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Bl ODEGRADABLE LUBRI CANT COWVPCSI TI ON FROM TRI GLYCERI DES AND O L- SOLUBLE
COPPER FI ELD OF THE | NVENTI ON 5 The present invention
relates to a bVOPEY%Y- abl e | ubricant conpositions made from PEHESRBEB4,; |
triglycerides and oil sol uble copper conpounds. The | ubri cant
conpositions can be used for |ubricating engines, transm ssions, gear
boxes, and for hydraulic 10 applications. Specified optional oi

sol ubl e anti nony conpounds can reduce the. anount of copper required to

| npart oxidation resistance. BACKGROUND Vegetable oil triglycerides have
been avail- 15 able for use in food products and cooking. Many such
vegetabl e oils contain natural antioxidants such as phospholi pi ds and
sterols that prevent oxidati®rosEERANABIE TAGRICANT WoMposSItaDNAFROM
considered the esterifica- ti OrRYGEYUERTIDNs @i @1l seiuBLE woreer es of

car boxylic 20 aci ds. The anpunt of unsaturation in the carboxylic
affects the susceptibility of the triglyceride to oxidation. xidation can
include reactions that link two or n@&ELD OF JEE IFFENTIQN her t hrough
reactions of g@atons near the unmbquggeﬂt irﬂeéﬁtigﬁct-épg@egafbf@rgmc’@agrad_

hi gher ol ecul ar VWHéi lnnrlcan compogltg%%s qgg&é from vegetable oil
triglycerides and oil soluble copper compounds. The

lubricant compositions can be used for lubricating
engines, transmissions, gear boxes, and for hydraulic
10 '~ applications. Specified optional oil sciuble antimony
compounds can reduce the amount of copper required to

impart oxidation resistance.

i BACKGRQUND

Vegetable oil triglycerides have been avail-
15 _ able feor use in food products and cooking. Many such
vegetable oils contain natural antioxidants such as
phospholipids and sterols that prevent oxidation during
storage. Triglycerides are considered the esterifica-
tion product of glycerol with 3 molecules ci carboxylic
20 acids. The amount of unsaturation in the carboxylic
affects the susceptibility of the triglyceride =to
oxidation. Oxidation can include reactions that 1link
two or more triglycerides together through reactions of
atoms near the unsaturation. These reactions can form
25 higher molecular weight material which can become
insolublie and discolored é.g. sludge. Oxidation can
also result in cleavage of the ester linkage or other
internal cleavage of the triglycerides. - The fragments
of the triglyceride from the cleavage, being lower in
30 molecular weight, are more volatile. Carboxylic acid
groups generated from the triglyceride make the lubri-
cant acidic. Aldehyde"groups can also be generated.
Carbexylic . acid groups have attraction for oxidized
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I nsol ubl e and di scol ored e.g. sludge. Oxi dation can also result in

cl eavage of the ester |inkage or other internal cleavage of the
triglycerides. The fragnments of the triglyceride fromthe cl eavage, being
| ower in 30 WO9743d@ ecul ar wei ght, are nore volatile. Car pexritisoosdgd d
groups generated fromthe triglyceride make2the |ubri- cant acidic.

Al dehyde groups can also be generated. Carboxylic acid groups have
attraction for oxi d'lﬂgéa S ay% Pblllze them in oil promotlng metal

PCT/ US97/ 08384 -2- meimkalafdomaBon®! ghttacgesthemin oil pronoting netal
renoval from sone surfaces. Dge tg oxidgtk n prob#ins mﬁtghtrl gxcerhd S
‘nost commercial lubricants ar8*FofRuPEE& FPBnPpREFETEult ycera

di stillates which havet| oomnernrbuhilubaficants arat formukaded) frleenpessodeunt
to oxidatiom Petr ah%em%&&gl wHiheShAwsl Ul bRe 20Winfdur@s (e I ﬁﬁgs%uwaa&on

reduce oxida- tion, El gﬁpfour oi nt gndOXlgatX t he glscoi % 10 (

adj ust either the hPgf*Be £ ERBE EFBFe 20 P scoSPEYP- 81 ?ﬁél

petrol eum di stil | at datase regaisearddiaiviesddg ataduan waalk t heedulde t bxdda-~

used to adjust theig;ghar achihl SEAES ookt PoLAN 2hE! RBaTRLA héNgiEEBELLYS
_ index (to adjust either the high or low temperature

10 viscosity) etc. The petroleum distillates are resistant
to biodegradation and the additives used to adjust their
characteristics (often containing metals and reactive

. compounds) further detract from the biodegradability of
the used lubricant.

15 Synthetic ester lubricants having little or no
unsaturation in the carbon to carbon bonds are used in
premium quality motor oils due to their deqirable
prorverties. However the acids and alcohols used £5> make
synthetic ester usually are derived from petroleum

20 distillates and are thus not from a renewable source.
They are also more costly and less biodegradable than
natural triglycerides.

U.S. Patent 4,867,890 discloses the use of
soluble copper compounds tc prevent oxidation in mineral -

25 o0il Jlubricants with an ashless dispersant zand zinc
dihydrocarbyldithiophosphate. Therein effective amounts
of copper were described as from about 5 to about 500

parts per million.

30 ' SUMMARY OF THE INVENTION
The use of vegetable o©il triglycerides in
iubricating oils have been 1limited due to their
susceptibility to oxidative degradation. 0il soluble
copper compounds are identified which impart oxidation
35 resistance to vegetable 0il triglycerides making the
triglycerides suitable for use in a variety of lubricat-
ing compositions including demanding higher temperature
uses like motor oil. Oils from triglycerides formed



corrpounds) further detract fromthe biodegradability of the used |ubricant.
5 Synthetic ester lubricants having little or no

unsat ur at i ORyd B/43B& car bon to carbon bonds are used in prenPGRUSY PS84t y
notor oils due to their desirable properties. However the acids and

al cohol s used to nmake synthetic ester usuakBy are derived from petrol eum 20

distillates and are thus not froma renewabl e source. They are also nore
costly and | ess bi odegpmadaighe pewgen@aInsalof rokpiaagigestend o rhechetter

4,867,890 discl oses ghghinseed Bpl ttMee 59:910@01&%@0%31@4:0 pr eweasrnerglsm
OXi dat ion in mneral

and zinc di hydrocarkb?%Scﬁetrhl o’pﬁog% #g f??g’tPéFwCESP“Pg’Q‘P Sh %ra"s)u%}gpe isgé)ﬁer

were described as frantizisan Sompouhdst mlﬁ@rtsnpeefﬁﬂqum ag@ioxidant
SUMARY OF THE | NVENT N cEiRnlise. 9bweeagbelbfe Obdpddy Uotfiludes 1

lubricating oils have been limted due to their suscegtlblllt to oxidative

degradat i on. Ol soluble cofpes c&w@aﬁaenar ¥agjeRefe| eWitRi cHOVRpANEnt
oxi dati on 35 _ rwppawuadte@ gegetadt Qi b3t cogbyress e awmitedy bi/hehe
triglycerides suita f FE; ST fr.dLbF J cat rrp,ﬂglt oQs
I ncl udi ng demandi ngb(klesghgé era ur"tcaaI uich"ﬁ I% nC@ fur*dg% C%' h$
triglycerides fornmedepartment of Defense. The government has certaln
10 rights in the invention.
DETAILED D,ESCR;PTION OF - THE INVENTION
The triglycerides stabilized by copper in this

invention are cne or more triglycerides of the formula

15 0
CH 2_0—"C—R1
| 0
|
20 (I.‘.Hz—O—C——Rz
. o]

c!:Hz—o-—c-—R3

25 wherein R', R? and R? are aliphatic hydrocarbyl groups
containing from about 7 to about 23 carbon atoms wherein
at least about 20, 30, 40, 59, or 60 percent of the R
groups of the triglycerides  are monounsaturated and
further desirably wherein from about 2 up to about 90

30 mole percent of the R!, R? and R® groups, based upon the
total number of all such groups of the triglyceride, are
the aliphatic portion of oleic acid. These triglycer-
ides are available from a variety of plants or their
seeds and are commonly referred to as vegetable oils.

- 35 The term "hydrocarbyl group" as used herein
denotes a radical having a carbon atom directly attached
to the remainder of the molecule. The aliphatic hydro-
carbyl groups include the following:

(1) Aliphatic hydrocarbon groups are

40 preferred; that is, alkyl groups such as heptyl, nonyl,
undecyl, tridecyl, heptadecyl; alkenyl groups containing

a single double bond such as heptenyl nonenyl, undecyl,

Sheet Has Been Reilaced

i lllI il

THIS SHEET HAS BEEN
REPLACED

e




-3- from high percentages of oleic acid tend to be better stabilized by the
oi |l sol ubl e copper. A synergi sm between.oil sol ubl e copper conpounds and
oi | squbIQN?Q? ny conpounds results in effective anti oxpclEmsy758384
protection at | ower sol uble copper contents. This invention was nade with
gover nment support under Contract No. 93-G0OP-1-9542 awarded by The U. S.
Departnent of Agriculture and funded by The U. S. Departnent of Defense.
The gover nnent has te¥dedyl.10 heptadecydht shenethesénybnt i abkeETAl gEdups
DESCRI PTI ON OF THE AMENHGN The 64 9l YCeubiBeSt Mk eGudh Coppergify £ hi's
I nvention are one or norge trj.glycerides of the fornmula [err] 25

wherein Rl, R2 and W%‘g%ﬁdl%%ﬁl c Afr Rt byt 4 JieRrFeecsfisriiing froddl
about 7 to about 23isemérn oft bheseereiincatdedashunbistaizht 3haidOgrdehs or
60 percent gf the %1195 Af-elshe triglycerides are nonounsaturated and
further desirably erein fromabout 2 up to about 90 30 nol e percent
of the Rlerr], Rerr], and R/{@rfuhpbipatedkirhatds thwdrpeazbonustewpat
all such groups of tiex tis QyRQd ddNtAIRIing non-hydrocarbon substituents

which, in the context of this invention, do not alter
the predominantly hydrocarbon character of the group.
10 Those skilled in the art will be aware of suitable

substituents; examples are hydroxy, carbalkoxy,
(especially lower carbalkoxy) and alkoxy {especially
lower alkoxy), the term, “lower" denoting groups
containing not more than 7 carbon atoms.

15 (3) Hetero groups; that is, groups which,
while having predominantly aliphatic hydrocarbon charac-
ter within the context of this invention, but contain
atoms other than carbonr present in a chain or ring
otherwise composed of aliphatic carbon atoms. Suitable

20 hetero atoms will be apparent to those skilled in the
art and include, for example,' oxygen, nitrogen and
sulfur. :

Generally,  the fatty acid moieties
'(hydrocarbyl group R?, R? or R® plus a carboxyl group) are

25 such that the R*, R?, and R’ groups of the triglyceride
ars at least 30, 40, 50, or 60 percent, preferably at
least 70 percent and most preferably at least 80 mole
percent monounsaturated. Normal sunflower oil has an
oleic acid content of 25-40 percent. By genetically

30 modifying the seeds of sunflowers, a sunflower oil can
be obtained wherein the oleic content is from about 6&
up to about 90 mole percent of the acids of the triglyc-
eride. U.S. Patent Nos. 4,627,192 and 4,743,402 are
herein incorporated by reference for their disclosures

35 directed to the preparation of high oleic sunflower oil.
0Oils from genetically modified plants are preferred for
applications where the use temperature exceeds 100°C,
250°C or 175°C, such as internal combustion engines. For



the aliphatic portion of oleic acid. . These triglycer- ides are available
frroma variety of plants or their seeds and are commonly referred to as

vegetabl e oils. 35 The term "hydrocarbyl group’ as
her ei n denot esWQ9%/4¥6tal having a carbon atomdirectly attache‘p 9F’H§§9

remai nder of the nolecule. The aliphatic hydres-carbyl groups include the
foll owi ng: (1) Ali phatic hydr ocar bon groups are 40 preferred,
that is, alkyl groups $¥@mpde. hept Frighyagridencranmxised desglusheplndeef| an
al kenyl groups cont ai nidi@ia widigl enciedhlee BARI 51L& hePt&nYbnt&RNEBY! 1005

d | WO 97/ 43361
PCT/ USO7/ 08384 -4- tri BBSYCOPREGESHERYI > MBARFRIREHERCCS RRRGF Y 86p200% - A

containing 2 or 3 doublteigdygsridemade 8ip1 Of agptanietetienythatatre 70% oleic

8, 11, 14- hept aderadi enylaeid (monowhsat SR, Ofl.ot’sh§§§a§I@ d&fd U(@:a‘@ur@éted) 5%

stral ght chain groups 5 referre 2 Substi.t ut ed
hydr bcar bon groups; é’talf“%tbFo?ﬁ?s&)c(c?ﬁFHFﬁFﬁs no'ﬁ%ﬂfd}oa&%oo ﬁlng§FFPHéﬁ?§):

which, in the cont ext ahdt hisg | hexatieotnotle natidl t ¢hohbenpsacdeateant | Yas a
hydrocarbon character Qxfongat]ﬁsgﬁgygted content of 78%.

Triglycerides having enhanced utility in this

10 invention are exemplified by vegetable oils that are

genetically modified such that they contain a higher

than normal oleic acid content. That is a high propor-

tion of the R', R? and R® groups are heptadecyl groups and

a high proportion of the R}CO0O—, R2CO0— and R*COO— that

15 are attached to the 1,2,3, -propanetriyl groups

—CH,CHCH,— are the residue of an oleic acid molecule.

The prefei‘red Eriglyceride oils are genetically modified

high oleic (at least 60 percent) acid triglyceride oils.

Typical genetically modified high oleic vegetable oils

20 employed within the instant invention are high oleic

safflower oil, high oleic corn oil, high oleic rapeseed

oil, high oleic sunflower oil,' high oleic soybean oil,

high oleic cottonseed oil, high oleic peanut oil, high

oleic lesquerella oil, high oleic meadowfoam oil and

25 high oleic palm olein. A preferred high oleic vegetable

oil is high oleic sunflower oil obtained from Helianthus

sp. This product is available from SVO Enterprises,

Eastlake, Ohio as Sunyl® high oleic sunflower oil. Sunyl

80 is a high oleic triglyceride wherein the acid moi-

30 eties comprise 80 percent oleic acid. Another preferred

high oleic vegetable oil is high oleic rapeseed oil

obtained from Brassica campestris or Brassica napus,

also available from SVO Enterprises as RS® high oleic

rapeseed 0il. RS 80 signifies a rapeseed oil wherein

35 the acid moieties comprise 80 percent oleic acid. &also

preferred are high oleic corn oil and blends of high

oleic sunflower and high oleic corn oils.



10 Those skilled in the art will be aware of suitable substituents;

exanpl es are hydr oxy, car bal koxy, (especially |ower carbal koxy) - and
al koxy (especially lower alkoxy), the ter m "lower" denoting .groups
cont ai ni ng nedovaEser t han 7 carbon atons. PCIR)S9lros3sy O

groups; that is, groups which, while haV| n? predom nantly aliphatic
hydr ocarbon charac- ter within the context of this invention, but contain

atoms other than carbon presenttifis xS hoted LR 81 oL ﬁl@%%i%‘ée%f or
al i phati c carbon atons. het ero at ons W be apparent to

those skilled in the™Mt gﬁnﬂ"?#\‘é‘f}%‘geas EI‘o‘fe%&ﬁﬂ%,°1lo>€‘§’g§|3rffeﬁiefli"—o§@h°§hd
-sulfur. ‘Generally, menhhe of feltty inmehdion.nDiBhé esléehyd=rGar hybnEd@tiPor

Rlerr], Rerr] or pl 25 _ chthat
Rlerr], Rerr], and RF%%’? d&?ouﬁéﬁ%qw %r? %/cgrgﬁgeigrgsatpﬁ SA&T ;?
50, or 60 pePcent, pF@PE?ﬁBPy hewevant 708 paitentagH@viesst tb?-‘epghabgynat:lc
| east 80 nole percenmombnmuasawr ahad rath¥er Fral nau@fépwroc@drﬂa@ ancakebs
acid content of 25-4 e n C in

seeds of sunflowers, gagségﬁlé)%/\se? o1 | Jf;l’lc':g';l'ﬁli‘{dod’j1 al’?%c’j‘qﬁﬁe?& R Yﬁgegﬁéiﬁ oil
content is from abouf—OBOtbpSt%PEbkﬁﬂtW{ml e percent of the acids of the
triglyc- eride. U S. Patent NoSis4foartnky? €8dpd. fbted04 1 E Egﬁg{:ﬂcally

i ncorporated by refere .for their .disclosures
P 90 y mogfgleg'vegetable o%ls have high oleic acid contents at

the expense of the di- and tri- unsaturated acids, such

as linoleic. A normal sunflower oil has from 20-40

percent oleic acid moieties and from 50-70 percent

linoleic acid moieties (di-unsaturated). This gives a 90

15 percent content of mono- and di- unsaturated acid
' moieties (20+70) or (40+50). Genetically modifying
vegetable oils generate a low di- or tri- unsaturated

moiety vegetable oil. The genetically modified oils of

this invention have an oleic acid moiety:linoleic acid

20 moiéty ratio of from about 2 up to about 90. A 60
percent oleic acid moiety content and 30 percent linole-
ic acid moiety content of a triglyceride oil gives a
ratio of oleic:linoleic of 2. A triglyceride 0il made
up of an 80 percent oleic acid moiety and 10 percent

25 linoleic acid moiety gives a ratio of 8. A triglyceride
oil made up of a 90 percent oleic acid moiety and 1
percent linoleic acid moiety gives a ratio of 90. The
ratio for normal sunflower oil is 0.5 (30 percent oleic
acid moiety and 60 percent linoleic acid moiety) .

30 The above described triglycerides have many
desirable lubricating properties as compared to commer-
cial wmineral oil {(hydrocarbon) lubricant basestocks.
The fume point of triglycerides is about 200°C and the
flash point about 300°C (both determinations as per AOCS

35 Ce 9a-48 or ASTM D1310). In a lubricating o©il, this
results in low organic emissions to the environment and
a reduced fire hazard. The flash points of hydrocarbon
basic oils are, as a rule, lower. The triglyceride oils



35 directed to the preparation of high oleic sunflower oil. Gls from
genetically nodified plants are preferred for applications where the use
tenperature exceeds 100[err]C, 250[err]C or 175[err]C, such ' |
conmbustion erWO8®4I6For WO 97/ 43361 FetbisihoRss
PCT/US97/ 08384 -5- exanple, .a triglyceride conprised exclusively of an
oléic acid nmoieties has an oleic acid content of 100% and consequently a
nmonounsat ur at ed cont epreopf 1D@R1ax natyirgcand dehwadd ifieoifrem gheonenrpglar

that are 70%ol €i ¢ 5 hydroc@eh&néONPHNSALEESLEES  £3P% B €86HErBCABility of
unsat ur at ed

(saturated), 5% paln1t| Cld atura 7%l i.nol ei ¢ (di

and 8% hexade%an0|ctré8 Ecef%%ﬁ%dﬁ§§Fh AdeggPed,gn m%f%ﬁnﬁﬁfh§h?ﬁr¥?§ thin
content of 78% Trigl g@hertleg fiskms\g @hkeaadkedrimg|ndyuren dfhithel@ilm assures
| nvention aregexenpl | Ehﬁghéé{ﬁi’&ﬂﬂiﬁﬂee t}e %hEFlazEaé’uPe ’l%v&sc%ry?ﬁ'%‘é' of '::Sdbe

such t hat they cont ai el c acl conte
hi gh propor- tion of @ﬁ§19$é@rylthqé¢$7 tnkeryening gFRAGR ER% %%%%bﬁ%%?l
groups and a high prOQQﬁBEOBfOEhEherBErﬁIt&b@CBf JRligkr |Fades mda[dariﬂmse

t hat 15 are att pr opane
-CH err]CHCH err] - arﬁe?ﬁ l?%fhﬂﬁetSf%ﬁF%n%Fhé50| 8rm écu%ng pressire and
' temperature to be the fundamental factors affecting
10 lubrication, shows that the film-formation properties of

triglycerides are particularly advantageous in hydraulic
systems. In addition, water cannot force an adhering -
triglyceride oil film off a metal face as easily as a
hydrccarbon film.

15 ' The structure of the triglyceride molecule is
generally more stable against mechanical and heat
stresses eXistiﬂg in the hydraulic systems than the
linsar structure of mineral oils. 1In addition, the
ability of the polar triglyceride molecule to generally

20 adhere onto metallic surfaces improves the lubricating
properties of these triglycerides. The only property of
the said triglycerides which would impede their intended
use for hydraulic purposes is their tendency to be
oxidized easily. '

25 The vegetable-based c¢ils have substantial
benefits over petroleum-based mineral oils as lubricant
base stocks. These benefits include:

1) Renewable - The base stocks are renewable
resources from the U.S. agricultural market.

30 2)  Biodegradable - The base fluids are
completely biodegradable due to their ability to cleave
at the ester linkage and oxidize near the carbon-carbon
double bond.

3) Non-toxic - The base fluids are ingest-

35 ible. This benefit coupled with the biodegradability,
means that the fluid are a less significant environ-

mental hazard from uncontrolled spills.



The preferred triglyceride oils are genetically nodified high oleic (at
| east 60 percent) acid triglyceride oils. Typical genetically nodified high

ol eic vegetable oils 20 enpl oyed within the instant invention are

hi gh ol eic ga&fén@yger oil, high oleic corn oil, high ol eic reEAsHeasiss|
high ol eic sunflower oil, high oleic soybeag oil, high oleic cottonseed
oil, high oleic peanut oil, high oleic |lesquerella oil, high oleic

meadowf oam oi | ~and 25 hi g obslfetpal #he! %Qetaﬁl@remgr %s@e@'& Qle%f
vegetable oil is h|g o] ei nfl ower oil obtained from Helianthus sp
product is avail able SBm EnP@?ﬁF?se?n E2R% | ZKET2BFRi o '“a%r%uﬁﬁaf’er??°°c
hi gh ol ei ¢ sunfl ower (670°F)Sureducdfigi she Bigé Iz tidop y:dm" Ilddnifearad.n t he
aci d moi - 30 eti es comprgse xféa&%r&%ﬂglﬁ%%& &&idhe AIRIdYS RIS Yl P
hi gh ol ei c vegetabl e 0|I IS hlgh ol el c rapesSee 1 talne ron1 rassica
canpestris oP Brassi Falabbhity ARG high 1Rejildng aeigye oft &hs itsdglyseride

RS[err] high ol eic rbpesesill 9 | lesRI i idapiti leinds &p{&ﬁﬁ&ﬁiﬁiexﬂagwhe@ﬁﬁ%—ﬁ5
the acid noieties co percent, olse so preferred are hig
oleic corn oil and b$g£%§ %ﬁﬁn“gﬂPa#k§9¥1§&%f 5%¥l%ﬁh hi gh ol eic corn oils.

WD 97/ 43361 High Viscosity Ind€¥ USD7I)0838Aegetable
oils have - desirable temperature-viscosity properties
10 with viscosity indéxes (VI’'s) greater than 200 which

results better oil viscosity control at elevated engine

temperatures and less need for expensive VI improver

additives. A high viscosity index means the oil thins

less on heating. Therefore, a lower viscosity oil at
15 room temperature can be used.

) Improved Fuel Economy - Fuel economy
improvements result from reduced friction of triglycer-
ide oils. The HVI's of triglyceride oils allow the use
of less viscous base stocks to meet higher temperature

20 . reguirements in top ring and grove zones of pistons.
This reduces fuel consumptibn.

8) In-situ Lubricating Films - Thermal or
oxidative degradation results in fatty acid constituents
that can adhere to. the surface and improve anti-wear

25 properties. '

9) Unique Protection from Contaminants and
Corrosion - The chemical fatty acid structures of the
high oleic vegetable oils provide unique natural corro-
sion protection, inherent  detergent and solubility

30 properties. Detergent and solubility properties help
keep moving parts free of sludge and deposits.

Desirably the above described vegetable oils
and/or genetically modified vegetable oils are at least
about 20, 30, 40, 50, or 60 volume % of a formulated

35 lubricant composition, more desirably, such as when used
as an engine lubricant, from about 40 to about 95 or 99
'volume % and preferably from about 50 or 60 to about 90
or 95 volume % of the lubricant.



-6- It is to be noted the olive oil is included or may be excluded as a
vegetable oil in different enbodi- nents of this invention. The oleic

acid content of olive oil typically ranges from 65-85 percent S5
content, howd@$7433§ls not achieved through genetic nodi fFES(Pg%S““éut

rather is naturally occurring. Castor oil car'r9a-l so be included or excluded
as a vegetable oil for this appllcatlon i.s further to be noted that

genetically 10 modi fi ed veyetsihiRad %ﬁ I@%%”@n fivdide /Uh FhiReELo-
at the expense of the Heumaddstiniauasq;tnmmcmh aci gomesiwdd asrl | gdBbErackdt

normal sunflower oil h 540, B?E I es_and. from o
50-70 percent linolei cg:gJél nol e ) - unes&z;tfﬁjoﬁ ggﬁigmﬁi’g&l v%asc“lwtﬂ?n
percent content of »pohRrlrhanlefdins (RAGsLr sedsynehetioi @Ster ©20s70)ay

or (40+50). sGenetlC@édmp'rirwldputiagzwgatoabb@ Okbs SENES aksL & %f& déglr-
tri- unsaturated noi et gfgl; ablaga .. The 3genet i cal y, odi fi ed o

thi s invention have a c?’r’d:l &t VT ihA%iabus @S ¢0l % °fmﬁ yformu‘
ratio of from about -2 lquad) ladbauitca@®. compoSitpencenThedeintayabdel pm&pﬁsefully
content and 30 per centacgderaalgo i,g?gﬂ dcéYPtﬂ % #’%e 0|‘=tf grtﬁégl )Sgeréaqr%

gives a ratio of oleic;linaleic Atrig made of an
percent ol ei ¢ acid nnl%ﬂﬁl?ﬁnfguﬁ Qﬁﬁﬂs use in the lubricant comp051tlon

10 The formulated lubricant composition can also contain up
to 20 volume %, more desirably from about 5 to about 15
volume % of commercial additives for lubricants. These
-include the metal containing antioxidants, antiwear
additives, detergents, inhibitors, ashless dispersants,

15 antimony adjuvant antioxidant and pour point
depressants, such as copolymers of vinyl acetate with
fumaric acid.esters of coconut oil alcohols. The lubri-
cant may also contain up to 235 volume % of viscosity
index modifiers such as olefin copolymers,

20 polymethacrylates, etc. The lubricating compositions
can and usually will contain other traditional lubricant
additives such as rust inhibitors such as lecithin,
sorbitan mono-oleate, dodecyl succinic anhydride or
ethoxylatea alkyl phenols.

25 The copper antioxidant may be blended into the
oil as any suitable oil soluble copper compound. By oil
soluble we mean the compound is soluble under normal
blending conditions in the oil or in an additive package
for the lubricant composition. The copper compound may

30 be in the cuprous or cupric form. The cocpper compound
can be copper dihydrocarbyl thio- or dithio-phosphates.
Similar thio and dithio phosphates of zinc are well
known and the copper thio and dithio phosphate compounds
are made by corresponding reactions where one mole of

35 cuprous or cupric oxide may be reacted with one or two..
moles of the dithiophosphoric acid. Alternatively the
copper may be added as the copper salt of a synthetic or
natural carboxylic acigd. Examples include C, to C,,



25 linoleic acid noiety gives a ratio of 8. A triglyceride oil nmade
up of a 90 percent oleic acid noiety and 1 percent linoleic acid noiety

gives a ratio of 90.

The ratio for normal sunflower oil is 0.5 (30 percent

ol eic aci d ¢ etggsand 60 percent linoleic acid noiety). 30 PCT/US97/08384
The above described triglycerides have many _dgsirable |ubricating
properties as conpared to conmer- cial mneral oil (hydrocarbon) |ubricant

basest ocks. The fume
flash point about 30
9a-48 or ASTM D1310).

i udtatdfa tﬂdt&by@ﬁﬁldie%do‘h a0 e e208kcebir] Gaand ttike but
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pol ar nature 3and t hudids arer PERTERECARRSISH nyHPSCHF%‘éE Hand Lingo ands
for the superb abilitgolafbitldityl ycpiropestiasbe afisortiesl onremilalirdcacesopper

h dh f h
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i nt erveni ng space forethydhexapeaty, copper HEOdecanoate, Copper stearate,
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copper propionate, copper naphthalate, and copper oleate
or blends thereof. "

The copper compound can also be oil soluble
copper dithiocarbamates of the general formula (RR’NCSS),
Cu where n is 1 or 2 and R and R’ are the same or
different -hydrocarbyl radicals containing from 1 to 18
and preferably from 2 to 12 carbon atoms including
radicals such as alkyl  alkenyl, aralkyl and
cycloaliphatic radicals. Preferred are alkyl groups of
2 to 8 carbon atoms. Copper sulphonates, phenates, and:
acetyl acetonates can also be used. In a preferred
embodiment the organic portiori of the oil soluble copper
compound is free of atoms other than-carbon, hydrogen
and oxygen.

When used in combination with the zinc dialkyl
dithiophosphates. the'quantity of copper in the oil is
important to obtaining the combination of antioxidant
and antiwear properties needed for extended life lubri-
cants. _ |

Desirably, the lubricant composition contains
from about 50 to about 3000 ppm Cu, more desirably from
about 50 or 100 to about 2000 ppm, preferably from about
100 or 150 to about 800 ppm or 1200 ppm and (especially

when antimony is present) most preferably from about 100

or 150 to about 500, 600, 700, or 800 ppm based upon the
weight of the lubricant composition.

0il soluble antimony compounds in the lubri-
cant éomposition can act as an adjuvant antioxidant.
reducing the amount of oil soluble copper typically used
from about 1000 ppm to 2000 ppm in the lubricant to



study of the operation of glide faces placed in close relationship to each
ot-her, considering pressure and tenperature to be the fundanental factors
affecting 10 | ubrication, shows that the filmformatio j.es of
triglyceri deV@PH4338Yti cul arly advant ageous in hydraulic sys{}éﬁga&?{qaﬁ
addition, water cannot force an adhering trighy}eeride oil filmoff a netal
face as easily as a hydrocarbon film, 15 ... The structure of
the triglyceride nol e@R¥Y $9QeRBPaFLEbNBRE S31B| *n iR AN hRFREF @RI o”INd AR
heat stresses existingifletbavieydr aahitd mysiens ¢bapouiad | i neng st ragtim@ny

of mneral oils. In a
nol ecul e to generally

Dytiiaitifelhbes i B Vbl T Sen i

surtaces | nprov

| ubri cating propertiedVasfdexpdds bavgngcthpdésrmgha only property of the
said triglycerg des which woul d[i npedegt heijr i ntended use for hydraulic
purposes is their tendency to pe oxid]zed easily. 25 The

veget abl e-based oils

have sukstgntfal gheggfits over petrol eum based

mneral oils as |ubricant base|stocks| Thgse benefits include: 1) Renewable

- The base stocks are
market. 30 10

renewabl ¢ resources |gromthe'U. S. agricul tural
2) Bi odegr adabl e The base fluids are

conpl etel y bi odegr adabhergud® tand hBf r axiei |ndraaamiydavemadicals as described
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later with 1 to 18 carbon atoms, more desirably from 2
to 12 carbon atoms. More desirably, the hydrocarbyl
radicals are alkyl or alkenyl radicals. Antimony
dialkylphosphorodithiocates such as Vanlube® 622 or 648
also from R. t. Vandetbilt may be effective. These are
similar to the zinc dihydrocarbyldithiophosphates having
the formula | '

where R and R’ can be the same or different hydrocarbyl
radicals containing from 1 to 18, preferably from 2 to
12 carbon atoms such as described for the zinc compound.
Desirably the hydrocarbyl radicals are alkyl, alkenyl,
aryl, aralkyl, alkaryl or cycloaliphatic radicals.

Desirably antimony concentrations in the lubricant are
from about 100 to about 4000 ppm, more desirably from
about 100 to about 2000 ppm, and preferably from about
100 or 200 to about 800 or 1000 ppm antimony based on
the lubricant composition. The commercial manufacture
of a preferred antimony compound recommends from about
0.1 to about 1 wt. % (600 ppm antimony) and for antiwear
and/or extreme pressure uses from 0.1 to about 5 wt. %
in lubricant compositions. It has also been discovered
that the soluble antimony compounds function as anti-
wear agents. This reduces the need for zinc dithio



at the ester |inkage and oxi di ze near the carbon-carbon double bond. 3)
Non-toxic - The base fluids are ingest- 35 i ble. This benefit
coupled with the biodegradability, means that the fluid are a | ess
significant woyyazms:r nental hazard from uncontroll ed spil | sPCT/USYIDSIH 43361
PCT/ US97/ 08384 -8- 4) Safety- The vegetablei®ils possess very high flash
points, on the average, nore than 290[err]C (570[err]F) reducing the fire
hazard from the | ubriptarsphaflesRetichdcdmgr flsutfes 13 @hosphbuest potibenioy 3n
volatility and high i . pOI e.triglyceride base oils, |ess

| ubricant ends up i n%églg%ﬁgugt%gﬁnggégi ons and as particulate material .

6) High Viscosity Index (HVI) Zinc\Rieydmpeahyls didhdopesphates anti-wear

t enper at ur e- vi Scosi t \wdAiGROEE Ewed® inhibiWokB)Viageosidg rabigxassdd/ i8) the
greater than 5200 whi cch resul tis better oil X)I scosMgl C ntrolacac; el evat ed, h
engi ne tenperatures ANPPEESIRBE] P enSi RESK ’f%%r&ger ARG AR, WAR

hi gh viscosity index kmoans temhrgiqueshiby Edsstoforsdrong dihbiepbeepharic

l'ower viscosity oil &fig, usually by reaction of an alcohol or a phenol with
P,S; and then neutralizing the dithiophosphoric acid with
a suitable zinc compound.

10 ' Mixtures of alcochols may be used including
mixtures of primary and secondary alcohols. Secondary
alcohols generally impart improved antiwear properties,
with primary giving improved thermal stability proper-
ties. Mixtures of the two are particularly useful. 1In

15 general, any basic or neutral zinc compound could be
used but the oxides, hydroxides and carbonates are most
generally employed. Commercial additives £frequently

contain an excess of zinc due to use of an excess of the
basic zinc compound in the neutralization reaction.
. 20 The zinc dihydrocarbyl dithiophosphates useful
| in the present invention are o0il scoluble salts of di-
hydrocarbyl esters of dithiophosphoric acids and may be
represented by the following formula: |

25 ﬁ :
o Ro—li’——s- —2n
- OrR’ |2

30 - A

wherein R and R’ may be the same or different
hydrocarbyl radicals containing from 1 to 18 preferably
2 to 12 carbon atoms and including radicals such as
35 alkyl, alkenyl, aryl, aralkyl, alkaryl and
cycloaliphatic a radicals. Particularly preferred as R
‘and R’ groups are alkyl groups of 2 to 8 carbon atoms.
Thus, the radicals may, for example, be ethyl, n-propyl,
i-propyl, n-butyl, i-butyl, sec-butyl, amyl, n-hexyl, n-
40 heptyl, n-octyl, decyl, dodecyl, octadecyl, 2-



15 roomtenperature can be used. 7) | mproved Fuel Econony - Fuel
econony inprovenents result fromreduced friction of triglycer- ide oils.

The HVI's of triglyceride oils allow the use of |ess viscousdp@@ }o s to
| | PRRRBAC

nmeet hi gher t 8ire 20 requirements in top ring an
of pistons. This reduces fuel consunption. 8)-134n-situ Lubricating Filns -

Thernal or oxidative degr adation results in fatty acid constituents that
can adhere to the surf&E8YARE*¥ipr ovePRffYlwear Ptylphenyiloperticsslehexyl,

Uni que Protection frommeehyasyobopentyl), Ci;swpa&i}qn -butféelth%mccal IRtdYadfi €
structures of the high Bkg g gegeé(?i{l‘e O.It %hew g gn ng{)atgral corra?éom
sion protection, inherent detergen sal’u 3 pPHpEFIPeR. S
Det er gent and sol ubi | i 4 - pr ofEemi Bsand| R’ kebp tmldlgzlpmplma‘plwm atidigeill

and deposits. Besirabl yehbga BDPVedestidired 5V63§t agkéaﬁ’%%s andﬁ% gjpe  di-

genetically nodified vege@g}tﬁl e I s are at |east about
60 vol ume % of a formuf @gphates argnAreiFRbEYHARA dioAmowBES heat reasult

such as when used as- ainefigpmeaboint | DBt o famutalBENle 4pnt @idRkOUln Qi&rlnﬁ%l—
Yﬁgurﬁbﬁ?gggtpreferablMaEECHBﬁﬂygﬂtfg% 0o &é%f¥§%¥ ¥ 288 ugoéggfigéa out
2500 ppm zinc. The use of oil soluble antimony can

10 reduce the need for oil soluble zinc.

In p:ior art oils, other antioxidants in
addition to the zinc dialkyldithiophosphate are some-
times required to improve the oxidative stability of the
oil. These supplementary antioxidants are typically in

15 the oil in amounts from about 0.5 to about 2.5 wt. %.
The supplementary antioxidants can be included in this
composition and include phenols, hindered-phenols, bis-
phenols, and sulphurized phenols, catechol, alkylated

: catechols and sulphurized alkyl catechols, diphenylamine

20 and alkyl diphenylamines, phenyl-l-naphthylamine and its
alkylated derivatives, alkyl borates and aryl borates,
alkyl phosphites and alkyl phosphates, aryl phosphites
and arYl phosphates, 0,0,S-trialkyl dithiophosphates,
0,0,8-triaryl dithiophosphates and 0,0,S-trisubstituted

25 dithiophosphates optionally containing both alkyl and
aryl groups, metal salts of dithioacids, phosphites,
sulphides, hydrazides, triazols.

However, the inclusion of small amounts of
.copper generally removes the need for these suppleménta-

30 ry antioxidants. It would be within the scope of the
invention that a supplementary antioxidant be included
especially for oils operating under conditions where the
presence of such supplementary antioxidants may be
beneficial. '

35 The use of o0il soluble copper permits replac-
ing part or all of the need for supplementary antioxi-
dants. Frequently, it enables lubricating compositions
having the desired antioxidant properties to be obtained
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base lubricating fluids such as petro- leumdistillate products, isonerized

or hydrocr agkesskl S such as synthesized from hydrocarbon bERrishMBId4 ON,

pol yal phaol efins (PAGs) or synthetic ester oils may 5 conprise up to
30, 40, 50, 60, or 70 vol % nore desir- apky fromabout 1 or 3 to about 25
vol % of the fornmu- |ated | ubricant conposition. These may be purposeful ly

added to inpart cerwitin eittpes tncfaacmltmbhab.e éiﬁr{clle%%tagif th%xéééitl{:'xﬁs

din the lubric [ or.nul a ubrican
gngrpolm tion can al 3’2{%%2{?505 ttﬂ a\}olct?r?é’e‘?%rﬁﬁrIEnﬁes?Pﬁbﬁifa‘F‘P%?n Wbblit 5
‘to about 15 vol une bess l’dmré}cﬁ a\tt .addianidv €relqmenitdlgr leant shanTABSEt i 0Ch ude
the nmetal containi nge and igeXitdnisg gi@héﬂ@é‘f%agﬂé;[é%%n&det ergents,

i nhi bitors,_ashl ess di spersa ti_nmon uvant ant i oxi dant
and  pour 2 poi nt depressantTi‘ §3€Pe£§aESMoP§n§P§ éﬂbﬂﬁ?maé@@a@élv\mﬂn
fumaric acid est er scast beoeohabced |bylac alpalist idhel | ks icatdinig EE&! a5BPess

et “Ropol iﬁeYE*l%r@a% EoHEORhEK BUCR g BBUVhELTes, of oho SRatn
conpositions can a mﬂbﬁf‘\mﬁubs@éﬁmed S@Erpoxyladi micddal dnubrtiicdnt the
additives such as fhﬂ}iiirdd&h:'b@ht FFoupl Nctt 4 8es 1 BN to 400 carbon atoms.
10 These generally are a nitrogen containing ashless
dispersant having a relatively high molecular weight
aliphatic hydrocarbon oil solubilizing greoup attached
thereto or an ester of a succinic acid/anhydride with a
high molecular weight aliphatic hydrocarbon attached
15 thereto and derived from monohydric and polyhydric

alcchols, phenols and lnaphthols.

The nitrogen containing dispersant additives
are those known in the art as sludge dispersants for
crank-case motor oils. - These dispersants include

20 mineral oil soluble salts, amides, imides, oxazolines
and esters of mono- and dicarboxylic acids (and where
they exist the corresponding acid anhydrides) of various
amines and nitrogen containing materials having amino
nitrogen or heterocyeclic nitrogen and at least one amido

25 or hydroxy group capable of szlt, - amide, imide,
oxazoline or ester formation. Other nitrogen containing
dispersants which may be used in this invention include
those wherein a nitrogen containing polyamine is at-
tached directly to the long chain aliphatic hydrocarbon

30 as shown in U.S. Pat. Nos. 3,275,554 and 3,565,804,
herein incorporated by reference, where the halogen
group on the halogenated hydrocarbon is displaced with
various alkylene polyamines. Additional details regard-
ing ashless dispersants are disclosed in U.S. Patent

35 4,867,820 hereby incorporated by reference.

This invention desirably utilizes a detergent-
inhibitor additive that preferably is free from phospho-
rous and zinc and comprises at least one metal overbased



sor bi tan nono-ol eate, dodecyl succinic anhydride or ethoxylated al kyl
phenol s.. 25 The copper antioxi dant nmay be blend %E. t he
oi | as any sWPP#WIE! 0i | sol ubl e copper conpound. By oil sol u‘fﬁ";ﬁ

conmpound i s sol uble under normal blending conditions in the oil or in an
addi ti ve package for the |ubricant conposif#8n. The copper conpound may

30 be in the cuprous.ar _cuprigc form. The copper .co und gan he
copper dihydrocarbylc Wﬁ%ﬁ?ﬁﬁpﬁﬁéﬁﬁééﬁwﬁ&p%%?%%.°§§mﬁa§%°g§ﬁ&°an HFHDT
phosphat es of zinc aremesitiomowdianyl haminppesul fuvized d¢omposiphonpleaide
conpounds are made r§%§g kRY I eapbi rSf 0N & rdent2 inhibi -
cuprous or cupric o%%%l %q- bg%?gggt edi‘&m&tﬁag%éggr&; WO, rmralges rge t hemh%bl
di t hi ophosphori ¢ aci'tP¥ ARES e vafy EONPXIFAS Fh§ABLIBRR 08 s Mardaddsidr
salt of a symthetic partmt ahali-waabpxand @xadiethe prExsnpe gsroted tickn ,Clagityi]-

to Cferr] WO 97/ 4 . . .
PCT/"US97/ 08384 - 10- saﬁcﬂarta’t°é’dp1gartft°§m§<’:‘|cﬁsa§’ﬁc OLLogt R P HE i ti ¢, but

i ncl ude unsaturated and aronaffbe Betas evrrbased|salEsopfpprgrmbe acidmaype
aci ds such as napht heiidl 2 &kndwnOtomehese! 8f #RiDDtih rane 234 tahdYénerally
Synt hetic carboxylic, .
include metal salts wherein the amount of metal present
10 in them exceeds the stoichiometric amount. Such salts
are said to have conversion levels in excess of 100%
({i.e., they comprise more than 100% of the theoretical
amount of metal needed to convert the acid to its
"normal” "neutral" salt). Such salts are often said to
15 have metal ratios in excess of one {(i.e. the ratio of
equivalents of metal to equivalents of organic acid
present in the salt is greater than that required to
provide the normal or neutral salt which requiréd only
a stoichiometric ratio of 1:1). They are commonly
20 referred to as overbased, hyperbased or superbased salts
and are usually salts of organic sulfur acids, organic
phosphorus acids, carboxylic acids, phenols or mixtures
of two or more of any of these. As a skilled worker
would realize, mixtures of such overbased salts can also

25 be used.

The terminology "metal ratio" is used in the
prior art and herein to designate the ratioc of the total
chemical equivalents of the metal in the overbased salt
to the chemical equivalent of the metal in the salt

30 which would be expected to result in the reaction
between the organic acid to be overbased and then
basically reacting metal compound according to the known
chemical reactivity and stoichiometry of the two reac-
tants. Thus, in a normal or neutral salt the metal

35 _ratio is one and in an overbased salt the metal ratio is
greatey than one.

The overbased salts used usually have metal
ratios of .at least about 3:1. Typically, they have

n the

c



5 acids are preferred because of the inproved handling and solublllty
properties of t he resul ting copper carboxyl at es. Preferred
exanpl es include copper 2- ethyl hexanoate, copper neodecanoate, copper
stearate, copeouBELPI onate, copper naphthal ate, and copper REITAIR9F08384

or blends thereof. The copper conpound can kég be oil sol ubl e copper

di t hi ocarbamat es of the general formula (RR S)[err] Cu where nis 1 or 2

and R and R are the 3aBeopediliecent dusliocy byl adadls esadf abubngeloem

1 to 18 15 and era Iy fro on atoms” i nc
radicals  such asrataPEyFOt exqeading abgpgl #QF1. éhﬂnéV6ﬂdaﬁaéﬁ§théV1ng

radicals. Preferred aaeiakkyk gheuwpsimiixd ca&&arzkmrl aatx%rr&;se@pper
Ty P e A at e By 2Rl Rg Re bR S ioysle wBsdobar
conpound is free of wmakas tdtewer q:vmrbawd bsalthycregemsumblox pgeraliflen or

used in conbination QthlEHS ZéP@hChéﬂéﬁ”cdﬁﬁéﬂda3hgsﬂhat%ﬁet5%0 #aaglt¥1gf
copper in the oil is ion o

g nEortani éo ob%a|n| the, conbj na |
anti oxi dant and ant i #B%r IfPoPEFR]-BsCKELREUT oF T eﬂn¢|¥% LBy #od chKPE:
Desirably, the | ubri eablyceminsdinorubddt amnnscés Dim almlberdllduabosl t BOGGH

ppm Cu, nore deSirabE¥hL£I”%asic reacting metal compounds can be used.

10 Compounds of Ca, Ba, Mg, Na and Li, such as their

hydroxideé and alkoxides of lower alkanols are usually

used as basic metal compounds in preparing these

overbased salts but others can be used as shown by the

prior art incorporated by reference herein. Overbased

15 salts containing a mixture of ions of two or more of
these metals can be used in the present invention.

The overbased salts can be of oil-soluble

organic sulfur acids such as sulfonic, sulfamic,

thiosulfonic, sulfmic, partial ester sulfuric, sulfurous

20 and thiosulfuric acid. Generally they are salts of

carbocyclic or aliphatic sulfonic acids. Additional

details of various metal overbased salts of organic

acids are described in U.S. 5,427,700 which is hereby

incorporated by reference. .

- 25 ' Metal passivators such as toly-triazole or an
oil-soluble derivative of a dimercaptothiadiazole are
desirably present in the lubricant composition.

The dimercaptothiadiazoles which can be

utilized as a starting material for the preparation of

30 oil-soluble derivatives containing the
dimercaptothiadiazole nucleus have the following struc-

tural formulae and names:



30 about 50 or 100 to about 2000 ppm preferably from about 100 or
150 to about 800 ppm or 1200 ppm and (especially when antinony is present)
nost preferably from about 100 or 150 to about 500, 600, 700, or 800s§am
based upon t "WML of the | ubricant conposition. 35 PCT/USI7/08384 (5 |
sol ubl e antimony conpounds in the lubri- cant;ganposition can act as an
adj uvant anti oxi dant reducing the anount of oil sol uble copper typically
used from about 1000 ppmto 200Q gpraiimeridagtbuhr,3¢anthiadiaz¥be97/ 43361
PCT/ US97/ 08384 about 500 ppmwi th the sanme antioxi dant protection. An
effective ant i nony cdmpound— N i s ant i nony di al kyl di t hi ocar bamat e
such as Vanl ube[err] 73 frﬁn1R. T. ﬂanderbilt havi ng the formula 10

[err] where R and R arBsSh§drocarby/C-SHdi cal s as described later with 1 to
18 carbon atons, nore desirgbky om2 to 12 carbon atons. Mor e
desirably, the hydrocarbyl radfcals are alkyl or alkenyl radicals.
Ant i'nmony 15 di al kyl phosphor odi t hi oat es such as Vanl ube[err] 622 or
648 also fro . t. -Vanderbilt e effective. . These.are simlar to the
zi nc dihydrog% byIdithiophosphaggé'%&WFﬁﬁapEO"s'2’4'thladlaz°fé

§———N

15 HS—C\\\\ ’///C-SH
g
20 3,4-dimexcapto-1,2,5-thiadiazole
Hs-ﬁ ﬁ—SH
25 C N
.\\\\S’/,/
30 4,5-dimercapto-1,2,3-thiadiazole
0
35 N\\\\ ///C-SH
S
40 Of these the most readily available, and the
one preferred for the purpose of this invention, is 2,5-
dimercapto-1,3,4-thiadiazole. This compound will
sometimes be referred to hereinafter as DMTD. However,
it is to be understood that any of the other dimercapto-
45 thiadiazoles may be substituted for all or a portion of

the DMTD.

DMTD is conveniently prepared by the reaction
of one mole of hydrazine, or a hydrazine salt, with two
moles of a carbon disulfide in an alkaline medium,

50 followed by acidification. |



the formula 20 [err] where R and R can be the sane or different

hydr ocar byl radicals containing from1l to 18, preferably from2 to 12-
carbon atons such as described for the zinc conpound. 30 Desirably

t he hydrocanbgbrismei cal s are al kyl, al kenyl, aryl, aral kyl , PEFKEIHA838H
cycloaliphatic radicals. Desirably antinony;gancentrations in the |ubricant
are from about 100 to about 4000 ppm nore desirably from about 100 to
about 2000 ppm and preferabl ypdrnratakey o85DMTD havi0Beh @08cioa®oi +3@0

or 1000 ppm anti nony bEsed 2 itirt;e ls%b i cant_co 03|ti0} Thecgo rcial
manuf acture of a prefefte® ht FiBny “EomEUMRCFELDMTBRALS r 6RCABEEE 0. 1 6
about 1 wt. % (600 pprepataiiy)ofasemeodezhvanbues oll/ TR S slesquridesuie
uses fromO0.1 to abogtyd pMe1dd 4Gndustrikl LH@rtﬁémeéﬂfﬂéO%Hénﬁ%%ry"|,t 4las
al so been di scovered that the %og:?ubl ant i rmgy CO%POLi{IdS functiqn as anti -
wear agents.>This reluckd®inb FeMErTztAe Ui t WYX thenBreprFsddpn of the
PCT/ US97/ 08384 - 12- epihbspbhilsle Wieehvaoives buifeSDMDD phdsphbs usSpgxs dsie N@ol N
utilize already prepared DMTD or to prepare the DMTD in
situ and subseguently add the material to be reacted
with DMTD. = Additional details on various metal
10 passivators and their preparation are described in U.S.

Patent 5,427,700 which is hereby incorporated by refer-
ence. _
This invention also optionally utilizes
viscosity modifying compositions including viscosity
15 . index modifiers to provide sufficient viscosity at
higher temperatures. The modifying compositions,
“include a nitrogen—containiﬁg'gster of a carboxy-con-
taining interpolymer, said interpolymer having a reduced
specific viscosity of from about 0.05 to about 2, said
20 ester being substantially free of tiltratable acidity
and being characterized by the presence within its
polymeric structure of at least one of each of three
pendant polar groups: (A) a relatively high molecular
weight carboxylic ester group having at least 8 aliphat-
25 ic carbon atoms in the ester radical , (B) a relatively
iow molecular weight carboxylic ester group having no
. more than 7 aliphatic carbon atoms in the ester radical,
and (C) a carbonylpolyamino group derived from a poly-
amine compound having one primary or secondary amino
30 group, wherein the molar ratio of (A):(B):{C) is
(60-90) : (10-30) : (2-15)
An essential element of a preferred viscosity
modifying additive is that the ester is a mixed ester,
i.e, one in which there is the combined presence of both
35 a high molecular weight ester group and a low molecular
weight ester group, particularly in the ratio as stated
above. Such combined presence is critical to the viscos-

ity properties of the mixed ester, both from the stand-



catal ytic converters. Zinc di hydrocarbyl dithi ophosphates anti-wear
additives (wear inhibitors) are desirably used in the 5 conposi tions
and can be prepared in accordance with known techniques by first formng a
di t hi ophospho™Q974836d, usual |y by reaction of an al cohol or aPPROIFETO%P4
Plerr]S[err] and then neutralizing the dithiqgkasphoric acid with a

sui tabl e zi nc conpound. 10 M xtures of al cohols nay be used
i ncl ud: Ing m xtures of gsinar gfaridsseedacssrynl aolokEsinSeetadaict ealiealia)s aréd
genérally Inpart 1npro antl we I e t LOBLY . .al Vvl L Qprove
thermal stability prop%lfgntir%lsi %F;’}‘Béﬁggﬁ%f %%ewttv\% g?’é%ﬁ%ﬁ?‘?ulggﬁw upon
-useful . In 15 gehiérziicatdfg baemposit hews r dln zwhickofouhd cigdl s an
used but the oxides, hygivles and carbonates are nost generally enpl oyed.
Commerci al additives frequently contain an excess of ,zinc_due to use of an
excess of the Dasic zinc conpound &% @nHSUFPaFS?aF?Bﬁ PEalhs oSt ep groups,
The “zi nc di hydr ocar bylitdiisipphosphatiws tlsdf Hn iestde madismEilt isvesptesent 3
oi |l soluble salts of. cgy gégﬂ 3y esters of dithiophosphoric acids and
may be represented by t'he follow ng formula: 30 ' [err] wherein R and

R may be the same or different WFdP3dPRDyl radicals containing from1 to
18 preferably and that the number of carbon atoms in an ester radical

10 'is the combined total of the carbon atoms of the carbon-
yl group and the carbon atoms of the ester group i.e.,
the (OR) group. Additional details of the viscosity
modifying additives are in U.S. 5,427,700 hereby incor-

- porated by referenée. _

15 The lubricant composition can comprise a
synthetic ester base oil. The synthetic ester base oil
comprises the reaction of a monocarboxylic acid of the

formula
R'®—COOH
20
or a di or polycarboxylic acid such as the dicarboxylic
of the formula
RY? CHCOOH
25
(CH,) .,
CH,COOH
. 30 with an alcohol of the formula
R'®* (OH)
wherein R!® is a hydrocarbyl group containing from about
35 5 to about 12 carbon atoms, R! is hydrogen or a
hydrocarbyl group containing from about 4 to about 50
carbon atoms, RY is a hydrocarbyl group containing from
1 to about 18 carbon atoms, m is an integer of from 0 to
about 6 and n is an integer of from 1 to about 6.
40 Useful monocarbkékylic acids are the isomeric

carboxylic acids of pentanoic, hexanoic, octanoic,
nonanoic, decanoic, undecanocic and dodecanoic acids.
when R!? is hydrogen. Useful dicarboxylic acids are



2 to 12 carbon atons and including radicals such as 35 al kyl ,

al kenyl , aryl, ar al kyl , al karyl and cycl oaliphatic a radicals.
Part|cularly preferred as R and R groups are al kyl groups of 2 to 8 carbon
atoms. Thuswoigdasisadi cal s may, for -exanple, be ethyl, n-propgl/ps97/gsadpyl ,

n-butyl, i-butyl, sec-butyl, anyl n- hexyl, n- 40 heptyl , n-octyl,
decyl,  dodecyl, octadecyl, VO $Pr43361

PCT/ US97/ 08384 -13-_et h | hex enyl but heny|, . .
cycl ohexyl, methyl cJerod prejfﬁ ﬁ/"l c5“pa§'r$ﬁ°y aﬁ&fiénﬁlzeéf‘g a¥ﬁ60r gePe¥LC ot idn

oi | sol ubili ty, thesebaaic rﬁmlisbr fotmacxaer@mglt end gdipicfzondR dfdedr B*’i i
the dithiophosphorig mzdaafaﬂﬂyﬁgé E‘p sﬁasiﬁiﬁy £ @R}Ubbort 86 carbon

greater. The zinc t hi ates_are_desira used_j n_anounts

that result in frontt®BRn =9 c35H6*¥p ﬁFzFﬁ&QFnafﬁea¥E%}|Su%%&ﬂlc
conposi tions nore desidsabdnd falitemdoududdithiico ahicld. 200fbhpyle ikt mayl se

use of oil solubleréw§1&9%¥her an?eo£?&an%§gaﬁglthe?eﬁﬁg f8¥ﬁ8h$150|6ﬁﬂ§1

zinc. In prior art n-addi
di al kyl di t hi ophosphateohiple sshe- isoRerieqREREHlt Rieghahs t hheoxd sRmenic

stability of the hexyl alcohols, dodecyl alcohol, 2-ethylhexyl alcohol,
ethylene alcohol, diethylene glycol, propylene glycol,

10 neopentyl glycol, pentaerythritol, dipentaerythritol,

etc. Specific examples of these esters include dibutyl

adipate, di(2-ethylhexyl) sebacate, di-n-hexyl fumarate,

dioctyl_ sebacate, diisooctyl azelate, diisodecyl
azelate, dioctylphthalate, didecyl phthalate, dieicosyl
15 sebacate, the 2-ethylhexyl diester of linoleic acid

dimer, the complex ester formed by reacting one mole of
sebacic acid with two moles tetraethyléne glycol and two
moles of 2-ethylhexanoic acid, the ester formed by
reacting one mole of adipic acid with 2 moles of a 9

20 . carbon alcohol derived from the oxo process of a 1-
butene dimer and the like.

Examplee

An accelerated oxidation .stability micro

25 reactor was developed by the Chemical Engineering
Department Tribology Group of the Pennsylvania State
University to test the volatility and oxidative stabili-

ty of oils. The test uses a metal block with a cavity of

depth 0.95+ 0.35mm where the oil sample is tested. It

30 is very similar to a constant temperature
thermogravimetric analysis except the amount of insolu-

ble sludge (deposit}) is separately determined. The
apparatus is further described in an article by J.M.

Perez et al. "Diesel Deposit Forming Tendencies-Micro-

35 analysis Methods"—SAE paper No. 910750 (1991). In
general, a 30 minute test at 225°C is equivalent to about
3000-6000 miles of use in a vehicle engine and a 60

minute test would be equivalent to about 12,000 miles



oil. These supplenentary antioxidants are typically in 15 the oil in
amounts from about 0.5 to about 2.5 wt. % The suppl enentary anti oxi dants
- can be included in this conposition and include phenols, hindered-phenols,
bi s- phenol s, W@R¥433phur i zed phenol s, catechol, al kyl ated caPEFH37@83q

sul phuri zed al kyl catechols, diphenylam ne 2055 and al kyl
di phenyl am nes, phenyl -1 -naphthylam ne and its al kyl ated derivatives, alkyl
borates and aryl bor atess,00al-i20l, oploospepérdirydipdik hepbngphat dssidgri \Mnd load

phosphites and aryl p e ) S- 1k | di t.hi t.es .

0,0 Striaryl dithi op%ss?%%%{segnagﬁgo%@%‘}%%%m A QQ%@ i¥>the specimen
di t hi ophosphat es opt i &#3l |Be ceMaiRArag bot l9edl kyeresnt oy | chroupsognephy to
salts of dithioacids, c@t&iﬂhlitrff%frn&ﬂi@ﬁl dﬁﬁ,cmﬁe@ﬂesméritnﬁzebﬁlafl;)w&ﬁht
these suppl enmht a 30 4P EIEE i5p, B3 Phe PERIS ad A EIREE IR REnteRs SeBgs-
of t'he invention that tdomgppl bovnterlearnitdamwxivdaght beprodiaided cesyradikaltley to

for oils operating undehpeeadiibhongsulehaat ngﬂ.@SﬁBi@ceiﬁanight products
suppl ement ary anti oxi dants rra¥ be_beneficiral. 35 The use
of oil sol ubl e copper "5¢r RVEE Pégﬂé{cf%’ﬂgdwﬁl‘b‘f' all of the need for

suppl ementary antioxi- dants. Frahlenthy, shbwenabhes hubeleshted oxidation

composi tions ;paving the . desh£6d :a0thONIAY RGNS CS% P AR ALPSthe o1
evidehtly has some natural antioxidant(s). The general-
ly high amounts of deposit formed in the 30 minute tests
indicate the oils are unacceptable for engine oil base
stock without further modification.

15 Table 2 shows the effect of a copper additive
on the accelerated oxidative stability test of natural
ocils. The test times were extended from the 30.minutes
as shown in Table 1 to periods of time from 1 to 3 hours
indicating significant oxidation resistance was imparted

20 by the o0il soluble copper compound. The amount of

| copper is given in ppm Cu which indicates the amount of
copper associated with the oil soluble copper compound.
All the results were acceptable for 1 hour tests indi-
cating the stabilized 1lubricant compositions have

25 acceptable oxidation resistance for vehicle engine use
(about 12,000 mile equivalent). The high oleic acid
content vegetable oils (sunflower, rapeseed, soybean,
high oleic corn, and corn) gave superior oxidation
resistance with copper than the castor oil (having'high

30 percentage or ricinoleic acid, a monounsaturated hydroxy
acid) .. This indicates some synergy between the soluble
copper compounds and triglycerides of aliphatic or
olefinic carboxylic acids especially from oleic acid.
Note that in Table 1 the castor oil without added

35 antioxidants had superior oxidation resistance than all
the high oleic oils other than crambe. Table 2 illus-
trates that vegetable oil with 2000 ppm of the soluble
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either no additional supplenentary antioxidant or with | ess than nornal
concentrations, for exanple with less than 0.5 w. % and frequently |ess

t han about Ow®d 94i4336%0 Of t he suppl ementary antioxidant. 5 PCT/US97/08384

The di spersancy of the lubricant conposition can be enhanced by a
traditional lubricating oil ashless di spersan?t ‘conpounds such as

he hydr ocar bon or updCEBRE 2 I na8" bl Eh T odiaa b n St Ry S e

generally are a nimsegén vebhehe rﬁﬁm}n%hl ess di spersant having a

relatively high nolecul ar wei ghtagld p@a&nquazggeear QHHtO'thes%ldll%'Hl'ez' pe
group attached thereto or an.,es a succjnic a anyrl e]tﬁ/\nt 1?1

ol bbutar o ght ol | pREFPECRIGPEER Soh SRS AEDI ity i
derived fromsnmonohydccoventipody sitiid izlecopatkageh ehrdes andmmaphalhodaisl as

The ni trogen contai ni pguflb3pearant 1adgtLi¥gs akext NOSKARMEA, N Nt rfets

sl udge di spersants for crank-case nD or ils hes persant s
i ncl ude 20 ni neFAFPBY FaBHS AR E s%&@leérrﬁassn% o Herackags of Ene Pack)

and an SG service grade additive package (SG Pack).
Also included in this table are a proprietary chlorine
10 containing additive (Cl additive), a Ketjen lube polymer
from AKZO Chemical Corp., and K-2300 another commercial
lubricant oil- additive. The Eng. Pack, SG Pack, Cl
containing additive and Ketjen Lube additives had
marginal performance as antioxidants at 30 min and
15 unacceptable at 60 min. The oil soluble copper provided
superior results at 30 and 60 minutes irrespective of
whether used alone or in combination with other addi-
tives. The 5 vol. % K-2300 seems to detract from oxida-
tive stability. The zinc dithiophosphate (ZDP}, which
20 in mineral oil acts as an antioxidant/antiwear additive,
provides some antioxidant protection with high oleic
sunflower oil with or without C1 additive and/or Ketjen
lube. However the ZDP detracts slightly from oxidative
étability when used with copper. As seen in the last
25 four oils examples of the table the proprietary Cl
containing additive detracts from oxidative stability
when used with the SG Pack either with or without copper
even though it provided some oxidative stability without
these components as seen in examples 4-8. This illus-
30 trates the complexity of formulating a lubricating
composition.

Table 4 illustrates accelerated oxidation
stability tests on copper free vegetable oils stabilized
with conventional antioxidants and mineral oil based

35 motor oils (10W30 and 10W40). Included is a used 10W-30
vegetable oil lubricant actually used for 2400 miles in
a V6 1986 Oldsmobile automobile. That composition was
included to illustrate that the formulated oil would



and esters of nono- and dicarboxylic acids (and where they exist the
correspondi ng acid anhydrides) of various am nes and nitrogen contai ning
mat eri al s havi ng am no nitrogen or heterocyclic nitrogen and pipds896d3sPne
ani do 25 WOQJM338Y dr oxy group capable of salt, anide, imde,
oxazoline or ester formation. O her nitrogen-z®ntaini ng di spersants which
may be used in this invention include those wherein a nitrogen containing
pol yam ne is at- tachesbrk rioctay totbhebidagevgane ahdphehiled hjavec aelsdduad
as shown in U S. Pat. 3.2 54 4, I3 142COT RV

ref erence, where the h%_%?&é:r}%er %ggggﬁl?ﬂgﬂ%i oge%g:t egj%ragﬁg)gﬁon&?lgah%g B
di spl aced with vari ousCil I§a eSPPRATNEE. 1AGEY tyRKECaBEaPRL fogaMdatipgs
ashl ess di spersants argrdliigelsoseddifibnS. oRaledivd5 stabili#t$67b896nHer ehpt
i ncorporated by reference. This_i,nyention,desi.r.abl Allzes d rLgents

i nhi bi tor additive thg e“b°r"é5}é‘raa8f’yg?§efr2%hef’ r%ar%%pﬁ%‘sgﬁg‘?%gus?iéngggfgcg‘%ﬁ?
conprises at |east oneidst areoprevided as B isgg6values of what has been

PCT/ US97/ 08384 conposiddai 2418y akeh88BieONgnaar Re¥bt §bTé SPELSABK dat ive
conposition, diaryl amne, _sul fuf |,I;l$d conposjtion, and netfa}Llréoas& vator. The

pur pose of the det erge“?ﬁa-kii&ﬁitﬂi'- e comparison in the t two examples
using a non-copper antioxidant illustrate that an air

10 environment causes more undesirable deposits than a
nitrogen environment. The third example shows the non-
‘copper antioxidant results in excessive deposits in 60
minutes.  The multi-weight mineral oils (10W30 and
10W40) illustrate that 10W30 suffers from excessive

15 evaporatibn while 10W40 suffers from deposit formation.
The vegetable oils in later tables stabilized with oil
soluble copper have desirable low deposits +and low
evaporation as compared to these commercial mineral oil
compositions.

20 - | Table 5 illustrates the oxidation stability of
0il compositions stabilized with o0il soluble copper
containing antioxidants. The first 5 examples illus-
trate that the stabilizing effect of 2000 ppm copper is
diminished only aftexr 3 hours (e.g. at about 180-210

25 min} in the acceleration oxidation test. The o©il
soluble copper has been observed to increase the wear
(reduced antiwear properties) of the sunflower oil so
the next 5 examples illustrate a more wear resistant oil
composition with 1 volume % zinc dithiophosphate (ZDP}.

30 The examples of crambe, sunflower and corn oils with
copper show that higher oleic acid content vegetable
oils ({crambe and sunflower) are better stabilized
against oxidation than regular corn oil. Four sunflower
specimens with 2000, 1500, 1000, and 200 ppm copper

35 illustrate that 1000 to 2000 ppm copper is.desirable for
good oxidative stability in a 60 minute test.

In Table 5 the compositions with copper and
antimony have generally equivalent oxidative stability



tor additive is to provide cleanliness of mechanical 5 parts, .
anti-wear, and extreme pressure protection, anti- oxidation performnce and
corrosion protection. The metal overbased salts of organic acids are wdely
known to thowo943ssti || in the art and generally include netacTrasdiosiss
wherein the anount of netal present 10 I.n-them exceeds the

. -24 - . .
stoichiometric anmount. Such salts are said t8 have conversion | evgal sI in
oreti.ca

s of 100% (i.e. td kG WienebEpkhagy 400% of, dhe {heoreti. ;

amount of met a(l)(needed ??éconv rt_the oBPE %1?% nol?ér.ra_ " J}“r%%stjrtélmssé?'l’tt)h.

Such salts are of t en SAFE T G7f5 antinony, Ganpdumctisn g3 tin oslye SO 0ofs 0ongpm

(i.e. the ratio of eqfi aipgexs aofd rmoalsdwp@qpia\fﬁli?@h? g}ldgr&g?{%gogﬁg%%ivgr_
esent in the salt i r eat. .han . qlseguire 0 provide th

ﬁreut ral salt which r elq_%t?lg:r gél?ﬁltégg s?{tl(%l%té'%l‘lg P 5°F‘BPE(’J“6P“§: ¥ EhTR00 05 ppm

commonly 20 r efCOPPEY -t 0TR3S oidiehagstiimhpperdidsed othsupesppsed tsal be

and are usually sal tefm‘feceligan!a}:[ syb‘t,élff @?h@gntgﬁg?ghg pgﬁﬁggggﬁéggﬁ "%,’Agfa
b l'ic acids, ph oL _Im xt ures WO Or | .

(S:Eir| F)e(é wor ker vvouPdﬁgggﬁlsz%,ann@&%%ees%(?Fr%‘@ﬁdpve?ﬂb%saétf@é?mé wadgh agided as

~be used. The terni noRBgjmonEtdlakiaridithioamddate. h"Ehprugs o thandnbenh{

‘to designate the ratha;jgbahbe dritRhadiel ol ¥2LETERS N, 11e HELAL, LD

~the overbasgg sal t

2000 ppm of oil soluble copper and minimizes the delete-
rious wear increasing effect of .soluble copper on the
oil.

Table 6 illustrates that many conventicnal
antioxidants do not impart oxidative stability even at
15 175°C (i.e. 50°C lower than previous tests). The tests

in Table 6 were conducted at 175°C since most of the
antioxidants are very volatile at 225°C and were general -
ly known to be less effective than soluble copper.
These antioxidants would be appropriate for some of the
20 low temperature hydraulic fluid applications.
The Chemical Engineering Department Tribology
Group of the Pennsylvania State University also conduct-
ed a four-ball wear test as shown in Figure 1. Therein
the balls (E) are 1.27cm diameter 52-100 steel ball
25 bearings, the side arm (C) holds the ball pot (D)
stationary, (B) is the lubricant level in the ball pot

(D), the bottom three balls are stationary, the thermo-

couple (A) measures the temperature, the heating block

(F) controls the temperature, and the uppermost ball
30 .~ rotates by a force supplied by shaft (G). The test

method includes a standard test method and sequential

test method. The sequential test method was supplement -

ed by a modified scuffing test which determined the load

. required to cause scuffing with the particular

35 —lubricant. The wear on the balls characteristic of
lubricants in the sequential test are shown in Figure 2.
Typical mineral oil wear with additives is described by
the top curve label A. The addition of an extreme



to the chem cal equivalent of the netal in the salt 30 whi ch woul d be
expected to result in the reaction between the organic acid to be

over based and then basically reacting netal conpound accordi ng ;7he 8I%nown
chemi cal reacM@AT436And stoi chionmetry of the two reac- tants. 8384,
norrmal or neutral salt the netal 35 rat4©_is one and in an overbased

salt the netal ratio is greater than one. The overbased salts used usually

have netal ratios of girebsagt ab@utive lto they/PAGtal dile¥eld¥es inW& curve
US97/ 08384 -16- ratl oS

97/ 43361
of at |east about 12: T ™R3 5 FS }}’1 CREVERRRA S Bratc}‘ogoﬁgt a@ﬁ&@@GFnﬁdgbBﬁYe
- 40:1. Typically sal tscﬁavrﬁgul@tilb§ surygoaimilat to Qibwhere2@hkraer ésudtdtle

The -basi cal 'y reacti ngrnBbain&sdpeeings ws8d GRa3 scar) H?E@a Eﬁéer xe}{]gaﬁg

salts are usuglly an alkali or,_alkaline earth nmetal caqnmpoun

Goup 1A [1A> and |1 BIRREGFs 1B« IR ngFaTRIR) um dHe RRRLAM akineypi -ixathy
excl udi ng rubi di um cBertizn axichdieirey| defo)mat i Baughi md h&:mattasrépﬁréééhtﬁg the

gﬁzﬁlagogﬁgrPds can bgosede dfea formé?QRp%H%stzc RroBac My OF gﬂ bails

due to the contact pressure before the test run beglns.

The delta wear value in Table 7 represents the differ-

10 ence in wear scars before and after each segment of the
three sequential test.

Table 7 illustrates the wear properties of
vegetable oils and mineral oil with different additives.
Comparing lubricants 1 and 2 it is obvious that vegeta-

15 ble o0il inherently has better wear resistance both
during run-in and during the steady state I and 1II
periods. Comparing lubricant 1 with 2 and 3 illustrates
that the oil soluble copper detracts from the inherent
wear resistance of vegetable oil. Lubricant 5 from

20 sunflower oil with 1 vol. % zinc dithiophosphate (2DP)
illustrates that only a little zinc dithiophosphae (ZDP)
is needed to give sunflower oil equivalent or better
wear resistance than a SAE 10W30 mineral oil (lubricant
11) . Lubricants 6 and 7 illustrate that 1 volume % ZDF

25 provides good wear resistance (as good as SAE 10W 30
lubricant 11). Lubricants 8 and 9 illustrate that LB-
400 extreme wear additive is not as effective in provid-
ing wear resistance as 2ZDP, and that the amounts of LB-
400 changes its effectiveness. LB-400 is a phosphéte

30 ester available from Rhone-Poulonc as an antiwear addi-
tive. Lubricant 10 illustrates that an oxidation
resistant oil soluble copper containing vegetable lubri-
cant with an effective amount of an antiwear additive
can perform similarly to or better than a mineral oil

35 product both with respect to run in and wear.

As shown in the accelerated oxidation.tests
zinc dithiophosphate (2ZDP) detracts form the oxidation
resistance of vegetable oils stabilized with o0il soluble



hydr oxi des and al koxi des of |ower al kanols are usually used as basic netal
conpounds in preparing these overbased salts but others can be used as
shown by the prior art incorporated by reference herein. Overbased 15

sal ts cont ai wowy/4a3en xt ure of ions of two or nore of these nmiTobsH708984 beE
used in the present invention. The overbased,gsalts can be of oil-soluble
organi ¢ sul fur acids such as sulfonic, sulfamc, thiosulfonic, sulfmc,
partial ester sulfuricoppeul.f urBsissBéwn abovan®ilhi WY i Cop@Gi dincreases
Generally they are .1 of r lic or_aljphatic sulfonic acids.
Addi tional details of“’?v%gjr ?’%ﬁ%?nze‘f%d%%%é%ssseﬁ% {Igr"d’fld&sgﬁﬁF&WSEFdEraF@C-

described in U S. 5, P60 wiPepinatinn b isedmbier ataupdyy anfiemIceor 25,

Met al passivators su&iad3et QaekagesZ Hdy Nk k- Salsu deri Lve of
di mer capt ot hiadi azol e gr eed%}ilr agb o wgbllﬁe%%t?bﬁc?én?*%é%%%gﬁi orf:8

The di mer captot hi adi £251"&8" c%etlcﬁr?%glsggﬁ‘:“g@tﬂ RMROUNRAS CRRgakapebe alsddr
the preparation of 368 an adjuvasg] iHriteioxidderni waitly eSoppe€0ahal Fikdk com-
t he di nmer capt ot hi adi gagh@snucirgis oli‘i‘v‘%oﬁnﬁlfaoEEQ%ngSEEHC%e%ﬂ%%le f.fsoormrrewoare
and nanes: all of the oil soluble Zinc, e.g., {(zZDPp).
In many transportation applications, e.g,
10 piston ring and liner, transmission, gear boxes, hydrau-
lic pumps; the lubricants are required to have, in
addition to good friction reduction and wear properties,
extreme pressure (extreme temperature) properties to
prevent scuffing, galling, and catastrophic wear fail-
15 ures. The friction and wear studies described earlier
can be supplemented by a scuffing evaluation test by
increasing the load until scuffing occurs. - Commercial
mineral based engine oils typically have a scuffing load
of 80 kgf or less. The vegetable oil compositions can
20 be formulated to have scuffing loads in excess of 100
kgf. The o0il soluble copper does reduce scuffing load.
The fatty acids from vegetable oils do not increase
scuffing load but do reduce friction. :
Table 8 illustrates that the vegetable oils
25 inherently have as much or more scuffing resistance than
mineral base stocks (petroleum distillates). The
scuffing load is the load in kg in the four ball wear
tester (shown in Figure 1) required to cause écuffing

(defined as the delta (A) wear exceeding 20 mm). This
30 test is conducted by increasing the load in the four
ball wear tester until scuffing occurs. The test

evaluates how well the lubricant composition can protect
metal parts when high pressure forces the lubricant film
to be thinner and thinner. This property is important

35 in piston rings and liners, transmissions, gear boxes,— "

and hydraulic pumps. 1In a scuffing resistance test one
plots wear versus load and generally three linear re-
gions are seen. In the first region wear increases
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[err] OF these the nost readily available, and the one preferred for the
purpose of this invention,is 2,5- dinercapto-1, 3, 4-thi adi azol |

conpound wi | IWeodmdI¥hes be referred to hereinafter as DMID. M%%“”‘ i
to be understood that any of the other dinerezpto- 45 - thiadiazol es
may be substituted for all or a portion of the DMID. DMID i s conveniently
prepared by the react lanesrlynasoktbeoflagdir ArFreases. a hjke adivkrigant and
with two noles of a C%BQQEldb§U$féCEbﬂdkdﬂlﬁﬂgkﬁEb“e diaudete@minable load,

foll db dif 7/ 43361
o) e Ohaea 16 DERRD ukries FOTEbres, 1Re%, FRREFPR e wer and

and any such conpoundseeanibertaseadsd. a fihtaeprepaeatﬂemﬁ.mns@ne wear scar
derivatives of Dg/"_D ' §:h§6§c5%98ﬂeé g%% n{ oI %@Béb&tathé”i'ogﬁg' ”‘?ﬁé!r@g

Chenistry", 4 preparati on of
the -oi | - sol ubl e deri v&f‘-F9§s UFaBI\/fH9nt|1FWP§ G‘Gsﬁrbljem%q}'medlate rate between

the first two rates until faﬁlpre of the parts occurs.
Table 9 illustfates viscosity and metals
content of two different vegetable oil engine lubricants
10 and one mineral oil (petroleum distillate) commercial
" 10W-30.



utilize already prepared DMID or to prepare the DMID in situ and
subsequently add the material to be reacted with DMID. Addi ti onal
details on various netal 10 passivators and their preparation are
descri bed iwo#7@s3ePat ent 5,427, 700 which is hereby incor por BEHHSHPSIAS er -
ence. This invention also optionally utidg.zes viscosity nodifying
conpositions including viscosity 15 I ndex nodifiers to provide
sufficient viscosity at higher tenperatures. The nodifying

conposi tions, include a ni 0 boxy-con- taining
I nterpol yner, said interpg I c Jiviscosity of from
about 0.05 to about 2, sai ifal ly free of
tiltratable acidity and bdi e wthinits

pol ynmeric structure of at nt pol ar groups:
(A) arelatively high nol oup having at

| east 8 aliphat,- 25 ical , (B) a

rel atively | owsnol ecul ar Egh ing no nore than
7 aliphatic capbon atons mﬁ th ar bonyl pol yam no
group derived Arom a pol y- ry or secondary
am no 30 8ar oup, mheneln O is
(60-90): (10- 308: (2-15)
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An essential elenent of a preferred viscosity nodifying additive is that

the ester is a mxed ester, i.e, one in which there is the conbi ned
presence of both 35 a high nol ecul ar wei ght ester grou&gﬁ.ré%g%g%g‘yv
nol ecul ar wewWg7/4836ler group, particularly in the ratio as s ve.

Such combi ned presence is critical to the vi®8os- ity properties of the

m xed ester, both fromthe stand- WO 97/ 43361

PCT/ US97/ 08384 -19- point of its viscosity nodifying characteristics and
fromthe standpoint of its thickening effect upon |ubricating conpositions
in which it is used as an additive. 5 In reference to the
size of the ester groups, it is pointed out that an ester radical is
represented by the fornula -C(O (OR) and that the nunber of carbon atons
in an ester radical 10 is the conbined total of the carbon atons of

the carbon- yl group and t group i e the (OR
gr oup. Addi tional detailg o vi s¢osi tly nodi fying additives arP I n
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porated by reference. 15 The lubricant .conposition can
conprise a synthetic ester base oil. The synthetic ester base oil"’
conprises the reaction of a nonocarboxylic acid of the fornula R[err]-COCH
20 or a di- gfo¢sygar boxylic acid such as the dicarboxylic BET/AUBES/OBIR4NUI a
Rlerr]-CHCOOH 25 [err] 30 with an al c8fol of the fornula Rlerr]
(OH)[err]. wherein R err] is a hydrocarbyl group containing from about 35

5 to about 12 carbon atons, is__hydrogen or a hydrocarbyl group
containing fromabout 4 fo chrboh Rijerf] 1s g Fyd“ocarbyl
group containing from1 jo iy ghrbop mji gl ap infedegfiof fromoO
to about 6 and nis an ifte rpmaL | & & 2D > - <
Usef ul nonocarboxylic acfds b 1 Bonefi px\l 1 ¢ acids df pentanoic,
hexanoi c, octanai c, nonafoi| Qi | Lgndidodecangicllaci ds.
when Rlerr] is @/drogen. . Uss i chr bokylli c|ac) dd afe
gl 3 « & <5 < <
ET) -~ 3 | & v Al I o of J I n| o
=1 o} -
E w0
(o)
~ n{ < < < &l n
- ° ol | I & ML TN~ -
o g al 2| " = ¥ | Y =] o N 2] =2 o~
v o S
g o
-1 g H
]
~n &
d 5 ol 0
ad Lo g b I <l @ ol G| of &} 2] § of =
" inTp, v
W o~
0B & &
P @
™ D W
wo B °
o og 54 =1 n n
- Lo E_‘:$ Al 3] m] ~] o] m o] o o 2 B o N R
Q 4 El 0 m| | o} © o] ~f o] mf o ™~ ol o~
% 5o 2° A © o
i Ut a . ™
e =
28 myg o
'g'q E"m o
T b4 0 t wn nj wn
@ 4 @ 8 M| © al ® ol ] & ~ o = ol <l
o =l ] .
o 8 i
"" ¥
o o
3 v "
-rd -
e 2
(o] g +g X
. -r (¢}
o — A0 o o — 9
] Al M -] Q Ml o s ] o)
o ol U ol = 3} au ]
g al & ol Ja ol - N O
M D Ol w< (4} o ~ o
ht [0 |l © &f o o o ~
] 2 | Al 24| Of © o B o0
o —~ o} o QU} M ™} M SRR +
S 2 Al Bl Of = vl wl gl © g d.sg
] Wl @|m) W] wHeel © i M wm Ag o 31 3
< 5] g ol & x NngeH| O] O
%) Sl e o o BT ) o® ol [}
73 w do| oo Al o O 2] Ei E
A - s 4 -l ol Zol af a
ul -] ~f © . o )} ~ cQert] o o
Al O] O} Au] —~t| H} O] O] M1 = O -
ol ] 5] o o] o] o] »| >| ©¢] oA m]| o] ©
— - >l > 2| »8D0] o] ©
Ol i O e - i o] 4 -4 (=] (=]
— Lo 1] wr [ ~f ~ e o o~
< o - wl ©o
of +| +| o] +] +} +] +] B] + - +! +
o A O 3
= > &
——— —— -4




WD 97/ 43361 PCT/ US97/ 08384 - 20-
succinic acid, maleic acid, azelaic acid, suberic acid, sebacic acid,
fumaric acid and adipic acid. Wen R err] is a hydrocarbyl S97/08384
contai ni ng fr¥@%4e¥labout 50 carbon atons, the useful di carboXylic acids
are al kyl succinic 5 aci ds and al kenyl succinic acids. Alcohols that
may be enpl oyed are nethyl al cohol, ethyl alcohol, butyl alcohol, the

i someric pentyl alcohols, the isoneric hexyl alcohols, dodecyl alcohol,
2- et hyl hexyl al cohol, ethyl ene alcohol, diethylene glycol, propylene

gl ycol, 10 neopgnt y1 |gl yc I,J pent aprythii tjol, taerythrijtol,
etc. Specific exanpleg of gh€selestarpd npldg| difbgt v “ddhpailex | 2} wn} o
di (2- et hyl hexyl) sebahatej;d? n-fh&xyl | #u rqte | BCtilyk séhagatez| ~|
di i sooctyl azel at e, -usoblechd . bctiyvlp A—di o\
phthal ate, dieicosyl R5.| @ sgbacat ke, .Qﬁ 24 ethyl dijest er ﬁf
linoleic acid diner, t-ﬁa:r.o&aloxﬁesﬁ € fprijed) byt Legeto r% ofleSmol £lah|
sebacic acid with two|nb ﬁr% % ptotja&d K91 &nel @lyBpl” [aRd Dlﬁszof =
2- et hyl hexanoi g aci d, [t8e™8st pr |folrmeld by} rdac}ing’ on el adipic cﬂp
with 2 noles of a 9 2@'* »| Farfboh afl cohpl [defived f he {oxo |pr ¢ceps [pf
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Exanpl es An accel erated oxidation stability mcro 25 reactor was

devel oped by the Chemi cal Engineering Departnment Tribology Goup of the
Pennsyl vania State University to test the volatility and oxidative stabili -
ty of oils. Jgouhast uses a netal block with a cavity of depCH/USIDEB3H. 35mm

where the oil sanple is tested. It 30 -3 very simlar to a
const ant tenperature thernogravinetric analysis except the anmpunt of
i nsolu- ble sludge (deposit) is separately determ ned. The apparatus is
further described in an arti =&£§?|==D&B Lt
Form ng Tendenci es-M cro- 3 SéEE rgi pef I\p. 910750
(1991). In general, a 30 i 931 8nt 7t & labiqut
3000- 6000 niles of use in a y¢hi 41§ i @it 8 B wpldl d be
equi val ent to about 12, 000 I<es
PCT/ US97/ 08384 -21- (6, 000-20,8000) hg engi he gdesi gy and
| oad factors in the appl igat gu sdecijmep cpan be
eval uat ed by gel permaatig.n C 15§ O j n |i nfior prat} orj orf changes
in the nol ecular weight @ '
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5 ‘ distribution of the liquid as a function of test condi- tions. Low
mol ecul ar meight products contribute to evaporation | oses and hi gher

mol ecul ar wei @roducts may eventual 'y form deposits. Tabl epdrpbeVisadane
accel erated o 78h 10 stability testa-on 10 vegetable oils. The
crambe oil eV|dentIy has sonme natural antioxidant (s). The general- |y

hi gh anpbunts of deposit forned in the 30 mnute tests indicate the oils are
unaccept abl e for engine oil base stock wi thout further nodification. 15
Tabre 2 shows the effect of a copper additive on the accel erated OX|dat|ve
stability test of natur Y= e

m nutes as shown in Tabl
significant oxidation r
copper comnpound. The ngg
~the anmount of copper as

the results were acceptdgp

| ubricant conpositions hags
vehi cl e engi ne use (abouit #]
content vegetable oils (fsuntl oy
corn) gave superlor oxi dagli
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30 percentage or ricinoleic acid, a nonounsaturated hydroxy acid).
This indicates sone synergy between the sol ubl e copper conpounds and
triglycerides of aliphatic or olefinic carboxylic acids especially from

ol ei ¢ acid. ‘Nﬂgﬁ‘ﬂgg}at in Table 1 the castor _gil without add®§T3$§97/08384

ant i oxi dants had superior oxidation resistance than all the high oleic oils
other than cranbe. Table 2 illus- trates that vegetable oil with 2000 ppm
of the soluble WD 97/ 43361

PCT/ US97/ 08384 -22- c sufticlont i dation stability
for use in vehicle enpinesy T trlat es|t hat} t je sol ubl e copper
conpound provi des sup E%on St .pxijdati ¢n.t Han {5 conventi ona
stabilizer packages ( dii iy & EomrefcijalR) additives for
oxi dati on, ant i wea @(ﬁsqxa .} ljabel ¢d ergi fle oil package (Eng
Pack) and an SG servigélgrade| addi §ji vé ppcKkage (SG Wac ). Also included in
this table are a propfiggtaty ghljorijne{10 bont i nijng additive (d
additive), a Ketjen |pbg—petyperitom-AlZo1cherteal—cefp., and K-2300
anot her conmmergi al | uprilcaht pil} addi{iyp. ThF Enqg. Pack, SG Pack, C
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containing additive and Ketjen Lube additives had margi nal perfornmance as
antioxidants at 30 mn and 15 unacceptable at 60 mn. The oil

sol ubl e copper provided superior results at 30 and 60 m nutes irresgecti ve
of whether useWORM4}Elor in conbination with @sher addi- tiveFCHYRRMA834)|
% K-2300 seens to detract fromoxida- tive stability. The zinc

di t hi ophosphate (ZDP), which 20 in mneral oil acts as an

anti oxi dant/antiwear additive, provides sone antioxidant protection with
hi gh" ol eic sunflower oil wth or without O additive and/or Ketjen |ube.

However the ZDP detracts B B s ability when used with
$ exfinpl es of the table the
DR, O

copper. As seen in the

proprietary C contai ni we dety idative stability when
used with the SG Pack ei h lof | wi bphefl even though it provided
sonme oxidative stabilit tlhege Nt s LTS seen in exanples 4-8.
This illus- 30 br p donpl 6 fojmulating a lubricating
conposition. Table 4 @ 5 dccpl 6 idajion stability tests on

| ijzed Wi th]conventfonal antioxidants and

copper free vegét abl eSoilf
TIPWI0). Included is a

mneral oil baséd 35 . " Tof Qi TE
used 10W 30 veggﬁ'{ abl e oiff Z\H t pctiual |y uped for 2400 mles in a V6
(o)}
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20 Table 5 illustrates the oxidation stability of oil
conpositions stabilized with oil sol ubl e copper containing antioxi dants.

The first 5 exanples illus- trate that the stabilizing effect Eiﬂ; pm
copper is dinvAi9osMId@ only after 3 hours (e.g. gy~ about 180- 219 sFiddsal

mn) in the acceleration oxidation test. The oil sol uble copper has
been observed to increase the wear (reduced antiwear properties) of the
sunflower oil so the next 5 exanples illustrate a nore wear resistant oil
conposition with 1 v % zinc dithi ophosph . 30 The
exanpl es of cranbe, flopwe nd {cofn pilfs wth coppgr show that higher
ol eic acid content tabl el oifl s{(ctanpe jand sunfl owgr) are better
stabilized agai nst ationf t Wan |regul pr jconfn ¢il. F@ur sunfl ower
speci nens wi th 2000,§ 1500y 1p0Q, 4ndj20D ppm cogper 3 illustrate
that 1000 to 2000 pgm dopper|i g dgsifable |[fof gpod oxifdative stability in a
60 mnute test. In e b the conposi t§ ons Wtw coppg¢r and antinony have
general |y equival en i datijpe fstabilit \O P7/433¢1
PCT/ US97/ 08384 - £} speci e wijt hf coppgr &l ope. "Th@gse conpositions with
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copper and antinony can function with only 500-600 ppm of copper and

500- 600 ppm anti nony and exhibit equiva- |ent oxidative stability to
conpositions with 2000 ppm 5 copper.. Thus the antinony allows the .
copper to bggdi@ssii ve at | ower concentration. The total PpOXUSH7/0838%4al S
can thus be decreased. The antinony was addedsgms anti nony

di al kyl di t hi ocarbamate. The use of the antinony adjuvant anti oxi dant avoi ds

problens with dispersing 10 . 2000 ppm of oil sol uble copper and
m nimzes the del ete- vear | S Iglbl e copper on the
oil. Table 6 illustratgs jhaf emany3c [ | gxi-dants do not inpart
oxi dative stability evgn t,oﬂ ' 5 é}}r]CI-ower t han
previ ous tests). The $ ™75[err]C si nce |
nost of the anti oxi dan rejvery c\J/ol atile at P25[erf] Béhd were general -
|y known to be less efjecjivedh rosql @bl e coppeT. Tifese+anti oxi dants woul d
be appropriate for song sh& 20 ¥ 0 | ow t ehper at re.:tgydraulicfluid
applications. The Che CR jneering Departngnt Tri b(ﬁ?y G oup of the
Pennsyl vani a State Uni er ity Al s;oﬁccnduct- ed{ a_foulfl- BAlE wear test as
shown in Figure 1. Theféiklh the balws |(B) are 1j 2¥cm ¢i fhpter 52-100 st eel
bal I 25 bearingsf| 3 he £ dé Srrh ©(C) hol g th B pot (D)
stationary, (B) is the |§| lcant {levdl in the hall pdt “
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(D), the bottomthree balls are stationary, the therno- couple (A) neasures
the tenperature, the heating block (F) controls the tenperature, and the
upper nost ball 30 rotates by a force supplied by shaft

test nethod i WAH81a standard test method and sequenti al tegégﬁg?ﬁ%%QFThe
sequential test nmethod was supplenent- ed by3@2-nodified scuffing test which
determ ned the load required to cause scuffing wth the particular 35
| ubricant. The wear on the balls characteristic of lubricants in the

sequential test are shown in FigHine 2n VdieRladBeNelidh @He WRiett tdeatutes

addi {1 ves s descri bed by, (e LORLUNE LaBEL Ae oTIRAULY L0118y oer

PCT/ US97/ 08384 - 25- piassur &leddicipee oifo theeiniveetddnois nesulisited dlnmree
simlar to the one |ahel %@rd‘é&%%{)ﬁ@ﬁe"‘%‘%ﬁg@qgﬂ Ly &E‘@a&ﬁéal%léﬁmé.
t s little or n

curve simlar to C where ere | i ncrease I n wear (wear scar)
after the run in (30 5 mnutes in this exanple). The bottomline D
is the Hertz elastic deformation line that represents the contact

area fornmed by elastic deformation of the balls due to the contact pressure
before the test run begins.



The delta wear value in Table 7 represents the differ- 10 ence in
wear scars before and afteLun m the three sequential test.
Table 7 illustrates the we m mm’mmn)m,veget able oils and mneral oil
wi th differeRrvoafishsés ves. Cbnp&rlhg urieants 1 and 2 it i srobwsovs38dhat

vegeta- 15 ble oil inherently has better ygar resistance both during
run-in and during the steady state | and Il periods. Conparing |ubricant 1
with 2 and 3 illustratyggs at coaemepl T8¢! ubl € copper detracts fromthe

I nherent wear resistance of vegetable oil. Lubricant 5 from 20

sunflower oil with 1 vol. % zinc dlthlophosphate (ZDP) illustrates that

only a little zinc dithi ophosphae ( EDPhbi $camete desingas igi ver snfdrdwemagi |
equi val ent or better wear resi SE")‘“SE 1025 azﬁ%llmé@%e@c@ﬁeabfogg lgast one

(lubricant 11). Lubricants 6_and 11l ustrate that vol une % Z

provi des good Mear redegekabde i gBSélgé}écS’ﬁn“_ﬂ‘F OF e Rormedd 11).
Lubricants 8 and 9 illustrate that LB- 400 extrene wear additive is not as
effective in provid- ing wear resistance as ZDP, and that the anmounts of
LB- 400 changes its effectiveness. LB-400 is a phosphate 30 ester
avai l abl e fquLRhone Poul onc as an ant| ar addi- tive. Lubricant 10
Il lustrates oxidatio t:0i | sol ubl e copper containing

vegetabl e lubri- cant with an e%ﬁéctvaDanDunt of an antiwear additive

15

20

25

30

35

40

CHz——O——C--Rz
0

|

CH,—0—C—R?

wherein R}, R? and R?® are independently, aliphatic hydro-
carbyl groups of from 7 to 23 carboen atoms, said hydro-
carbyl groups of said at least one,triglyceridelbeing at
least 20 mole % monounsaturated, and

b) from about 50 to about 3000 ppm of copper
based upon the weight of the lubricant composition, said
copper being in an oil soluble form.

2. A lubricant compositioh according to claim
1, further comprising from about 500 to about 2500 ppm
of zinc, said zinc being in an oil soluble form.

3. A lubricant composition according to claim
2, wherein at least 60 mole % of the combined R!, R?, and
R® of said at least one triglyceride are the alkene
portion of oleic acid. '

4. A lubricant composition according to claim
2, wherein said vegetable oil triglyceride includes an
oil from a genetically modified plant comprising sun-
flower, safflower, corn, soybean, rapeseed, crambe
lesquerella, peanut, cottonseed, canola, meadowfoam or
combinations thereof.
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can perforn15|n1larly to or betfer than a mneral oil 35 product both
wW.th respect to run in and the accel erated oxi dation
tests- zinc dithi ophosphat e mﬁ;mﬁlp I“gr m t he oxi dation resistance of
veget abl e oi | wos7@sd6l | zed V\M L sel ubl e* WD 97/43361  FCT/US97/08384
PCT/ US97/ 08384 -26- copper. As shown above orkisol ubl e copper increases
wear while ZDP decreases wear (provides antiwear protec- tion).

Conbi nati on of sol ubl e copper afd ZDﬂubtﬁGﬂnV|ngecﬁkkﬁgﬁnﬁﬂqQﬁdlﬂﬂNEWE&ﬂalm
and 1ow oxidation.  AS Jherein BASHI QiSher S& R i hHEDEBraOBEOBNESpERR
al so be used as an adj uvant ﬁnt|OX|dant with copper and zinc com pounds.
The oil sol ubl e anti mSAFPOXY1AEBl ace sone or all of the oil soluble zinc,
e.g., (ZDP). In many transportation applications, e.g. 10 pi ston ring

and liner, transnission, gear bexe§haﬂ¥gﬁéﬂnt|65m PESPS; orf (fd&QﬁkﬁﬁQkﬁcﬁggm

required to have, in addition to g riction reduction an

properties, extreme pPessyrereinxthendaloridat of e)theyr epEPPYRiate RfevEALd
scuffing, galling, andoppledstcaebbikgliedarisaftree 16 ~atoms UoESer thenf caebban
and wear studies descrlg%gneg

Ealﬁydrogen.

10 7; A lubricant composition according to claim
1, further comprising from about 100 to about 4000 ppm
antimony based on the weight of said lubricant composi-
tion, wherein said antimony is in an oil soluble form.

15 8. A lubricant composition according to claim
7, wherein said copper is present from about 100 to
about 800 ppm based upon the weight of said lubricant

composition.

20 9. A lubricant composition according to claim
8, wherein said antimony is added as antimony

dialkyldithiocarbamate.

'10. A lubricant composition according to

25 claim 8, further comprising from about 500 to about 2500

ppm of zinc based on the weight of said lubricant
composition, said zinc being in an oil soluble form.

11. A lubricant composition according to
30 claim 9, further comprising from about 500 to about 2500
ppm of zinc, said zinc being in an oil soluble form and

being added in the form of zinc dithiophosphate.

12. A lubricant composition according to
35 claim 9, further comprising a tolutriazole compound.
13. A lubricant composition according to

claim 8, wherein at ieast 60 mole % of the combined R:,
\\
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can be suppl enmented by a scuffln ev test by increasing the | oad
uptil scuffing occurs. H%@l “i % ased engine oils typically have

a scuffing | oad of 80 kgf o] able oil conpositions can 20
be fornul at esvo sydsssze scuffing | oads in excess of 100 kgf . TRETMISY7/08384ub| e
copper does reduce scuffing Ioad The fatty ac_lglf_from vegetabl e oils do

not increase scuffing |load but do reduce friction. Table 8 illustrates that
the vegetable oils 2582 ana RMherenddig hé‘ﬂel%%s'ﬁu%é)rt@?f ésyiaénare the
resi stance than m nera:lj)éI base _stocks et rol e m distil

scuffing load is the # ‘FrP%tJl%ﬁ‘Fe"fJﬁ}F ‘wear tester (shovvn |n

Figure 1) required to cause scuffing (defined as the delta ([err]) wear

exceeding 20 nm). This 30 14 testp i%;sefiéaﬁ&edc%déwl%ﬁ?' QEcEi?al{ngacko

in the four ball wear tester unt|I scuffing _occurs t est eval Uat es
how wel | the Pubricarffi@Uhpositi SHeE&Atpr 5846t Wegarabiet Lihert Highyceride
pressure forces the |imelwded &hnl roilo bﬁoﬁnhlanr@én@mibémymeﬁglﬁbbiear ity

is inportant 35 sl I i ner SSI

boxes, and hydrauli c pu'{'#) %L‘{rg]a scu |ng resis an%&g? St one f}l ot %'eberan’
versus | oad and gener%ﬁﬂ’%ﬁ%eﬂ'ee | FRRRYar - GFBWMBSare PEARUL, | n qiecdrigend,.
regi on wear increaseslesquerella, or meadofoam or combinations thereof.

10
15. A lubricant composition according to
claim 11, wherein at least 60 mole % of the combined R?,
R?, and R® are the alkene portion of oleic acid.

15 l6. A lubricant composition according to
claim 15, wherein said vegetable o0il triglyceride
includes an o0il form genetically engineered plant
comprising sunflower, safflower, corn, soybean, peanut,
cottonseed, rapeseed, lesqﬁerella, or meadowfoam, or

20 combinations thereof.

17. A lubficant composition acéording to
claim 5, wherein said vegetable oil triglyceride is from
about 40 to about 99 volume percent of said lubricant.

25 :

18. A lubricant composition according to
claim 8, wherein said vegetable oil triglyceride is from
about 40 to about 99 volume percent of said lubricant.

30 19. A lubricant composition according to
claim 13, wherein said vegetable oil triglyceride is
from about 40 to about 99 volume percent of said lubri-

cant.

35 20. A lubricating oil composition being the-
reaction product from blending in any order components

comprising:

This Sheét Has Been Relpl ced
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WO 97/ 43361

PCT/U897/08384 WD 97/ 43361 -27-

linearly as the Ioad I ncr m l II j cant and additives are
controlling wear. At a deﬁﬂmuﬂﬂuul ﬁu ﬂ l he | ubricant and additives | ose
control of weWO¥Md6lear irdcréasks "t % faster rate devel opi n§CHURRAIRY: or

5 whi ch becones | arge enough to support tlggdload. There- after, wear
continues at an internediate rate between the first two rates until failure -

of the parts occurs.

Tabl e 9 il)ustr akast gDsvoliuny pencentredfl st clsdstntone

of two different vegetahlg il 19 @F-b%&rfégg%so\}/\%tg% E%Iélg?gaone m ner al

oil (petroleumdistillate) comrercia

PCT/ US97/ 08384 - 28-
PCT/ US97/ 08384
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35

.____..4.0.

[err] WD 97/ 43361

o)

CH,—O0—C~—R?
| 0

l
CH,—O~—C—R?
| o}

I

CH,—0—C—R?

wherein R!, R? and R3? are independently, aliphatic hydro-
carbyl groups of from 7 to 23 carbon atoms, said hydro-
carbyl groups of said at least one triglyceride being at
least 20 mole % monounsaturated, and

'b) from about 50 to about 3000 ppm of copper
based upon the weight of the lubricant composition, said
copper being in an oil soluble form.

21. A lubricating oil composition according
to claim 20, further including from about 100 to about
4000 ppm of antimony.

22. A lubricating oil composition according
to claim 20, wherein said vegetable o0il triglyceride is
from about 40 to about 99 volume percent of said compo-

sition.

23. A lubricating oil composition according

to claim 22, wherein at least 60 mole percent of the

combined R!, R?, R3® of said at least one triglyceride are
oleic acid less the CO,H. '

24. A lubricating oil composition according
to claim 23, further including from about 100 to about
4000 ppm of antimony in an oil soluble form.
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-29- [err] VO 97/ 43361

PCT/ US97/ 08384 -30- [err] WO 97/,43351 .
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-32- [err] WO 974336336 1
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[efr] . WD 97/43361 - - PCT/ 2071 0838 4
-39- Wile in accordance with the patent statutes the bps;A émasgp
preferred enbodi nent has been set forth, the scope of the invention is not
limted there- 5 to, but rather by the scope of the attached cl ai ns.
-40- WHAT IS CLAIMED IS: 1. A lubricant conp05|t|on conprising; a) at |east
20 volune percent of at |east one 5 etable oil triglyceride of the

i ndependant 1y, sl  pECT A FFetes se%é%%oé% obLR G ind €a, Ben batsee,
sai d hydro- carbyl ¢stednddigledsaby dthd eadfl oselublel yoppede beiXgsgneredsm
20 ol e % nmonounsat Yedledn a8 Diol (BTLARUYpel’ L8mBEAHASSANY PHM ko9 aBRE"
| antimony compounds results in effective antioxidant
5 protection at lower soluble copper contents.
This invention was made with government
support under Contract No. 93-COOP-1-9542 awarded by The
U.S. Department of Agriculture and funded by The U.S.
Departmént of Defense. The government has certain
10 rights in the invention. '
DETAILED DESCRIPTION 0? THE INVENTION
The triglycerides stabilized by copper in this
invention are one or more triglycerides of the formula

- 15 | o — :
I REPLACEMENT SHEET
CHz—O—C—Rl
| ? 18 MAR 1999
20 CH ——0——C—R2
| 1,
CH,—0—C—R
25 wherein R, R? and R? are aliphatic hydrocarbyl groups

containing from about 7 to about 23 carbon atoms wherein
at least about 20, 30, 40, 50, or 60 percent of the R
groups of the triglycerides are monounsaturated and
further desirably wherein from about 2 up to about 90
30 mole percent of the R}, R?, and R3® groups, based upon the
/ total number of all such groups of the triglyceride, are
the aliphatic portion of oleic acid. These triglycer-
ides are available from a variety of plants or their
seeds and are commonly referred to as vegetable oils.
35 " "The term “"hydrocarbyl group" as used herein
denotes a radical having a carbon atom directly attached
to the remainder of the moiecule. The aliphatic hYdro-
carbyl groups include the following:
(1) Aliphatic hydrocarbon groups are
40 preferfed; that is, alkyl groups such as heptyl, nonyl,
undecyl, tridecyl, heptadecyl; alkenyl groups containing
a single double bond such as heptenyl, nonenyl, undecyl,

'mmam



3

25 based. upon the wei ght of the | ubricant conpost‘ g;? ‘4
being in an oil umﬁ"mr'umﬁ[wﬂll A lubricant conpositi OQ s@gﬁm
1; further conpr 500 to about 2500 ppm 30 f zinc,

said zinc being in an 6il "sofuble form 3. A lubricant conp05|t|on

according to claim2, wherein at |east 60 nole % of the conbined R1, R2,

and R3 of said at Ieast one trlglycerlde are ¢®e al kene 35 portlon of
oleic acid. 4. Al ipC§ tlgQn according to claim 2, wherein said
vegetable oil trig ycerl e |nc es an oil froma genetlcally modi fi ed

pl ant conprising sun- 40 flomer safflower, corn, soybean,

rapeseed, cranbe |esquerellg, pﬁa'lubn%%htto%%ﬁa%sﬁﬁ%‘iﬁ' %omﬁq@m‘gmm or
conbi nati ons thereof. 41 | ubri cant conposition accordlng

claim1, wherein said copperaPsaEd&§BSt 29h¥°#8ﬂﬁ1BPrSeBSpﬁgraEaF88§§l8P§

5 5 végetAbllaboitartrigoypesitdeonfa¢her diotgula cl ai m 5,
wherei n t he majority of the carboxylate of said copper carboxylate is free
of atons ot her than carbon,

0

10 "

CH,—0—C—R?
' o

Il
CH —0—C—R?
15 l o)
I

CH,—0—C—R3

20 wherein R!, R? and R3 are independentlé, aliphatic hydro-
carbyl groups of from 7 to 23 carbgn atoms, said hydro-
carbyl groups of said at least one'triglyceride'béing,at
least 20 mole % monounsaturated, and

' ‘b) from about 50 to about 3000 ppm of copper

25 based upon the weight of the lubricant comp051tlon, said

copper belng in an oil soluble form.

2. A lubricant composition according to claim
1, further comprising from about 500 to about 2500 ppm
30 of zinc, said zinc being in an oil soluble form.

3. A lubricant composition according to claim
2, wherein at least 60 mole % of the combined R, R2, and
R3 of said at least one triglyceride are'the alkene
35 . portioq_pf oleic acid.

4. A lubricant composition according to claim
2, wherein said vegetable oil triglyderide includes an
oil from a'genetically modified plant comprising sun-
40 flower, safflower, corn, soybean, rapeseed, crambe
lesquerella, peanut, cottonseed, canola, meadowfoam or
combinations thereof.

AVENDED SHEET
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oxygen and hydrogen 7. A lubricant conposition

—

acgording to-cl nprising fromabout 100 tojaRe tac .
anti nony based H"m mllmlum'"til 'sai d I ubricant conposi- tign, ﬁl"mﬁ%ﬁ% P(I}T
antinony is in an lsolmu orm ~ 8. |A]lubricant

conposi tion accordlng to claim 7, mhereln sai d copper :is ptegent8 MARMGHFoUf

100 to about 800 ppm based upon the wei ght of said | ubri caht conmposi tion.
20 . 9. A lubricant conposi t ion according tp claim 8§,

wherein said antinony is added as anti nony 47 aI kyI d|th| oca:ba.n:aLe 10 A

| ubricant conposition accorgin er _conpr.ising
from about 500 to_about 25058 p%n%@?lzlzclar% Om%%s%ﬁ%qrhgcﬁgf h’Pgotfo AB4™

| ubri cant conposi ti o€ SAik cBEPRY i%) addesi Knsbhebferd erfma topperA

| ubricant conposcarisxglcm.ding to 30 claim9 further conprising
from about 500 to about 2500 ppm of zinc, said zinc being in an oil soluble
form and being added in the formof zinc dithi ophosphate. 12. A | ubricant’

conposi t i 6n according to % A lubrdcahm @mbagittien sooprdiigigoaclaim

tolutriazole COWDS),UndheiB.ln Ot/ﬁeI W jdxarly SOMRASI td0Boa089Edi gk LQiglaim
8, wherein at leaécgppe(} oé)y ateh:?s CPP&' noe a%[o(ranrs other than carbon,

oxygen and hydrogen.

10 : 7. A lubricant composition according to claim-
1, further comprising from about 100 to about 4000 ppm
antimony based on the weight of said lubricant composi-

e tion, wherein said antimony is in an oil soluble form.

15 : 8. A lubricant composition according to claim
7, wherein said copper is present from about 100 to
about 800 ppm based upon the weight of said lubricant

composition.

20 9. A lubricant composition according to claim
8, wherein said antimony is added as antimony
dialkyldithiocarbamate. ' '

i 10. A lubricant composition according to

25 claim 8, further comprising from abcut 500 to about 2500

ppin of zinc based on the weight of said 1lubricant
composition, said zinc being in an oil soluble form.

11. A lubricant comp.osition according to
30 claim 9, -further comprising from about 500 to about 2500
ppm of zinc, said zinc being in an oil soluble form and

being added in the form of zinc dithiophoéphate.

12. A lubricant composition according to
35 claim 9, further comprising a tolutriazole compound.
13. ‘A lubricant composition according to

claim 8, wherein at least 60 mole % of the combined R?,



42- R2 and R3 of s ai d at |east onetrlglycerldeae t R eQpr/i8 38 4
oleic acid. 14. ion according to 5 ! | @i
wherein said veget am“ll'(ﬂﬂ“llm;ﬂmgmterl de includes an i {r§(r:n g 0718&)31997

genetically engi neer ed pI ant conprising sunfl ovver, saffl ower, corn,
soybean, rapeseed, canol a, cr anbe, peanut cottonseed,
| esquerel la, or meadowf oam or combi nations thereof 10 15. A | ubri cant

conposi tion accordi ¥ El?iddl"zl?' nbél,sa\edaer@tn 183hsteaste GQrﬁgh.?c%eriet %e the

conbined R err], R2, t he kene portion of ol éi c acid.
16. A | ubri cant c%?‘r’ﬁﬁgﬁt PSHt&EE‘oPﬁl ﬁ&etlﬁ Fifm 15, wherein sai d vegetabl e

oil triglyceride includes an oil fromgenetically engl neered pl ant com

prising sunflower, safflower, orn, SO anut se ee
| esquerel |l a, or neadowf oam of ﬂ?@%g%aﬁg or{“sp? é}f %%?O&%Ei‘% gb
| ubri cant c®nposi tiohadmcoldi ngWherellal nséld\/\me@ehabéed oblet tbiglyceride

tzgl glyceride is f romé?ea&s40aﬂ 003ROUEr Sl WO! JuRe PEELETY @ngiRedrldd beant -

comprlslng sunflower, safflower, corn, soybean,
rapeseed, canola, crambe, peanut, cottonseed,
lesquerella, or meadowfoam or combinations thereof.
10
15, A lubricant composition according to
claim 11, wherein at least 60 mole % of the combined RY,
R?2, and R3® are the alkene portion of oleic acid.

- 15 16. A lubricant composition according to
claim 15, wherein said vegetable o0il triglyceride
includes an oil from genetically engineered plant com-
prising sunflower, safflower, corn, soybean, peanut,

~ cottonseed, rapeseed, lesquerella, or meadowfoam, or

20 . combinations thereof.

17. A lubricant composition according to
claim 5, wherein said vegetable oil triglyceride is from
about 40 to about 99 volume percent of said lubricant.

25

18. A lubricant composition according to
claim 8, wherein said vegetable oil triglyceride is from
about 40 to about 99 volume percent of said lubricant.

30 ] 19. A lubricant composition according to
claim'fif"wherein said vegetable o0il triglyceride is
from about 40 to about 99 volume percent of said lubri-
cant.

35 20. A lubricating oil composition being the
reaction product from blending in any order components
comprising:
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18 A | ubri cant accordlng to claims8, mheﬂ? t
oifl trigl ycerl de i mﬁﬁm"z"ﬂﬁm o about 99 vol ume perc éﬁ{? @8 Ewgzh
| wbri cant. A lubricant conpositi o di ng §%r
claim 13, mhereln Sald vegetable 0|I triglyceride is fron1about 40 t o about

99 vol'une percent of said lubri- cant. 35

Iugricating oil conposition being the reactldﬁsproduct fron1b|end|ng I n any
order conponents conpri sing: 4 2 eLge

| east one vegetabl e oil tr|g CEFI eag% QE bgﬁﬁﬁe egQ%EEEoE éfe?% &hgﬁgln
Rlerr], Rerr] andvegetaplarelilngepgrverrige afi shat fOrMpdAo- carbyl groups

- of fron17 to 23 carbon atons, said hydro- carbyl groups of said at |east

_one trlglycerlde bei ng at 20 | east 20 nol e % nonounsat ur at ed, and b)
“from about®50 to about 3000 ppm of cgpper based upon the wei ght of the
“lubricant conposition, said copper Hélng in an oil soluble form

CH,—0—C—R?
l 0
Il

CH —o—c—R2

CH2-——O—C—-R3

10

15

wherein R1, R? and R3 are independently, aliphatic hydro-
carbyl groups of from 7 to 23 carbon atoms, said hydro-
carbyl groups of said at least one triglyceride'being at
20 least 20 mole % monounsaturated, and |
b) from about 50 to about 3000 ppm of copper
based upon the weight of the lubricant composition, said
copper being in an oil soluble form.

25 21. A lubricating oil composition according
to claim 20, further including from about 100 to about
4000 ppm of antimony.

22. A lubricating oil composition according
30 to claim 20, wherein said vegetable oil triglyceride is
from about 40 to about 99 volume peréent of said compo-

sition.

23. A lubricating oil composition according
35 to cla1m 22, wherein at least 60 mole percent of the
comblned RY, R?, R3 of said at least one triglyceride are

oleic acid less the CO,H. |

24, A lubricating oil composition according
40 to claim 23, further including from about 100 to about
. 4000 ppm of antimony in an oil soluble form.
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25 ST 21. A lubricating oil conposition accordi ngges cl ai I’%CS coPy
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(57) Abstract

A lubricant composition is disclosed which comprises a triglyceride oil lubricant and an oil soluble copper compound antioxidant.
The oil soluble copper compounds are particularly effective antioxidants for triglycerides. The lubricant composition can include soluble
zinc compounds which reduce wear and/or soluble antimony compounds which reduce wear and can function as adjuvant antioxidants
reducing the amount of oil soluble copper required. Preferred zinc and antimony compounds are zinc dithiophosphate antiwear/antioxidant,
and antimony dialkyldithiocarbamate antioxidant adjuvant. '




