15 February 2007 DI ESEL ENG NE LUBRI CANTS TECHNI CAL FIE#gFThls |@¥€ntion
prOV|des a conbi nation of anti-wear agents and pol yners PPy 24V Esel
engi ne lubricants with unique boundary filnms in the presence of abrasive
contam nants. BACKGROUND OF THE I NVENTION In order to prevent wear,

| ubricants may formsacrificial filnms on rubbing surfaces. Zinc dialkyl

di t hi ophosphates (ZDDP) are the nbst common anti-wear agents used in

| ubricants that act in this manner. However, in nodern diesel engines and
in off-road applications contam nants -are usually present in the |ubricant
and can cause abrasive we I LI Cl [ J formed by |ubricant
~additives nmust therefore bgﬁl%%ggi%ﬁgm%@ﬂ%@ﬂﬁcover ed that there are
speci fic conbinations of ZDDP and pol ynmers that can work synergistically
to formtenacious boundary filnms. Zinc dialkyl dithi ophosphates are well
known in the art. For exanple, §Eﬂ3ﬂﬂﬂaﬂkﬁﬁﬁﬁk No. 4,904, 401; 4,957, 649
and 6,114,288, which are incorporated herein by reference in their

entiret SLIJ%Y T ntion I.cati n oi |
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polymer, and at |east one zinc dialkyl t hi ophosphate (

ZDDP | SOM&AENaRBom a mi xture of primary al cohols or a mixture of primary
and secondary al cohols, wherein the lubricating conposition has a high
boundary filmresult as nmeasured by using a H gh Frequency Reciprocating

Rig (HFRR), of greater tIBACKGROUND OF THE INVENTRONY greater than 20,
nore preferably greater than 30 and nost preferably greater than 60.

In order to prevent wear, Iubricants may form sacrificial films on rubbing surfaces.
Zinc dialky! dithiophosphates (ZDDP) are the most common anti-wear agents used in
lubricants that act in this manner. However, in modern diesel engines and in off-road
applications contaminants are usually present in the lubricant and can cause abrasive
wear. The sacrificial films formed by lubricant additives must therefore be tenacious. We
have discovered that there are specific combinations of ZDDP and polymers that can work
synergistically to form tenacious boundary films. Zinc dialkyl dithiophosphétes are well
known in the art. For example, see U.S. Pafents No. 4,904,401; 4,957,649 and 6,114,288,

which are incorporated herein by reference in their entirety.

SUMMARY OF THE INVENTION

This invention is a lubricating oil composition comprising a rhajor amount of an oil of
lubricating viscosity and a minor amount of a combination of at least one functionalized
polymer, and at least one zinc dialkyl dithEophbsphate (ZDDP), wherein the ZDDP is made
from a mixture of primary alcohols or a mixture of primary and secondary alcohols,
wherein the lubricating composition has a high boundary film result as measured by using
a High Frequency Reciprocating Rig (HFRR), of greater than or equal to 15, preferably
greater than 20, more preferably greater than 30, and most preferably greater than 60.

Preferably, the lubricating composition has a viscosity suitable for use in lubricating
a diesel engine. Also, the preferred functionalized polymers are an amine-capped, grafted

olefin copolymer or a copolymer of non-functionalized and functionalized methacrylate
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Preferably, the lubricating conposition has a viscosity suitable for use in
| ubricati %g a diesel engine. Al so, the preferred functi dR&EYH&d 2987 ymer s
are an am ne-capped, grafted olefin copolyner or a copol yner of .
non-functionalized and functionalized nethacrylate 1 15 February 2007
nononers. Preferably, the ZDDP is made froma m xture of primary al cohols
or a mxture of primary and secondary al cohols. An object of the present
invention is to provide a concentrate for formulating Ilubricating oil
conpositions conprising fromabout 20%to about 90% by weight of a |iquid,
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contraolled. A current runs through the ball _ n a boundary
is for'lReP-the current is reduced and the percent resistance is neasured.

The hi gher the percent |
DETAILED DESCRIPTION OF THE INVENTION

The boundary friction properties of lubricating fluids can be measured using a
High Frequency Reciprocating Rig (HFRR). The formation of sacrificial boundary films
- and their tenacity can also be measured using the HFRR. The HFRR is welf known in
the lubricant industry énd in general operates by oscillating a ball across a plate in a
'sample cell containing 1-2 ml of sample lubricant fluid. The frequency of osciilation,
path length that the ball travels, load 'applied to the ball and test temperature can be
controlled. A current runs through the ball and disk. When a boundary film is formed the
current is reduced and the percent resistance is measurec. The higher the percent
* resistance the more tenacious the boundary film.
| In an embodiment of the present invention, the novel combinations of the present
invention were blended in a Group |l basestock which contains less than 0.02wt. %
sulfur and less than 5.0wt.% aromatics. Ina preferréd embodimerit, the lubricating base
oil haé a kinematic viscosity at 100°C of between 2.0 and 15.0 ¢St. The boundary film
formation properties of these fluids were‘assessed using an HFRR under the same
conditions described in “Wear Méchanism in Cummins M-11 High Soot Diesel Test
En'gines” by C.C. Kuo, C.A. Passut, T-C Jao, A.A. Csontos and J.M. Howe (SAE
‘Technical Paper 981372), that is, 1N load, 2 mm path length and 20 Hz frequency. The
 film formation properties were measured at 116°C. | |
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resi stance the nore tenaci ous the boundary film In an eq?gqyg ﬁg t he
present invention, the novel conbinations of the present i2907 wer e

bl ended in a Group Il basestock which contains |ess than 0.02wt. % sul fur
and less than 5.0m. % aromatics. In a preferred enbodi nent, the lubricating
base oil has a kinematic viscosity at 100C of between 2.0 and 15.0 cSt.
The boundary film formation properties of these fluids were assessed using
an HFRR under the sane conditions described in "War Mechani smin Cunm ns
M1 1 H gh Soot Diesel Test Engines" by C.C. Kuo, C A Passut, T-C Jao,
A. A. Csont Opha Fye ). 1N
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have a nunmber, a erﬁggannleculsr wei ght of between about 000 2a 15
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5,139, 688; 5,238,588 and 6, 107, 257, which
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are herein incorporated by reference in their entirety functj nallzed
polynethacrylatepcopolyners if used in the present |nve;{?‘i:“8|i’lma‘"y

prepared by copol ynerization of non-functionalized and functlonallzed

‘met hacryl ate nononers. Specifically, the nononers can be prepared froma

m xture of C4 to C20 nethacryl ates and di spersant nononers. The resul ti.ng
copolynmer has a preferred nunber average nol ecul ar wei ght between about

20, 000 and about 200, 000. The functionalized pol ynethacrylate polynmers are
fully described in U S. Patents No. 4,606,834; 5,112,509; 5,534,175 and

5, 955, 46l abeutcH502060. NTREiENdRMRNIES BIcFR dpol ey"n’?érg URBAA Hé?eﬁwhaﬁlerfu@m irety.

The Z used in the present invention may roma m xt
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second al cah only primary alcohols, and with a 60/40 m xture
of pri W'h‘%?d‘"gb%ﬁmﬁ{ﬂ?y al cohol s, respectively. :

‘The ZDDP used in the present invention may be made from a mixture of primary
alcohols, or a mixture of primary and secondary alcohols. Examples of commercial
ZDDP's that may be used inciude but are not limited to HITEC® 7169, a secondary
ZDDP, HITEC® 7197, HITEC® 680 and HITEC® 682, all primary ZDDP’s, and HITEC®
1656, a mixed primary/secondary ZDDP, all available from Ethyl Corporation.

In evaluating the antiwear performance of the lubricating oils of the present
invention, carbon black is added as an abrasive contaminant to the oils and percent
resistance is measured in the presence of the carbon black. Carbon black is used as a

‘mimic for soot. In modern heavy-duty diesel applications as oil is aged, as much as
Bwt.% soot or higher is undesirably added to the oils, so the lubricants shown in the
exampies herein each contain 6wt.% carbon black. ‘

The examples shown below illustrate preferred combinations of these additives
to form tenacious boundary films according to the present invention. The fluids in all
examples are ZDDP's synthesized with only secondary alcohols, with only primary
alcohols, and with a 60/40 mixture of primary and secondary aicohols, respectively.

In the following examples, the formulation contained the following components:

AA is a zinc dialkyldithiophosphate made from a 50/50 mixture of C3

secondary alcohol and C6 secondary alcohol. The final product contains

9.0wt.% Zn and 8.2wt.% P.




In the foll ow ng exanples, the fornul ati on contained the

component s: AAgi S am;i nc di al kyl di t hi ophosphat e made fr&%r?ﬁbr%rﬁ%go?n Xt ure
of C3 secondary al cohol and C6 secondary . al cohol. The fi nal product
contains 9.OM.% Zn and 8.2wt. % P. 3 15 February 2007 BB is a ZDDP nade
with 65wt.% C4 primary al cohol, 25wt.%C5 primary alcohol and 10m.%C8
prinmary al cohol. The final product contains 9.0w.%Zn and 8.4wt.%P. CCis
a ZDDP made from 40wt . % C3 secondary al cohol, 40wm.% C4 prinmary al cohol
and 20wt.%08 prinary alcohol. The final product contains 9.2wt.% Zn and

8. 4wt . % P. [BB issa ZDDR neante mnmfm%lompMagpmmeerw{ % emamaﬁf contains
no nitrogen and is c Shg ed to be a non-di spersant copol yner.
exani ned t hidcqisl l’f@r“‘(aé’Yt eéff primary plcohekt Thefinaprpdusteontaised i n

heavy-duty & gsed EE (H TECO H5777) is described fully in U S.
Pate%ts No.@S, 136}%@ d% 107,257. It is a highly grafted, am ne
derivatized functionali zed et hyI ene- propyl ene copol yner. FF (H TECO H5710)

R bl R et e 5
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the final product bei % ZDDP and
1wt . % pol yrepntams 9.2 & @mdeB 4wt.% P

| DD is a styrene-isoprene linear copolymer. This polymer contéins no
nitrogen and is considered to be a non-dispersant copolymer. We
examined this polymer since it is the most common polymer used in
heavy-duty diesel engine oils.

EE (HITEC® H5777) is described fully in U.S. Patents No. 5,139,688 and
6,107,257. ltis a highly grafted, amine derivatized functronallzed
ethylene-propylene copolymer.

- FF (HITEC® H5710) is described fully in U.S. Patents No. 4.,606,834;
9,112,509; 5,534,175 and 5,955,405. Itis a polymethacrylate polymer
made from C4, C12 to C20 monomers and an amine containing monomer
with a total nitrogen content in the final product being ~0.3wt.%.

The samples contained 2Wt % ZDDP and 1wt. % polymer. All samples are

blended in a Group Il basestock which contains less than 0.02wt. % sulfur and less than
5 Owt. % aromatics.

The following Examples A to F show HFRR film values for individual
components. Examples G to N show actual and predicted film values for combinations

of components, based on their separate individual effects.




bl ended in a Goup Il basestock which contains | ess than %Oﬁr\’l\x’to/ﬁ | fur
and | ess than 5.0wm.% aromatics. The fol |l owi ng Exanpl es !ATE grysiﬁ) HFRR
filmvalues for individual conponents. Exanples Gto N show actual and
predicted filmvalues for conbinations of conponents, based on their
separate individual effects. 4 15 February 2007 EXAMPLES A TO F These |
sanpl es show the HFRR filmresults for the individual conponents. we used
i n our exanples. The higher the HFRR result the nore tenacious the film
which is fornmed. Exanple ZDDP Pol yner Actual HFRR Film Result A AA ---
15 BBB---1 CCC--- 11 D -z --- EE 8 F --- FF 53 Exanpl es
A, B and C show that ZDDFP' s formm% whose HFRR results are

| ess than or equal to 15 in the presence of 6w . % carbon bl ack. Exanples D

and E show trilse Wainyiies shBd thedirRR! HMEs3uRY for HRGA4i0Ah &58pShslisve

used in our examples. The higher the HFRR result the more tenacious the film which is

formed.

Example 7 ZDDP Polymer Actual
HFRR
Film
Result

A AA -— 15

B BB — 1

C CC -—- 11

D -— DD 17

E — EE 8

F — FF 53

Examples A, B and C show that ZDDP’s form boundary films whose HFRR results are
less than or equal to 15 in the presence of 6wt.% carbon black.

Examples D and E show that unfunctionalized polymers and functionalized olefin

copolymers form films of comparable tenacity to ZDDP films.

Example F shows that functionalized polymethactylates form lubricants of the present
invention with more tenacious films than conventional lubricants containing ZDDPs and

other polymers.

EXAMPLES GTON

Using the data from the performance of individual components we can predict the
_performance for the combination of ZDDPs and polymers by addition of the individual |
results. For example, a combination of a ZDDP synthesized from only secondary
alcohols (AA) and an unfunctionalized polymer (DD) should have a film result of 32 (15~




copotynmers formfilns of conparable tenacity to ZDDP fil Examl e_ F shows
thgt %lunct i onal i zed pol ymet hactyl ates form | ubricants of T?ﬁﬁbrﬁ?ré’ng@m o

i nvention with nore tenacious filns than conventional |ubricants containing
ZDDPs and other polymers. EXAMPLES G TO N Using the data fromthe
perfornance of individual conponents we can predict the performance for
the conbi nation of ZDDPs and pol yners by addition of the individual

results. For exanple, a conbination of a ZDDP synthesized fromonly
secondary al cohols (AA) and an unfunctionalized polylrrerG( DE) Shfﬁ'? Pﬁye a
filmregsiht ruary, 2007 + 17). a e ows tha IS
conbi ngtw n %&gﬁélﬁ((égthgagﬂs ﬁpggﬁ]#g%%bﬂaq\mi'@? %%a%é‘g}ésﬂlﬁaﬁf%em @deﬁﬁl t he
ef f ect tharf expected ifithe esffestasfthaditiniporonts s aﬂéitivé,hﬁapfs,eﬂ'l]é:b%ié’t%%Iué S

- that -obt gined b di ng.together the known effects of each conponent 1n the
combi n&t %ﬁ?g@%@@gﬁ az*%m etharthakngwn effents of each edRRoRERAN thel m Fi | m

Resul t -Bedilidticg. AA DD 7 32 H BB DD 24 18 AA EE 17 23 J AA FF 68 68 K BB
EE 69 9 )

Example ZDDP Polymer Actual Predicted
: ‘ HFRR HFRR

Film Film
Result Result

G AA DD 7 32

H BB DD 24 18

| AA EE 17 23

J AA FF 68 68

K BB EE 69 9

L BB FF 87 54

M cC EE 84 19

N CC FF a0 64

Example H shows that the combination of unfunctionalized polymer and ZDDP
synthesized from only primary alcohols has an actual result of 24 which is comparable
to the predicted result of 18, which is within the 90% confidence level of the film
measurement (+/- 10).

“Example | shows that a combination of a functionalized olefin copolymer and a
ZDDP synthesized from only secondary alcohols forms films comparable to those
- predicted for the combination of the individual components. Similarly, example J shows.
that a combination of functionalized polymethacrylate and a ZDDP synthesized from
only secondary alcohols forms films comparable to those predicted from the
combination of the individual components.

Unexpectedly, when ZDDP synthesized from only primary alcoholis is combined

with a functionalized olefin copolymer (exampie K) or a functionalized polymethacrylate
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L BB FF 87 54 M CC EE 84 19 N CC FF 90 64 Exanple H shqy hat th
combi nati on of unfunctionalized polymer and ZDDP ;ynthegggﬁguﬂwgwpgnly
primary al cohols has an actual result of 24 which is conparable to the
predicted result of 18, which is within the 90% confidence |evel of the
film neasurenent (+/- 10). Exanple | shows that a combi nation of a
functionalized olefin copolymer and a ZDDP synthesized fromonly sepondary
al cohols forns filnms conparable to those predicted for the conbination of
t he individual conponents. Simlarly, exanple J shows that a conbination
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and sekzsdbay 68W80hol s. I n these exanples, but not as a limtation herein,

the -amount of primary alcohol in the ZDDP is |ess than 60w . %
The data shows this invention is useful in heavy-duty diesel engine oil

formulations. The combination of ZDDP with specific functionalized polymers enhances
the ability of the heavy-duty diesel engine oils to prevent wear in the presence of
contaminants.

| The inventors do not intend to dedicate any disclosed embodiments to the public,
and to the extent any disclosed modifications or alterations may not literally fall within
the scope of the claims, they are considered to be part of the invention under the
doctrine of equivalents.

The above detailed description of the present invention is given for explanatory
purposes. It will be apparent to those skilled in the art that numerous changes and
modifications can be made without departing from the scope of the invention.
Accordingly, the whole of the foregoing description is to be construed in an illustrative and

not a limitative sense, the scope of the invention being defined solely by the appended
claims.




The data shows this invention is useful in heavy-duty dl??g ggéﬁs oi
formul ati ons. The conbi nation of ZDDP with specific func Bolyners
enhances the ability of the heavy-duty diesel engine oils to prevent wear
in the presence of contam nants. The inventors do not intend to dedicate
any di scl osed enbodi ments to the public, and to the extent any disclosed
modi fications or alterations may not literally fall within the scope of
the clains, they are considered to be part of the invention under the
doctrine of equivalents. The above detailed description of the present

invention is given for explanatory ey S. It will be apparent to those
skilled in the art that nunerous cha-ngémgd nodi fi cati ons can be nade

wi t hout departing fromthe scope of the invention. Accordingly, the whole
of the fore inﬁ.d_escription is to be construed in an illustrative and not
alimtativ the scope of the invention being defined solely by t he

appended chai ns A ;Z;biln'é 3t eseﬁéﬁié’fq?%é in G-k e%u% ?{)}ﬁbrl%lggr ﬁdulgﬂffa ""ﬁlaQ)l ng a

suitable for use in a engl ne conpri sing:.
vi scoshayinga viaeoeity suitaldefaruse ldlaedlebem‘rgylm, ataéaéteﬁ@tfuﬂﬁﬁoﬁalﬁébl S | zed

ol efin and hate (ZDDP) wherein the ZDDP

is rrad%"&ﬁi)%ngﬁdr%%!%?@%@? Hgioﬁbf’é 'ag@&%%g:' arein e LDkt isgnade frenaad

secondaiiyussd 60 ary wleehsisrid ixtl tion -

val ue as rreasum lr)y usi ng ar H g it gghﬁ@ﬂ%y@iedeglé%?hoca I'ng %‘J "{'lﬁfé{%%

gr eat elubfigant kas a@bdyoq@amf iim frlctlon value as measured by using a ngh Frequency
Reciprocating Rig (HFRR) of greater than or equal to 15.

2. A lubricant according to claim 1, wherein the HFRR value is greater than
or equal to 20.

3. A lubricant according to claim 1, wherein the HFRR value is greater than
or equal to 30.

4, A lubricant according to claim 1, wherein the HFRR value is greater than
or equal to 60. |

5. A lubricant according to claim 1, wherein the lubricating oil has a kinematic
viscosity at 100°C of between 2.0 and 15.0 ¢St.

6. A lubricant according to claim 1, wherein the functionalized olefin polymer is
an acylated olefin copolymer.

7. A lubricant according to claim 1, wherein the functionalized olefin polymer is
a copolymer of an acylated olefin and an amine monomer.

8. A lubricant accordlng to claim 1, wherein the functionalized olefin polymer is
a copolymer of methacrylate and an amine monomer. '




2. A lubricant according to claim1, wherein the HFRR val IS gr er than
or equal to 20. 3. A lubricant according to claim1l, mhe#gﬁlj ﬂg val ue
is greater than or equal to 30. 4. A lubricant according to claim1,
wherein the HFRR value is greater than or equal to 60. 5. A |ubricant
according to claim1, wherein the lubricating oil has a kinematic

viscosity at 100C of between 2.0 and 15.0 cSt. 6. A lubricant according to
claim1l1, wherein the functionalized olefin polyner is an acylated olefin
copolynmer. 7. A lubricant according to claim1, wherein the functionalized

5. A lubri ot adbMPIERRCoURRICR oY, hERRUR LRcRPORER TR pibroer

pol yneis as armnecqapbpdémnctformhké@@lth&!@ﬁ@pﬁjpideﬁrre éspdigmepnoner. 8 15 February
2007 9. A lubricant according to claim1, wherein the functionalized olefin

polynmer is an am ne capped funct [ onal i zed et hyl ene- pr opyl ene copol yner.

10, hoyubri oent geRtieaitaddraindi @ dainf LR A e AHBEOLARRL Jefh BLEHA

pol ymer has a nunber average Iec ar ‘wei h rangi ng froma

about hg8 aomwnbe&averageuboﬁecalarvemgluinénggigtfmmlahdmt5Oomlﬂﬁbduttﬂm(KFQDP is
made froma mxture of primary al cohols. 12. A lubricant according to
claim1, wherein the ZDDP is nade froma mxture of primary and secondary

al cohol's. 11, A lubricant according to claim 1, wherein the ZDDP is made from a -

mixture of primary alcohols.

12. A lubricant according to claim 1, wherein the ZDDP is made from a
mixture of primary and secondary alcohols.

13. A lubricant according to claim 1, wherein the secondary alcohols used in
making the ZDDP comprise a mixture of C; secondary alcohol and Cg secondary
alcohol.

14. A lubricant according to claim 1, wherein the ZDDP is made from a
mixture of C4 primary alcohol, Cs primary alcohol and Cg primary alcohol.

15. A lubricant according to claim 1, wherein the ZDDP is made from a
mixture of C; secondary alcohol, C4 primary alcohol and Cg primary alcohol.

16.  Alubricant according to claim 1, wherein the HFRR film value is higher
than a predicted HFRR film value, when said predicted value is that obtained by adding
together the known effects of each component.

17. A concentrate for formulating lubricating oil compositions comprising from
about 20% to about 90% by weight of a liquid, substantially inert organic diluent/solvent,
and at least one functionalized polymer and at least one zinc dialkyl dithiophosphate
(ZDDPY); wherein the ZDDP is made from a mixture of primary alcohols, or a mixture of

primary and secondary alcohols, wherein a mixture of the concentrate and a lubricating




13.. A lubricant according to claim11, wherein the secondqr§ @Ico @bzﬁused
in making the ZDDP conprise a m xture of C3 secondary alé o i (

- secondary alcohol. 14. A lubricant according to claim1l, wherein the ZDDP
is made froma mxture of C4 primary al cohol, C5 primary al cohol and C8
primary al cohol. 15. A lubricant according to claim1l, wherein the ZDDP is
made froma mxture of C3 secondary al cohol, C4 primary al cohol and C8
primary al cohol. 16. A lubricant according to claim1, wherein the HFRR

filmvalue is higher than a predicted HFRR fil mval ue, when said predicted

| ue | t.aj ' t her, t he. knoyp effects of h
tompond T hR BN R YodiPas hRARUI b Winkts Haf Ftsiancionpos t i ons
conpr i Reviprbtating Riy (HFREYeOF gradier tha08 &yuaes qt of a liquid,

substantially inert organic diluent/solvent, and at |east one
functionalized pol yner and at | east one zinc dial kyl dithiophosphate

(ZDDP) ; wher@i n t | : - mxture of ori al cahol s,, or a
m xture of 1gii rraplr1§oang gdetégr%lgg@ﬁi%ﬁﬁg%’ W&F“éi‘r‘iﬁ%l"@"%dﬁ@%? greter
concenthart er equebldol2fbri cating 9 15 February 2007 oil has a high boundary

filmvalue as nmeasured by using a H gh Frequency Reciprocating R g (HFRR)
of greater than or equal to 15. 18. A concentrate according to claim17,

wherei n t he 15FRRA/G St 105888 Bing 1100017 SBleih th PERI? yaleTOBREALE 2t €

according to claim17, wherein val le Ts grea to
30. 20tham eoeqgusito 30e according to claim 17, wherein the HFRR val ue i s
greater

20. A concentrate according to claim 17, wherein the HFRR value is greater
than or equal to 60.

21. A method of lubricating a diesel engine comprising the steps of adding to
and operating in a crankcase of the diesel engine the lubricant of ciaim 1.

22.  Adiesel engine lubricated with the lubricant of claim 1.
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than or equal to 60. 21. A nethod of l|ubricating a diesel gn%lun gprl si ng
the steps of adding to and operating in a crankcase of f i ngi ne
the lubricant of claim1. 22. A diesel engine lubricated with the | ubri cant

of claim1l. 1.0 ABSTRACT DI ESEL ENG NE LUBRI CANTS The lubricating oil of "

the present invention has a viscosity suitable for use in a diesel engine
and includes at | east one functionalized ol efin polyner, and at | east one
zinc dial kyl dithiophosphate (ZDDP). The ZDDP is nade froma m xture of

primary alcohols or a mxture of primary and secondary al cohols, wherein

the lubricant has a high boundary v, e greater than or equal to 15,
and preferably greater than 60, as%ﬂh&ﬂ by using a High Frequency

Reci procating Rig (HFRR). pIESEL ENGINE LUBRICANTS
The lubricating oil of the present invention has a viscosity suitable for use in a
diesel engine and inciudes at least one functionalized olefin polymer, and at least one
zinc dialkyl dithiophosphate (ZDDP). The ZDDP is made from a mixture of primary
alcohols or a mixture of primary and secondary alcohols, wherein the lubricant has a
high boundary film value greater than or equal to 15, and preferably greater than 60, as
measured by using a High Frequency Reciprocating Rig (HFRR).
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