxy 
moiety. The lubricant composition may be essentially free of 
Zinc dialkyl dithio phosphate having all-secondary alkoxy 
moieties. The lubricant composition may decreases oil con 
sumption compared to a lubricant composition containing 
Zinc dialkyl dithio phosphate having all-secondary alkoxy 
moieties. 
[0007] In another embodiment, a method for lubricating an 
engine may comprise contacting said engine With a lubricant 
composition Wherein said lubricant composition comprises 
(a) a base oil having a NOACK volatility of from about 5 to 
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about 15; and (b) a Zinc dialkyl dithio phosphate having a 
primary alkoxy moiety. The lubricant composition may be 
essentially free of Zinc dialkyl dithio phosphate having all 
secondary alkoxy moieties. The lubricant composition may 
provide decreased oil consumption compared to a lubricant 
composition containing Zinc dialkyl dithio phosphate having 
all-secondary alkoxy moieties. Further, the lubricant compo 
sition may provide a decrease in catalyst deactivation in an 
automotive exhaust catalytic converter compared to a lubri 
cant composition containing Zinc dialkyl dithio phosphate 
having all-secondary alkoxy moieties. 
[0008] The compositions and methods described herein are 
particularly suitable for reducing exhaust catalyst deactiva 
tion and/or reducing oil consumption. Other features and 
advantages of the compositions and methods described 
herein may be evident by reference to the folloWing detailed 
description Which is intended to exemplify aspects of the 
embodiments Without intending to limit the embodiments 
described herein. 

[0009] It is to be understood that both the foregoing general 
description and the folloWing detailed description are exem 
plary and explanatory only and are intended to provide further 
explanation of the embodiments disclosed and claimed. 

DETAILED DESCRIPTION 

[0010] Lubricant compositions according to embodiments 
described herein may comprise a base oil and a Zinc dialkyl 
dithio phosphate having a primary alkyl moiety, Wherein the 
lubricant composition is essentially free of Zinc dialkyl dithio 
phosphate having a secondary alkyl moiety. 
[0011] The lubricant compositions may be suitable for use 
in a variety of applications, including but not limited to engine 
oil applications and/ or heavy duty engine oil applications. 
Examples may include the crankcase and/ or the catalytic 
converter for a variety of applications including spark-ignited 
and compression-ignited internal combustion engines, auto 
mobile and truck engines, marine and railroad diesel engines, 
and the like. 

[0012] The lubricant compositions may comprise a base oil 
and one or more suitable additive components. The additive 
components may be combined to form an additive package 
Which is combined With the base oil. Or, alternatively, the 
additive components may be combined directly With the base 
oil. 

Base Oil 

[0013] Base oils suitable for use With present embodiments 
may comprise one ore more oils of lubricating viscosity such 
as mineral (or natural) oils, synthetic lubricating oils, veg 
etable oils, and mixtures thereof. Such base oils include those 
conventionally employed as crankcase lubricating oils for 
spark-ignited and compression-ignited internal combustion 
engines, such as automobile and truck engines, marine and 
railroad diesel engines, and the like. Suitable base oils may 
have a NOACK volatility of from about 5 to about 15. As 
another example, suitable base oils may have a NOACK 
volatility of from about 10 to about 15. As even further 
example suitable base oils may have a NOACK volatility of 
from about 9 to about 13. Base oils are typically classi?ed as 
Group I, Group II, Group III, Group IV and Group V, as 
described in Table 1 below. 
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TABLE 1 

Group IiV Base Oils 

Base Oil % Sulfur % Saturates Viscosity Index 

Group I >0.03 and/or <90 80*120 
Group II 20.03 and/or 290 80*120 
Group III 20.03 and/or 290 Z 120 
Group IV * 
Group V * * 

* Group IV base oils are de?ned as all polyalphaole?ns 
** Group V base oils are de?ned as all other base oils not included in 
Groups I, II, III and IV and may include gas to liquid base oils. 

[0014] Non-limiting examples of synthetic base oils 
include alkyl esters of dicarboxylic acids, polyglycols and 
alcohols, poly-alpha-ole?ns, including polybutenes, alkyl 
benZenes, organic esters of phosphoric acids, polysilicone 
oils, and alkylene oxide polymers, interpolymers, copoly 
mers and derivatives thereof Where the terminal hydroxyl 
groups have been modi?ed by esteri?cation, etheri?cation, 
and the like. 

[0015] Mineral base oils include, but are not limited to, 
animal oils and vegetable oils (e.g., castor oil, lard oil), liquid 
petroleum oils and hydrore?ned, solvent-treated or acid 
treated mineral lubricating oils of the para?inic, naphthenic 
and mixed para?inic-naphthenic types. Oils of lubricating 
viscosity derived from coal or shale are also useful base oils. 

ZDDP Component 

[0016] Lubricant compositions disclosed herein may com 
prise a Zinc dialkyl dithio phosphate (ZDDP) having a pri 
mary alkoxy moiety. The lubricant composition is essentially 
free of ZDDP having all-secondary alkoxy moieties. Further, 
the total amount of phosphorus in the lubricant composition 
may comprise less than about 20% phosphorus derived from 
Zinc dialkyl dithio phosphate having all-secondary alkoxy 
moieties. As another example, the total amount of pho sphorus 
in the lubricant composition may comprise less than about 
15% phosphorus derived from Zinc dialkyl dithio phosphate 
having all-secondary alkoxy moieties. As another example, 
the total amount of phosphorus in the lubricant composition 
may comprise less than about 10% phosphorus derived from 
Zinc dialkyl dithio phosphate having all-secondary alkoxy 
moieties. 

[0017] The lubricant composition may comprise ZDDP 
having a primary alkoxy moiety in an amount su?icient to 
contribute from about 0.03 Wt % to about 0.15 Wt % phos 
phorus in the lubricant composition. The lubricant composi 
tion may also further comprise a ZDDP having both primary 
and secondary alkoxy moieties. The ZDDP having both pri 
mary and secondary alkoxy moieties may be present in an 
amount su?icient to contribute from about 0.03 Wt % to about 
0.15 Wt % phosphorus in the lubricant composition. 
[0018] Suitable ZDDPs may be prepared from speci?c 
amounts of primary and secondary alcohols. For example, the 
alcohols may be combined in a ratio of from about 100:0 to 
about 50:50 primary-to-secondary alcohols. As an even fur 
ther example, the alcohols may be combined in a ratio of 
about 60:40 primary-to-secondary alcohols. An example of a 
suitable ZDDP may comprise the reaction product obtained 
by combining: (i) about 50 to about 100 mol % of about C1 to 
about C18 primary alcohol; (ii) up to about 50 mol % of about 
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C3 to C18 secondary alcohol; (iii) a phosphorus-containing 
component; and (iv) a Zinc-containing component. As a fur 
ther example, the primary alcohol may be a mixture of from 
about C1 to about C18 alcohols. As an even further example, 

the primary alcohol may be a mixture of a C4 and a C8 
alcohol. The secondary alcohol may also be a mixture of 
alcohols. As an example, the secondary alcohol may com 
prise a C3 alcohol. The alcohols may contain any of branched, 
cyclic, or straight chains. 

[0019] The ZDDP may comprise the combination of about 
60 mol % primary alcohol and about 40 mol % secondary 
alcohol. 

[0020] The phosphorus-containing component may com 
prise any suitable phosphorus-containing component such as, 
but not limited to a phosphorus sul?de. Suitable phosphorus 
sul?des may include phosphorus pentasul?de or tetraphos 
phorus trisul?de. 
[0021] The Zinc-containing component may comprise any 
suitable Zinc-containing component such as, but not limited 
to Zinc oxide, Zinc hydroxide, Zinc carbonate, Zinc propylate, 
Zinc chloride, Zinc propionate, or Zinc acetate. 

[0022] The reaction product may comprise a resulting mix 
ture, component, or mixture of components. The reaction 
product may or may not include unreacted reactants, chemi 
cally bonded components, products, or polar bonded compo 
nents. 

Optional Components 

[0023] The lubricant compositions described herein may 
comprise one or more additional additive components. Suit 
able additive components may include, but are not limited to 
dispersants, oxidation inhibitors (i.e., antioxidants), friction 
modi?ers, viscosity modi?ers, rust inhibitors, demulsi?ers, 
pour point depressants, antifoamants, and seal sWell agents. 
Each of the foregoing additives, When used, is used at a 
functionally effective amount to impart the desired properties 
to the lubricant. Thus, for example, if an additive is a corro 
sion inhibitor, a functionally effective amount of this corro 
sion inhibitor Would be an amount su?icient to impart the 
desired corrosion inhibition characteristics to the lubricant. 
Generally, the concentration of each of these additives, When 
used, ranges up to about 20% by Weight based on the Weight 
of the lubricant composition, and in one embodiment from 
about 0.001% to about 20% by Weight, and in one embodi 
ment about 0.01% to about 10% by Weight based on the 
Weight of the lubricant composition. 
[0024] The use of all-primary alcohol ZDDP anti-Wear 
chemistry has been shoWn to provide tWo bene?ts over oils 
formulated With all-secondary alcohol ZDDP’s. It reduced 
the amount of exhaust catalyst deactivation related to chemi 
cal poisoning and it reduced the amount of oil consumption. 
These ?ndings Were unexpected because the phosphorus 
volatility of the oil containing the all-primary component has 
been characterized by the Phosphorus Emissions Index test 
(PEI at 2500 C.) as being exceptionally high relative to for 
mulations containing the all-secondary alcohol ZDDP. (As 
used herein, “PEI” is intended to be the same as “PEI at 2500 
C.”). The PEI test measuring phosphorus volatility has been 
proposed by the Savant Corporation, automakers, and others 
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as a means to assess and control passenger car engine oil 

phosphorus volatility, thereby limiting the degradation of 
exhaust catalytic converters and extending their service life. 
The present embodiments shoW, surprisingly, that the oppo 
site is true. 

EXAMPLES 

[0025] The folloWing examples are given for the purpose of 
exemplifying aspects of the embodiments and are not 
intended to limit the embodiments in any Way. 

[0026] Inventive and comparative ?uids Were tested in a 
catalyst test designed by Afton Chemical Corporation (here 
inafter the “Afton Catalyst Test”) to simulate a Ford vehicle 
cruising at approximately 70 mph. In the test, a neW close 
coupled catalytic converter Was attached to an engine that Was 
operated for 10 days. To exacerbate phosphorus volatility 
related effects, the oil in the engine Was changed every 24 
hours, and the oil and coolant temperatures Were elevated to 
150 and 1220 C., respectively. Oil consumption Was accu 
rately determined by Weighing the mass removed and sub 
tracting this value from the mass that Was installed. The 
operating conditions of the Afton Catalyst Test are listed in 
Table 2. 

TABLE 2 

Operating Conditions of Afton Catalyst Test 

Test Engine: Ford SOHC 4.6L V8 operated on unleaded 
gasoline 

Test Fuel: EEE Emissions-grade gasoline 
Test Catalyst: Ford Part Number 3W1Z-5E212-GB 
Test Duration: 240 hours 
Oil Change Interval: 24 hours 
Oil Charge: 4500 grams 
Engine Speed: 2000 rpm 
Oil Temperature: 150° C. 
Coolant Temperature: 122° C. 
Catalyst Inlet Temperature: 550° C. 
Fuel Consumption: 10.7 kg/hr 

[0027] Formulations Were tested in the Afton Catalyst Test 
using formulations containing 15% NOACK volatility oils. 
The comparative formulation included a typical all-second 
ary alcohol ZDDP With loW PEI. The inventive formulation 
included an all-primary alcohol ZDDP With high PEI. Table 3 
shoWs the results of the testing. As shoWn in the results the 
inventive formulation retained more phosphorus in the used 
oil, gave less catalyst deactivation, and produced loWer oil 
consumption than the comparative formulation. 
[0028] Oil consumption is indicated by grams/hour. The 
amount of catalyst deactivation Was measured by the loss in 
“T50” light-off time. T50 is used in emissions testing to 
describe the temperature at Which 50% conversion e?iciency 
takes place. Maintaining a loWer T50 temperature is desirable 
because this leads to overall loWer emissions. 

TABLE 3 

Inventive Formulation Comparative Formulation 

NOACK, % 15 15 
PEI (at 250° C.), mg/L 90 11 
ZDDP Type Primary Secondary 
Phosphorus, Wt % 0.10 0.10 
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TABLE 3-continued 

Inventive Formulation Comparative Formulation 

Oil Consumption, gh 30 33 
Phosphorus Retention, 82.8 81.6 
% 
Catalyst T50 Increase 

HC, ° C. 19 35 

CO, ° C. 28 66 

NOX, ° C. 28 60 

[0029] At numerous places throughout this speci?cation, 
reference has been made to a number of US. patents and 
publications. All such cited documents are expressly incor 
porated in full into this disclosure as if fully set forth herein. 
[0030] The foregoing embodiments are susceptible to con 
siderable variation in its practice. Accordingly, the embodi 
ments are not intended to be limited to the speci?c exempli 
?cations set forth hereinabove. Rather, the foregoing 
embodiments are Within the spirit and scope of the appended 
claims, including the equivalents thereof available as a matter 
of laW. 
[0031] The patentees do not intend to dedicate any dis 
closed embodiments to the public, and to the extent any 
disclosed modi?cations or alterations may not literally fall 
Within the scope of the claims, they are considered to be part 
hereof under the doctrine of equivalents. 
What is claimed is: 
1. A lubricant composition comprising: 
(a) a base oil having a NOACK volatility of from about 5 to 

about 15; and 
(b) a Zinc dialkyl dithio phosphate having a primary alkoxy 

moiety, 
Wherein the lubricant composition is essentially free of 

Zinc dialkyl dithio phosphate having all-secondary 
alkoxy moieties. 

2. The lubricant composition of claim 1, Wherein the lubri 
cant composition is an engine oil. 

3. The lubricant composition of claim 1, Wherein the lubri 
cant composition is a heavy duty engine oil. 

4. The lubricant composition of claim 1, Wherein the base 
oil has a NOACK volatility of from about 10 to about 15. 

5. The lubricant composition of claim 4, Wherein the base 
oil has a NOACK volatility of from about 9 to about 13. 

6. The lubricant composition of claim 1, Wherein the base 
oil comprises a mineral oil, a synthetic oil, or a mixture 
thereof. 

7. The lubricant composition of claim 1, Wherein the base 
oil comprises on or more of a member selected from the group 
consisting of: a group I base oil, a group II base oil, a group III 
base oil, a group IV base oil, and a group V base oil. 

8. The lubricant composition of claim 1, Wherein the total 
amount of phosphorus in the lubricant composition com 
prises less than about 20% phosphorus derived from Zinc 
dialkyl dithio phosphate having all-secondary alkoxy moi 
eties. 

9. The lubricant composition of claim 1, Wherein the total 
amount of phosphorus in the lubricant composition com 
prises less than about 15% phosphorus derived from Zinc 
dialkyl dithio phosphate having all-secondary alkoxy moi 
eties. 

10. The lubricant composition of claim 1, Wherein the total 
amount of phosphorus in the lubricant composition com 
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prises less than about 10% phosphorus derived from Zinc 
dialkyl dithio phosphate having all-secondary alkoxy moi 
eties. 

11. The lubricant composition of claim 1, Wherein the Zinc 
dialkyl dithio phosphate having a primary alkoxy moiety is 
present in an amount su?icient to contribute from about 0.03 
Wt % to about 0.15 Wt % phosphorus in the lubricant compo 
sition. 

12. The lubricant composition of claim 1, Wherein the 
lubricant composition further comprises a Zinc dialkyl dithio 
phosphate having both primary and secondary alkoxy moi 
eties. 

13. The lubricant composition of claim 12, Wherein the 
Zinc dialkyl dithio phosphate having both primary and sec 
ondary alkoxy moieties is present in an amount suf?cient to 
contribute from about 0.03 Wt % to about 0.15 Wt % of 
phosphorus in the lubricant composition. 

14. A lubricant composition comprising 
(a) a base oil having a NOACK volatility of from about 5 to 

about 15 and 
(b) the reaction product of: 

(i) about 50 to about 100 mol % ofabout C1 to about C1 8 
primary alcohol; 

(ii) up to about 50 mol % of about C3 to about C18 
secondary alcohol; 

(iii) a phosphorus-containing component; and 
(iv) a Zinc-containing component. 

15. The lubricant composition of claim 14, Wherein the 
phosphorus component comprises phosphorus pentasul?de. 

16. The lubricant composition of claim 14, Wherein the 
Zinc component comprises Zinc oxide. 

17. A method for providing a decrease in catalyst deacti 
vation in an automotive exhaust catalytic converter, compris 
ing lubricating an engine With a lubricant composition com 
prising: 

(a) a base oil having a NOACK volatility of from about 5 to 
about 15; and 
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(b) a Zinc dialkyl dithio phosphate having a primary alkoxy 
moiety, Wherein the lubricant composition is essentially 
free of Zinc dialkyl dithio phosphate having all-second 
ary alkoxy moieties. 

18. A method for decreasing oil consumption in an engine, 
comprising lubricating an engine With a lubricant composi 
tion comprising: 

(a) a base oil having a NOACK volatility of from about 5 to 
about 15; and 

(b) a Zinc dialkyl dithio phosphate having a primary alkoxy 
moiety, Wherein the lubricant composition is essentially 
free of Zinc dialkyl dithio phosphate having all-second 
ary alkoxy moieties. 

19. The method of claim 18, Wherein the lubricant compo 
sition decreases oil consumption compared to a lubricant 
composition containing Zinc dialkyl dithio phosphate having 
all-secondary alkoxy moieties. 

20. The method of claim 18, Wherein the engine includes an 
internal combustion engine having a crankcase and Wherein 
the lubricant composition comprises a crankcase oil present 
in the crankcase of the engine. 

21. A method for lubricating an engine, comprising: 
contacting said engine With a lubricant composition 

Wherein said lubricant composition comprises: 
(a) a base oil having a NOACK volatility of from about 5 to 

about 15; and 
(b) a Zinc dialkyl dithio phosphate having a primary alkoxy 

moiety, Wherein the lubricant composition is essentially 
free of Zinc dialkyl dithio phosphate having all-second 
ary alkoxy moieties. 

22. The method of claim 21, Wherein the lubricant compo 
sition provides decreased oil consumption compared to a 
lubricant composition containing Zinc dialkyl dithio phos 
phate having all-secondary alkoxy moieties. 

23. The method of claim 21, Wherein the lubricant compo 
sition provides a decrease in catalyst deactivation in an auto 
motive exhaust catalytic converter compared to a lubricant 
composition containing Zinc dialkyl dithio phosphate having 
all-secondary alkoxy moieties. 

* * * * * 


