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FI ELD OF | NVENTI ON *ACTI ON* [ 0001] : I nvention relates to
| ubri cant conposi tions and nore pﬁ\ﬂ@ﬁw\ﬂmmﬂm\l o bi odegr adabl e | ubri cants
conposi t i Ve 0¥smIti al | y useful as Ol |'S.  BACKGROUNDPEFUBRGZITI ON
[ 0002] Commercially avail able | ubri cant"‘&‘?.)‘rrposi tions are prepared froma
vari ety of natural and synthetic base stgcks' conbined with various additive

packages and sol vents dependi ng upon their intended application. [0003] For
| ubri cant applications requiring biodegradability of the | ubr

stock natural and synt hegjGDESRADABSE N@chemammmmxtejwmﬁwmﬂﬂm&m
i nvestigated. As night be expected no one ester will neet all r

criteria specified for biodegradable |ubricants. For exanple, on&d&tural
ester base SEIBLD OB INVENSFIONise 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 . 0 Estheositidnzand ewbref -

neopol yol s vm'a{oﬁogﬁngﬁ{%@kscﬁggﬁgg% ?gdi&ggmﬁ&g%r aﬁ%i ven conbi nation of
neopol yol (s) patculalyitotiodegratiableabricants conpsitions espesinllyuspfubptgesr es t hat
I ncl udes those, such as viscosity, viscosity index, nolecular weight, pour

poi nt, stabi I‘Pllsy, demul sibility, and biodegradability, to nention just a
few.

BACKGROUND OF INVENTION

[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



[0004] In those applications requiring biodegradabl e base stocks often it
Is also required that the |ubricant additive enployed with the base stock
be WO 03/087277 PCTNS02/ 32191 2 substantially non-toxic. This is especially
true if theODUBTIIant conposition is used on or near waPEFUSKZRHdre it
could possibly leak into the soil. Unfortunately many |ubricant additives
have poor enviaonnmental characteristics. [0005] Experience has shown that
nost environnmental type, gear oils are either biodegradable and non-toxic

wi th poor performance in terns of gear - drotection and oil life, or they
have good functional performance but lack the desired environnmental
characteristics. Thus, there is a need for a gear oil conposjti,on that has

i mpr oved f ungtbstamiallp aord-coxiwnTles iswspeciakiy e i the Hpricant cOMReSHIoR 8 oxi ci t y

vent on'! < ueed 99 %%@nggﬁ%f BhEmRine i foy Ry 1R EEmELol "OpRirtiERly )
non-t oxi ¢ ge"?ﬁang'li:&lcahp%ftlve@'fmé]ﬁéoﬂhlvﬁsﬂmﬁtal Harseeisens. i nvention is to

provi de*a gear conposition that has bal anced perfornmance such as, f or
exanpl e, good rust inhibition w thout conprising FZG scuffing test

Boparent {1 ofP00Sle Fapeest R shastn Y nfcsavBhnhefieh GBS Yoo PRlhekm: ox [ ooool

A bi odegrada ifon 6K tH pevt ﬁBﬁﬁaxﬁﬂeﬁﬂterﬁﬂ)of edfaj Or anount
of a synthet %ﬁgﬂ%@ﬂé&?ﬁg‘g{&gﬂ@&gestock f%r mapg b fromthe %?fstill on product

of : (1) rono-pretectici androildifeyerthey haveagwd(fm) tion fg about 2
to 40 mole o o viroRmenta AR e ristic® TS, BRYE 3% x{JeB%PPBé& on 10 about 12

composition that has improved functional performances while maintaining low

aquatic toxicity and bxodegradabxlxty

[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) amajor 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
L ~ 40 mole % linear mono carboxylic acids having from about 5 to about 12



WO 03/087277 3 (B) PCT/US02/ 32191 carbon atons, about 30 to about 70 wt % of
a branched nono carboxylic acid having from about 15 to about 20 carbon
atonms and from about 20 to about 30 nmole % of a dicarboxylic acid or
anhydri de W0 @/08728%r boxyl i ¢ acid having from about 4 to PG/ 1%Gr bon
atons wherein the basestock has a viscosity at 100C in the range. of about
20 to about 50#cSt at 100C and a pour point of |ess than about -20C, and
an effective anount of a pol yoxyal kyl ene al cohol denul sifying agent, a
conbi nati on of al kyl ated organic acid and ester thereof and ashl ess

succi nimde rust inhibitors and an ashl ess dithiocarbanmate anti wear and
extrenme pressure agent. DETAI LED DESCRI PTI ON OF THE | NVENTI Cﬁl [?,010] The
synt heti ¢ al coholcasbhatonisa absit30ko abent T0rwifhef 3branchsd mmong carhexylis, esent

invention is preferably formed fraqomthe reacti -

di pent aeryt hri to|acﬁwmsxf§@“a PR t?fB?‘&t%%IV‘rq(ﬁg tér)élﬁ é%pg? xlng:ﬂ% t%r%tnoo- to

di pentaer thr i t ol gy5ehq fiolerloR SARSSRyHE 18R ntydridbof dauBoNLt acid001 1]
ng

The mixed acids enployed in form e esters conp,r,iagshabou -2 to 40
mol e % |inear norhavingfrom wbout datoiabicutrfsarban stoBHWABESIR asesy 458> carbon

atons, about 30 tog about 70 wt%of a br ' i havi ng
from about 10 to VA$SOSHY: o@a&%ﬁpeg%qﬂﬁﬁgﬁébr%&Bgu@%%&gggﬁ@%&%ar bon

atoms and from gRaltoiaPof RsPRN hboil -20%Cs didof a di carboxylic acid having
from about 4 toa@boh(t) 8°ca? on at ons. [(5012] The synthetic esters are

formed by reacting the nono- and di penta- o
(B) an effective amount of a polyoxyalkylene alcohol demulsifying agent, a

combination of alkylated organic acid and 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 5 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




erithritol with the m xed acids under conventional esterification
conditions well WO 03/087277 PCTIUS02/32191 r 4 known in the art. See for
exanpl e, the Encycl opedi a of Chem cal Technol ogy, Fourth Edition, Vol une
9, pages NBO-080812uNnd the references cited therein. 10013RCTHEN2E31Mrs. used
in the conpositions. of the invention will have a viscosity in the range
of about 20 tor about 50 cSt at 100C and_g pour point of |ess than about
-35C. [0014] In an alternate enbodi nment a blend of esters forned as set
forth above may also be used in fornulation the gear oils of the

i nvention. ( . e ' o ' e is the
reaction prgcg\ég%' d(’)?ﬂ(%f #t}n@? %@gﬁggﬁ@%}%g@ﬁgxﬁgﬁgﬂgﬁg d acids
conpri si ng 3Foufth BHtiem NVolimeD, fages 055802 hndwharefarendes, cifeddherdis. t o 28% of a
di carboxylic acid having 5 to 7 carbon atons and from34 to 40 nole % of a
branched acid having 17 to 19 carbon atons. The other is the reaction
product of ( oV ) | Q5 b S : e of C7to
C 10 i near ;@P@ 'mfemn&%gﬁ%ed%%@@ogﬁgﬁgﬁft?g}gg@/mﬁ%ﬂ and from 65
to 70 nol e %vidcogitpintthe rargeatiabout2mob about 50tcSt 4to1096C Iand agiourpoint @ 16] The

| ubricant conpositions of_ the invention are formed by blending the ester
base stock tdg%tth@alwuﬁﬁsap-least an effective anount of a pol yoxy-

al kyl ene al cohol denul sifying agent, an ashl ess dithi ocarbamte antiwear
and extrene pressure agent, and a conbination of al kylated organic acid
and ester tHeoBs]f dndnaiteimatsembuiimentrd tdend ofsestersiforined os set fpmipatigveA

sui t abl e pol yoxyal kyl ene .al cohql .depul sifyj ng .,agent is characterized b
the for rm|pa ymayyﬁso be used in formulation the gear olls of thie ivention. y

© [0015] Indeed in one embodiment two esters are used. One is the reaction
product of (1) mono- and dipentaerythritol and (2) mixed acids comprising 30to
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 g 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



WO 03/087277 PCT/US02/32191 r 5 (EOQ)x (POyY (EOX \,//\ OH where EOis

et hyl ene oxide noiety and PO is propylene oxide noiety, x and y represent
the relative amobunts of each. A preferred demul sifying agent will have a
MV in theWapH@737 about 1700 to 3000 and an EQ PO rati oPeFUsREM%4bout

20/ 80 to about 1/99. Typically the pol yoxyal kene al cohol denul sifying agent
is dissolved#d n-a solvent such as tricryl phosphate (TCP). Especially
useful is a solution conprising fromabout 85 to 95 wt % TCP. 100181 A

sui tabl e ashl ess dithiocarbamate antiwarSand extrene pressure is
characterized by the formula S S R 11 111 Rl /\S~ S/I\N Rz/ Rz where Rl
and R2 may be the sane or different al kyl groups of from1 to about 12
carbon atons and preferably R @chxthe same and have four carbon
atons. [0019] Among suitable al kylated. org ci ds and esters thereof
specific nention is made of al kyl ated succi n| c @Hid and esters thereof and
especially tetra propenyl succinic acid and t he nonoester thereof where R

s the nonoes ) '. '.- '- ;
m xt ure of alg%lffe ];@D%\Eﬁ)}%?‘e%gﬁ 1?.1'}/3511(& &f Sé}g%@%ﬂﬁég&yééyg{ng Isess t han
about 30 W %r&fredchethestRative smoﬂmabf eétlhe Aa ret'&rﬁ&&nﬁﬂs:f,mﬁglhgenzwhll have
Corporation, a M%\Ildml tfh]; ?angg]c;f%bout 17%8/tg %&0 and an ﬁ(‘ﬁ’o {'a?ﬁ%lof]ﬁ'om about

20/80 to about 1/99. Typically the polyoxyalkene alcohol demulsifying agent is

dissolved in a solvent such as tncxylphosphate (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

S S
I

C
NN N\ s
/ \Rz
where R} and Ry may be the same or different alkyl groups of from 1 to about
12 carbon atoms and preferably Rj and Ry 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
propeny] 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.



r 6 [0020] Anong suitable ashl ess succinimdes knowmn in the art specific
mention is made of the reaction product of tetrapropenyl succinic anhydride
and the internedi ate product of oleic acid with triethyl am ne. Such

ashl ess S@eI81IMdes are sold under the trade name Hite®CETABOA 1IN hy|
Corp., Richnond, Virginia and under the trade name RT70B by ExxonMbbi l

Chem cal Conpany, Houston, Texas. 100211 The conposition of the invention
may include other optional additives. [0022] Preferably the additives
listed in Table 1 are used in amounts s@éfficient to provide the nornal
function. Typical anounts for individual conponents are also set forth in
the table. The bal anced performance is  achjeyved by carefully selecting the
addi tives i n[002] pr Aeongsuitabletashiess suscinimides known 13 therastspesificssar y

per formance objectives., TABLE 1 .(Br X <\t Of

01 t hi ocar bardieRHoR isaade oS Tear !‘f?‘ip&ﬁhwmm){ergﬁkﬁilg%%éﬁs‘ﬁi%&ﬁgitive
Metal passi vakdmtdrediate ProSaltVFRIRE 16l vailtOmiethyD ad@. Ghuch adBlefenul si fyi ng
agent (pol yoxyal kyl ene 0. 03-0. 300. 05-0. 18 al cohol .in :TCP_sol vent). Antirust

agents (one eucoimimides are doldaindaethe trade namg 3Hitee §37 by Ethyl Corp,,
Richmond, Virginia and under the trade name RT70B 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 prop@:r proportions to attain
all of the necessary performance objectives.

TABLE |

| (Broad) wi%  (Preferred) wi%
Ashless dithiocarbamate in TCP 0.3-2.5 1.0-1.4

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%



succinic acid half ester, succinimde) Ashless phosphorus antiwear

agent s0. 20- 2. 50. 30- 1. 00 Anti oxi dant (s)0. 10-0. 500. 15-0. 20 Def oamant
concentrat e0. 10- 1. 000. 35-0. 70 Base stock> 90% 90% WO 03/ 087277

PCTI US02/ 30181087277 EXAMPLE 1 [ 00231 A synthetic al cohol BETEPARY1pr epared
by esterifying a pentaerythtitol conposition and a m xed acid conposition
at 212 to 218¢ until TAN < 0.5. The pentaerytritol and acid conpositions
are given in Table 2. [00241 Wen TAN < 0.5 was reached the reaction

m xture was stripped at 212-218C/ 10 nm Bg. The remai ni ng product was
treated with activated charcoal and water and then stripped at 95C 10-20
mmHg for 1 to 2 hours. [00251 The product had the properties shown in

Tabl e 3. EXABMAMPLEND?261 The procedure of Exanple 1 was fol |l owed using the
acids and al cohols shown in Table 2. [00271 The product had the properties
shown in Tab TABLE ,2 .Aci d osition, WepoNg e

| Exanpl e 2 n@@b&"/ﬁ%ﬁ%‘?g%% JgToR/as prcparg(? B{' g%‘teﬂﬁ&ﬁg gBLrﬁaM&l

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 prodtict 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 1% 9%



Adi pi c aci d25%27% | sosteari c aci d37%%9% Al cohol
di pentaerythritol.7%9% WO 03/ 087277

99. 3991% nonopent aeryt hritol

PCT/ US02/ 32191 8 TABLE 3 Physi cal

conposition,

nmol e %

Properti esExanpl e | Exanple 2. Viscosity
at 100C26. woa30#278 cSt Vi scosity at 40C270 cSt 488 cSt TAMITIUIZE8?19Poi nt

33- 24 COVPARATI VE EXAMPLE 3 [ 00281!
havi ng the conpositions shown

PressureSul furized i sobu | enel. 381. 401. 40 Antiwear Am ne phosphat e/
0. 580. 600. 60 N-heterocycle conpl ex Metal. §\s het erocycl e0. 120. 150. 15

TABLE3
v Physical Properties Example 1 Example 2.
Viscosity at 100°C 26.6 cSt 42.8 cSt
Viscosity at 40°C - 270 ¢St 488 cSt
TAN 1 1
Pour Point, °C -33 -24
COMPARATIVE EXAMPLE 3

[0028]: | A series of gear bils were formulated having the compositions shown

in Table 4.
TABLE 4
Wt%
. 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 | 95.15
TOTAL | 100 | 100 | 100

C-

A series of gear oils were formnul ated
in Table 4. TABLE 4 W % ABC Extrene



passi vat or/anti wear Met al
Ant i oxi dant H nder ed phenol

EXAMPLE 3 PCTI PS02/ 32191 [ 00291
havi ng the conpositions shown

EXAMPLE 3

passi vator- or

and/ or
Denul si fi er Pol yoxyal kyl ene al cohol
pol ysi | oxawe 6aH8nor concentrat epol yacryl ate i n ker osene RET{R02/80381 50

sol vent Base stockExam | e 297.2296. 6595. 75 TOTAL100100100 WD 03/087277 r
A series of gear oils were formul at ed

in --0.10--

in Table 5. TABLE 5

-9-

N S-heteroc cl e0. 050. 050. 05
0. 500.501.50 aromati ¢ am ne
TCP sol vent Def oanant

[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

dithiqcarbamate
. Demulsifier Polyoxyalkylene ! 15 15 15

o 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.

9



in TCP sol vent

Rust

PR Hor us
passi vator(s)/

net al

. 15. 15. 15 al cohol

D E F Anti wear/ EPashl ess 1.21.21.2
i nhi bitorAshl ess succi ni m de. 10. 10. 10 Ashl ess al kyl at ed

W %

Type
.10.10. 10 esters thereof Anti REZAUS

Function Chem cal
di t hi ocar bamat e Denul si fi er Pol yoxyal kyl ene

Rust

i nhi bi t or WO ®8/P87877aci d and

Conponent

anti-wear 0.750.750.75 additives Antitbxidant(s)/

Vari ous0. 760. 760.-76 def oamant
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Base stockDi -isotridecyl adipate3.0 Base stockExanpl e 193.9453. 47 Base

st ockExanpl e 243. 4796. 94 COVPARATI VE EXAMPLE 4 [ 0030] The perfornance
characteristics for the fornmulations AL B and C of Conparative Exanple 3
wer e nmeasWed3/887a’%ar e given in Table 6. WD 03/ 087277 PCTPOEASpZERIY1 - 10
r U rlnlltt env. 000 VNCa a0 aa+ MW 03/087277 PCTI US02/ 32191
e - o

EXAMPLE 4

[0031]  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
corr&sion requirements needed to protect gears and bearings, especially those
opei'aﬁng in potentially wet environments. Tﬁe composi!tions D,Eand 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.



EXAMPLE 4 [0031] The performance characteristics for the formulations D, E
and F of Exanple 3 were neasured and are given in Table 7. [0032] As can
be seen, conpositions A, B and C of Table 4 neet sone, but not all of the
requi renen® B@872¢bnmerci al | y acceptabl e gear oils. The RGTHHRSYsAEHbI ity
and aquatic toxicity for those oils & e acceptable. The oils also neet the
FZG Scuffing Test:-requirenment, but they fail to neet the rust and

corrosion requirenments needed to protect gears and bearings, especially
those operating in potentially wet environnents. The conpositions D, E and
F of Table 5 neet all of the requirenents, including biodegradation,
aquatic toxicity and FZG Scuffing Test, as well as copper corrosion
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NNO enCO e*al a0al0' 1 NMO. W 03/087277 PCTIUS02/32191 - 13
CLAIMS: 1. A biodegradable lubricating oil conposition conprising: (A a
maj or anount of one or nore bi odegradabl e synthetic al cohol ester

basest ocksWP8HMEHf rom t he reaction product of: (1) nmonoPCHY§02/32191

di pentaerythritol and (2) m xed acids conprising about 2 to 40 nole %

| i near nonocardboxylic acids having fromabout 5 to about 12 carbon atons,
about 30 to about 70 wt % of a branched mpnocarboxylic acid having from
about 15 to about 20 carbon atons and frldm about 20 to about 30 nole % of
a d icarboxylic acid having fromabout 4 to about 8 carbon atons wherein

t he basestock has a viscosity at 100C in the range of about 20 to about 50
cSt at 100C &HAMPour point of less than about -20C, and (B) an effective
anount of a pol yoxyal kyl ene al cohol demul sifying agent, an

1. A biodegradable lubricating oil composition comprising:

(A) a major amount of one or mbre biodegradable 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 C7 to Cyp linear acid, from 24 to 28°C of a dicarboxylic acid



ashl ess dithiocarbamate antiwear and extreme pressure agent, and a

conbi nation of al kylated organic acids and esters thereof and ashl ess
succinimde rust inhibitors. 2. The conposition of claim1 wherein the
denul si fyi WO 8Ye#i277i s a sol ution having from about 85 t oPEGBUNRBRKWY| vent
and the solution of denmuslify- ing agent is from0.03 to .30 w% of the
conposition, the conbination of rust inhjbitors is from0.03 to 0.35 wt %
and the antiwear and extreme pressure agent is from0.3 to 2.5 wWN o of the
conposition. 3. The conposition of claim2 wherein the mxed acid conprise

30 to 40 nol §,.,% Qfe L7 L B ' i h ' boxylic
aci d WO 03/08 %‘é&fﬁﬁfg&%@g@iﬂf@froqﬁ? “dﬁ%’a‘&’{'ﬁ?"?ﬂ%“%’? %gr g%gﬁg;ﬂ avitl nd
from 34 to 40 IWatbd 9%arfonattmanched acid having 17 to 19 carbon atons. 4.

The conposition of claim2 wherein the m xed acids conprise 2 to 6 nmole %
of C7 to Cl0linear acids, from25 to 29 nole % of a dicarboxylic acid and

from65 to 70 nole % of mrclaﬁgbﬁdo@smamﬁzmllgréﬂhﬂ}&mﬁ&dserd?ggﬁgg@é@- >

The conposite of claim3 inclu Ing a second al cohol ester f fromthe
reaction prodde méle% pf €gnoCiplideatiapidst faem 25 1to i20amole Yal of a dicarhexyliel aci ds
conprising 2 to 6 nole %of C7 to C 10 linear acids from25 to 29 nole %

of a di car boxyacidanddfrem£3do 70 mole%s ofn tranchsd acid having bi tnidheasbencatemshavi ng

17 to 19 carbon atons. 6. The conposition of clains 1 to 4 wherein the
ratio of nono- to. dipentaerythritol is in the range of 80:20 to

99.9:0.1. 7. The conposi tTheRoMpositedftlatm iaERdihg d'secondnieshsliester i ncl udes a
formed from the reaction product of (i) mono- and dipentaerythritol and (i)
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 mol_é % 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 to0 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'a:r amount of form 0.05 to 0.20 wt% and is selected frém 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%.



rust inhibitor, netal passivator, antifoamant, extrene pressure additive,
antiwear additive and antioxidant. 8. The conposition of claim7 wherein,
based on the total weight of the conposition, (i) the rust inhibitors are
present i nW@P3@sMTit of from0.03 to 0.30 W% and i s selPeFUSH/IAYM t he
group consi sting of imdazolines, succinic acid half esters, succinimde
and m xtures thereof, (ii) the netal pasg vator is present in an anount of
formO0.05 to 0.20 % and is selected fromthe group consisting of N and N
and S heterocyclic netal passivators, (iii) the antioxidant 1is a mxture
of phenyl amines and tolyltriazoles and is present in an anount of from
0.10 to 0.50 wt% and (i vi the antifq amant i,s selected from pol ysil oxanes
and pol yacryl ates in %erfo anf pmPAsItion QOMBrHAGsent from 0.10 to 1.0 w %
WO 03/087277 PCTIUS02/32191 r - 15 (A) greater than 90 wt % based on the

total weight the c [ 1] of, a ., synt.het.i e (o) havi ng a
viscosity at @o&'ﬁ%’%ﬂﬁ%%ﬁ?dé‘a&f Yogal\ygg@(f%é%ﬁg&?%lo * poi nt of

| ess than -30C  ghethéy éedt balcaBek hhvinfid vigtasity AN100P0 G ttie raige(dhabourD- and
di pentaerythritol” and (2) m xed acids conprising 30 to 40 nole %of C7 to
C10 |inear acid, to 5@ oSt and & pour poind df lgswithan r3NSGy | and formmed fieMing 5 to 7

carbon atons and from34 to 40 nole % of a branched acid having 17 to 19

Caaction product G (W TRsER PadieleLhagey i et difmd & |

mixed acids comprising 30 to 40 mole % of C7 to Cy¢ linear acid,

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;

(ii) the reaction product of (1) mono- and dipentaerythritol and (2)
mixed acids comprising 2 to 6 mole % of C7 to Cyq 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 clait 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



m xed acids- conprising 2 to 6 nole %of C7 to C 10 linear acids, from25
to 29 nole % of a dicarboxylic acid and from65 to 70 nole % of a branched
acid having 17 to 19 carbon atons; and based on the total weight of the
conposi ti MOPYTRM. 03 to 0.30 wt % of a pol yoxyal kyl ene BCEGRG¥32tdnul sifier
solution having from85-to 95 wt% TCP, and from0.3 to 2.5 wt % of an

ashl ess dithiacarbamate anti wear and extrene pressure agent, from0.03 to
0.35 wt % of a conbi nation of al kylated organic acid and esters thereof and
ashl ess succinimde rust inhibitors. 48 -The conposition of claim9
wherein, based on the total weight of the conmposition, (i) the rust
inhibitor is present in an anount of from0.03 to 0.30 w?/* and is

sel ect ed fr consisingefNand dhand haigrasyclicingtal passivators, s(ut)dhmmuoram half

bresent ©n dnasstis ShPhoRyf hnises and Biiisrolds phd ieire b B af BRRIACRST! 1o
group WO 03/e5id /10 t8GT50We%, antPiP)ihe aﬂ@foaﬁx@ﬁ@x‘s%ékﬂ@d Gon\pelpsiioNaneyl S

heterocyclic netal passivators, *(iii) the-antioxi:dant is a mxture of :
phenyl am neandpoliyacrilstes mchzsmrwntaﬁmmoslq)melsemt% nh an amount of from 0. 10
to 0.50 wt% and (iv) the antifoamant is selected from poI ysi | oxanes and
polyacrylates and is present from0.10 to 1.0 wt %



