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(1) an ethylene carbonate post-treated bis-succinimide; 

(2) a borated bis-succinimide dispersant; 

(3) 400 ppm of calcium from an overbased calcium phenate detergent; 

(4) 770 ppm of phosphorus of a secondary ZnDTP; 

(5) 180 ppm of Mo from a sulfurized molybdenum succinimide complex; 

(6) an alkylated diphenylamine antioxidant; 

(7) a foam inhibitor; 

(8) an OCP VII; and 

(9) the remainder, a Group II base oil.  

Example 20

[00157] To formulation baseline 6 was added 0.5 wt% of the friction modifier of 

Example A. 

Comparative Example 3 

[00158] To formulation baseline 6 was added 0.3 wt% of the friction modifier of 

Comparative Example B. 

Baseline 7

[00159] A passenger car lubricating oil composition was prepared that contained a 

major amount of a base oil of lubricating viscosity and the following additives, to provide a 

finished oil having an SAE viscosity of 5W-20 and has a sulfated ash of 1.0 wt.%: 

(1) an ethylene carbonate post-treated bis-succinimide; 

(2) a borated bis-succinimide dispersant; 

(3) 2190 ppm of calcium from an overbased calcium phenate and calcium 

salicylate detergents; 

(4) 770 ppm of phosphorus of a secondary ZnDTP; 

(5) 180 ppm of Mo from a sulfurized molybdenum succinimide complex; 

(6) an alkylated diphenylamine antioxidant; 

(7) a foam inhibitor; 

(8) an OCP VII; and  

(9) the remainder, a Group II base oil.  

Example 21

[00160] To formulation baseline 7 was added 0.5 wt% of the friction modifier of 

Example A. 
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Comparative Example 4 

[00161] To formulation baseline 7 was added 0.3 wt% of the friction modifier of 

Comparative Example B. 

Mini-Traction Machine (MTM)

[00162] The compositions described above were tested for friction performance in a 

MTM bench test. The MTM is manufactured by PCS Instruments and operates with a ball (0.75 

inches in diameter 8620 steel ball) loaded against a rotating disk (52100 steel). The conditions 

employ a load of approximately 10-30 Newtons, a speed of approximately 10-2000 mm/s and 

a temperature of approximately 125-150° C. In this bench test, friction performance is 

measured as the total area under the second Stribeck curve generated. Lower total area values 

correspond to better friction performance. Results are given in Table 5. 

Table 5 

MTM Result (Area under 

Stribeck Curve) 

Baseline 5 114.6

Example 19 45.0

Comparative 

Example 2 

103.7

Baseline 6 183.0

Example 20 79.2

Comparative 

Example 3 

146.0

Baseline 67 176.7

Example 21 109.3

Comparative 

Example 4 

132.6

The data in Table 5 clearly show that the examples of the present disclosure provide reduced 

friction and therefore improved fuel economy in internal combustion engines. 
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WHAT IS CLAIMED IS: 

1. A passenger car internal combustion engine lubricating oil composition 

comprising: 

(a) a major amount of a base oil of lubricating viscosity, said base oil having a 

kinematic viscosity (Kv) at 100°C of 2.0 to 12 centistokes (cSt); 

(b) a nitrogen-containing dispersant; 

(c) an alkaline earth metal containing detergent providing from 0.03 to 0.7 wt.% 

metal content relative to the lubricating oil composition; 

(d) 0.01 wt.% to 2.0 wt.% of a compound comprising the reaction product of:  

(i) a nitrogen-containing reactant, wherein the nitrogen-containing 

reactant comprises an alkyl alkanolamide, an alkyl alkoxylated alkanolamide, 

an alkyl alkanolamine, an alkyl alkoxylated alkanolamine or mixtures thereof,  

(ii) a boron-containing compound, and 

(iii) a hydrocarbyl polyol, having at least three hydroxyl groups. 

2. The lubricating oil composition of claim 1, wherein the nitrogen-containing reactant is 

an alkyl alkanolamide, an alkyl alkoxylated alkanolamide, an alkyl alkanolamine, an 

alkyl alkoxylated alkanolamine or mixtures thereof comprising a compound 

represented by formula IV or a compound represented by formula II

. 

3. The lubricating oil composition of claim 2, wherein the alkyl group in the compound 

represented by formula IV comprises oleyl, dodecyl, or 2-ethylhexyl. 

4. The lubricating oil composition of claim 2, wherein the alkyl group in the compound 

represented by formula II is derived from coconut oil. 

5. The lubricating oil composition of claim 1, wherein the boron-containing compound is 

boric acid. 

6. The lubricating oil composition of claim 1, wherein the hydrocarbyl polyol comprises 

glycerol or pentaerythritol. 

7. The lubricating oil composition of claim 1, wherein the lubricating oil composition has 

a HTHS viscosity at 150 oC in a range of 1.3 to 3.5 cP. 
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8. The lubricating oil composition of claim 1, wherein the alkaline earth metal detergent 

is selected from the group consisting of a calcium or magnesium containing salicylate, 

carboxylate, phenate, sulfonate, or combination thereof. 

9. The lubricating oil composition of claim 1, wherein the lubricating oil composition 

further comprises a organomolybdenum compound. 

10. The lubricating oil composition of claim 1, further comprising a ZnDTP compound.  

11. The lubricating oil composition of claim 1, wherein the phosphorus content of the 

lubricating oil composition is less than 0.08 wt.%.  

12. The lubricating oil composition of claim 1, wherein the lubricating oil composition has 

a sulfated ash level of less than 1.6 wt.%, less than 1.3 wt.%, less than 1.0 wt.%, less 

than 0.8 wt.%, less than 0.6 wt.%, or less than 0.3 wt.%. 

13. A method for improving fresh oil or used oil fuel economy in a passenger car internal 

combustion engine comprising lubricating said engine with a lubricating oil 

composition comprising: 

(a) a major amount of a base oil of lubricating viscosity, said base oil having a kinematic 

viscosity (Kv) at 100°C of 2.0 to 12 centistokes (cSt); 

(b) a nitrogen-containing dispersant; 

(c) an alkaline earth metal containing detergent providing from 0.03 to 0.7 wt.% metal 

content relative to the lubricating oil composition; 

(d) 0.01 wt.% to 2.0 wt.% of a compound comprising the reaction product of:  

(i) a nitrogen-containing reactant, wherein the nitrogen-containing reactant 

comprises an alkyl alkanolamide, an alkyl alkoxylated alkanolamide, an alkyl 

alkanolamine, an alkyl alkoxylated alkanolamine or mixtures thereof,  

(ii) a boron-containing compound, and 

(iii) a hydrocarbyl polyol, having at least three hydroxyl groups. 

14. The method of claim 13 wherein the internal combustion engine is selected from a 

direct injection spark ignition engine and a port fuel injection spark ignition engine 

coupled to an electric motor/battery system in a hybrid vehicle. 

15. The method of claim 13, wherein engine is equipped with a gasoline particulate filter. 

16. A heavy-duty diesel internal combustion engine lubricating oil additive composition 

comprising: 

(a) a major amount of a base oil of lubricating viscosity, said base oil having a kinematic 

viscosity (Kv) at 100°C of 2.0 to 12 centistokes (cSt); 

(b) a nitrogen-containing dispersant; 
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(c) an alkaline earth metal containing detergent providing from 0.03 to.7 wt.% metal 

content relative to the lubricating oil composition; 

(d) from greater than 0.30 wt.% to 2.0 wt.% of a compound comprising the reaction 

product of:  

(i) a nitrogen-containing reactant, wherein the nitrogen-containing reactant 

comprises an alkyl alkanolamide, an alkyl alkoxylated alkanolamide, an alkyl 

alkanolamine, an alkyl alkoxylated alkanolamine or mixtures thereof,  

(ii) a boron-containing compound, and 

(iii) a hydrocarbyl polyol, having at least three hydroxyl groups. 

17. The lubricating oil composition of claim 16, wherein the nitrogen-containing reactant 

is an alkyl alkanolamide, an alkyl alkoxylated alkanolamide, an alkyl alkanolamine, an 

alkyl alkoxylated alkanolamine or mixtures thereof comprising a compound 

represented by formula IV  or a compound represented by formula II

. 

18. The lubricating oil composition of claim 17, wherein the alkyl group in the compound 

represented by formula IV comprises oleyl, dodecyl, or 2-ethylhexyl. 

19. The lubricating oil composition of claim 17, wherein the alkyl group in the compound 

represented by formula II e is derived from coconut oil. 

20. The lubricating oil composition of claim 16, wherein the boron-containing compound 

is boric acid. 

21. The lubricating oil composition of claim 16, wherein the hydrocarbyl polyol comprises 

glycerol or pentaerythritol. 

22. The lubricating oil composition of claim 16, wherein the lubricating oil composition 

has a HTHS viscosity at 150 oC in a range of 2.5 to 3.5 cP. 

23. The lubricating oil composition of claim 16, wherein the alkaline earth metal detergent 

is selected from the group consisting of a calcium or magnesium containing salicylate, 

carboxylate, phenate, sulfonate, or combination thereof. 

24. The lubricating oil composition of claim 16, wherein the lubricating oil composition 

further comprises a organomolybdenum compound. 

25. The lubricating oil composition of claim 16, further comprising a ZnDTP compound.  
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26. The lubricating oil composition of claim 16, wherein the phosphorus content of the 

lubricating oil composition is less than 0.08 wt.%.  

27. The lubricating oil composition of claim 16, wherein the lubricating oil composition is 

substantially free of phosphorus containing additives. 

28. The lubricating oil composition of claim 16, wherein the lubricating oil composition is 

substantially free of zinc containing additives. 

29. The lubricating oil composition of claim 16, wherein the lubricating oil composition 

has a sulfated ash level of less than 1.6 wt.%, less than 1.3 wt.%, less than 1.0 wt.%, 

less than 0.8 wt.%, less than 0.6 wt.%, or less than 0.3 wt.%. 

30. A method for improving fresh oil or used oil fuel fuel economy in a heavy-duty diesel 

internal combustion engine comprising lubricating said engine with a lubricating oil 

additive composition comprising: 

(a) a major amount of a base oil of lubricating viscosity, said base oil having a 

kinematic viscosity (Kv) at 100°C of 2.0 to 12 centistokes (cSt); 

(b) a nitrogen-containing dispersant; 

(c) an alkaline earth metal containing detergent providing from 0.03 to 0.7 wt.% 

metal content relative to the lubricating oil composition; 

(d) from greater than 0.30 wt.% to 2.0 wt.% of a compound comprising the 

reaction product of:  

(i) a nitrogen-containing reactant, wherein the nitrogen-containing reactant 

comprises an alkyl alkanolamide, an alkyl alkoxylated alkanolamide, an alkyl 

alkanolamine, an alkyl alkoxylated alkanolamine or mixtures thereof,  

(ii) a boron-containing compound, and 

(iii) a hydrocarbyl polyol, having at least three hydroxyl groups. 

31.  The method of claim 30, wherein the engine is equipped with a diesel particulate filter. 


