. DI ESEL ENG NE LUBRI CANTS TECHNI CAL FI ELD This invention provides a

conbi nation of anti-wear agents and polyners to form diesel engine

| ubricants with uni que boundary filns in the presence of abrasive

contam nants. BACKGROUND OF THE I NVENTION In order to prevent wear,

| ubricants may form sacrifi QIESHL ENGSINE FrUBRICANTS f aces.  Zinc di al kyl

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

| ubricants that act in this manner. However, in nodern diesel engines and in
of f-road applications contam na?E&!rﬂ_QI% ﬁ*—isfﬁﬂ'ﬁ present in the lubricant and
can cause abrasive wear. The sa 1 formed by lubricant additives
must therefore be tenacious- W have discovered that there are specific
conbi nat i onsTiué ikkRPRcanstopidey rEEEmbinatios af antiviearyeergd bl ipoRlrhdrst thahm

t enaci oys boundary filns. Zinc_ dial kyl dithiophosphates are well known in
the artde$Qe beicagisewith gnipig: Retindans filnas sothesyeseuce ghalgesivend

6, 114’%8 ﬁ@rﬁ are incorporated herein by reference in their entirety.
SUMVAR IP ENTI ON This invention is a lubricating oil conposition
conprising a major amount of an oil of lubricating viscosity and a m nor
amount of a conbination of, Ff inctionalized polyner, and at | east
one zinc dial kyl dithi oph&¥Eh2 NELOF LHEINVENHONDDP i s nade froma

m xture of primary al cohols or a m xture of primary and secondary al cohol s,

wherein the L catl q,E@é)rs' I ' |

rreasulred by IhlsbP ﬂ%%ad r%?%rﬁt reqthg%tgﬁ?ﬁog@%cﬁg&%%Mfﬁéﬂg@gg er than
or equaling dialky| dithiepeospifiates (Z[REAPEard fhema$t commen pntiveraatagenty estddein t han 30,
and nost lprefe aaglf% grﬁater thag—iGO' Pr.efer&bly. tr?e | ubri cat.i ng. conposition
has a VGG 1 gt B mapnels doReyalo BadeTsliese! Gnaties BRdn G8-r0ANs0, ¢ he
pr ef er rggplitativis Qb nERMtPAI/ RNy Présc iffReBbi@R 8Hd cahabtgd 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 dithiophosphates are welt
known in the art. For example, see U.S. Patents 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 major amount of an il of
lubricating viscosity and a minor amount of a combination of at least one functionalized'
polymer, and at least one zinc dialkyl dithiophosphate (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 Jubricating
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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.olefin copolynmer or a copolyner of non-functionalized and functionalized

nmet hacryl ate nononers. Preferably, the ZDDP is nade froma m xture of
primary al cohols or a mxture of primary and secondary al cohols. DETAILED
DESCRI PTI ON OF THE | NVENTI ON The boundary friction properties of lubricating
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and in general operates by oscillating a ball across a plate in a sanple
cell containing 1-2 m of sanple lubricant fluid. The frequency of
oscillation, path |ebETALEL DESCREATION @FTHE INVENHQNi ed to the ball and
test tenperature can be controlled. A current runs through the ball and

di sk. When a boundary filmis formed the current is reduced and the percent
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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 Il basestock which contains less than 0.02wt.%
sulfur and less than 5.0wt.% aromatics. In a preferred embodiment, the lubricating base
oil has 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 Mechanism in Cummins M-11 High Soot Diesel Test
Engines” by C.C. Kuo, C.A. Passut, T-C Jao, AA. 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.

The functionalized olefin polymers used in one embodiment of the present
invention are preferably amine capped, highly grafted, olefin copolymers comprising a
grafted and amine-derivatized copolymer prepared from ethylene and at least one C3 to
Ca3 alpha-monoolefin and, optionally, a polyene; wherein the copolymer of ethylene and
at least one C3to Cy3 alpha-monoolefin has grafted thereon at least one carboxylic acid
group, preferably maleic anhydride, per polymer molecule which is subsequently
reacted with a capping amine. The olefin copolymer useful in the present invention can

in one embodiment have a number average molecular weight of between about 5,000



.grafted and am ne-derivatized copol yner prepared from ethylene and at |east
one C3 to C23 al pha-nonool efin and, optionally, a polyene; wherein the
copol ymer of ethylene and at |east one C3 to C23 al pha-nonool efi n has
grafted thereon at |east one carboxylic acid group, preferably maleic
anhydr i aied abeut pEl,06€r Tinel fapdlienalized oldfm cyfudemesntdefiur eareiredraniudlp a cappi ng
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m xture of C4 to C20 nethacryl ates and di spersant nononers. The resulting
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abr asi VEDDPM fiat Addy bé @sbi LS bansrelfstdtiited 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 diese! applications as oil is aged, as much as
6wt.% soot or higher is undesirably added to the oils, so the Jubricants shown in the
examples 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 alcohols, 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.



.resistance is neasured in the presence of the carbon black. Carbon black is
used as a mmc for soot. In nodern heavy-duty diesel applications as oil is
aged, as much as 6wt.% soot or higher is undesirably added to the oils, so
the lubricants shown in the exanples herein each contain 6wt.% carbon bl ack.
The exanpl esBBh®arZBEPowaile ikt 6owie%pt4 peimary adentiol, REWIHCHprimwye additi ves

toformtenal bo Y/ Ims acc 0.th resent jnvention. The
fluids in al 8@9(‘ "?‘H#E@Wg e6§ 52\3?194}?2 T%@J{r\ﬁ?PEPcﬁ‘rﬂ?ffog dary al cohol s,
with only prégoaty, Zal faheldstcamrd with a 60140 m xture of prinmary and

secondary al cohols, respectively. In the foll ow ng exanples, the fornulation
contained the follow ng components: AA is a zinc dialkyldithiophosphate made

froma 50/5 b dary, al cohol . The
final pr odug? %t allgil’:l)g m@mqgﬁﬁa%ﬁg%wd%ﬂgglcgﬁ ngllﬁg‘ﬁa/gl glﬁ)P made with
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al cohol . The fi,nal c In -%Zn and 8.4wm.% P. CCis a ZDDP
made from 409&*"'*%"@:@0%@%%%5 %aqaé\?ﬁcﬁ' -40Wt . % C4 prinmary al cohol and 20wt . %
C8 primary al cohol. The fi naI product contains 9.2wt.% Zn and 8.4wt.% P. DD

is a styrene-isoprene |inear COFC)' ymer. This polyner contains no nitrogen
and is consilderiee styreme-isopremedinsge copalyrmsspdihjsipolymas cosfains ned t hi s pol yner
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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 grafied, amine derivatized functionalized

ethylene-propylene copolymer.

FF (HITEC® H5710) is described fully in U.S. Patents No. 4,606,834;
5,112,509; 5,534,175 and 5,955,405. ltis 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 I basestock which contains less than 0.02wt.% sulfur and less than

5.0wt.% 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 componenis, based on their separate individual effects.



. et hyl ene-propyl ene copolyner. FF (H TECO H5710) is described fully in U S
Patents No. 4, 606,834; 5,112,509; 5,534,175 and 5,955,405. It is a
pol ynmet hacryl ate polynmer made from C4, Cl2 to C20 nononers and an an ne
contai ning nononmer wth a total nitrogen content in the final product being
-0.3wm . % The sanpl es contai ned ExAMPIAEPPAaIE FIW . % pol yner. Al sanples are
bl ended in a G oup 11 basestock ch contains 1ess than 0.02wt . % sul fur and
|l ess than 5.0m.% aronmatics. The follow ng Exanples A to F show HFRR fil m-
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for theptragdyvi dual conponents we wused in our exanples. The hi gher the HFRR
result the nore tenacious the filmwhich is formed. ZDDPPol yner Act ual Exanpl e
HFRR Filxarspley| t AAA- -ZBBPRBB- - - Polumeer- - 11 D- - - Arioal

HFRR

Film

Result

AA --- 15
BB - 1
11
- DD 17
- EE 8
—— FF 53

mm oo W F
o
O

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
fnvention 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



E---EE8 F---FF53 Exanples A, B and C show that ZDDP's form boundary fil ns
whose HFRR results are |ess than or equal to 15 in the presence of 6w. %
carbon bl ack. Exanples D and E show t hat unfunctionalized pol yners and
functionalized olefin copolyners formfilnms of conparable tenacity to ZDDP

films. Exaﬁplzﬂaﬁp@@@dmtha‘twﬁgfdoﬁn;ﬂhaﬁcﬁﬁh@@bﬁ@%Mméyulﬁé\e? WRICAi$ !é?s’s' cants

of the EI’ esent I nvention with nore tenacious han convent | onal
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I ndi vi caemhbingtienll ts. For exanpl e, a conbination of a ZDDP synt hesi zed from
only secondary alcohols (AA) and an unfunctionalized pol yner (DD) shoul d
have a filmresult of 32 (15 5 -} 17). Exanple G shows that this conbination
has an actual result of 7, which is less than expected if the effects of the
conpondetamalee addPBR/e, t hBolvimer t heAptusdi ct ed val uBredigtedhat obt ai ned by
addi ng together the known effects of E&E&R conponent HiFRRe conbi nati on.

Exanpl eZDDPPol yner Act ual Predi ct ed HFRRHARR Fi | ni | m Rigsul t Resul t GAADD732

HBBDD2418 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 o4
M CC EE 84 19
N CC FF 90 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 alcohols is combined

with a functionalized olefin copolymer (example K) or a functionalized polymethacrylate



.| AAEE1723 JAAFF6868 KBBEE699 L. BBFF8754 MCCEE8419 NCCFF9064 Exanple H shows

t hat the conbination of unfunctionalized polymer and ZDDP synthesized from
only primary al cohols has an actual result of 24 which is conparable to the
predicted result of 18, which is within the 90% confidence |level of the film
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limtatjon herein, the anmount of primary alcohol in the Z |
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.



.less than 60wm.% The data shows this invention is useful in heavy-duty

di esel engine oil formulations. The conbinati on of ZDDP with specific
functionalized pol yners 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 disclosed enbg@lisamss to the public, and to the
extent any disclosed nodifications or alterations may not literally fall
within the scope of the clainms, they are considered to be part of the
invention unggrqobige doctrine of equivalents. The above detailed description
of the present 1 nvention is given for explanatory purposes. It will be
apparent to t.hoseAdubriidand stitalbledonuse imhatiasetengne conepripisg:am tlibrivatihg iolat i ons

can be ,made wi thout departi fromthe scope of the . invention. Accordingly,
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wherein the |ubricant has high boundary filmfriction value as neasured by
using a High Frequency Reciprocating Rig (HFRR) of greater than or equal to
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t han
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 c¢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 according to claim 1, wherein the functionalized olefin polymer is

a copolymer of methacrylate and an amine monomer.



.or equal to 20. 3. A lubricant according to claim1l, wherein the HFRR 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 lubricant according to '
claim1l, wherein the lubricating oil has a kinematic viscosity at 100C of
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a copolyner of an acylated olefin and an am ne nononmer. 8. A |ubricant
according to claim1l1, wherein the functionalized olefin polymer is a

copol yner of10ret hadutyicané aacording @ndlaien tpwhersin tige ﬁmoﬁohaﬁzédtalefinwaﬁﬁdﬁ ng to

claim vvherelnthefunct onllzed | efin pol ro i n amne ca
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claim1l1, wherein the functionalized olefin polyner has a nunber average
nol ecul ar wei ght rangi ng from about 5,000 to about 150,000. 11. A |ubricant
accor di ng t olcl aiAnlubricant aecerdingstoztaim il swhetkin theZDDP s madedrarh gpri mary

al cohol bri according to claim1, wherein the ZDDP is nmade from
a m Xtrﬁﬁxgulr fOf;?ﬂ”E%ryfq(gomPliecondary al cohol's. 13. A lubricant accor di ng to

claim1, wherein the secondary al cohols used in meking the ZDDP conprise a

m xture of C3 secondary al cohol and C6 secondar al cohol .
12."  Alubricant according to claim 1, wherein the ZDDP is made from a

mixture of primary and secondary alcohols.

13.  Alubricant according to claim 1, wherein the secondary alcohols used in
making the ZDDP comprise a mixture of C3 secondary alcohol and Cg secondary

alcohol.

14.  Alubricant 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 C3 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



.14. A lubricant according to claim1, wherein the ZDDP is nmade froma

m xture of C4 primary al cohol, C5 primary al cohol and C8 primary al cohol. 15.
A lubricant according to claim1, wherein the ZDDP is made froma mi xture of
C3 secondary al cohol, C4 primary al cohol and C8 prinmary al cohol. 16. A

| ubr i cacmth@s:éqmggi Bauhdarg!finalue ¥b ehicadured eyHeify 4 High Yabagensy higher than a
predi cted HFRR til m val ue, when said predi ctyed val ue”is that obtained by

addi ng Redg@créingftig (Kh&R affgreates than ereaualdapgdnent . 17. A concentrate for
formul ating lubricating oil conpositions conprising from about 20%to about
90% by weight of a liquid, substantially inert organic diluentfsolvent, and
at | east onel§.uncAiconetntzate guaioyding tasthimt 17, edsireirthe i FRRAiANK Y greater

di thi oqusphate gQ{)tZﬁS)P); wherein the ZDDP is made froma m xture of primary
al coholtg8an of egua| e of primary and secondary al cohols, wherein a mxture
of the concentrate and a lubricating 9 oil has a high boundary filmvalue as
nmeasured by using a H gh Frequency Reciprocating Rg (HFRR) of greater than
or equal to 15. I8conceninatersacardingde olainrty, mderéinithe HERRhalee is gieatdd-RR
val ue iﬁ ﬁr?at erﬁn or equal to 20. 19. A concentrate according to claim
17, V\:hét A e EHEe ‘value is greater than or equal to 30. 20. A concentrate
according to claim17, wherein the HFRR value is greater than or equal to
60. 21. A nethod of lubricating a diesel engine conprising the steps of
adding to & optrcancerirate accerding daskinrl % ndredeie ekéﬁl@?{n@twcs grgigiercant of
claim ]thaﬁ%reéugi £56h engine lubricated with the lubricant of claim1. .1.0

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 claim 1.

22. A diesel engine lubricated with the lubricant of claim 1.
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