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propylene copolymer backbone in the presence of a solvent.  The grafted ethylene-propylene 

copolymer is then reacted with an N-arylphenylene diamine in the presence of a surfactant to 

provide the multi-functional olefin copolymer viscosity modifiers. 

[0009] There remains a need to provide viscosity modifiers for lubricant compositions 

that enable the lubricant compositions to meet the SAE J300 standards while also providing 

lubricant compositions that exhibit improved fuel economy and desirable low temperature 

properties. The present invention provides grafted, multi-functional olefin copolymers, which 

when formulated into lubricating compositions provide good thickening power (TP), 

relatively low HTHS viscosity, good frictional and cold start properties, excellent 

dispersancy, and can provide improved fuel economy.   

 

SUMMARY AND TERMS 

[0010] The present disclosure relates to a functionalized polymer comprising a 

reaction product obtainable by reaction of a hydrocarbon polymer grafted with an acylating 

agent that is reacted with both: 

i) a hydrocarbyl substituted poly(oxyalkylene) amine and/or a poly(oxyalkylene) 

alcohol and 

ii) a polyamine. 

[0010a]  In one aspect of the present disclosure, there is provided a 

functionalized polymer which is a reaction product obtainable by a process comprising steps 

of  

reacting an olefin (co)polymer grafted with an acylating agent with: 

i) 1-99 mol% of a hydrocarbyl substituted poly(oxyalkylene) amine and/or a 

hydrocarbyl substituted poly(oxyalkylene) alcohol, and 

ii) 1-99 mol% of a polyamine,  

wherein both molar percentages are based on total moles of components i) and ii) and 

components i) and ii) can be added any order. 

[0010b]  In another aspect of the present disclosure, there is provided a viscosity 

modifier concentrate comprising: 

 greater than 50 wt.% of a base oil; and 
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5 to less than 50 wt.% of a functionalized polymer as claimed in claim 1, both based 

on a total weight of the additive concentrate. 

[0010c]  In a further aspect of the present disclosure, there is provided a 

lubricating composition comprising: 

 greater than 50 wt.% of a base oil; and 

0.001-10 wt.% of a  functionalized polymer disclosed herein, both based on the total 

weight of the lubricating composition. 

[0010d]  In another aspect of the present disclosure, there is provided a method 

of improving the fuel economy of an engine comprising the steps of lubricating the engine 

with engine oil disclosed herein, and operating the engine. 

[0011] In some examples, the hydrocarbyl substituted poly(oxyalkylene) amine may 

be represented by the formula I: 

R1—(O—CHR2—CHR3)x-A      I 

wherein R1 is a hydrocarbyl group having from about 1 to about 35 carbon atoms; R2 and R3 

are each independently hydrogen, methyl, or ethyl and each R2 and R3 are independently 

selected in each —O—CHR2—CHR3— unit; A is amino, —CH2-amino or N-alkyl amino 

having about 1 to 10 carbon atoms; and x is an integer from about 2 to about 45.   

[0012] In some examples, the hydrocarbyl substituted poly(oxyalkylene) amine may 

have the formula II: 

R4
O

O

R5

A'

ba

 

II 
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wherein R4 is a hydrocarbyl group having from about 1 to about 35 carbon atoms, R5 is 

independently hydrogen or a C1-C10 alkyl group for each repeat unit, R6 is hydrogen or a C1-

C10 alkyl group, A’ is –NH-R6, R6 is hydrogen or a C1-C10 alkyl group, and a and b are 

integers such that a+b is from 2 to 45.   

[0013] In the foregoing examples, a may be an integer of from 1 to 30 and b may be 

an integer of from 1 to 44.  In the foregoing examples, a may be an integer of from 1 to 15 

and b may be an integer of from 10 to 40.   

[0014] In each of the foregoing examples, component i) may include a hydrocarbyl-

substituted poly(oxyalkylene) alcohol of the formula: 

R1—(O—CHR2—CHR3)x-R19-OH 

wherein R1 is a hydrocarbyl group having from about 1 to about 35 carbon atoms; R2 and R3 

are each independently hydrogen, methyl, or ethyl and each R2 and R3 are independently 

selected in each —O—CHR2—CHR3— unit;  R19 is nothing or a C1-C10 alkylene group; and 

x is an integer from about 2 to about 45.   

[0015] In each of the foregoing examples, the hydrocarbon polymer may include a 

polyisobutylene.  In each of the foregoing embodiments, the hydrocarbon polymer may 

include a hydrogenated styrene-butadiene star copolymer. 

[0016] In each of the foregoing examples, the hydrocarbon polymer may include a 

copolymer of ethylene and one or more C3-C28 alpha olefins.  The copolymer of ethylene and 

one or more C3-C28 alpha olefins may have a number average molecular weight of 5,000 to 

250,000 amu and comprises 10-80 wt.% of ethylene and 20-90 wt.% of the one or more C3-

C28 alpha olefins.   

[0017] In each of the foregoing examples, the hydrocarbon polymer may contain 0.15 

to 0.75 carboxylic groups per 1000 number average molecular weight units of the polymer 

backbone, or from 0.3 to 0.75 carboxylic groups per 1000 number average molecular weight 

units of the polymer backbone. 

[0018] In each of the foregoing examples, the polyamine may be selected from the 

group consisting of:   
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[0019] In each of the foregoing examples, the polyamine may be represented by the 

formula III: 

R7 N

H
R8

R9  

III 

wherein R7 is hydrogen, -NH-aryl, -NH-arylalkyl, -NH-alkyl or a branched or straight chain 

radical having from 4 to 24 carbon atoms that can be alkyl, alkenyl, alkoxyl, aralkyl, alkaryl, 

hydroxyalkyl or aminoalkyl; R8 is --NH2, CH2 --(CH2)n --NH2, CH2 -aryl-NH2, in which n has a 

value from 1 to 10; and R9 is hydrogen, alkyl, alkenyl, alkoxyl, aralkyl, alkaryl having from 4 to 

24 carbon atoms. 

[0020] In each of the foregoing examples, the polyamine may be selected from the group 

consisting of N-phenyl-1,4-phenylenediamine, N-phenyl-1,3-phenylendiamine, and N-phenyl-

1,2-phenylenediamine.   

[0021] In some of the foregoing examples, the polyamine may be selected from the 

group consisting of ethylene diamine, propane diamine, butane diamine, diethylene triamine, 

triethylene tetramine, pentaethylene hexamine, aminoethyl piperazine, tetraethylene pentamine, 

N-methyl-1,3-propane diamine, N,N’-dimethyl-1,3-propane diamine, aminoguanidine 

bicarbonate, and amine bottoms.  In such case, the functionalized polymer may be post treated 

with one of: a) a non-aromatic dicarboxylic acid or anhydride, b) an aromatic carboxylic acid, an 

aromatic polycarboxylic acid, or an aromatic anhydride wherein all carboxylic acid or anhydride 

group(s) are attached directly to an aromatic ring, and c) a combination of both of components a) 

and b). 

[0022] In each of the foregoing examples, the hydrocarbon polymer may be grafted with 

maleic anhydride.   

[0023] In other examples, the disclosure includes a concentrate comprising greater than 

50 wt.% of a base oil; and 5 to less than 50 wt.% of a functionalized polymer as claimed claim 1, 

both based on a total weight of the additive concentrate. 

[0024] In other examples, the disclosure includes a lubricating composition including 

greater than 50 wt.% of a base oil; and 0.1-20 wt.% of any of the foregoing functionalized 

polymers, both based on a total weight of the lubricating composition.’ 
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[0025] In each of the foregoing lubricating compositions, the total amount of 

functionalized polymer may be from about 0.1 wt.% to about 12 wt.%, based on the total 

weight of the lubricating composition, or from about 0.5 wt.% to about 10 wt.%, based on a 

total weight of the lubricating composition. 

[0026] In each of the foregoing examples, the lubricating composition may be an 

engine oil. 

[0027] The present disclosure also relates to a method of improving the fuel economy 

of an engine by lubricating the engine with any of the foregoing lubricating compositions and 

operating the engine. 

[0028] The present disclosure  also relates to the use of any of the foregoing 

lubricating oil compositions to improve the fuel economy of an engine. 

[0029] The following definitions of terms are provided in order to clarify the 

meanings of certain terms as used herein. 

[0030] The terms “oil composition,” “lubrication composition,” “lubricating oil 

composition,” “lubricating oil,” “lubricant composition,” “lubricating composition,” “fully 

formulated lubricant composition,” “lubricant,” “crankcase oil,” “crankcase lubricant,” 

“engine oil,” “engine lubricant,” “motor oil,” and “motor lubricant” are considered 

synonymous, fully interchangeable terminology referring to the finished lubrication product 

destined for use in a lubricating capacity and comprising a major amount of a base oil plus a 

minor amount of an additive composition including a viscosity modifier. 

[0031] As used herein, the terms “additive package,” “additive concentrate,” 

“additive composition,” “engine oil additive package,” “engine oil additive concentrate,” 

“crankcase additive package,” “crankcase additive concentrate,” “motor oil additive 

package,” “motor oil concentrate,” are considered synonymous, fully interchangeable 

terminology referring the portion of the lubricating oil composition excluding the major 

amount of base oil stock mixture.  The additive package may or may not include the viscosity 

index improver or pour point depressant. 

[0032] The term “overbased” relates to metal salts, such as metal salts of sulfonates, 

carboxylates, salicylates, and/or phenates, wherein the amount of metal present exceeds the 

stoichiometric amount.  Such salts may have a conversion level in excess of 100% (i.e., they 

may comprise more than 100% of the theoretical amount of metal needed to convert the acid 
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What is Claimed is: 

1. A functionalized polymer which is a reaction product obtainable by a process 

comprising steps of  

reacting an olefin (co)polymer grafted with an acylating agent with: 

i) 1-99 mol% of a hydrocarbyl substituted poly(oxyalkylene) amine and/or a 

hydrocarbyl substituted poly(oxyalkylene) alcohol, and 

ii) 1-99 mol% of a polyamine,  

wherein both molar percentages are based on total moles of components i) and ii) and 

components i) and ii) can be added any order. 

 

2. The functionalized polymer according to claim 1, wherein component i) comprises 

a hydrocarbyl substituted poly(oxyalkylene) amine of the formula I: 

R1—(O—CHR2—CHR3)x-A      I 

wherein R1 is a hydrocarbyl group having from about 1 to about 35 carbon atoms; R2 and R3 

are each independently hydrogen, methyl, or ethyl and each R2 and R3 are independently 

selected in each —O—CHR2—CHR3— unit; A is amino, —CH2-amino or N-alkyl amino 

having about 1 to 10 carbon atoms; and x is an integer from about 2 to about 45.   

 

3.  The functionalized polymer according to claim 1, wherein component i) comprises 

a hydrocarbyl-substituted poly(oxyalkylene) alcohol of the formula: 

R1—(O—CHR2—CHR3)x-R19-OH 

wherein R1 is a hydrocarbyl group having from about 1 to about 35 carbon atoms; R2 and R3 

are each independently hydrogen, methyl, or ethyl and each R2 and R3 are independently 

selected in each —O—CHR2—CHR3— unit; R19 is nothing or a C1-C10 alkylene group; and x 

is an integer from about 2 to about 45.   

 

4.  The functionalized polymer according to claim 1, wherein component i) comprises 

a hydrocarbyl substituted poly(oxyalkylene) amine of the formula II: 
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R4
O

O

R5

A'

ba

       II 

wherein R4 is a hydrocarbyl group having from about 1 to about 35 carbon atoms, R5 is 

independently hydrogen or a C1-C10 alkyl group for each repeat unit, R6 is hydrogen or a C1-

C10 alkyl group, A’ is –NH-R6, R6 is hydrogen or a C1-C10 alkyl group, and a and b are 

integers such that a+b is from 2 to 45.   

 

5.  The functionalized polymer according to claim 4, wherein in Formula II, a is an 

integer of from 1 to 30 and b is an integer of from 1 to 44. 

 

6. The functionalized polymer according to claim 4, wherein in the formula II, a is 1-

15 and b is 10-40. 

 

7. The functionalized polymer of claim 1, wherein the olefin (co)polymer comprises a 

copolymer of ethylene and one or more C3-C28 alpha olefins. 

 

8. The functionalized polymer of claim 7, wherein the copolymer of ethylene and one 

or more C3-C28 alpha olefins contains  0.1 to 0.75 carboxylic groups per 1000 number 

average molecular weight units of the polymer backbone.  

 

9. The functionalized polymer of claim 7, wherein the copolymer of ethylene and one 

or more C3-C28 alpha olefins has a number average molecular weight of 5,000 to 250,000 

amu and comprises 10-80 wt.% of ethylene and 20-90 wt.% of the one or more C3-C28 alpha 

olefins. 

 

 10. The functionalized polymer of claim 1, wherein the olefin (co)polymer comprises 

polyisobutylene. 

 

 11. The functionalized polymer of claim 1, wherein the olefin (co)polymer comprises 

a hydrogenated styrene-butadiene star copolymer. 
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12. The functionalized polymer of claim 1, wherein the polyamine is selected from 

the group consisting of:   

a) an N-arylphenylenediamine represented by the formula III:  

R7 N

H
R8

R9  

III 

in which R7 is hydrogen, --NH-aryl, --NH-arylalkyl, --NH-alkyl, or a branched or straight 

chain radical having from 4 to 24 carbon atoms selected from alkyl, alkenyl, alkoxyl, aralkyl, 

alkaryl, hydroxyalkyl or aminoalkyl; R8 is --NH2, CH2 --(CH2)n --NH2, CH2 -aryl-NH2, in 

which n has a value from 1 to 10; and R9 is hydrogen, alkyl, alkenyl, alkoxyl, aralkyl, alkaryl 

having from 4 to 24 carbon atoms; 

b) an aminothiazole; 

c) an aminocarbazole represented by the formula IV:  

N

H

R10
H2N

R11  

IV 

in which R10 and R11 represent hydrogen or an alkyl, alkenyl or alkoxyl radical having from 1 

to 14 carbon atoms; 

d) an aminoindole represented by the formula V:  

N

H

R12

H2N

 

V 

in which R12 represents hydrogen or an alkyl radical having from 1 to 14 carbon atoms; 

e) an aminopyrrole represented by the formula VI:  
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N

H

R13NH2R14

 

VI 

in which R13 is a divalent alkylene radical having 2-6 carbon atoms and R14 is hydrogen or an 

alkyl radical having from 1 to 14 carbon atoms; 

f) an amino-indazolinone represented by the formula VII:  

NH
N

O

H

H2N

R15

 

VII 

in which R15 is hydrogen or an alkyl radical having from 1 to 14 carbon atoms; 

g) an aminomercaptotriazole represented by the formula VIII:  

N

N
N

H

R16

R17HS

 

VIII 

in which R16 can be absent or is a C1 -C10 linear or branched hydrocarbon selected from the 

group consisting of alkyl, alkenyl, arylalkyl, or aryl and R17 can be absent or is a C1 -C10 

linear or branched hydrocarbylene selected from the group consisting of alkylene, alkenylene, 

arylalkylene, or arylene; 

h) an aminoperimidine represented by the formula IX:  

NN

NH2

R18

 

IX 
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in which R18 represents hydrogen or an alkyl or alkoxy radical having from 1 to 14 carbon 

atoms; 

i) an aminoalkyl imidazole; and 

j) an aminoalkyl morpholine. 

 

13. The functionalized polymer of claim 12, wherein the polyamine comprises a 

polyamine represented by the formula III: 

R7 N

H
R8

R9  

III 

wherein R7 is hydrogen, -NH-aryl, -NH-arylalkyl, -NH-alkyl or a branched or straight chain 

radical having from 4 to 24 carbon atoms that can be alkyl, alkenyl, alkoxyl, aralkyl, alkaryl, 

hydroxyalkyl or aminoalkyl; R8 is --NH2, CH2 --(CH2)n --NH2, CH2 -aryl-NH2, in which n 

has a value from 1 to 10; and R9 is hydrogen, alkyl, alkenyl, alkoxyl, aralkyl, alkaryl having 

from 4 to 24 carbon atoms. 

 

14. The functionalized polymer of claim 1, wherein the polyamine is selected from 

the group consisting of N-phenyl-1,4-phenylenediamine, N-phenyl-1,3-phenylendiamine, and 

N-phenyl-1,2-phenylenediamine.   

 

15. The functionalized polymer of claim 1, wherein the olefin (co)polymer is grafted 

with maleic anhydride.   

 

16. A viscosity modifier concentrate comprising: 

 greater than 50 wt.% of a base oil; and 

5 to less than 50 wt.% of a functionalized polymer as claimed in claim 1, both based 

on a total weight of the additive concentrate. 

 

17. A lubricating composition comprising: 

 greater than 50 wt.% of a base oil; and 
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0.001-10 wt.% of a  functionalized polymer as claimed in claim 1, both based on the 

total weight of the lubricating composition. 

 

18. The lubricating composition according to claim 17, wherein the total amount of  

functionalized polymer is from 0.1 wt.% to 5 wt.%, based on the total weight of the 

lubricating composition. 

 

19. The lubricating composition according to claim 17, wherein the lubricating 

composition is an engine oil. 

 

20. A method of improving the fuel economy of an engine comprising the steps of 

lubricating the engine with engine oil as claimed in claim 19, and operating the engine. 

 

 

 


