WO 03/ 087277 PCT/ US02/ 32191 BI ODEGRADABLE NON- TOXI C GEAR O L FI ELD OF

| NVENTI ON [ 00011 The present invention relates to |ubricant conpositions
and nore wpasisrat arly to bi odegradabl e | ubri cants conposipcirarss2/gapeci al |y
useful as gear oils. BACKGROUND OF | NVENTI ON [ 00021 Commerci al ly avail abl e
| ubri cant conpositions are prepared from variety of natural and
synthetic base stocks conbined with various additive packages and sol vents
dependi ng upon their intended application. [00031 For | ubricant

applications requiring w&lﬁlﬁ;;_ﬁ kg ' base stock
natural and synthetic e c ) %E&R%IL ely

I nvestigated. As m ght be expected no one ester will neet all of the ngjor
criteria speﬁfﬂﬁi‘ (blfﬁ(w%il\pﬂ@ﬁqadabl e lubricants. For exanple, one natural
ester base s.‘mg—rn—mrrem—use today is rapeseed oil which has very good
bi odegrad- ability but poor |ow tenperature properties and stability thus
limting its useful- ness. An exanple of synthetic ester basestocks in
current use [091heoddeysesentitvention melates tpinbricantenmpositions andrmere

neopol yols wi th o- or dic i.c__acids. For a given cophination of
neopol yol (s) p%fﬁ'&% o%goc&g%gf{%h)gc?@s gowppsigpns 5?‘%85’??’ ‘b‘Fﬁﬁé‘F EF¥s t hat

I ncl udes tho?ﬁ&such as viscosity, viscosity index, nolecular weight, pour
point, stability, denulsibility, and bi odegradability, to mnmention just a
few. [00041 In those applications requiring biodegradabl e base stocks often
it is also required that e L ubri ﬁnt additive enployed with the base
stock be WO O3RgRPRAN ‘ ‘ -2

[0002] Commercially available lubricant compositions are prepared from a
variety of natural and synthetic base stocks combined with various additive

packages and solvents depending upon their intended application.

[0003]  For lubricant applications requiring biodegradability of the lubricant
base stock natural and synthetic ester base stocks have been extensively
investigated. As might be expected no one ester will meet all of the major
criteria specified for biodegradable lubricants. For example, one natural ester
base stock in current use today is rapeseed oil which has very good biodegrad-
ability but poor low temperature properties and stability thus limiting its useful-
ness. An example of synthetic ester basestocks in current use are neopolyol
esters formed by the esterification of neopolyols with mono- or dicarboxylic
acids. For a given combination of neopolyol(s) and acid or acids there is a set of
product properties that includes those such as viscosity, viscosity index,
molecular weight, pour point, stability, demulsibility, and biodegradability, to

mention just a few.

[0004] In those applications requiring biodegradable base stocks often it is
also required that the lubricant additive employed with the base stock be



substantially non-toxic. This is especially true if the |ubricant
conposition is wused on or near water or where it could possibly leak into
t he soil .wOnBoshenately many |ubricant additives have poecTamsvi/sasnent al
characteristics. (0005] Experience has shown that nost environnmental type,
gear oils are either biodegradable and non-toxic wi th poor performance in
ternms of gear protection and oil life, or they have good functional
performance but |ack the desired enviropnental characteristics. Thus,
there is a need for a gear oil conposition that has inproved functional
performances while maintaining low aquatic toxicity and biodegradability.
(0006] AccorshAithafally ih-RRECThidlis bLjfech ifthe/ Ribricaft dompditierPigl de

| mprovenents I n gear performance o I odegr adabl e non-toxic gear oils.

[ 0007] Anot hged ohjoe akarowateh or whessin couldyrssibbyleiak into the soil dUnfortumatelyi |
conposition that has bal anced performangce such as, for, exanple, good rust

i nhi bition wnamolubricantaddiives hayepeer emirppmental %mc&w&ﬁee. [0008] These

and ot her objects of the invention will becone apparent from the
description set forth bel ow. SUMVARY OF | NVENTI ON [ 0009] A bi odegradabl e

| ubricating e[Ob‘)S]ConEQﬁér{ein@@hﬁQf,ﬁHvbﬁm'mds&nﬂrdfﬁhéﬂtaﬁvpbl, eapbilgafe/nt heti c
al cohol ester basestock fornmed by fromthe reaction product of: (1) nono-
and di pent aithehbiodegradakle @aji nonxtesticawithi poooperforsange am tarmsoftgear 40 nol e %
| i near nono car boxyl i j.ds havi fro bout t o, about 12 3/ 087277
PCT/ US02/ 32 pgatection é%f ol ﬁl_fatfa ey 5%%003)@‘6“%5 (pertppmaRnes é‘i“ lggb nched
mono car boxylcligeq BRifbrliRHL HaFRRARRY! This ! heRNSUnedd 674 Bodt Gif o™ and
composition that has improved functional performances while maintaining low

aquatic toxicity and biodegradability.

[0006]  Accordingly, one object of the present invention is to provide

improvements in gear performance of biodegradable non-toxic gear oils.
[0007] Another object of the present invention is to provide a gear oil
composition that has balanced performance such as, for example, good rust

inhibition without comprising FZG scuffing test performance.

[0008] These and other objects of the invention will become apparent from

the description set forth below.

SUMMARY OF INVENTION

[0009] A biodegradable lubricating oil composition comprising:

(A) a major amount of a synthetic alcohol ester basestock formed by from the

reaction product of:

(1) mono- and dipentaerythritol and (2) mixed acids comprising about 2 to

40 mole % linear mono carboxylic acids having from about 5 to about 12



about 30 nole % of a dicarboxylic acid or anhydride of a dicarboxylic acid
havi ng from about 4 to about 8 carbon atons wherein the basestock has a

Vi scosi t ywato3®Q27 i n t he range of about 20 to about 50 cStrcatusef)8iInnd a
pour point of |ess than about -20C, and (B) an effective anount of a

pol yoxyal kyl ene al cohol demul sifying agent, a conbination of alkyl ated
organic acid and ester thereof and ashless succinimde rust inhibitors and
an ashl ess dithi ocarbamate antiwear and. sextreme pressure agent. DETAILED
DESCRI PTI ON OF THE | NVENTI ON [ 00101 The synthetic al cohol ester basestock
used in the gear oils of the present invention is preferably forned from
the reaction of - ' i ' joGar iccal ly the
nole ratio of nﬁﬁg’ggt%&ﬂgiagghfggﬁfﬁ‘?%tgp %@égfﬁgréﬂrﬁfgﬂg@angebﬁwigg: 20 to
about 99.9:0. 1. ad{fd0HalingHemboad 15¢ dbowtBd carboh atoniscandi fromtabeut2d to s

conprises about 2 to 40 nole %]/ inear_ nono carboxylic_ agids haying.from
about 5 to aboutabQQtifhmbm%@ﬁa)odl@,aﬂ@Mht? agd Qfd"‘gﬁé‘i!@e ?6aalq%sbﬂxy§°b'\%}é1ched
nmono car boxylic,acid havi om ahqut 10 ; | O
preferably 15 t &8¥H8 O’EG%%%&%@’B%gcaré%aﬁpgm%gﬁ%g8’5?%?% out 30 nol e
% of a di-car boxysdehsifr a1 0UPC %hé ‘i'&f@egdl%but 30 tPalRW 50 o3t anl 0T aidas.

100121 The synthetic "esters are fornmed by reacting the nono- and di pent a-
erithritol w th poaepoinkefiless tlm abouer20°6hvand i onal esterification
conditions well WD 03/087277 PCT/US02/ 32191 -4 known in the art. See for

exanpl e, the Encycl opedi a of Chem cal Technol ogy Fourth Edition, Volune
9, pages 755@)12n=ffectiveamonnt ofre pelyoxyallylene alkiohol dempls et % s used

' the composit Ic%pn%il?gtic}nho% a'lﬁ'}\ﬁg e%'o%@ax‘x’i"c Ialcidh hd ester thereof and ashless
succinimide rust inhibitors and an ashless dithiocarbamate antiwear and

extreme pressure agent.

DETAILED DESCRIPTION OF THE INVENTION

[0010]  The synthetic alcohol ester basestock used in the gear oils of the
present invention is preferably formed from the reaction of mono- and
dipentaerythritol and mixed acids. Typically the mole ratio of mono- to
dipentaerthritol used is in the range of 80:20 to about 99.9:0.1.

[0011]  The mixed acids employed in forming the esters comprises about 2 to
40 mole % linear mono carboxylic acids having from about S to about 12 carbon
atoms, about 30 to about 70 wt% of a branched mono carboxylic acid having
from about 10 to about 25 carbon atoms, preferably 15 to about 20 carbon atoms
and from about 20 to about 30 mole % of a dicarboxylic acid having from about

4 to about 8 carbon atoms.

[0012]  The synthetic esters are formed by reacting the mono- and dipenta-

erithritol with the mixed acids under conventional esterification conditions well



viscosity in the range of about 20 to about 50 cSt at 100C and a pour point
of less than about -35C [00141 In an alternate enbodi nent a bl end of
esters fowomdosm7set forth above nmay also be used in forwparatsopseibhe gear
oils of the invention. [00151 Indeed in one enbodi ment two esters are used.
One is the reaction product of (1) nono- and dipentaerythritol and (2)

m xed acids conprising 30 to 40 nole % df-C7 to C 10 linear acids, from 24
to 28% of a dicarboxylic acid having 5 to 7 carbon atonms and from 34 to 40
nole % of a branched acid having 17 to 19 carbgn atons. The other is the
reaction prdamewm igithe ayt. Seefer example) the Bnepelopedia of ChepricaliTeghnologys nol e %

f C7 C | j \[. aCy f 25 9 ' i id
and 1 rom 65 T3 ERER YoBime Sfigsnas sid T Erntighed e e Lo o o
[ 0016] The | ubricant conpositions of the invention are fornmed by bl endi ng

the ester base stock together with at |least an effective amunt of a
pol yoxy- al HPDt3e aThekstersdesed lis tieycompasiteons,of dhe mokhtren will haveaar bamat e

antiwear and. extre pressure agent, and combinagion.of al kyl at ed
organi ¢ aci d1G§IEdR raPﬁ%Pé%‘P"“g% t&é’ﬁp%go s«%&éilﬁﬁrﬁ?a@dﬁwpﬂmtm?t ors.
[00171 A sui 0 kyl ene al cohol denul sifying agent is

characteri zég?sgéﬁ?ﬁg&%/toérgm ‘a WO 03/087277 PCT/US02/32191 -5 OH where EO

is ethyl ene oxide noiety and PO is propyl ene oxide noiety, x and y
represent the relative amounts of each. A preferred demulsifying agent wll

have a MV i[@014fe rEmaealigmatssmbodiment pbisod of sstarssfermed posetforth aove r om
B i 20! Bt aRB U s BPrormiRAR ¥ gelPal bPREYRRERE, 2! cono!

[0015] Indeed in one embodiment two esters are used. One is the reaction
product of (1) mono- and dipentaerythritol and (2) mixed acids comprising 30 to
40 mole % of C7 to Cy linear acids, from 24 to 28% of a dicarboxylic acid

having 5 to 7 carbon atoms and from 34 to 40 mole % of a branched acid having
17 to 19 carbon atoms. The other is the reaction product of (1) above and (2)
mixed acids comprising 2 to 6 mole % of C7 to Cj¢ linear acids, form 25 to 29
mole % of a dicarboxylic acid and from 65 to 70 mole % of a branched acid

having 17 to 19 carbon atoms.

[0016] The lubricant compositions of the invention are formed by blending
the ester base stock together with at least an effective amount of a polyoxy-

alkylene alcohol demulsifying agent, an ashless dithiocarbamate antiwear and
extreme pressure agent, and a combination of alkylated organic acid and ester

thereof and ashless succinimide rust inhibitors.

[0017] A suitable polyoxyalkylene alcohol demulsifying agent is

characterized by the formula



di ssolved in a solvent such as tricryl phosphate (TCP). Especially useful is
a solution conprising fromabout 85 to 95 wt% TCP. [0018] A suitable

ashl ess dwohBoesmrbanmat e antiwar and extrene pressure i s @oar@orerivred by
the formrula SS R 11 ¢c R \ NS/\ S/ \ N/ R/ R2 where RlL and R2 may
be the sane or different al kyl groups of from1l to about 12 carbon atons
and preferably Rl and R2 are the sane and have four carbon atons. [0019]
Among suitabl e al kyl ated organi c acids and.esters thereof specific nention
is made of al kylated succinic acid and esters thereof and especially tetra
propenyl succinic acid and the nonoester thereof where R is the nonoester

nmoiety, -COOR, isaClto 4 rocar group. A m xture of about 70 wt %
of the tetrapropenyl succini c&&‘&@ﬁgﬁb tRhan about 30 wm % of the ester

is available as LZ 859 from Lubrizol Corporatio Hchliffe, Chi 0. WO
03/ 087277 PCT/US02/ 32191 -6 [0020] Anpbng suitable ashl ess succini m des
known in the art specific nention is nmade of the reaction product of

t et r apr openywhere B0 i ethglehy dxidéemeiedy and PO is pespyeneddde nesietyt xahdgl ei ¢
acid with triethyl amne. Such ashless succininides_ are sold under the
trade name Hepeesemzhe rglatiyengmownts of eachy Amprefsred demmilsifyang agentvidl havee
trade nane . | qm' | 0 [ 0021]
The conposi ﬁl’ %ﬂ%ﬁ*{lﬁ@ﬁ%ﬁ% %Hn(l)tn rraytsl%r? ((:) P gﬁgag%%/rﬂdgp |°0ﬁ%?gﬁxa%%m
20/80 to about 1/99. Typically the polyoxyalkene alcohol demulsifying agent is
dissolved in a solvent such as tricrylphosphate (TCP). Especially useful is a

solution comprising from about 85 to 95 wt% TCP.

[0018] A suitable ashless dithiocarbamate antiwar and extreme pressure is

characterized by the formula

where R and R, may be the same or different alkyl groups of from 1 to about
12 carbon atoms and preferably R and R, are the same and have four carbon

atoms.

[0019] Among suitable alkylated organic acids and esters thereof specific
mention is made of alkylated succinic acid and esters thereof and especially tetra
propenyl succinic acid and the monoester thereof where R is the monoester

moiety, <COOR, is a Cy to C4 hydrocarbyl group. A mixture of about 70 wt% of

the tetrapropenyl succinic acid and less than about 30 wt% of the ester is
available as LZ 859 from Lubrizol Corporation, Wickliffe, Ohio.



additives. [0022] Preferably the additives listed in Table 1 are used in
anpunts sufficient to provide the normal function. Typical amounts for

i ndi vi duawo ocosponents are also set forth in the table. ThreThmbasmed
performance is achieved by carefully selecting the additives in the proper
proportions to attain all of the necessary performance objectives. TABLE 1
(Broad) Wt % (Preferred) wt% Ashless dithiocarbamate in TCP 0.3-2.5 1.0-1.4
antiwear/extrene pressure additive Metal gassivator (N or

N, S- heterocyclic) 0.05-0.20 0.08-0.15 Demulsifying agent (polyoxyal kyl ene
0.03-0.30 0. 05 0. 18 aI cohol in TCP solvent) Antirust agents (one or nore:

i m dazol i ne h Al i ni m de)
Ashl ess pho S antl s;u?taglégagt?d%%dghgngﬂ% 30- 1. 00 Antlp(?gli:%dant(s)

0.10-0.50 0. rihEntﬁbeE madef afadrenéaction peoduca of térapPependd svccibic Ank9dridinamd st ock
> 90% > 90% WD_03/ 087277 PCT/ US02/.32191 MPLE A synthetic
al cohol est dhe jpiermediats pradust of gleis F‘Tﬂ}il‘ﬁkﬁh &"‘Bg’r t#r‘-ﬁcgéls €8%nposi ti on

pent aer yt nr i B GCRAR oI Hpfts Gl phb 517 SRR 000002 wnen Tan

< 0.5 vas r eRiefiftfont1Virghis ah® indertht badéaame R TPOB By ExxonMobil Chemical

Company, Houston, Texas.

[0021] The composition of the invention may include other optional
additives.

[0022] Preferably the additives listed in Table 1 are used in amounts
sufficient to provide the normal function. Typical amounts for individual
components are also set forth in the table. The balanced performance is
achieved by carefully selecting the additives in the proper proportions to attain

all of the necessary performance objectives.

TABLE 1

(Broad) wt%  (Preferred) wt%

Ashless dithiocarbamate in TCP 0.3-2.5 1.0-14
antiwear/extreme pressure additive

Metal passivator (N- or N,S-heterocyclic) 0.05-0.20 0.08-0.15
Demulsifying agent (polyoxyalkylene 0.03-0.30 0.05-0.18
alcohol in TCP solvent)

Antirust agents (one or more: imidazoline, 0.03-0.35 0.10-.25
succinic acid half ester, succinimide)

Ashless phosphorus antiwear agents 0.20-2.5 0.30-1.00
Antioxidant(s) 0.10-0.50 0.15-0.20
Defoamant concentrate 0.10-1.00 0.35-0.70

Base stock > 90% > 90%



212-218C/ 10 mm Hg. The remai ni ng product was treated with activated

charcoal and water and then stripped at 95C/10-20 nmHg for 1 to 2 hours.
(0025] Thwopswosmeet had the properties shown in Table 3. EXAVRISE2/21pD026]

The procedure of Exanple 1 was followed using the acids and al cohols shown
in Table 2. [0027] The product had the properties shown in Table 3. TABLE
2 Acid Conposition, approximate nole % Exanple 1 Exanple 2 nC7 19% 2% nCg
11% 1% nCl0 8% 1% Adipic acid 25% 27%_ 4 sostearic acid 37% 69% Al cohol
conposition, nole % nonopentaerythritol 99.3% 91% dipentaerythritol .7% 9%
WO 03/087277 PCT/ US02/ 32191 -8 TABLE 3 Physical Properties Exanple 1

Exanple 2 l\\fgmp;glat 100C 26.6 cSt 42.8 cSt  Viscosity at 40C 270 cSt
488 cSt TA Point, C- 33 - 24

[0023] A synthetic alcohol ester was prepared by esterifying a pentaerythritol
composition and a mixed acid composition at 212 to 218°C until TAN <0.5.

The pentaerythritol and acid compositions are given in Table 2.

[0024] When TAN < 0.5 was reached the reaction mixture was stripped at
212-218°C/10 mm Hg. The remaining product was treated with activated
charcoal and water and then stripped at 95°C/10-20 mm Hg for 1 to 2 hours.

[0025] The product had the properties shown in Table 3.

EXAMPLE 2

[0026] The procedure of Example 1 was followed using the acids and
alcohols shown in Table 2.

[0027] The product had the properties shown in Table 3.

TABLE 2
Acid Composition, approximate mole %
Example 1 Example 2

nCy 19% 2%
nCg 11% 1%
nCjo 8% 1%
Adipic acid 25% 27%
Isostearic acid 37% 69%
Alcohol composition, mole %

monopentaerythritol 99.3% 91%

dipentaerythritol 7% 9%



COVPARATI VE EXAMPLE 3 [00281 A series of gear oils were formul ated having
the conpositions shown in Table 4. TABLE 4 W'/o A B C Extrene Pressure
Sul f uri zesloiosogutryl ene 1.38 1.40 1.40 Antiwear Am ne phogpharse?/30968 0. 60
0.60 N-heterocycle conplex Metal N-heterocycle 0.12 0.15 0. 15
assivator/antiwear Metal passivator N or N, S-heterocycle 0.05 0.05 0.05
Ant i oxi dant Hi ndered phenol and/or 0.50 0.50 1.50 aromatic am ne
Denul si fier Pol yoxyal kyl ene al cohol in --,0.10 -- TCP sol vent Defoamant

pol ysi | oxane and/or 0.10 0.50 0.50 concentrate polyacrylate in kerosene
sol vent Base stock Example 2 97.22 96.65 95.75 TOTAL 100 T 100 100 WO
03/ 087277 PCT/US02/ 32191 -9- EXAMPLE 3 [00291 A series of gear oils were
formul ated having the conpositions showmn in Table 5.

TABLE3
Physical Properties Example 1 Example 2
Viscosity at 100°C 26.6 cSt 42.8 cSt
Viscosity at 40°C 270 cSt 488 cSt
TAN 1 1
Pour Point, °C -33 -24

COMPARATIVE EXAMPLE 3

[0028] A series of gear oils were formulated having the compositions shown

in Table 4.
TABLE 4
Wit%
A B C
Extreme Pressure Sulfurized isobutylene 1.38 1.40 1.40
Antiwear Amine phosphate/ 0.58 0.60 0.60
N-heterocycle complex
Metal N-heterocycle 0.12 0.15 0.15
passivator/antiwear
Metal passivator N- or N,S-heterocycle 0.05 0.05 0.05
Antioxidant Hindered phenol and/or 0.50 0.50 1.50
aromatic amine
Demulsifier Polyoxyalkylene alcohol in - 0.10 -
TCP solvent
Defoamant polysiloxane and/or 0.10 0.50 0.50
concentrate polyacrylate in kerosene
solvent
Base stock Example 2 97.22 96.65 95.75
TOTAL 100 100 100




TABLE 5 Conponent Chenmical W%
Demul si fi er Pol yoxyal kyl ene

1.2 1.2 1.2 dithi ocarbamte

i nhi bitor Ashless al kyl at ed

Function Type D E F Antiwear/EP ashl ess

.15 .15 .15
al cohol iwOD&esRol vent Rust i nhibitor Ashl ess succini m depct@sod8r1910 Rust

.10 .10 .10 succinic acid and esters thereof

Anti wear Phosphorus anti-wear 0.75 0.75 0.75 additives Antioxidant(s)/
Base stock

Di-isotridecyl adipate 3.0 - - - - Base s§qeck Exanple 1 93.94 53.47 - -
Base stock Exanple 2 - - 43.47 96.94 COVPARATI VE EXAVPLE 4 [0030] The

Various 0.76 0.76 0.76 netal

performance characteristics for the formulations A, B and C of

Exanple 3 vwd and are given in Table 6. WO 03/087277

PCT/ US02/ 321

passi vator(s)/ defoamant

Conparative

[0029] A series of gear oils were formulated having the compositions shown

in Table 5.
TABLE 5
Component Chemical Wt%
Function Type D E F

Antiwear/EP ashless 1.2 1.2 1.2
dithiocarbamate

Demulsifier Polyoxyalkylene .15 .15 .15
alcohol in TCP solvent

Rust inhibitor Ashless succinimide .10 .10 .10

Rust inhibitor Ashless alkylated .10 .10 .10
succinic acid and
esters thereof

Antiwear Phosphorus anti-wear 0.75 0.75 0.75
additives

Antioxidant(s)/ Various 0.76 0.76 0.76

metal passivator(s)/

defoamant

Base stock Di-isotridecy! adipate 3.0 -- --

Base stock Example 1 93.94 53.47 --

Base stock Example 2 -- 43.47 96.94

COMPARATIVE EXAMPLE 4

[0030] The performance characteristics for the formulations A, B and C of

Comparative Example 3 were measured and are given in Table 6.
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PCT/ US02/8®X13/087277 11 EXAMPLE 4 [ 00311 The perfornance chacaatsez/sabi cs for
the fornmulations D, E and F of Exanple 3 were neasured and are given in
Table 7. [00321 As can be seen, conpositions A, B and C of Table 4 neet
sone, but not all of the requirenents for comrercially acceptabl e gear
oil's. The biodegradability and aquatic_tyexicity for those oils are
acceptable. The oils also neet the FZG Scuffing Test requirenment, but they
fail to neet the rust and corrosion requirenents needed to protect gears
and beari ngsg E | |y those operating in potentially wet environnents.
The conposit x and F of Table 5 neet all of the requirenents,

i ncl udi ng bi odegradation, aquatic toxicity and FZG Scuffing Test, as well

as copper corrosion protection and rust _inhibition. WO 03/087277
PCT/ US02/ 321[@031112 The performance characteristics for the formulations D, E and F of

Example 3 were measured and are given in Table 7.

[0032]  As can be seen, compositions A, B and C of Table 4 meet some, but
not all of the requirements for commercially acceptable gear oils. The
biodegradability and aquatic toxicity for those oils are acceptable. The oils also
meet the FZG Scuffing Test requirement, but they fail to meet the rust and
corrosion requirements needed to protect gears and bearings, especially those
operating in potentially wet environments. The compositions D, E and F of
Table 5 meet all of the requirements, including biodegradation, aquatic toxicity
and FZG Scuffing Test, as well as copper corrosion protection and rust
inhibition.
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ao Q 3 A w WD 03/087277 PCT/US02/32191 - 13 CLAIMS: 1. A biodegradable

| ubri cat iwg osio72¢pnposi ti on conprising: (A a nmajor anbumCTafSOnBEIDr nore
bi odegradabl e synthetic al cohol ester basestocks forned fromthe reaction
product of (1) nono- and dipentaerythritol and (2) m xed acids conprising
about 2 to 40 nole %Il inear nonocarboxylic acids having fromabout 5 to
about 12 carbon atons, about 30 to aboui3z 70 wt % of a branched

nonocar boxylic acid having fromabout 15 to about 20 carbon atons and from
about 20 to about 30 nole % of a dicarboxylic acid having fromabout 4 to
about 8 card@lgm ons wherein the basestock has a viscosity at 100C in the
range of about “to about 50 ¢St at 100C and a pour point of |ess than
about -20C, and (B) an effective amount of a pol yoxyal kyl ene al cohol

denul sifyi ng agent, an Aasbi&sadablé hibpicariigoil compositivnasomprising:t r ene
pressure agent, and a conbination of al kylated organic acids and esters
t hereof and ashl ess succinimde rust inhibitors. 2. The conposition of
claim 1 wher@)n & heajoteamowitfofiong cxgeort biclegradable synthetic alcohol ester

basestocks formed from the reaction product of:

(1) mono- and dipentaerythritol and (2) mixed acids comprising about 2 to
40 mole % linear monocarboxylic acids having from about 5 to about 12
carbon atoms, about 30 to about 70 wt% of a branched monocarboxylic
acid having from about 15 to about 20 carbon atoms and from about 20 to
about 30 mole % of a dicarboxylic acid having from about 4 to about 8
carbon atoms wherein the basestock has a viscosity at 100°C in the range
of about 20 to about 50 ¢St at 100°C and a pour point of less than about
-20°C; and

(B) an effective amount of a polyoxyalkylene alcohol demulsifying agent, an
ashless dithiocarbamate antiwear and extreme pressure agent, and a
combination of alkylated organic acids and esters thereof and ashless

succinimide rust inhibitors.

2. The composition of claim 1 wherein the demulsifying agent is a
solution having from about 85 to 95 wt% solvent and the solution of demuslify-
ing agent is from 0.03 to .30 wt% of the composition, the combination of rust
inhibitors is from 0.03 to 0.35 wt% and the antiwear and extreme pressure agent
is from 0.3 to 2.5 wt% of the composition.

3. The composition of claim 2 wherein the mixed acid comprise 30

to 40 mole % of C~ to Cj linear acid, from 24 to 28°C of a dicarboxylic acid



solution having fromabout 85 to 95 wt % sol vent and the sol ution of
denuslify- ing agent is fromO0.03 to .30 w% of the conposition, the

conbi nat iwo oefsnest i nhibitors is fromO0.03 to 0.35 wt % aau/ushe3ant | wear
and extreme pressure agent is from0.3 to 2.5 w% of the conposition. 3.
The conposition of claim2 wherein the m xed acid conprise 30 to 40 nole %
of C7 to C 10 linear acid, from24 to 28&%cf a dicarboxylic acid WO

03/ 087277 PCT/US02/32191 - 14 having 5 to 7 carbon atons and from34 to
40 nole % of a branched acid havin 17 to 19 carbon atons. 4. The.
conposi ti on kAvirg diten7Tagen @pmStand%mméd t@é‘pd@]@c%mfi&a@hqdcﬁc@hﬁﬂﬁg% of
C7 to C 10 Ii)ﬁﬁgigacibds,agr?m 25 to 29 nole % of a dicarboxylic acid and
from65 to 7 2 HPOR UM anched acid havi ng 17 to 19 carbon atons. 5.
The conposite of claim3 including a second al cohol ester formed fromthe
reaction product of (i) nono- and dipentaerythritol and (i i_; m xed aci ds
conprising 2 to 6 nolde Fhefcomposition of Gldinrwhergin the mixad eomprised| e %

o ?od‘lf‘éaéi%oﬁénx‘r%e%‘;&gf §7%aKa0dinige éq‘?ﬁ?%ﬁ#ﬁegz%&f%ﬁo%“ﬁﬁgﬁé%ﬂw e
i ~ i i S i . 80420 9.9:0.1.

7 The- compcid i S5pE B3 a6 70 helk o BF  bFanched apisl BN £1 170 sabod atgung

inhibitor, netal passivator, antifoamant, extrenme pressure additive,

antiwear additive and antioxidant. 8. The conposition of claim7 wherein,
based on the total wdigffheabmpobite ofcipos Btincloding § s¢doad raleothol estebi t ors are

present in ap a nt of from0.03 to . 0.30 ww% and is se]ected_ fromthe
group consi s@mgﬁ grom the Eeagtionprodugt of (imeno- and dipentaerythritol and (ii)
mixed acids comprising 2 to 6 mole % of C7 to C linear acids from 25 to 29
mole % of a dicarboxylic acid and from 65 to 70 mole % of a branched acid

having 17 to 19 carbon atoms.

6. The composition of claims 1 to 4 wherein the ratio of mono- to
dipentaerythritol is in the range of 80:20 to 99.9:0.1.

7. The composition of claim 2 wherein the composition includes a
rust inhibitor, metal passivator, antifoamant, extreme pressure additive, antiwear

additive and antioxidant.

8. The composition of claim 7 wherein, based on the total weight of
the composition, (i) the rust inhibitors are present in an amount of from 0.03 to
0.30 wt% and is selected from the group consisting of imidazolines, succinic
acid half esters, succinimide and mixtures thereof, (ii) the metal passivator is
present in anr amount of form 0.05 to 0.20 wt% and is selected from the group
consisting of N and N and S heterocyclic metal passivators, (iii) the antioxidant
is a mixture of phenyl amines and tolyltriazoles and is present in an amount of
from 0.10 to 0.50 wt%, and (iv) the antifoamant is selected from polysiloxanes

and polyacrylates in kerosene solvent and is present from 0.10 to 1.0 wt%.



acid half esters, succinimde and m xtures thereof, (ii) the netal
passivator is present in air anount of formO0.05 to 0.20 wt% and is

sel ect ed woasmogte7 group consisting of N and N and S het eraayusb2/s2109€et al
passivators, (iii) the antioxidant is a mxture of phenyl am nes and
tolyltriazoles and is present in an arm.u?; of fromO0.10 to 0.50 wt% and
(iv) the antifoamant is selected from polysil oxanes and polyacrylates in
ker osene solvent and is present from0.10 to 1.0 wt % WD 03/087277

PCT/ US02/ 32191 - 15 9. A lubricant conposition conprising: (A greater
than 90 wt % based on the total weight of the conposition of a synthetic

ester basestock havi pg A [MbSédd® cbmpaiitibAQeniprisidye range of about 2 to 50
cSt and a pour point of less than -30C, and formed from (i) the reaction

product of (1) nono- and di pentaerythritol and (2) m xed acids conprising

30 to 40 nol(A)%grdatésthaw 9CA% basedionathe dotal Weight 34 theocadositioncofs car boxyl i ¢
acid having 5 to 7 _carbon atons _and from 34 to 40 c%Le % of aeéprancI}ed
aci d having 17 synthetie gstepbasestopkbavipgia)visensity at d 00 dn iy theFange of a nono-

and di pent aeryt hr ikhQ n ' lhds- LLSl 6 mole % of C7
to GO linear ad? gé,“'kt g?‘gf‘n(p%?é“ P@Egpﬁgg‘%&'gﬁsgpgﬁg&%b%ﬁ?% acid an%l from
65 to 70 nole % of a branched acid having 17 to 19 carbon atons; and (B)
based on the tot | It d : % of a

pol yoxyal kyl ene }c\gﬁﬁ)ﬁg&%g%ﬂ é@?gﬁ)@?lﬁq% g\%g rom é@a?g (\)Nt % TCP,
and from 0.3 to 2.5 wnii%edhcids camptising 30i tod(omald %ol €7 tnCi gdincamavid, ext r ene

pressure agent, from0.03 to 0.35 w% of a conbi nation of al kylated organic
acid and esters ther émin 24do 28% e dicarboxyliciadil having 5 to 7 carbon atoms

and from 34 to 40 mole % of a branched acid having 17 to 19 carbon

atoms;

(ii) the reaction product of (1) mono- and dipentaerythritol and (2)
mixed acids comprising 2 to 6 mole % of C7 to Cyg linear acids,
from 25 to 29 mole % of a dicarboxylic acid and from 65 to 70 mole

% of a branched acid having 17 to 19 carbon atoms; and

(B) based on the total weight of the composition from 0.03 to 0.30 wt% of a
polyoxyalkylene alcohol demulsifier solution having from 85-to 95 wt%
TCP, and from 0.3 to 2.5 wt% of an ashless dithiocarbamate antiwear and
extreme pressure agent, from 0.03 to 0.35 wt% of a combination of
alkylated organic acid and esters thereof and ashless succinimide rust
inhibitors.

10. The composition of claim 9 wherein, based on the total weight
of the composition, (i) the rust inhibitor is present in an amount of from 0.03 to
0.30 wt% and is selected from the group consisting of imidazolines, succinic
acid half esters, succinimide and mixtures thereof, (ii) the metal passivator is

present in an amount of form 0.05 to 0.20 wt% and is selected from the group



inhibitors. 10. The conposition of claim9 wherein, based on the total

wei ght of the conposition, (i) the rust inhibitor is present in an anpunt

of from Ow033mg7270. 30 Wt % and i s sel ected fromthe group ecmdaisst/sngr of

i m dazolines, succinic acid half esters, succinimde and m xtures thereof,

(ii) the nmetal passivator is present in an anount of formO0.05 to 0.20 m %

and is selected fromthe group WO 03/087277 PCT/ US02/ 32191 - 16

consisting of N and N and S heterocycl i.ggnetal passivators, (iii) the

antioxidant is a mxture of phenyl am nes and tolyltriazoles and is

present in an anmount of from0.10 to 0.50 % and (iv) the antifoamant is

sel ected T QHsREnEIINOEAT RPand'S ReRAbARFCHhERPSas3Vidrs, @i FhE AhribkiP- 10 Lo
is a mixture of phenyl amines and tolyltriazoles and is present in an amount of

from 0.10 to 0.50 wt%, and (iv) the antifoamant is selected from polysiloxanes
and polyacrylates and is present from 0.10 to 1.0 wt%.



