WD 96/ 17907

PCT/ US95/ 16176 APPLI CATI ON FOR UNI TED STATES PATENT
Tyt e: ABLE BRANCHED SYNTHETI C ESTER BASE

Shooks ANDYTQE TS FoRVED THEREFROV 5 I meontor . caf STYR B uncan
and Leah K. Meade This application is a Cbntlnuatlon I n- Part
.of Serial No. 08/351,990, filed on. Decenber 8, 1994. 10

The present invention relates generally to the use of branched synthetic
esters.to inprove the cold-flow properties and di spersant solubility of

bi odegradabl e | ubricant base stocks w thout |oss of biodegradation or

| ubrication. - At | GNPEWAMO%MNMBQSTBAMMHEE/ the Mbddified

Sturmtest) can be 15 achieve ranchi ng al ong the chal ns of the acyl

and/ or al cohol _portions QaGch nd S sters

are parti cul ar’lrﬁlehsef ul %Iéﬁgwmgﬂ%% égyémgants

in two-cycle engine oflsg thMgromngmwon to
urns cl eane

oxygen ratio. the ester produci ng | ess snoke .t han

conventi onad t jRemtbrs: © @hfmﬁpglgqn%%ﬂq_ehblkr iMeagk base stocks. 20
BACKGROUND OF THE | NVENTI ON he interest in devel oping

bi odegradabl e lubricants for use in appli cat I ons

This application is a Contmuanon~In-Part of Senal No. 08/35 1 990, filed on
December 8, 1994.
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The present invention relates generally to the use of branched synthetic
esters to improve the cold-flow properties and dispersant solubility of |
biodegradable lubricant base stocks without loss of biodegradation or lubrication.
At least 60% biodegradation (as measured by the Modified Sturm test) can be
15  achieved with branching along the chains of the acyl and/or alcohol portions of the
ester. These branched synthetic esters are particularly useful in the formation of
biodegradable lubricants in two-cycle engine oils. Because of this ester’s high
carbon to oxygen ratio. the ester burns cleaner, producing less smoke than
conventional two—cycle air-cooled engine lubricant base stocks.

BACKGROUND OF THE INVENTION
The interest in developmg biodegradable lubricants for use in apphcauons
which result in the dispersion of such lubricants into waterways. such as rivers,
25  oceans and lakes, has generated substantial interest by both the environmental -
commumty and lubricant manufacturers. The synthesis of a lubricant which
maintains its cold-flow properties and additive solubllxty without loss of
bxodegradauon or lubrication would be highly desuable

30 Base stocks for biodegfadable lubricant applications (e.g., two-cycle engine |
oils, catapult oils, hydraulic fluids, drilling fluids. water turbine oils, greases and
compressor oils) should typically meet five criteria: (1) solubility with dispersants
and other additives such as polyamides; (2) good cold flow properties (such as, less
than -40°C pour point; less than 7500 cps at -25°C); (3) sufficient biodegradability

35  to off-set the low biodegradability of any dispersants and/or other additives to the
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be regarded BiolE}achl Oxygen Demand (BOD)) 60%:; (Total Organic Carbon (TOD)) 60%;

(CO,) 60%: and (DOC) 70%. respectively, for the tests listed above. Therefore,
the “pass level” of biodegradation, obtained within 28 days. using the Modified
15  Sturm Test is at least (CO,) 60%.

Since the main purpose in setting the test duration at 28 days was to allow
sufficient time for adaptation of the micro-organisms to the chemical (lag phase),
this should not allow compounds which degrade slowly, after a relatively short

20 adaptation period, to pass the test. A check on the rate of biodegradation therefore
should be made. The “pass level” of biodegradation (60%) must be reached within
10 days of the start of biodegradation. Biodegradation is considered to have begun
when 10% of the theoretical CO, has evolved. That is, a readily biodegradable
fluid should have at least a 60% yield of CO, within 28 days, and this level must be

25 reached within 10 days of biodegradation exceeding 10%. This is known as the
“10-Day Window.”

The OECD guideline for testing the “ready biodegradability” of chemicals
under the Modified Sturm test (OECD 301B, adopted May 12, 1981, and which is
30 incorporated herein by reference) involves the measurement of the amount of CO,
produced by the test compound which is measured and expressed as a percent of
the theoretical CO, (TCO») it should have produced calculated from the carbon
content of the test compound. Biodegradability is therefore expressed as a
percentage of TCO,. The Modified Sturm test is run by spiking a chemically
35  defined liquid medium, essentially free of other organic carbon sources, with the
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cSt, a pour point of 0°C, a flash point of 162°C and a biodegradability of 85% by
the Modified Sturm test. Although it has very good biodegradability, its use in

15 biodegradable lubricant applications is limited due to its poor low temperature
properties and poor stability.

Unless they are sufficiently low in molecular weight, esters synthesized

from both linear acids and linear alcohols tend to have poor low temperature

20 properties. Even when synthesized from linear acids and highly branched alcohols,
such as polyol esters of linear acids, high viscosity esters with good low
temperature properties can be difficult to achieve. In addition, pentaerythritol .
esters of linear acids exhibit poor solubility with dispersants such as polyamides.
and trimethylolpropane esters of low molecular weight (i.e., having a carbon

25  number less than 14) linear acids do not provide sufficient lubricity. This lower
quality of lubricity is also seen with adipate esters of branched alcohols. Since low
molecular weight linear esters also have low viscosities, some degree of branching

is required to build viscosity while maintaining good cold flow properties. When

both the alcohol and acid portions of the ester are highly branched, however. such

30  as with the case of polyol esters of highly branched oxo acids, the resulting
molecule tends to exhibit poor biodegradation as measured by the Modified Sturm
test (OECD Test No. 301B).

. In an article by Randles and Wright, “Environmentally Considerate Ester
35  Lubricants for the Automotive and Engineering Industries”, Journal of Synthetic
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Initially, the poor biodegradation of branched polyol esters was believed to
be a consequence of the branching and, to a lesser extent, to the insolubﬂity of the
molecule in water. However, recent work by the present inventors has shown that

20  the non-biodegradability of these branched esters is more a function of steric
hindrance than of the micro-organism's inability to breakdown the tertiary and
. quaternary carbons. Thus, by relieving the steric hindrance around the ester
linkage(s), biodegradation can more readily occur with branched esters.

25 Branched synthetic polyol esters have been used extensively in non-
biodegradable applications, such as refrigeration lubricant applications, and have
proven to be quite effective if 3,5,5-trimethythexanoic acid is incorporated into the
molecule at 25 molar percent or greater.  However, trimethylhexanoic acid is not
biodegradable as determined by the Modified Sturm test (OECD 301B), and the

30  incorporation of 3.5,5-trimethylhexanoic acid. even at 25 molar percent, would
drastically lower the biodegradation of the polyol ester due to the quaternary
carbons contained therein.

Likewise, incorporation of trialkyl acetic acids (i.e.. neo acids) into a polyol
35  ester produces very useful refrigeration lubricants. These acids do not, however,
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extremely difficult to develop a lubricant base stock which is capable of exhibiting
all of the various properties required for biodegradable lubricant applications. i.c.,
high viscosity, low pour point, oxidative stability and biodegradability as measured
by the Modified Sturm test. '
15 | S
U.S. Patent No. 4,826,633 (Carr et al.), which issued on May 2, 1989,
discloses a synthetic ester lubricant base stock formed by reacting at least one of
trimethylolpropane and monopentaeryﬂxritol with a mixture of aliphatic mono-
carboxylic acids. The mixture of acids includes straight-chain acids having from 5
20  to 10 carbon atoms and an iso-acid having from 6 to 10 carbon atoms, preferably
iso-nonanoic acid (i.e., 3,5.5-trimethylhexanoic acid). This base stock is mixed
with a conventional ester lubricant additive package to form a lubricant having a
viscosity at 99°C (210°F) of at least 5.0 centistokes and a pour point of at least as
low as -54°C (-65°F). This lubricant is particularly useful in gas turbine engines.
25  The Carret al. patent differs from the present invention for two reasons. Firstly, it
preferably uses as its branched acid 3,5,5-trimethylhexanoic acid which contains a
quaternary carbon in every-acid molecule. The incorporation of quaternary
carbons within the 3,5,5-trimethylhexanoic acid inhibits biodegradation of the
polyol ester product. Also. since the lubricant according to Carr et al. exhibits high
30  stability, as measured by a high pressure differential scanning calorimeter
(HPDSC), i.e., about 35 to 65 minutes, the micro-organisms cannot pull them
apart. Conversely, the lubricant according to the present invention is low in
stability, i.e., it has a HPDSC reading of about 12-17 minutes. The lower stability
allows the micro-organisms to attack the carbon-to-carbon bonds about the polyol
35 structure and effectively cause the ester to biodegrade. One reason that the
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15
Moreover, the biodegradable synthetic ester base stock according to the
present invention has a carbon to oxygen ratio whxch allows the ester to burn
cleaner, producing less smoke in two-cycle, air-cooled engine lubricant
formulations. That is, the ratio of oxygen to carbon in the ester base stock of the
20  present invention is substantially higher than conventional esters, e.g., esters of
trimethyloipropane (TMP) reacted isostearate or rapeseed oil, which exhibit an
oxygen to carbon ratio of approximately 0.1:1. '

U.S. Patent No. 5,308.524 (Miyaji et al.), which issued May 3, 1994, is

25 directed to a biodegradable lubricating oil composition for two-cycle or rotary
'engines. One of the examples of Miyaji et al. is an ester base stock of
pentaerythritol with iso-Cs monobasic fatty acid and n-C,o monobasic fatty acid
which exhibited a kinematic viscosity of 39.9 cSt at 40°C and a biodegradability of
98% under the CEC test. It should be noted that the CEC test is not nearly as

30 reliable as the Modified Sturm test in detecting biodegradability. Since the
viscosity of an ester of pentaerythritol and iso-Csg acid is approximately 50 cSt at
40°C and the viscosity of an ester of pentaerythritol and n-C,o acid is about 38.6
cSt at 40°C, the ester of pentaerythritol and a mixture of iso-Cs and n-Cio acids as
disclosed in Miyaji et al. would only include about 10% or less is0-Cs acid in order

35 1o obtain a viscosity of 39.9 cSt at 40°C. Itis known to one of ofdina:y skill in the
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20  which incorporate both highly branched acids and linear acids. '

SUMMARY OF THE INVENTION
' A biodegradable synthetic base stock which preferably comprises the
25 reaction product of: a branched or linear alcohol having the general formula
R(OH),, wherein R is an aliphatic or cyclo-aliphatic group having from about 2 to
20 carbon atoms (preferably an alkyl) and n is at least 2 and up to about 10; and
mixed acids comprising about 30 to 80 molar %, more preferably about 35 to 55
‘mole %, of a linear acid having a carbon number (i.e., carbon number means the
30 total number of carbon atoms in either the acid or alcohiol as the case may be) in
the range between about Cs to C;;, more preferably about C;to Cyo; and about 20
- 10 70 molar %, more preferably about 35 to 55 mole %, of at least one branched
acid having a carbon number in the range between about Cs to C,3, more preferably
about C; to C;0: wherein the ester has a carbon to oxygen ratio of between about
35 0.15:1 t0 0.3:1 and exhibits the following properties: at least 60% biodegradation
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acids al] ow.the.chem bui |l d 0s é out i ncreasin | ecul ar .
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| ubri cant o#lt® lhﬁarbpnﬁtqmﬁ; maye preferably betwaensbans 7 tq {))0 carbon atoms Itis
Mor eover, tfRo eiqsreqﬁétlaiﬁnaaértﬁmms o?ﬁieﬂfmﬂbhéﬂ’a&ﬁ@ﬁ&d%?&ﬁ’tyég to the

present |nv ntion has a carbon ox en ratio which allows the ester to
bum ﬁ@éﬁ%‘?ﬂk@ m"r?gfsfeé OptaIn 4, UAEINALY CAEON. ¢ 00| ed engi ne !
| ubri cant formul ations. That is, the ratio of oxygen to carbon in th

ester b asj e stock 'I‘ﬁgset tngdegradable synthetic base stocks are particularly useful in the

formulation of biodegradable two-cycle. air-cooled engine lubricant formulations
since they have an oxygen to carbon ratio of approximately 0.2:1, preferably in the

15  range between about 0.15:1 to 0.3:1, which burns cleaner. thereby producing less
smoke.

The formulated biodegradable lubricants according to the present invention
preferably comprise about 60-99.5 % by weight of at least one biodegradable
20 lubricant synthetic base stock discussed above. about 1 to 20 % by weight lubricant:
additive package, and about 0.5 to 20 % of a solvent. -

The biodegradable lubricants of the present invention also exhibit the
following properties: (1) very low toxicity; (2) enhanced oxidative stability: and (3)
25 neutral to seal swelling.

DESCRIPTION OF PREFER BODI
_ ‘The branched synthetic ester base stock used in the formulation of various
30 biodegradable lubricants and oils in accordance with the present invention is
. preferably formed from the reaction product of technical grade pentaerythritol,
which comprises between about 86-92% mono-pentaerythritol, 6-12% di-
pentaerythritol and 1-3% tri-pentaerythritol, with approximately 45-70 molar Cy
and C,, linear acids (“*C810” linear acids) and approx1mate1y 30-55 molar % iso-Cs
35 (e.g.. Cekanoic 8) branched acids.



20 present ‘invention is substantially higher than conventional esters,

e.g., esters of trimet hyl ol propane (TMP) reacted isostearate or
rapeseed oglg bg? exhibit an oxygen to carbon rati o0 gruses/16176
approximately 0.1:1. U. S. Patent No. 5.308.524 (Myaji et
al.), which issued May 3, 1994, is 25 directed to a bi odegradabl e

| ubricating oil conposition for two-cycle or rotary ~engi nes. One of
the exanples of Myaji et al. is an ester base stock of '
pentaerythritol with iso-C[err] nonobasic fatty acid and n-([ err] nonobasic
fatty acid whi ch exhi bited a kinematic viscosity of 39.9 cSt at

40[ err] C and a bi odegradability of ' 98% under the CEC test. It should
be noted that the hdi8n i ed
Sturmtest in det egﬁgn%&@gh pggygf%t%ﬁéngg%m{lﬁédmga&scos&?%gf an
ester of pent aeran pG8HCi @P@Mf% P@%; biodegmdatiomas mpqsurg

40[ e[)r] tC ggth mdﬁﬁmxes%mmcimﬁéﬁedaﬁmﬂaWWmhﬂhemﬁ m—taﬁélxﬁarL aci d
i's abou errij.c, e ester rto na a
m xture of 1soP @p@%ﬁﬁeﬁmhﬂkﬂ%ﬁ’r’%&e}’a@%@m deéa@?’&@ﬁi‘} PR et
al . woul d_onl y of the brahehetbaloshol.0 Xdditionaistranched agids addedao thelbrmhdonlcaﬁol to

obtain a Vi ScORLLy \0foud? D 1 SleoplaaBh B ieSnotbbuid Suck iy’ e AbinYaaflol 2 ¥

in the _
PCT/ US95/ 16176 0f a branched acic to thé:branchadaleohoh\the biotiegradation of theaesultingic hed

acids, i. . apua@meé @gssfég@%m 80% to ﬁk@&%ﬂrxmve rg?élﬁﬂofgﬁs fn'aegmeatgf' osed

I n Myajl I nvent1 on Irected t
bi odegr adad? e EeMpdifigd SRHMAER. havi ng ni xed aci ds conpri sing about 30
to 80 nolar % of a linear acid having a carbon nunber in the 5 range
0,
between about O er ko Ch 6 imehf SiBPRHS 108 TucidendireEBVeR e B Sowlai™! N

around the quatemary carbon of the branched alcohol. Thus, by having two
branched acids and two linear acids on pentaerythritol, for example, the enzymés
15  have access to the ester linkages. and the first stage of biodegradation. i.e., the
hydrolysis of the ester, can occur. In each of the pentaerythritol esters, the
hydroxyl groups are esterified with the various branched and linear acids.

ALCOHOLS
20 | Among the alcohols which can be reacted with the branched and linear
- acids of the present invention are, by way of example, polyols (i.e., polyhydroxyl
compounds) represented by the general formula:
R(OH),
wherem R is any aliphatic or cyclo-aliphatic hydrocarbyl group (preferably an alkyl)
25 andnis atleast 2. The hydrocarbyl group may contain from about 2 to about 20
or more carbon atoms, and the hydrocarbyl group may also contain substituents
such as chlorine, nitrogen and/or oxygen atoms. The polyhydroxyl compounds
generally will contain from about 2 to about 10 hydroxyl groups and more
preferably from about 2 to about 6 hydroxy groups. The polyhydroxy compound
30 may contain one or more oxyalkylene groups and. thus, the polyhydroxy _
compounds include compounds such as polyetherpolyols. The number of carbon
atoms (i.e.. carbon number) and number of hydroxy groups (i.e., hydroxyl number)
contained in the polyhydroxy compound used to form the carboxyhc esters may
vary over a wide range. -
35



branched aci d having a carbon nunber in the range between about Clerr] to

Cerr]. It is not known to those skilled in the art to use such large
per cent ag@9eAT9oR" anched acids and still produce a prggyes §15
exhibits at | east 60% bi odegradation in 28 days as neasured by the

Modified Sturmtest. In fact, conventional wi.sdomwould 10 teach away from
using 20 to 70 nolar % of a branched acid in the synthesis of a

bi odegradabl e ester base stock. Furthernore, the ester base stock of Myaji
et al. having 10% of an iso-Clerr] acid would not neet the |ow
tenperature property “requirenments of the present invention, i.e., a
pour poi nt- of Ie%efdbowmﬁi[cehml}sﬁepamculaﬁyaiseﬁﬂhsyolydssnmbmty}g]ﬂ@.rr]C and

St ock di sl 254 rf?ya,. 5‘?&@% of¥tagé i) prpfing, Fmelipol S = 27

The data commemnw mw&nmle@menmmmm ethyleoganpl es to
fol | ow showgiyeaf, ﬁ;ﬁylegg g]ﬁglmw W met with
bi odegradabF | O

e Iu rpcan or d dapl € etlc ester base
stocks 20 RAWPFPR k@ﬁﬂbﬁpfe& qﬁé‘f ﬁﬂ?%%tﬁ‘% %‘&g@"é@%‘é}]ﬂc hasdar acids.
SUMVARY OF pbiynieNved\mixibie of ethylene glycol mdjpmﬂﬁguagiytﬁl)e syntheti c base stock
whi ch preferably conprises the 25 reaction product of: a.branched or

| i near al cohol having the general fornula R(OH)[err], wherein Ris an
al i phatic or cycl’laemfpnedbmmlhmai@mmaeimdﬁomahegmupzo car bon

atonms (pref %ﬁgﬂﬂﬁg"\‘ﬂ Ecbgﬂc 4 ?’o By%noeqﬁé 02_%@?% @bout 10; ~and

m xed aci ds res re erably about 35 to

55 Bp| @ rythri @PW&F‘YW@ mﬁg‘%meﬁnm thang.and car bon (
nunber Weaniprdm&(glydontlai-bﬂwﬁmél Sorbitelrana thelil¥)nd E—nﬁﬂi hﬁbﬂxcﬂc' d or

al cohol ca he r t ween ] to |
Cerr], ﬁf‘é‘?@?’&g& ‘#dgﬁ%ﬂhopé[tﬁmc ﬁgm?ngbﬁ%? ‘ﬂsq{ to 70
nmol ar % nortn)m@eeythhtojr about 35 to 55 m)l e % of at | east one branched
acid having a carbon nunber in the range between about Clerr] to (err],

nore preferably - about C[errl to 8 errl E wherein the ester has a
_carbon 1% oxygen ratio of betwe 1 to 0.3:1 and exhibits
‘the fol l owi ng pr oNebramhed &fid ipeferddia hioadmdyﬁd &1d which has a carbon

"7 number in the range between about Cs to C,3, more preferably about C; to Cyo

wherein methyl branches are preferred. The preferred branched acids are those
wherein less than or equal to 10% of the branched acids contain a quaternary

20 carbon. The mono-carboxylic acid is at least one acid selected from the group
consisting of: 2-ethylhexanoic acids, isoheptanoic acids, iso-octanoic acids, iso-
nonanoic acids, iso-decanoic acids. and a-branched acids. The most preferred
branched acid is iso-octanoic acids, e.g., Cekanoic 8 acid. The branched acidis -

~ predominantly a doubly branched or an alpha branched acid having an average
25  branching per molecule in the range between about 0.3 to 1.9.

It is desirable to have a branched acid comprising multiple isomers,
preferably more than 3 isomers. most preferably more than 5 isomers.

30 LINEAR ACIDS -

- The preferred mono- and/or di-carboxylic linear acids are any linear,
saturated alky] carboxylic acids having a carbon number in the range between
about 5 to 12, preferably 7 to 10. The most preferred linear acids are mono-
carboxylic acids. '

35
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WD 96/ 17907

PCT/U895/16t176f I ] I n 2? days as neasured by the Mddified Sturmtest;
a pour p0|n 0 ess-than -25[err] C a viscosity of le 0 cps
at -25[ er e 96/41987 oxi dat i ve - stability of up to 45 y n1nu?§§h§ggﬁ%§£ureg
by HPDSC. In the nost preferred enbodinent, it is desirable to
have a branched acid 5 conprising nultiple isoners, preferably nore than
3 isoners, nost preferably nore than 5 isoners. The linear acid is
preferably an al kyl nmono- or di- carboxylic acid havi ng t he general
formul a RCOOH, wherein R is an n-al kyl having between about 4 to 11

carbon atoms, noresHhek ¢ of i idsAREe ﬂ-hbﬁmﬂ&c GRoGaRvienedeandit | S
al so preferablethat no m)etgc g}%of h anch aci.ds. used to form
the 10 bi odetpdniBENAROICACIdse Selected dﬁég"'é @t%@% %ﬁg’fr 4C5 35S er nar y
S :; ?Io 2u| ] dode]gatTedlma' faasa Forahiepurp dahifmamfympme visoosity ofttm:iesum
rly useful .in
ai r-cool ed enﬁﬂt’r{e?r? ktﬂtzof%?m?%ﬁih&ﬂnﬁks ihce ﬁ?g{}?ﬁi ave an oxygen to

carbon rat§ o of apprOX| mately 0.2:1, pref erably in the 15 range between
about 0.15:1 to 0.3:1, whi chgRypRGEAPARE s xmdum ng | ess

- snoke. - The f orfm eoT a0ant e 1 unr cor ng to
the present myent%ﬁbmcmdpﬂ?@ﬁbépﬁswwg%%w G'E) ‘%‘el ght of
at |east one Bjng d@ﬁam@mbﬁcaﬁstd uihemﬁmselmutmcmtanemmemised

above, about & @ pdow. st Wypid Hsed i ¥tit Hbunts so a8 PrbvidE uRFHoRRE and about
10 . attendant funcuons. Typical amounts for individual components are also set forth
below. The preferred biodegradable lubricant contains approximately 80% or
greater by weight of the base stock and 20% by weight of any combination of the

following additives:

15 (Broad) (Preferred)

, Wt.% Wt.%

Viscosity Index Improver 1-12 1-4 |
Corrosion Inhibitor 0.01-3 0.01-1.5
Oxidation Inhibitor 0.01-5 0.01-1.5

20 Dispersant o ' 0.1-10 0.1-5
Lube Oil Flow Improver 0012  001-1.5
Detergents and Rust Inhibitors 0.01-6 0.01-3
Pour Point Depressant : 0.01-1.5 0.01-1.5
Antifoaming Agents 0.001-0.1  0.001-0.01

25  Antiwear Agents | ~ 0.001-5 0.001-1.5
Seal Swellant - 018 0.1-4
Friction Modifiers 0.01-3 0.01-1.5
Biodegradable Synthetic Ester Base Stock  80% >80%

30 When other additives are employed, it may be desirable, although not

_ necessary, to prepare additive concentrates comprising concentrated solutions or
dispersions of the dispersant (in concentrated amounts hereinabove described),
together with one or more of the other additives (concentrate when constituting an
additive mixture being reférred to herein as an additive package) whereby several

35 additives can be added smultaneously to the base stock to form the lubricating oil
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The bi odegradabl e lubricants of the present invention also exhibit the
follow ng properties: (1) very lowtoxicity; (2) enhanced oxidative

stabi | i tyg ogritet 3)- 25 neutral to seal swelling. PEP US4 OF THE .
PREFERRED ENMBODI MENTS The branched synthetic ester base stock
used in the formulation of various 30 biodegradable [ubricants and oils in
accordance with the present invention is preferably formed fromthe
reaction product of technical grade pentaerythritol, whi ch conpri ses
bet ween about 86-92% nono-pentaerythritol, 6-12%di - pent aerythritol

and 1-3%tri-pentaerythritol, wth approximately 45-70 nolar Clerr]
and Clerr] Icpmpasition;; Bissqlution of the additive goncentrata into thenbritatiag eilymaybess nol ar

%8l so-Clerr %g’ﬁgt%t/%? %91%1% A8 BY Mikihg AECUMPARIE AT hild heating, but this is not

PCT/ USG5/ 16 £98gntial. The concentrate or additiNg-paekags will rxpically befeymulatad g ¢ ot al | y
esterified wnmbm&he tispérsaitadditive and Optional additictal additived i properid ot | |

mai nt ai n ab%’ tpro%:%é’tﬁe 8&11%5 %gf'i‘éeng'au&s mrﬁgﬁnélefgnn%augn when the additive -
package is combined with a predetermined amount of base lubricant or base stock.
Thus, the biodegradable lubricants according to the present invention can employ
typically up to about 20 wt.% of the additive package with the remainder being
biodegradable ester base stock and/or a solvent. - | o _ .
10 | - ; | | o |
All of the weight percents expressed herein (unless otherwise indicated) are
based on active ingredient (A.L) content of the' additive, and/or upon the total
weight of any additive-package, or formulation which will be the sum of the A.L
weight of each additive plus the weight of total oﬂ or diluent.
15 - _ _
Exampies of the above additives for use in biodegradable lubricants are set
forth in the following documents which are incorporated herein by reference: U.S.
Patent No. 5,306.313 (Emert et al.), which issued on April 26, 1994; U.S. Patent
No. 5,312,554 (W addoups et al.), which issued on May 17, 1994: U.S. Patent No.
20 5,328,624 (Chung), which issued July 12, 1994; an article by Benfaremo and Liu,
“Crankcase Bhgine Oil Additives”, Lubrication, Texaco Inc., pp. 1 -7; and an
article by Liston, “Engine Lubricant Additives What They are and How They -
Function”, Lubrication Engineering, May 1992, pp. 389-397. |

25 Viscosity modifiers impart high and low temperature operability to the
lubricating oil and permit it to remain shear stable at elevated temperatures and
also exhibit acceptable viscosity or fluidity at low temperatures. These viscosity
modifiers are generally high molecular weight hydrocarbon polymers including
polyesters. The viscosity modifiers may aiso be detivatized to include other

30 properties or functions. such as the addition of dispersancy properties.
Representative examples of suitable viscosity modifiers are any of the types known
to the art including polyisobutylene. copolymers of ethylene and propylene,
polymethacrylates, methacrylate copolymers, copolymers of an unsaturated
dicarboxylic acid and vinyl compound, interpolymers of styrene and acrylic esters,

35 and partially hydrogenated coﬁolymers of styrenefisoprene, stj;r_ehelbutadicne. and

-12.



Mbdified Sturmtest. After two branched acids have been added to a branched
5 polyol, the ester linkages begin to beconme crowded around the quaternary

car bon br anched al cohol . Additional branched ac*'glﬁugﬁﬂ t 0
t he br anch&?%’lgéﬁgl begin to | ower the biodegradation of t eﬁﬁs

nmol ecul e such that by the fourth addition of a branched acid to the
branched al cohol, the biodegradation of the resulting nol ecul e drops
from about 80%to | ess than 15% bi odegradati on as neasured by 10 the

Modi fied Sturmtest. Lntroduction of linear acids into the
nol ecul e relieves the steric crowding. around the-quaternary carbon of

the branched alsppfet/buthtiiene, a8vellcasitheopdrially hydro%]ehﬂlaﬂhbmdpaﬂrﬂ& ¢fnd two

| inear acids o % ntaerythritol, for exanple, the enzynmes 15 have access
to the ester |PH g’&@%m BOPTERe first stage of biodegradation, i.e., the
hydrol ysis of the e€omosioainhibitars, alsaknesahasantiidoerogivé agents; réduce the est er s,
t he hydr terlf Y 1 and
lirear acids. Q& ¥raddHoR 0 hetherafift! gakts bomtdlcrdd B{v‘tﬁeﬁﬁbﬁé’éﬁhﬁﬂﬁ M@H@%

Anong the a$ coMdustratiys eficosmasion dnhibiters are Riiosphoswléurized hydrogarhans and the

ac i ;irs]y_(cjn; t CF PRI dbBiRAtHydBactiof of B )phvEphoSifuPiAd By drocd?Bby Wth ahiali@line

R(CH)[err] eartty e ;%,;”Bﬁ%ig%f éﬁ‘ﬁ@@fﬂ%‘;ﬁe XE' hgvg?%?ig of #%5!3{5@@&%&5 r byl
%ougoglo;ie:]e; ?bf;m alkylphénol thidésteraamd also preferablyeinsthe greserive of pl alkgiatedy | ngup
h yé rocar byl gr @M&y B%ﬁ%ﬁ%l@ﬁ%ﬁ{l Hﬁ%&&t ﬂdtfg{? t@e &b%?ﬁ%ﬁl@%@@% Hf g#ﬁ?\ée ,

ni ][ Irogen an@/ ?ﬂimgegeﬁhasphmumdpmhmw prepaged by deacting a suigabler al | y

\;,)Mr ef efgglt §I Pr oIil g@%ﬁ?&;sﬂ‘t%gﬁ@&é"#ﬁ?ﬁg %@%“@We%ﬁﬁ;%‘r%lﬁ? conpound
30 nmay cont aiPRIYEIRE seeh asqolyispbpsylenst with B 3@ me % ?ﬁréj@,uy‘@%@f pol yhydr oxy
e T S A T i RN T A S
nunber) <" ARG NERRRRRALOE BRGRp S el e et 8

car boxyl i c 18st ¢ehesmanner taught inddsSy Patent No. WO6%324ange. 35

~ Oxidation inhibitors, or antioxidants, reduce the tendency of mineral oils to
deteriorate in service which deterioration can be evidenced by the products of
oxidation such as sludge and varnish-like deposits on the metal surfaces, and by
20  viscosity growth. Such oxidation inhibitors include alkaline earth metal salts of
alkyl-phenolthioesters having preferably Cs to Cy, alkyl side chains, e.g., calcium
nonylphenol sulfide, barium octylphenylsuifide. dioctylphenylamine,
phenylalphanaphthylamine, phosphosulfurized or sulfurized hydrocarbons, etc.

25 Friction modifiers serve to impart the proper friction characteristics to
lubricating oil compositions such as automatic transmission fluids. Representative
examples of suitable friction modifiers are fatty acid esters and amides,
molybdenum complexes of polyisobutenyl succinic anhydride-amino alkanols,
glycerol esters of dimerized fatty acids, alkane phosphonic acid salts, phosphonate

30  with an oleamide, S-carboxyalkylene hydrocarbyl succinimide,
N(hydroxylalkyl)alkenyisuccinamic acids or succinimides, di-(lower alkyl)
phosphites and epoxides. and alkylene oxide adduct of phosphosulfurized N-
(hydroxyalkyl)alkenyl succinimides. The most preferred friction modifiers are
succinate esters, or metal salts thereof, of hydrocarbyl substituted succinic acids or

35 anhydrides and thiobis-alkanols.
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PCT/U895/16176 The followi ng al cohols are particularly
usef ul Q? P gy S:—neopentyl glycol, 2, 2-di met hyl ol Rrais8s/16176
trimethyl ol ethane, trimethylol propane, trimethylol butane,
nnno-pentaerythrltol, techni cal grade pentaerythritol, di- pentaerythrltol
et hyl ene gl ycol . propyl ene glycol and polyalkylene glycols (e.g.

pol yet hyl ene glycols, 5 pol ypropyl ene gl ycols, pol ybutyl ene glycols
etc., and bl ends thereof such as a pol ynmeri zed m xture of ethyl ene
gl ycol and propyl ene glycol). The preferred branched or

| i near al cohols are selected fromthe group - consisting of: technical

‘grade pentaeryth t
neopent yl gl ycol , ﬁf‘grpl %ﬁ‘ﬁ% p%eﬁﬁﬁr }&hl%@lﬁ(f&gﬁqgﬁ@@'ﬁ@é‘m 1}’pr opyl ene
gl ycol .~ 1, 4suspensioniinghe mdrtbuamvm.gtswge flpeculation apd peacipitagion punedi ol .

Th I di d
The most pr gt dﬂ@fﬁ%iﬁ%%&mﬁ@ﬂ@l@hﬁm%ﬂ%@% i an

15
BRANCHED A s, the reactionprodygt of, oil sgluble; pplyisobytylens suseigic anhydride
nmono- car box withetisydént ankinessuch as etraethplene pentaminerdnd iborated salts e, bet ween
about C[err] to (Jerr], nore preferably about Clerr] to Cerr] wher ei n
met hyl branches are preferred. The preferred branched acids are those
wherei n | ess t haStillrothey dispetsants 0fthefashless typeican-alsb becusdd te imivbricans

- Quaternary g0 nRREGAPosiddHS. ORB SuPARAH bisferdfh 4 SerRanbRarStifbct! ¢

selected from -
10 composmon wmch is mixed with at least one of amine, alcohol, including polyol, _ ‘

aminoalcohol, etc. The preferred derivatized hydrocarbon dispersant is the product
of reacting (1) a functionalized hydrocarbon of less than 500 Mn wherein
functionalization comprises at least one group of the formula -CO-Y-R® wherein Y
is O or S: R® is H, hydrocarbyl, aryl, substituted aryl or substituted hydrocarby and

15  wherein at least 50 mole % of the functional groups are attached to a tertiary
carbon atom; and (2) a nucleophilic reactant: wherein at least about 80% of the
funictional groups originally present in the functionalized hydrocarbon are
derivatized.

20 The funcnonahzed hydrocarbon or polymer may be deplcted by the
. formula:

POLY—(CR'R*~CO-Y-R%),

25  wherein POLY is a hydrocarbon, including an oligomer or polymer backbone
" having a number average molecular weight of less than 500, n is a number greater
than 0, R', R? and R® may be the same or different and are each H, hydrocarbyl
with the proviso that either R' and R? are selected such that at least 50 mole
‘percent of the -CR'R? groups wherein both R' and R? are not H., or R® is aryl
30  substituted hydrocarbyl.

The above functionalized dispersants are more fully described in co-pending
U.S. Patent Application. Serial No. 08/261.558, filed on June 17, 1994, and which
is incorporated herein by reference. :
35
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¢onsi sting of: 2-ethyl hexanoi c acids, isoheptanoic acids, iso-octanoic

' acigs iﬁo- nonanoi ¢ aci ds, iso-decanoic acids, and [err]-branched
aci ds. The_nos eferred branched acid is iso-octanoi :
Cekanoi c BWQQP%} he branched acid is predom nantly a gd‘gﬁégllg?lg%ghed
or an al pha branched acid having an average 25 branching per nolecule in
t he range between about 0.3 to 1.09. It is desirable to have a
branched acid conprising nultiple isomers, preferably nore than 3
i somers, nost preferably nore than 5 isoners. 30
L1 NEARACI DS The preferred nono- and/or di-carboxylic Iinear

acids are any |ineap g@&ﬁh t L@qg, ' '
car bon nunber in theourr omt vvee% Siler¥i (?Sﬁf&qtﬁgéggﬂaw@%ﬁ 7 to 10.

The nost pref ethe &ppm@ratgﬂp%mgﬂglqmﬂbﬂow or can %PMI digyes a
WO 96/ 17907  well known. Typical of those additives which usually opum1ze the low

PCT/ US95/ 16176 | &S 0% cl ude

n- hept anoi c. &B@F@%Fgmdﬁtyﬁ&ﬁ?gﬁmxénﬁg V“" teg@b'gice el ect ed
dihaci ds ind udmm&mﬁm,p%dnorylam&badmaxamphtbﬂendoﬁmnmm beci ds. For
t he purpose of er product,
up to 20 wt. %%&%6‘%%@#&%&%35 %{.é %9%%)%&%0 g%ﬂtufl near |-a(F:)| ds. 5
Bl ODEGRADABLE palpizmethylsiloxane.

Antiwear agents. as their name implies. reduce wear of metal parts.
10 Representat:ve of conventional antiwear agents are zinc dxalkyldlthlophosphate and
zinc diaryldithiosphate. -

Antifoam agents are used for controlling foam in the lubricant. Foam
control can be provided by an antifoamant of the high molecular weight
15  dimethyisiloxanes and polyethers. Some examples of the polysﬂoxane type
antifoamant are silicone oil and polydimethyl siloxane.

Detergents and metal rust inhibitors include the metal salts of sulphonic
acids, alkyl phenols. sulfurized alkyl phenols. alkyl salicylates. naphthenates and
20 other oil soluble mono- and di-carboxylic acids. Highly basic (viz. overbased)
metal salts, such as highly basic alkaline earth metal sulfonates (especially Ca and
Mg salts) are frequentlv used as detergents

Seal swellants include mineral oils of the type that provoke swelling of
25 engine seals. inciuding aliphatic alcohols of 8 to 13 carbon atoms such as tridecyl
alcohol, with a preferred seal swellant being characterized as an oil-soluble,
saturated, aliphatic or aromatic hydrocarbon ester of from 10 to 60 carbon atoms
.and 2 to 4 linkages, e.g., dihexyl phthalane. as are descnbed in U.S. Patent No.
3,974,081, which is incorporated by reference.
30 - |
" BIODEGRADABLE TWO-CYCLE ENGINE OILS
The branched synthetic ester base stock can be used in the formulation of
biodegradable two-cycle engine oils together with selected lubricant additives. The
preferred biodegradable two-cycle engine oil is typically formulated using the
35  biodegradable synthetic ester base stock formed according to the present invention
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The branched synthetic ester base stock can be used in the fornulation of
bi odegradabl e |l ubricants together with selected |ubricant additives. The

additive 0961179H sted bel ow are typically used in such anowf,g?msﬁ to
provide their nhormal 10 attendant functions. Typical amounts for

I ndi vi dual conponents are also set forth bel ow. The preferred

bi odegr adabl e | ubricant contains approximately 80% or - greater by

wei ght of the base stock and 20% by wei ght of any conbination of the

foll owi ng additives: 15

(Broad) (Preferred) _ _
W.% ropéthePawith any cohventsndl ywb-egels ehgine ofl additive package. The- 12 dat 1-4
i bi tor  aadieves Hted below grejypigally sba gt pth pmoug sOgs o Brrwige et ' "
0.1-10 nOrmial Attendant fonteiorGSi Theladditiverpackage may include, but is n6t lixfitsi

0.01-1.5 ] ﬁgﬁxﬁ?&m%' | hi ‘g0 1- . 01-3

Pour Poi nt E?eb’?gé‘ggﬁ? . %Bn’bﬁgﬁ gi{ﬁ@{ogs oxldal:ll%i@;?@tors, cou ANti f oanmi ng
Agents 5  agents, dispersants, extremg poessung agents, cologstabilizens, swfactents, dduentsigent s
0.001-5 dbefiénts hnl rust inhiBiests, poOP poinbdepressants, antifoamin, agents, and 0.1-8 -
0.1-4 Fr i.f:gt@iaon Nodi fiers _ b ' 0. 0%.- 0.01-1.5

Bi odegr adabPRHYSATABEAR.-c Ester Base Stock [err]80% [err]80% 30

When ot her additives are enployed, it may be desirable, although not

ol utiond o " THE pfodBp X SERHAR B gL 6 aChe 2 B8 ohOBRCMRE 0 o

her ei nab®v e careemploydypically about 73 tp-33%k base stockoabous ! tadfesalvent withytheer (
additives ( REr cBinPri ggngg&ﬁ;,é bwkhgg an additive m xture being
referred to herein as an additive package) whereby several 35 additives

can be added sinultaneously to the base stock to formthe lubricating oil
: When used in biodegradable two-cycle, air-cooled engine lubricant

formulations, the biodegradable synthetic ester base stock preferably has an oxygen
15 to carbon ratio of approximately 0.2:1, preferably in the range between about
0.15:1 to 0.3:1, which bums cleaner. thereby producing less smoke. -

Examples of the above additives for use in biodegradable lubricants are set
forth in the following documents which are incorporated herein by reference: U.S.
20  Patent No. 5,663,063 (Davis), which issued on May 5, 1987; U.S. Patent No.
5.330,667 (Tiffany, III et al.), which issued on July 19, 1994; U.S. Patent No.
4,740.321 (Davis et al.), which issued on April 26. 1988: U.S. Patent No.
5.321,172 (Alexander et al.), which issued on June 14, 1994; and U.S. Patent No.
5.049.291 (Miyaji et al.), which issued on September 17, 1991. '

One such biodegradable two cycle engine oil comprises:

(a) amajor portion of atleast one biodegradable synthetic ester
base stock which comprises the reaction product of: a branched or linear alcohol
having the general formula R(OH),, wherein R is an aliphatic or cyclo-aliphaﬁé
30 group having from about 2 to 20 carbon atoms and n is at least 2; and mixed acids
comprising about 30to 80 molar % of a linear acid having a carbon number in the
range between about Cs to C;2, and about 20 to 70 molar % of at least one
branched acid having a carbon number in the range between about Cs to C3;
wherein the ester base stock exhibits the following properties: at least 60%



WO 96/ 17907 '

PCT/ US95/ 16176 conposition Dissolution of the additive

concentr at ewbr}k;i,golge tubricating oil may be facilitated P@i‘ﬂf@kﬂﬁ%s
and by m xi ng ‘acconpanied with mld heating, but this is not

essential. The concentrate or additive- package will typically be fornul ated
to contain the dispersant additive and optional additional additives
in proper anobunts 5 to provide the desired concentration in the final
formul ati on when the additive package is conbined with a predeterm ned
anount of base lubricant or base stock. Thus, the bi odegradabl e

| ubricants accmlcﬂag@damnm&maysammehsummwthclﬂadiﬁe&smm test; a pourpointiofy up

to about 20 wt ° ' Q@@pr gepder bei ng

bi odegr adabl e eésgfrmi)gge@g% or a s fdﬁnﬁe Al'l of the
wei ght percents expressec{bhémnbmﬁlteabomlﬁew%sbasedoné@rmytmomnon
based on act'V%f'artﬁrgﬁﬂszs&héven%takﬁeahaahseésxwaesalmm%oﬁtwéstatipon t he

t ot al wei ght of any additive-package, or fornulation which will be
the sum of fhe } IC wei ght of each additive plus the weight of total

oil or diluent. (c) from abowm Gnb aboutf 15t we%abased on tebricaneconipsitiohe | N

whi choare i ncorfa 'gfwa%tbﬁav?éw%ﬁﬁélsea‘aﬁ%&é&@ Holedfas %ﬁ%ﬁ@ﬁ&g‘%e 313

(Enert et al.),towhowtiO56sandd on April 26, 1994; U S. Patent

5, 312,554 (\Wadd t al , ha%EI
20 5, 328, 5324 (%nugzg)e 3h(id) fﬂ?ﬂsagﬁe '3%6‘&3%@!3%%&%% artlg#m%b éf#]arerm
and Liu, 10 numbeqRyesage @H@Pﬂ@@%&hﬁﬁ&mﬂ%&l 50,tggbput656n Texaco I nc.

pp. 1 -7; and an article by Liston. "Engine Lubricant Additives What
They ar®and How TheYooter suck BbGbdxalibte bHOGIgtlh G Buffefd; "o MY 1992

(a) a major portion of at least one biodegradable synthetic ester
base stock which comprises the reaction product of: a branched or linear alcohol

15 havmg the general formula R(OH).. wherein R is an aliphatic or cyclo-aliphatic
group having from about 2 to 20 carbon atoms and n is at least 2; and mixed acids

" comprising about 30 to 80 molar % of a linear acid having a carbon number in the
range between about Cs to C;2, and about 20 to 70 molar % of at least one
branched acid having a carbon number in the range between about Cs to Cy3;

20  wherein the ester base stock exhibits the following properties: at least 60%
biodegradation in 28 days as measured by the Modified Sturm test; a pour point of
less than -25°C: and a viscosity of less than 7500 cps at -25°C; and

(b) an additive concentration comprising: (1) about 4 to 40 volume
% of an amide/imidazoline or amide/imide/imidazoline dispersant; (2) about 5 to 50

25  volume % of a succinimide dispersant. at least one of the dispersant (1) or (2)
being borated: (3) about 1 to 60 volume % of a polyolefin thickener, and
optionalily; (4) about 0.1 to 5 volume % of an a]kylphenyol sulphide; and (5) about
0.1 to 5 volume % of a phbsphorous_-containing antiwear agent. Treat rates for the
additive package in finished oil can range from about S to about 60 percent by

30 volume and preferably from about 35 to about 50 percent by volume of the
concentrate. (See U.S. Patent No. 5.330,667 (‘ﬁffany, M etal) whlch is
incorporated herein by reference).

35
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25 Viscosity nodifiers inpart high and | ow tenperature operability

to the | ubricating oil and permt it to remain shear stable at

el evat e %gt wes and al so exhibit acceptable v

fluidi t&vg? W tenperatures. These viscosity - nodi f ?’Eﬁgﬁg?g géener ally
hi gh nol ecul ar wei ght hydrocarbon pol yners i ncl udi ng pol yesters. The

viscosity nodifiers nay al so be derivatized to include other 30 propertles
or functions. such as the addition of dispersancy properties.

Representati ve exanpl es of suitable viscosity nodifiers are any of the
types known to the art including polyisobutyl ene. copol yners of

et hyl ene and pr ogxll amsther biodegradable twb Bcle ehgihe 6il compfisess Y| at e copol yners,

copol yners of an unsaéﬂrat ed 3 g r box |LC aC| and %ﬁ?ﬁyl compound,

i nterpolymers of styr e“é‘m?’aS’F‘&ﬂ“l 3 @?ﬁr ydr ogenat ed

copol yner s base stogk @hich Gomprmnethesregquemptdﬂncaoﬁ erbmnchctﬂorhnear alcdidl 96/ 17907

PCT/ US95/ 1 tially
2‘3}&@1&%" gfnera.l fonhl?ﬁ G W!{e R'l?an @ﬂgﬁ}: br @fcﬁ -D6pAL

hydr ogenat ene and | Sop

Cor r osi én .zmmhmng m ahouk 4 60 sar amtonmnd@sts\a easj@na@mmma@&st he
degr adat i oncgphp rislilﬁ% ) td3803ﬁ§bia? %6 Bﬁéa? dcidhaving al cdRjonGihibedirPhk

COI'T'pOSI tio

|on nh|b| ors.are
phosphosul f@P&%EﬁWﬁmgﬁ%ﬁ% ?‘hﬁﬂgﬁﬁ 2007 &Q}ﬂ‘h t%f%&a&‘??éd by reaction
of a phosphirandiedrackidrhvingds carborbmumber it the ramgelbetween about Cs 0aCish net al oxi de.

an o ky| phefiBreeinihe @t fask ok B RbRS @?@‘%@ Dbl iR L,
al kyl at ¥ biodegradasioniin 38 days asrmegsused byahe MadifieskStuem testiiapour poinbofef er ab y(
in the prespac@apizsoer baa @Qcoﬁiy@fﬂéiﬁmaﬁmléﬁhﬂ -byec.zad hydrocarbons are

repared by reacting a suitable
prep ‘ y 'ng (b) zlljtlleast one amide/imidazoline-containing dispersant prepared

' by reacting a monocarboxyhc acid acylating agent with a polyamine, and,
optionally, a high molecular weight acylating agent. ‘Such dispersants can also
15  comprise imide moieties formed when the high molecular welght acylating agent is
an appropriate diacid or anhydride thereof.

Another additive Which may be admixed with the biodegradable base stock
of the present invention to form a formulated two cycie engme oil comprises the
20 combination of: -
(a) at least one alkyl phenol of the formula

(R)a— Ar— (OH)»

25  wherein each R is independently a substantially saturated hydrocarbon-based group
of an average of at ledst about 10 aliphatic carbon atoms; aand b are each
independently an integer of one up to three times the number of aromatic nuclei
present in Ar with the proviso that the sum of a and b does not exceed the
unsatisfied valences of Ar; and Ar is an aromatic moiety which is a single ring, a

30  fused ring or a linked polynuciear ring having 0 to 3 optional substituents selected
from the group consisting essentially of lower alky, lower alkoxyl, carboalkoxy.
methylol or lower hydrocarbon-based substituted methylol, nitro. nitroso, halo and
combination of the optional substituents; and

-18-



hydrocarbon such as a terpene. a heavy petrol eumfraction of a C2 to 06

olefin pol ymer such as polyisobutylene. with from5 to 30 w. % of a
sul fide of 1 hosphorus for [err] to 15 hours, at tenpepgirwsosidirs t he
range of a‘ggt%’ E’g}&)to about 316[err] C. Neutralization of the
phosphosul furi zed hydrocarbon may be effected in 15. the manner taught in-:
U S. Patent No. 1,969,324, ~ xidation inhibitors, or
anti oxi dants, reduce the tendency of mineral oils to deteriorate in

service which deterioration can be evidenced by the products of
oxi dation such as sludge and varnish-like deposits on the netal surfaces,
and by 20 viscosity grbwatieassons aminockonmpound withithe pmylsuﬂlmalain%l i ne

earth netal salts o I a?is? pCs to
Cerr] alkyl §Pﬂ8°%{9a§ﬁgtm£]§i% phg{i‘}? 3&&%@?&@%@?%@%@{8@ | de %arl um
oct yl phenyl sulif inderporatesicheyein by meferencec, phenyl al phanapht hyl ani ne.

phosphosul furi zed or sul furized hydrocarbons etc. 25 Friction

nodi fiers serve to inpart characteristi.cs to.
lubricating oil codp B@fﬁﬁ&@?ﬁéﬂﬁg '%‘ﬁ"a?ﬁlg ggxpgﬁseﬁadpggr
Represent at i VQmountofanmﬂxeSleiflﬁbﬁdaﬁbg eistosityand a mindf meunt ofiae fatty acid
esters and am_des. nic
anhydri de- am W@Pﬂ%ﬂg‘n&r&r\{““” ‘@6@@2?@?@%@8 I er %@%’W@m ds,

al kane phosphdﬁstom:grdupefﬂmfopmdaﬂeﬂﬁ-t vagrein Wy istO anSReisarde, -

S- car boxyal kyl V.R? .

N( hydr oxyl.al k ﬁ%“l@x SUCCI nam C 3’% agﬂc‘gllﬁllhg‘sgepl{aof 12orolasgr allyl)
phosphi t ed0andvhemeirati gst@mola%yf&emoeﬂme% o8 urized N
(hydroxyal kyl )caiyeR aydm Sih@Gitdreth 458 futiElﬁemml&ﬂh rebabomis detivatized dyandi f i er s

Substi tuted S TWERPY éé%éns%uc?ﬁméﬁp bﬁ#ﬁsﬁ%@@?f e 2.

- 13- WO cfigidtitipof alcohols and amines.
PCT/ US95/ 16176

15 Finally. another two-cycle oil dispersant additive which substantially avoids

the formation of gelled agglomerates at low temperatures but which
_correspondingly provides effective engine cleanliness. detergency, lubricity and

wear inhibition. It has been discovered that a two-cycle oil additive comprising a
nitrogen-containing compound prepared by reacting (A) at least one high |

20 molecular weight substituted carboxylic acid acylating agent with (B) at least one
polyalkyléne polyamine and (C) at least one monocarboxylic acid wherein the
molar ratio of the monocarboxylic acid to high molecular weight substituted
acylating agent is at least 3:1. This dispersant preferably contains oil soluble
hydrocarbon moiety(ies) connected to polar moieties which are substantially

25  comprised of tertiary amines, preferably imidazoline heterocycles, and wherein the
ratio of tertiary amine to total amine is at least about 0.7:1. The additive remains
stable to the formation of the gelled agglomerants, especially during prolong
storage at low temperatures (0°C or less).

30 | - EXAMPLE 1
The following are conventional ester base stocks which do not exhibit
satisfactory properties for use as biodegradable lubricants. The properties listed in
Tables 1 and 2 were determined as follows. Pour Point was determined using
ASTM # D-97. Brookfield Viscosity at -25°C was determined using ASTM #D-
35 2983. Kinematic viscosity (@ 40 and 100°C) was determined using ASTM # D-

BT



Di spersants maintain oil insolubles. resulting from oxidation during use,

I n suspension in the fluid thus preventing sludge floccul ati on and
preci pi t y9éney -  deposition on netal parts. Suitable @cgRRIGHIIG

i ncl ude hi gh nol ecul ar weight alkyl 5 succinimdes, the reaction product
of oil-soluble polyisobutylene succinic anhydride W th ethylene am nes
such as tetraethyl ene pentam ne and borated salts thereof.

Still other dispersants of the ashless type can also be used to in

| ubri cant and fuel conpositions. One such ashless dispersant is a

derivati zed hydrocarbon 10 conposition which is mxed with at | east one of
am ne, al coh443. Viscosityiinmdex(dIywhs determinedrusing ASAM # D-2270. The preferred

d tized N
funct ; onal | 2Bl REARANAT il Aiziiatt wlige HeIRHAEN Shurm s GECT TERNY (1)
functi onal i zZ3@1Bn Sebibility Fdth dispersant wasdeterminehby, blending the desired ragios V- R] er r ]
wherein Y stg%nﬁzeFé[l&dﬁess&uﬁd HANGK, e A ERfine vila) lwas BLtB ted aryl

or substltuted h ereln at ast 50 rrple % of the
functi onal @M éﬂ?@‘ﬂd%@lf %%ﬂwyﬁﬂ (2) a
nucl eophi |'i Cdetam'ihedmgng/\bhlghl mlmmmmnﬂ@%anmmmmsd)tmmgonal

groups origi $
derivati zed. &%Mﬁ%ﬁ&q‘%ﬁ%ﬁfﬁgﬁﬁk ﬁﬁ ég%%ﬁg?ﬂn%%ydhy be
depi ct ed by AqQuatic toxicity srasdetgrmined using the D1spers10n Aquatic Toxicity test. The

POLY[ err] ( CRLGH ﬁb@fﬂs{&u hriihed usie’ AS%'M#U 664b 'ﬁ%hgldmﬁﬂﬁhﬁbﬁ Yhe S @

hydr ocar bon. 1 ncluding an oner or yner aving a
nunmber a%ra&épq'?ﬂl"%éﬂpﬁﬁmégﬁ POEROSCAPY-s- a nunber greater ‘

Table1l . .
Pour Vis@ Vis. @ Vis. @ - *Sol
Point -25°C 40°C 100°C with Engine
15  Base stock .+ °C  (cPs) (cSt) (cSt) - = % Bio.Disp. Wear
Natural Qils _
RapeseedOil O Solid 47.80 10.19 86.7 na nha
All Linear Esters | -
Di-undecyladipate  +21 solid 13.92 2.80 - n/a nfa na
20  Polyol w/Linear & Semi-Linear Acids E |
TPE/C810/C7acid - n/a solid 2998 590 - nfa nla nh
TPE/DiPE/n-C7 -45 1380 2470 5.12 8231 H  Fai
TPE/C7 acid 62 915 240 49 837 H  Fai
TMP/n-C7.8,10 -85 350 17.27 4.05 - 61.7**C  Fail
25 TMP/CT acid 71 378 141 34 765 C  Fai
Branched Adipates o o
di-tridecyladipate = -62 n/a 2693 533 6599 C  Fai
TPE/Iso-C8acid -46 nla 61.60 8.2 1333 C  nh

30  * denotes solubility with dispersant: H= haze; C= clear.
** denotes the biodegradation for this material includes 15.5 wt.% dlspersant.
n/a denotes information was not available.
TPE denotes technical grade pentaerythritol.
TMP denotes trimethylolpropane.



“than 0, Rerr],
H, hydrocar byl

selected s

groups wherel

substituted hydrocar byl .

di spersants are nore fully described in co-pending
No. 08/261, 558,
I's incorporated herein by reference 35

Appl i cati on.

Seri al

PCT/ US95/ 16176

| ube oil

will flow or can be
those additives whi

Rlerr] -and R err]
-wWth the proviso that either
at |l east 50 nole

Widlad b Rlerr] and Rierr]

may be the sane or different and are each

Rlerr]

Rlerr] and Rerr] are

percent of the - CRbetukédmive
are not H, or

is aryl 30

The above functionalized

u.

S. Pat ent

filed on June 17, 1994, and which
WO 96/ 17907
Pour point depressants,
f | ow @810 denotes predossinantly a mixtire of s+vprnaicland nadecanvic hcids)and | ui d

°“rﬁ*§rrsgliﬁeﬁﬁ?é§f ks 4§ Cra s,

ot herwi se known as

Apeiet]; o1,

of the fluid are C[@81] acidmayeconthingegl,By5%mEs, 48585 nﬂj?;éﬂﬂtmcw} and

copol yners,

I mpl i es.

anti wear agents are zin
di-aryl di t hi osphat e.

10

15

30

35

pol ynet §clr%(hq§ es,

provi ded by an anti
pol ydi net hyl

‘damant

and wax napht hal ene.

%t the ponS|onane t ype:
9-C3r&Hrdenotes a blend of lineatqgqids,yith 7§

reduce weagoff% He¢Adcid@9mole % Cs Rearepmmlmeaaa afi@ B\trole gpnal
8 di al kyl di t hi ophosphat e and

Foam contr ol

aad 10 caggon

can be

silicone oil and

proms. &8md7 %

zZi nc

C7 denotes a C7 acid produced by cobalt catalyzed oxo reaction of hexene-1, that
is 70% linear and 30% o-branched. The composition includes
approximately 70% n-heptanoic acid, 22% 2-methylhexanoic acid. 6.5% 2-
ethylpentanoic acid, 1% 4-methylhexanoic acid, and 0.5% 3.3-
dimethylpentanoic acid.

The properties of the branched ester base stock according to the present
invention were compared against various conventional biodegradable lubricant base

stocks and the results are set forth below in Table 2.

- Table 2

Property TPE/CK8/C810 RapeseedOil DTDA TMPACI18
Pour Point (°C) 45 0 54 220
Flash Point (°C) 274 162 21
-25°C Viscosity (cps) 3600 ~ solid na  358.000
- 40°C Viscosity (cSt) 38.78 47.80 2693 78.34
100°C Viscosity (cSt) 6.68 10.19 533 1194
Viscosity Index 128 208 135 147
Oxidation Induction Time* 1596 2.12 388 429
- Lubricity (Yamaha Engine) Pass nfa Fail  Pass
% Biodegradation (Mod. Sturm) . ~85% ~85% ~60% ~65%
Toxicity LCS0, ppm)  >5000 55000 <1000 nfa
Solubility with Dispersant soluble a soluble n/a
Acid Number (mgKOH/g): 0.01 - 03s 004 19
Hydroxyl Number (tg_gKOng) 1.91 n/a’ 149 n/a

* Oxidation Induction Time is the amount of time (in minutes) for a molecule to

oxidatively decompose under a particular set of conditions using a high pressure
differential scanning calorimeter (HPDSC). The longer it takes (the greater the number

21-



Anti f oam agents are used for controlling foamin the |ubricant Foam
control can be provided by an antifoanmant of the high nol ecul ar wei ght 15
di met hyksd b@igepes -and pol yethers. Sone exanpl es of the popypigsesifFifs t YPe
antifoamant are silicone oil and pol ydi nethyl sil oxane.

Detergents and netal rust inhibitors include the netal salts of sul phonic
aci ds, al kyl phenols. sulfurized al kyl phenols. al kyl salicylates.

napht henates and 20 other oil sol uble nono- and di-carboxylic acids.

H ghly basic (viz. overbased)- metal salts, such as highly basic

al kaline earth netal sulfonates (especially Ca and My salts) are
frequelnt I yI use]g aﬁmﬂWWsmblemeT;olme msshoﬁeﬁhﬂ%\m&cﬂﬂbﬁhd'ﬁ&%ﬂde

m neral oils of the t t _provoke n ngi ne .seal s

i ncl udi ng al i phafT'e® 3?@81%’?3 ?‘m? # 5%‘%?’8 §’5 ALY, |

al cohol, with a mmewmmmmwmmmxam

oi | -sol ubI e, Papal, ur at ed, aliphatic or aromatic hydrocarbon ester of
from10 to 60 carbon atons and 2 to 4 linkages, e.g., dihexyl

pht hal at®, adeneickanpesEaiced in U S.- Patent No. 3,974,08 1, which is
I ncor por at eddbdbmgg@we 30 Bl ODEGRADABLE TWO- CYCLE
ENG NE O LS The branched synthetic ester base stock can be

used in t he<ABPREIEHPBn of bi odegr adabl e two-cycl e engine oils
t oget her V\nDﬂ'DAelbmeethﬁnd:mt additives. The preferred

bi odegr adablgrplkniy ﬁ*ﬁ!’ 1 ‘E“Q"gs% mul ated using the 35
bi odegr adabl e gynt I C este as%ao Q*’orme é‘g{':lordi ng to the present
i nvent i &% mmmmmm«v&nm | (
C810 denotes a mixmre of 3-5% n-C6, 48-58% n-C8, 36-42% n-C10, and 0.5-1.0% n-C12 acids.
* Ck8 denotes Cekanoic-8 acid comprising a mixture of 26 wt.% 3,5-dimethylhexanoicacid, 19
wt.% 45-dimethyl hexanoic acid, 17% 3,4-dimethyl hexanoic acid, 11 wt.% S-methyl
15 heptanoic acid, 5 wt.% 4 methyl heptanoic acid. and 22 wt.% ofxmxedmethyl heptanoic
aadsanddlmethylhuanmcamds.

The data set forth in Table 2 above demonstrates that the TPE/C810/Ck8
biodegradable ester base stock according to the present invention is superior to
20 rapeseed oil in cold flow properties and stability. The data also shows that the
~ TPE/C810/Ck8 biodegradable ester base stock is superior to di-tridecyladipate in
stability, biodegradation. and aquatic toxicity. The ester base stock according to
the present invention is also superior to TMP/iso-C18 in cold flow propernes,
stability, and biodegradation. :

Rapeseed oil, a natural product. is very biodegradable, but it has very poor
low temperature properties and does not lubricate very well due to its mstabﬂlty
Rapeseed oil is very unstable and breaks down in the engine causing deposit =
formation, sludge and corrosion problems. The di-undecyladipate, while probably

30 biodegradable, also has very poor low temperature properties. Polyol esters of low
molecular weight linear acids do not provide lubricity, and those of high molecular
wenght hnear or semi-linear acids have poor low temperature properties. In
addition, the pentaerythritol esters of linear acids are not soluble with polyamide
dispersants. The di-nidcbyladipate is only marginally biodegradable and, when

35 - blended with a dispersant that has low biodegradability, the formulated oil is only

22-



fogether with any conventional two-cycle engine oil additive package. The
additives listed below are typically used in such anounts so as to provide
their 6% at-t endant functions. The additive package pggisofifdivéie.
But is not™ 4 viscosity index inprovers, corrosion

I nhibitors, oxidation |nh|b|tors coupling 5 agents. dispersants, extrene

pressure agents. col or stabilizers, surfactants, diluents, det ergents
and rust inhibitors, pour point depressants, antifoam ng agents, and
antiwear agents. The bi odegradabl e two-cycl e engi ne oi

according to the present invention 10 can enploy typically about 75 to 85%
base stock, afyut45%tbiodepraiablecih additiom the'di-tridecyladipate daes not providesi ng an

e B8Ry s s VAR S BB RSt =

ester base stwhile moee hlodﬁgx‘gddbhs alsa do nptprovids lulmmranééw e3¢ seah swe
appr oxi matel y gb%lnjs £6eRof tliffeth W&%ﬂ branchfi dx¥o 1 tO

folgropuc
0.3:1, mhlch urns cIe ner, there g uci n SS
Exanpl es of t asidsdmnat bigdegrade G@Q‘qwflﬁ%%&@?‘ﬁ‘t&%“éw&nts are set

forth in the foll ow ng docurrent-s whi ch are |ncorporat ed herein by

reference: U S. 20 Patent No. 5,663 és) whi ch issued on May 5,
1987; U.S. Patent No. 5. 330, 667 = 1l et al.), which issued on

July 19, 1994; U. SIthteeemm&emorshavezdis'co@exedma(mghl)sbiedewdablem ch issued

o B v S i i i Gy g 1 "

al.), whi ¢h i bibrictty oan Bcashisved by incorposaring branche dacmsmmtheee;qémg
bi odegr adabl e atﬁ&&'fﬁnﬁ%ﬂ‘[ﬂﬁle@'ﬂel&@ﬁ&hbﬁéﬁ%tes that all of the desired base stocka) a

mej or portion of at Iea one abl e. s nt hetic e stock
whi ch conpr i sBEOPERES £, 'gcp?’ﬁ '(’P%?&Fq ﬁfgnggP&glﬁ'

- having the gebﬁhehed‘mmidaaﬁm{o[m%bfahhﬂracm Ris an aliphatic or
cyclo-aliphatic 30 group having fromabout 2 to 20 carbon atonms and n is

at least 2: and m xed acids conprising about 30 to 80 nolar % of a
| i near aciltsl havi ng a carbon nunber in tXable3 range between about (err]
to C(ferr], and about 20 to 7Gqp! aist® Ofisal viga@t one . *Sol
|  Point -25°C 40°C  100°C with  Engine
Base stock - °C (cPs) (cSt) (cSY) % Bio Disp. Wear
TPE/C810/Ck8 - -36** 7455**34.87 6.37 9954 C Pass
20 TPE/C810/Ck8 and _ :
TMP/n-C7,8,10%** -56 = 610 2490 5.10 810 C Pass
TPE/C810/Ck8 and

TPE/1770%*+* . 46 910 3048 5.75 855 H Pass

*  Denotes solubility with dispersant: H= haze; C= clear. '
25 ¥ Denotes Pour Point and -25°C V:scosny of Base stock with Dispersant.

#*+  Denotes a 50:50 weight % ratio of TPE/C810/Ck8 and TMP/7810.

s+s+  Denotes a 50:50 weight % ratio of TPE/C810/Ck8 and TPE/1770. |

1770 denotes a 70:30 mix of n-C; acid (70%) and alpha-branched C; acids (30%). The

composition includes approximately 70% n-heptanoic acid, 22% 2-methylhexanoic acid,

30 . 6.5% 2-ethylpentanoic acid, 1% 4-methylhexanoic acid, and 0.5% 3.3-

TPE denotes technical grade pentaerythritol.

TMP denotes trimethylolpropane.

C810 denotes a mixture of 3-5% n-C6, 48-58% n-C8, 36-42% n-C10, and 0.5-1.0% n-C12
35 acids.
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branched acid having a carbon nunber in the range between about Cerr] to
Cerr]; wherein the ester base stock exhibits the foll ow ng
WO 96/ 17907

properti®aoecA east 60% _
PCT/ USQS??&@%”L’ bi odegradation in 28 days as rreasrtﬁréudsgggﬂt’ﬁe

Modified Sturmtest; a pour point of I ess than -25[err]C. and a
viscosity of less than 7500 cps at -25[err]C (b) from
about 3 to about 15 wt.% based on |ubricant conposition of a bright
stock having a kinematic viscosity of about 20 to about 40 cSt at 5
100[err] G (c) fromabout 3 to . about 15 wt.% based on

! Ulbfi Cfint Cmﬁﬁlbk#@j:moic-sagﬂfc?ﬂarggﬂgihﬁﬁﬂﬁbﬁdﬁgﬁ%gﬂyﬂe%ﬂmﬁi gyer age
mol ecul ar wei ght o m u ) Q. ahout 1050:,  3n _
(d) from about 3 & %Mﬁﬁwﬁﬁlyﬁm %W%ﬁ%‘ﬁé%ﬁ&'%‘% nunber
average nl ecul arhepuioigiatid,f5rve 4inedryt hégtimbic heid, it 22wt 56 thixed methyl heptanoic
Anot her such bi O%ﬂiﬂ?ﬁﬁ{e&ﬁ G¥Ghi& €ngine oil conprises:

at fe

(a) a major portion o ast one bi odegradabl e synthetic ester
base st ok vimfCéh1¢denpsed ahlend pflinesracids withV. anddQ carbasfatoms. d:g.. 37 %imole ®m-0»i near

al cohol 15  havi g, e siape] ke, S o bec, Re@hd Shble s Wieggei n R is an

al i phatic or cyclo-aliphatic group having fromabout 2 to 20 carbon
atons and n is at |east 2: and m xed acids conprising about 30 to 80
mol ar % of a |i néme daw it Tabis 31gbavechows thantheipolyol estersf technical pradge bet ween

br anched acPGoREEioh tsoRaftriar €810 feidrcif bened Wi3pe BLin GRBIRANE. | |,
Clerr]; 190 withotherlownrmelecular weight estersias a bindegnadable ubricanto Whese pr operti es (
at | east 60%ers are particularly useful when lower viscosities are needed for a variety of
biodegradable lubricant applications. The TPE/C810/Ck8 ester provides sufficient
lubricity such that, even when diluted with other materials. it can meet the lubricity
requirements without the addition of wear additives. When additives such as
15  polyisobutylene, EP (extreme pressure) wear additives, corrosion inhibitors, or
antioxidants are needed. the biodegradability of the final product can be reduced
and the toxicity increased. If the base stock provides the needed properties
without additives or if the additives needed can be minimized. the final product
reflects the biodegradability and toxicity of the base stock, which in this case are
20  high and low. respectively.

EXAMPLE 3
A sample of an ester base stock was prepared in accordance with the
present invention wherein 220 Ibs. (9_-9.8 kg) of a C810 acid and 205 1bs. (93 kg) of
25  Cekanoic 8 acid (a 50:50 molar ratio) were loaded into a reactor vessel and heated
~ to 430°F (221°C) at atmospheric pressure. Thereafter, 75 Ibs. (34 kg) of technical
grade pentaerythritol were added to the acid mixture and the pressure was dropped
until water began evolving. The water was taken overhead to drive the reaction.
After about 6 hours of reaction time, the excess acids were removed overhead until
30  atotal acid number of 0.26 mgKOH/g was reached for the reaction product. The
product was then neutralized and decolored for two hours at 90°C with twice the
stoichiometric amount of Na,COs (based on acid number) and 0.15 wt.% admix
(based on amount in the réactor). The admix is a blend of 80 wt.% carbon black
and 20 wt.% dicalite. After two hours at 90°C, the product was vacuum filtered to
35 remove solids. '
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bi odegradation in 28 days as measured by the Mddified Sturmtest; a pour
poi nt of | ess than -25[err]C. and a viscosity of |less than 7500 cps

at -25[err ke pﬂg, - ' (b) an additive conceppraisb@ik176
conpri si ngﬁﬁ about 4 to 40 vol une % of an am de/i m dazol ?Sr?]e or

am de/im de/i mdazoline dispersant; (2) about 5 to 50 25 volunme % of a
succi ni m de di spersant. at |east one of the dispersant (1) or (2)

bei ng borated: (3) about 1 to-60 volunme % of a polyal efin thickener, and
optionally; (4) about 0.1 to 5 volunme % of an al kyl phenyol sul phi de: and
(5) about 0.1 to 5 volune % of a phosphorous-contai ni ng antiwear

agent. Treal rates fhe pidperties set foRfi®elow in Téblkasrers Mehdund-dptheqirbducen | ange
fromabout 5 to about 60 percent by 30 volunme and preferably from about 35 -

to about 50 percent by volune of the concentrate. (See U. S. Patent
No. 5.330,667 (Tiffany, 11l et al.) whi (Fabled i ncorporated herein by
reference). 35 _ _ _ -17.
WO 96/ 17907 '
PCT/ US95/ 164 76 Total Acid Number - Still dhtimeK@H/gegr adabl e two cycle
one. bi odegr ada P HE O o oorer 28R} 8 U Ch Conpr i ses the
reaction produgf’“’(')?‘?mh branched or |ineafd& cohol havi ng t he gener al
fornula R(OH) [ epmlwaperein Ris an aligrptic or cyclo-aliphatic
Flash Point (COC) 285°C
10  Oxidation Induction Time (min.) 15.96
Viscosity @ -25°C 3950 cps
Viscosity @ 40°C 38.88 cSt
Viscosity @100°C 7 6.66cSt
Viscosity Index ' 127
15 | |

An acid assay (saponification) was performed on the product in order to
ascertain the amount of each-acid actually on the molecule. Table 5 below sets
forth the molar amounts of each acid on the product ester:

20 o , Table 5
Cekanoic 8 Acid 43.35%
n-Cg Acid 35.73%
nCyo Acid 20.92%
25 .

This resultant ester product was then submitted with and without additives
for biodegradation tests for application into the hydraulic fluid market. The
additives were used at a 2-5 wt.% treat rate. The results are set forth below in
Table 6. o - -

30 '
Table 6
. Standard Meet 10 day
Product % Biodeg. Deviation Window
TPE/CS10/CKS (alone) 92.9 £70  yes

35  TPE/C810/Ck8 + BIO SHP Adpack* 80.5 + 16 no



5 group having fromabout 2 to 20 carbon atons and n is at |east 2; and

m xed aci ds conprising about 30 to 80 nolar %of a |inear acid having
a car bo |n.the range between about Clerr] to pelrfsokneidéd about
20 to 70 Yo of at | east one - branched aci d having a car on nunber
in the range between about Cferr] to Cerr]; wherein the ester base
stock exhibits the followi ng properties: at |east 60% 10 bi odegradation in
28 days as neasured by the Modified Sturmtest; a pour. point of | ess
than -25[err]C. and a viscosity of |less than 7500 cps at -25C, and’

(b) at |east one am de/i m dazoline-containing di spersant prepared by
reacti ng a TREARIOCk®x MGG Adpack¥**acy| a?S4g agent sa6.8h a polmgam ne. and,
optionally, Ml&w " r B '..,ght a}ggl atl ng q__g@ t. Sucr]1 di spersant s can
al so 15 ce#s = S Mai-g ht

acyl ating agent DmowsalubnmadthmmtddhbrModenpmmﬁdrmdemehereof

Anot her addi ti Vem‘ﬁﬂh?f‘ R? with the bi odegradabl e base stock

of the present inventlon orm ornmul ated two cycl e engi ne oil

conpri sés t¥e ZMWWM‘M@@WwMWEﬂMWmm al kyl

phenol of the fopRided : (R [err]

[err]Ar [er _h %@ﬁl 25 a'\é’é;uerel each I S ndependentl a substantially
sat urated hydroc Iybricant adgityg gackage dB‘fE’&PFg%R%g 61““‘5!’ feast about 10
al i phati c' car bonragémdts MGG Adpdckd ar e each - independently an integer of

one up to three tines the nunber of aromatic nucl ei present in Ar
with the proviso that the sumof a and b does not exceed the

unsati st ed val emmpswebﬂemckﬁomaanwmmmhs a singl eq

[}

Cubsti fuent EAEREDE “bm“ﬂrm mw"tk‘aa"?igm&?%&’s“smt g’nmé??sn?l awis Pt O
ubsti tu u i St | ]
al kyl, | owe‘?“b%lﬁfﬁw Q%mgpﬁd&pveﬁ Bon fstsi é’r bon- based

substltutecthmwydbcnginerodmakwmaduaivesmﬁbusedatammw ivfelt of t he
optional suRstiflent Sec st forth in Table 7 below.

15
_ Table 7
Standard
Product | % Biodeg.  Deviation
TPE/C810/Ck8 + TMP/7810 (50:50) 80.7 3.6
20  TPE/CB10/CK8 + TMP/7810 + 14.5 wi.% Dispersant* 76.1 4.6

* The dispersant package comprising primarily of polyamides.

EXAMPLE 4
Table 8 below contains comparative data for all-linear and semi-linear
25  esters verses the biodegradable synthetic ester base stock formed according to the
present invention. We have provided two examples of the ester base stock
according to the present invention because they contain two different molar ratios
of Cekanoic 8 to C810. The results indicate that a certain amount of branching
does not greatly affect biodegradation as measured by the Modified Sturm test and
30 may, in fact, actually improve it which is contrary to conventional wisdom.

35
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WD 96/ 17907

- PCT/ US95/ 16176 (b) at |east one am no conpound
with the prow so that- the am no conmpound is not an am ngQ.. )glg See
U.S. Pat entWR8¥1%9%63, 063 (Davis) which i s i ncor por at edgﬁg %1653'/6(
reference. 5 A preferred di spersant for two-cycle oil
formul ations conprises a major anount of at | east one oil of
| ubricating viscosity and a mnor anount of a functionalized and
derivati zed hydrocarbon; wherein functionalization conprises at | east

one group of the formula -COY-R err] wherein Yis Oor S: Rerr] is aryl,
substituted aryl or substituted hyrdocarfyljegand -Y-R3 has a pKa of 12 or

| ess; 10 wherein at |east 50 nole_ %.0 functjon gr oups are attached
to a tertiary carbon atom and®/tiedegradation 4 féiﬁ’é&f@nall Ba¥ydr ocar bon
I's derivatizedHera “nucl eophi | @28 Dags)ct ant . ThBeviatidneophWindow eact ant
Is selected fr 3

Finally, anot heko B di spersant additive which substantially

avoi ds 5 the forrMPi78000f gel | €76.Egl oner at es &T771 ow t enper at ures but
whi ch corresp vid fective engj cl eanl | pess,

det ergency, | ubri ci Wg’bﬁnobo ﬁ]hl bition. %’Eﬁas been’@i scovered
that a two-cycl e oi [L9Adipateve corrpr89563ng a n6.28 ogen- coyesai ni ng
conmpound prepared bypp (F@ ol A aggbeast one hi gh760 nmol ggul ar wei ght
substituted car boxyl Ic acl d acyl at| ng agent with (B) at |east one

pol yal kyl ene pdlemirhipeacster C) “ at | east one nonocarboxylic acid wherein the
nol ar rati qgof the rEMPAsosteaidtei ¢ a63.32t o hi gh nol goul ar wei gt substituted
acyl ating agent is a 3:1. T | spersant p erably contains oil

sol ubl e : hydrom}éﬁﬁ{’m ety(i 2.5 %onnect ed to{ Sél ar noi B?i es which are
substantially 25 cdAMPI198@ of tert8%6y anines, pr&B2rably imdpdazoline

heterocycles %&%‘ t he ratio of tertiary amne to total am ne
is at | east abo he additive renmnins '
TPEICSIOICkS* 92.90 7.00 _ yes
15 TPE/C810/Ck8** 99.54 1.85 yes
~ Notes: TMP/7810 denotes a tri-ester of trimetholpropane and C;, Cs and C;¢
TPE/Di-PE/M-C; denotes esters of technical grade pentaerythritol, di-
_ pentaerythritiol and n-C; acid.
20 L9 Adipate denotes a di-ester of adipic acid and n-C, alcohol.

MPD/AA/C810 denotes a complex ester of 2-methjl-1-,3-propanediol 2
mols), adipic acid (1 mol) and n-Cs and C; acids (2 mol).
Rapeseed Oil is a tri-ester of glycerol and stearic acid.
TMP/isostearate denotes a tri-ester of trimethylolpropane and iso-stearic
25 acid (1 methyl branch per acid chain). _
TMP/1770 denotes a tri-ester of trimethylolpropane and a 70:30 mix of n-
C; acid (70%) and alpha-branched C, acids (30%). The 1770
composition includes approximately 70% n-heptanoic acid, 22% 2-
methylhexanoic acid, 6.5% 2-ethylpentanoic acid, 1% 4-
30 methylhexanoic acid, and 0.5% 3.3-dimethylpentanoic acid.
TPE/1770 denotes esters of technical grade pentaerythritol and a 70:30 mix
of n-C5 acid (70%) and alpha-branched C, acids (30%). The 1770
composition includes approximately 70% n-heptanoic acid, 22% 2-
methylhéxanoic acid, 6.5% 2-ethylpentanoic acid, 1% 4-
S35 methylhexanoic acid, and 0.5% 3.3-dimethylpentanoic acid.
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stable to the formation of the gelled aggl onerants, especi ally during

prol ong storage at |l ow tenperatures (O[err]C or less). 30

EXAMPLE The follow ng are conventi onal estl,i.rl.,[}g?7 ¢ ocks
whi ch dodvﬂg?me%%i bit. satisfactory properties for use as odegr adabl e
| ubricants. The properties listed in Tables 1 and 2 were determ ned
as follows. Pour Point was determ ned using ASTM. # D-97. Brookfield

Viscosity at -25[err]C was determ ned using ASTM# D- 35 2983. Kinematic
viscosity (@40 and 100[err] C) was determ ned using ASTM # D -
-19- WD 96/ 17907
Kg {\/I U#S9g/ 52%6 *TPEE{CSIOIGES de\(n&seaets&oﬂteuhical iiajle perttastothei tdl\l/lbagé];d UZI gg

: [ e ified Sturm
test (OECD Test No. &df%ﬁg?u@o?fﬁg‘?ﬁd%ﬁvﬁﬁfﬂ?@%ﬁp%@ was det erm ned
by bl endi ng t he de<TPE/C810/0k8gienotes estens of teshiicgl grade pentagrythtitol dndiass,
two- phases. etc. ENngi n@.y%abo (fj@ftx%-@g'ﬂ% @8?&&@8%&\"\”\/‘6‘ Yamaha CE50S
Lubricity test. Oxidation Induction tinme determ ned using a high
pressure3differential scanning calori mst_er (HPDSC) having .
i sothermal /i sobaric conditions of 220[err]C and 500 psi (3.445 MPa) air,
respectively. - Aquatic toxicity was determ ned using the D spersion
Aquatic Toxicity test. The acid nunber was determ ned using ASTM #
D-664. The hydroxyl nunber of the 10 respective sanples was determ ned by
i nfrared spectroscopy. :

EY

. | . | . . |

15

20

30

35
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Tabl e | . @Vis. @ * Sol
Point -25[err]C 40[err]C 1(;Bllml| L“ " I with Engine 15 Base
st ock rr3C

% Bi 0. Dﬁmﬂéﬁ@&m
Nat ur al O'ngwnml?apeseed Ol SO| id 47.80 10.19 17
nfa nla Al'l Linear Esters Di - undecyl ad| pate +21 0l i d 13.92
2.80 nfa n/a n/a 20 Polvol W Linear §Se FRear. A
TPE/ C810/C7 acid n/a solid 29.98-5.90
TPE/ Di PE/ n- C7 -45 1380 24.70 5.12
TPE/ C7 aci d -62 915 24.0 4.9 53,
TMP/ n-C7, 8, 10 cLAIMY 350 17.27 4.05 61. 7** C Fail 25
TMP/C7 acid o, -./1 378 14.1 3.4 76.5 C Fai |
Branched Adi paveSlaim: d| -tridecyl adipate -62 n/a 26.93 5.33
65.99 C Fai | Br anched . TPE/1so-C8 4dcid -46 n/ a
61.60 8.2 1 33 ; | sper sant
H= haze; C= clear. ? &m %gﬁgdgblgg%nm%ucd%&?rba awlélﬂ:%ﬂ%&g#eri al
i ncl udes 1%. 5 reacrioni preduct afit . n/ a denotes informati on was not
avai | abl e. TPE_denof giantieRfi? iinélr AKGAIPHAVEE B pichilifbithula ROOH), P

denot es trinet hyl ol propane. ga
PCT/ US95/ 1617¢Wherein R is an aliphatic or cyclo-ah tic group having from about 2 to 20 carbon

atoms and n is at least 2; and
mixed acids comprising about 30 to 80 molar % of a linear acid

10  having a carbon number in the range between about Cs to Ci,, and about 20 to 70
molar % of at least one branched acid having a carbon number in the range
between about Cs to Cyo and wherein no more than 10% of said branched acids
used to form said biodegradable synthetic ester base stock contains a quaternary
carbon; wherein said ester base stock has a carbon to oxygen ratio of between

15 about 0.15:1 to 0.3:1 and exhibits the following properties: at least 60%
biodegradation in 28 days as measured by the Modified Sturm test; a pour point of
less than -25°C:; a viscosity of less than 7500 cps at -25°C; and oxidative stability
of up to 45 minutes as measured by HPDSC.

20 2. The biodegradable synthetic ester base stock according to claim 1
wherein said ester base stock has a carbon to oxygen ratio of about 0.2:1.

3. The biodegradable syhthetic'ester base stock according to claim 1
wherein said mixed acids comprise said linear acid in an amount of about 35 to 55
25 molar %.

4. The biodegradable synthetic ester base stock according to claim 3
wherein said mixed acids comprise said branched acid in an amount of about 35 to
55 molar %.

30 .

5.  The biodegradable synthetic ester base stock to claim 1 wherein said
branched or linear alcohol is selected from the group consisting of: technical grade
pentaerythritol, mono-pentaerythritol, di-pentaerythritol, neopentylglycol.
trimethylolpropane, ethylene or propylene giycol, butane diol, sorbitol, and 2-

35  methylpropane diol. '
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C810 denotes predom nantly a m xture n-decanoi c acids,
and may include small a Em mﬂmfu and n-Clerr] acids.

A typi c C810 aCliad nmyncont at n, 98- CO,
48- 58%na FB*) and ' 051%n C[err?e
n-C7,8, 10 denot &5

| . %ISHEHTG;&\SIB
e.g., 3™ :

Mf acids with 7. 8 and 10 carbon atoms
_ S %hes% n- '/a
C[err] acid and 3 nole C6 aci d. C7 denotes a C7 acid

jfacid, 39 nole % ([err] acid, 21 nole %
produced by cobalt cat al yzed oxo reaction of hexene-1, that S
70% | i near and 30% [err]-branched. The conposition i ncl udes 10
approxi mately 70% n- hept anoi ¢ acid, 22% 2-net hyl hexanoi ¢ acid. 6.5% 2-
et hyl pentanoi c acid, 1% 4- rretm% f]exanm c acid, and_0.5% 3. 3-
di met hyl pent anoi - aci dhe biodeg abesynme"thé%Pé?feﬁ“iqk@cWﬂmcm&ched ester

base stock wasxeﬁphannbrhﬂcnebacﬂrxs aabmi:ﬁnuyawebwlb@aﬁcwd@rﬁmpﬂ ed agai nst

vari ous conyent, anal, ,bi ode rada r i cant st.ocks and t he
resul ts ar eo2achedacidhayin @fag%@ngpermo 20I8 in the range between

'''''

Table 2 5 abouPOdmterk.9. TPE/ CK8/ C810 Rapeseed G| DIDA
TMP/ i C18 20 Pour Poi nt ([err] C) -45 0

-54 -20 Fl ash _Point ([err]C 162

221 n/a . 7. 25CThe biagsgradable w)thenc estesew stock accordinggpiclgim 1 n/ a
358. 000 wherf ®id in@néﬂeﬂ%ﬁi ik ¥it le@stlohe acid saectza from the group%nﬁ@m

26.93 78.34 100C Vi s ta(nc ch &

5 33 11. o9f: 2rethylhexangic; M 01C acids, 1sooctano_x§2%cxds 1sononanmc

135 140 and isod2canit acids.| nduct ion Time* 15.96 2.12 3. 8‘
4. 29 Lubricity (Yamaha Engine) Pass n/ a . Fai |

Pass % Bi odegradation (Mdd. Sturm -85% -85% -60%
-65% 8. A biodegradable lubricant which is prepared from :

at least one biodegradable synthetic ester base stock which
comprises the reaction product of: a branched or linear alcohol having the general
15 formula R(OH),, wherein R is an aliphatic or cyclo-aliphatic group having from
about 2 to 20 carbon atoms and n is at least 2; and mixed acids comprising about
30 to 80 molar % of a linear acid having a carbon number in the range between
about C;s to Cy,, and about 20 to 70 molar % of at least one branched acid having a
carbon number in the range between Cs to C,p and wherein no more than 10% of
20 said branched acids used to form said biodegradable synthetic ester base stock
contains a quaternary carbon; wherein said ester base stock has a carbon to oxygen
ratio of between about 0.15:1 to 0.3:1 and exhibits the following properties: at
least 60% biodegradation in 28 days as measured by the Modified Sturm test; a
pour point of less than -25°C:; a viscosity of less-than 7500 cps at -25°C; and
25 oxidative stability of up to 45 minutes as measured by HPDSC.; and
a lubricant additive package. |

9.  The biodegradable lubricant according to claim 8 wherein said ester
base stock has a carbon to oxygen ratio of about 0.2:1.
30 ' '
10. The biodegrﬁd_able lubricant according to claim 8 wherein said
mixed acids comprise said linear acid in an amount of about 35 to 55 molar %.

11.  The biodegradable lubricant according to claim 10 wherein said
35  mixed acids comprise said branched acid in an amount of about 35 to 55 molar %.
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Sorubi 111y wth Bp?per sant \mﬂﬂllll UL Colubl & n/a

Aci d Nunbﬁf ﬁ% L 0- 0% c1rdsefne176

Hydr oxyl Y@ rrgKO—l/ 9) 1. 91 - n/ a 1.49  nla

Oxi dation Induction Time is the anmpunf==ek=t b es) for a nolecule
to oxi datively decorrpos Tw-rhﬁSHEaTlﬂﬁlstsgaN §r set of conditions
usi ng ‘a high pressure 35 di f.ererRHmJ;;{mIHnm ng cal ori neter
(HPDSC). The longer it takes (the grea S|

-21- WD 96/ 17907 _

PCT/ US95/ 16176 of m nut es), the nore stable the

nmol ecul e. This shows that the t he prese
i nvention is al mosk2 fouﬂ?b\‘?@%g‘ﬁ%&iﬂ%‘g P‘?FQF@‘“ ‘E}P’é“gﬁ‘ﬁ’ﬁ%?‘@)f t he
material s curp@ndied or linear alcoholxsselecteﬂlﬁem thé grouprodisistingsoft eehnital geadel uat e

t hese nol ecules W re: 20C an 500 3. a) air.
- denot es appr%“ﬁﬁf‘l V? Eghﬁfog J‘d’r’g‘ggwtﬂl premylglyé\éli)’denot es | ess

t han. 5 Dﬂ‘lﬁbthbdulpmpancilethvlemmlmgycol butane THo}/ sothigol cand@-e s
tri-ester of {hw hﬁgropane and isostearic acid. 10 TPE denot es
techni cal grade nttaeryt hri t ol TMP denot es trinet hyl opropane.

13.  The biodegradable lubricant according to claim 8 wherein said
branched acid is predominantly a doubly branched or an alpha branched acid having
10  anaverage branching per molecule in the range between about 0.3 to 1.9.

14.  The biodegradable lubricant according to claim 8 wherein said
branched acid is at least one acid selected from the group consisting of: 2-
ethylhexanoic acids, isoheptanoic acids, isooctanoic acids, isononanoic acids, and
15 isodecanoic acids.

15.  The biodegradable lubricant according to claim 8 wherein said
biodegradable lubricant is a blend of said biodegradable synthetic ester base stocks.

20 16.  The biodegradable lubricant according to claim 8 wherein said
additive package comprises additives selected from the group consisting of:
viscosity index improvers. corrosion inhibitors, oxidation inhibitors, dispersants,
lube oil flow improvers. detergents and rust inhibitors, pour point depressants, anti-
foaming agents, antiwear agents. seal swellants, and friction modifiers.

17.  The biodegradable lubricant according to claim 8 wherein said
biodegradable lubricant is a two-Cycle engine oil.

18.  The biodegradable lubricant according to claim 17 wherein said
30 additive package includes at least one additive selected from the group consisting
of: viscosity index improvers, corrosion inhibitors, oxidation inhibitors, coupling
agents, dispersants, extreme pressure agents, color stabilizers, surfactants, diluents,
detergents and rust inhibitors, pour point depressants, antifoaming agents, and
antiwear agents. '
35
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C810 denotes a mixture of % n-C8, 3642%n-C O and 0.5-1.0%

n Cl2 acids. Ck8 deLﬂIlmmLmH\ulmmmaci d conprising a mxture of 26 _
. % 3, %3462 | hexanoi c*acfd,* 19" . W . % 45-gigddRiiki7gexanoi ¢

_aC| d, 17% I'met hyl hexanoic acid, 11 wt.% 5-nethyl 15

heptan0|c acid, 5 w%4 nethyl hept=dfory acid, and 22 wt.% of m xed net hyl

hept anoi ¢ S(ﬂﬁiﬁﬁ' | hexanoi c aci ds.

The data set forth |n‘15e’- @mm denpnstrates that the TPE/ C810/Ck8

bi odegr adabl e ester to the present invention is

superior to 20 rapeseed oil in cold flow properties and stability. The

data al so shows that the TPE/ C810/ Ck8 bi odegr adabl & ester base stock

is superior to diztfrid adi pate_i .. stability. biodegtradajion, and

aquatic toxicity. 16Fhe @@Pgﬁﬁé‘ﬁ&@%m %h?}x‘m ng?ﬁg‘ﬁf‘tsent

i nventi on i sdispersansispacfunctionalizetidadiderivatizéd hydrooartiofi,lwherginoper ti es,

stability, 1 ral
Isa@g}:@ 7 egragiﬁ#esﬁ‘:leatstm{e%roupofthefmﬁ%&?ﬂ wiigrdii ¥

product, enperature

ver oor
broper {1 d5 ci® BoSeR s Ayl absetted anlof suRstimte Bymocarey. andsGB! hasy, |
Rapeseed oi l?xﬁomurw%wad@semedpmmﬂcbsnﬁ aréitichiey deposi t

-formati on, e, and r osi on obl ens, . The - unde pat e, V\/m | e
probably 30 10 l{ﬁ%ﬂ@moa{l% @“ﬁﬁ?ﬂﬁ‘ K‘ﬁ’é Wre properties.
Pol yol ester&mﬁumsr anucleownilﬁmt.\/vel ght |inear aC| ds do not provide

lubricity, and those of high nolecular wei ght linear or sem -I|inear
aci ds have poor |ow tenperature properties. In addi tion, the '
pentaerytthritol esters of linear acids are not ‘soluble with polyam de ‘

di spersants. The di-tridecyladipate is only margi nally bi odegradabl e and,
when 35 - blended wth a dispersant that has | ow bi odegr adability, the
formulated oil is only WO 96/ 17907

PCT/ US95/ 16176
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about 45% b odegradabl e. In_addition, the di-tri g %%%%e %oes not 6

provi de lubricity. LowRARBNIGOOPERAFIO Na' ¥Xxadi pat es_such as

dik- i sodecyl adi pate, = whi l e nore bi able, also dp 2

lubricity and can cause seal swell igé[)ﬁem. Pol yol 5@?0? 2%5 19974

trimethyl ol propane or pentaerythritol and branched oxo 5 ﬁsﬁs do not o

bi odegrade easily due to the steric hindrance di scussed earller. S

EXAVPLE 2 PNEERNATIONAL EREFIMINAIRY, ESANMINATIQ { highly

bi odegr adabl e base stocks with gpp,dmgchJgimgk‘gwopr operties, good

solubility wth dispersants, and goo l'ubricity can be ach| eved by

i ncorporating branched acids into the ester nolecul e. The data set

forth i fAjBBhe orRgbBlAR YefeBREADNSYI at €S [ hat al 1 of Tl[}e de5| D stock
tgarién? wg/lﬁéA]ﬁG)

pr opertle%,rcg{ig% best net w § FOBFURTHERQETIONS us}q
hi ghly fied oxo acidland 30 10 80%0f a il nea[ aC| d 15

Tabl e 3 International application No. lnternauonalmida:.e (‘qulgmr@lyeam S P@ng] date ( d@momhlyear)
* Sol | PCT/US 95/ 16176 08, 1391845 -25[err]C 4kcoa/1%gﬁ9%”] C
with %: ﬁmﬁon%atem Classﬁ% g iiggi,o&aﬁ{?ﬁl &g'ﬁuﬁo and : '

% Bi 0 -36* 7455**34. 87 6. 37
99. 54 Pass 20 TPE/ C8l CGRg0a/3B TWP/ n-C7, 8, 10*** -56
610 2 ABfllcantd. 10 81.0 C Pass PE/ C31I07 CKg and
TPE/ 177¢**** - 46 910 30.48 5.75 85.5 H

Pass EXXON CHE% B%TEQJEFUWCI | tv wi th di sner@ant H:haze C—cl ear. 25

* %

% rat i o of TPE/ C810/ Ck8 and

Di spersnt *x Denot es a 50: 50 vvel ght
TP/ 7810, 1 This inemmatonaipefipipagycreasmingion gy s oty prepdsed by (s e ioT DY R0 FRB TGN

TPE/ 1770.
2. ' This REPORT consists of a total of & }_ sheets, including this cover sheet.
| This report is also accompanied by ANNEXES, i.e., sheets of the desmpuon, claims and/or drawings which have

been amended and are the basis for this report a.nd[or sheets containing rectifications made before this Authority
(see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT).

These annexes consists of a total of S sheets.

3.  This report contains indications and corresponding pages relating to the following items:

[ Basis of the report
[ ] Priority
R D Non-establishment of opinion with regard to novelty, inventive step and industrial applicability
Iv D Lack of unity of invention
v m Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement
vI D Certain documents cited
VII D Certain defects in the international application

VI \/] Certain observations on the international application

Date of submission of the demand Date of completion of this report
21/06/1996 10. 12 9%

Name and mailing address of the IPEA/ Authorized officer
European Patent Office A |
D-30298 Munich .

OV Tel. (+49-89) 2399-0, Tx: 523656 epmis d }. Pielka
Fax: (+49-89) 2399-4465
. Telephone No.

Form PCT/IPEA, 409 (cover sheet) (January 1994) ﬁ9/0§_/ 1996 )



1770 denotes a 70:30 nix of n-C7 acid (7099 and al pha-branched Clerr] acids
(309 . The conposi tion includes apprOX| mat qhtxrnmpﬁh@ﬂmm an0| c

acid, 22% 2-nmet hyl hexanoi c aci d, 30 5% 2- et hﬁﬁp ano c aC|
156 4. FRTPPBSINEYe SrEMRID ARpPIGTION REEORY i

aci d. de =
trinme anI rtgeo ne C810 denotes amxture of 35%n06 48- 58%nC8
36-42% El f) 5-1.0% n-Cl12 35 : aci ds.

Jm nr~l 1270 n
'23' v JU

PCT/ U§9"T_’l{1 %ng g been lﬁaxv(: U%%ﬁle ‘%?snﬂfeﬁgﬁﬁ%ﬂ%fefﬁwh%'hgveci)&'mﬁz‘&?sﬁe@go gher?e%ﬁhh'x{g

of 26 w. exanol ¢ aci

hexanoi Effb{féllhl resmn;%tg amlmtﬁggnhgaqler AEidnet are Jeferged tpin\tpis emort gt Prqually filed® aﬂd are
hept anohdt adfeked to BheWepodf ncdRidP)b ndi DIt AR Aheidndi®d. ¢ and 22 wt. % of ni xed

met hyl hept anoi c aci ds and di net hyl hexanoic acids. 5

n-C7, 8,10 denotes a blend of linear acids with 7, 8 and 10 carbon atons
e.g., 37% roiednt®enatiéipiespplication as originally filegi d, 39 mol e % Cerr] acid, 21 nole
- % derr] acid and 3 nole % Cerr] acid. The data in Table 3
above shows that the polyol ester of technical grade pentaerythritol,

i s0- C8 ari#] Hierdeseriptd®1 Qagat Ld5 , cBn2Be_used al one or, ghomgmblyrfalelon 10.  with
other lower nolecular jgight esters as a bi odegradabkgyhi/Bkigesfdt - These
esters are particul arly userul_when Tower viscosities are needed for a

variety of pages , filed with the letter of '
pages 6, 7 , filed with the letter of 21.11.96,
[x] the claims, Nos, 12-18 . a8 originally filed,
Nos. . a5 amended under Article 19,
Nos. ' , filed with the demand,
Fos. 1-11, 19 , filed with the letter of 21.11.96,
Nos. , filed with the letter of ;
[ ] the drawings, sheets/fig | , a8 originally filed,
sheets/fig __ , filed with the demand, _
sheets/fig . , filed with the letterof ___

sheets/fig , filed with the letter of

2. The amendments have resulted in the cancellation of:
[ ] the description, pages '
[ ] the claims, Nos. __
[ ] the drawings,  sheets/fig

3. | ) This report has been established as if {some of) the amendments had not been made, since they have been
considered to go beyond the disclosure as filed (Rule 70.2{c)}:

4. Mdditional observations, if necessary:

Form PCT/IPBA/409 (sheet 1) (Jamuary 1994}



bfodegradable | ubri cant applications. The TPE/ C810/ Ck8 ester provides
sufficient | ubricity such that, even when dil uted mh% ‘q%ﬁﬁﬂjm
0

materials, it can neet the lubricit requi rements w u e d@dition
of weENTERNATIQNAL WE&IHMYvMﬁUAT;ﬁ@N 1REPORE| vi sobuPGTABEIS EPEL 8Kt r ene

pressure) wear additives corrosion inhibitors or antioxidants are

needed, the. bi odegradabij l.ity_of. the final prqduct can be, reduced.. ... and
e o Resarued pRtenom deifte Y (D vigh Bert b ety pEthive SFoR o OB LA FPRLisehikib
Wi t houtcitariolistand explamationsk supporeing deth tstavaent needed can be minimized, the final
pr oduct refl ects the biodegradability and toxicity of the base stock,

which in this case are 20 hi gh and | ow, respectively.

EXANRL ETAZEMENT A sanpl e of an ester base stock was prepared in
accordance with the present invention wherein 220 | bs. (99.8 kg) of a
C8 10 acid and 205 Ibs. (93 kg) of 25 Cekanoic 8 dcid (a 50:50 nol ar
rati o) We¥EYIBaded into a react dfaidedsdPandheated——— to0-430[BFr] F
(221[err] C) at atnospheric pressygigg Thereafter, 75 | bs. (34 kg) pof

t echni cal grade pentaerythritol were added to the acid m xture and
the pressure was dropped until water began evol ving. The water was

t aken oVieveldwedstépo(Iglri ve t he reactliien, After about 6 hours aBSreaction
time, the excess acids were renq¥ﬂ% pvephead until 30 a total ggid number
of 0.26 nmgKOH g was reached for e reactiom product.—The product was
then neutralized and decolored for two hours at 90[err]C with tw ce the

st oi chi agRktria¢ aRMeMliLyOfa)Na2CB hgsedign acid nunber) and 0. 15 wgg % admi X
(based on anmount I n the reactor). - The admXx 1s a blend of 80 W. % car bon

bl ack and 20 wt . % di cal i t 1318 +er—two—hours—at—90ferr-S—H8 product
was vacuumfiltered to 35 renove solids.
- 24- WO 96/ 17907

PCT/ US95/ 16176
2, CITATIONS AND EXPLANATIONS

1. The subject-matter of claim 1, relating to a biodegrad-
able ester base stock is novel with regard to the prior
art documents cited in the Search Réport, the most rel-
evant being EP-A-536 814, or Dl1; EP-A-430 657, or D2;

Further to these documents there are additiomal
documents known from treatment of related applicatidns
US 95/16223, US 95/16224 and US 95/16225. These
documents include WO 93/11210, or D3; US-A-3 360 465 or
D4; WO 93/24597, or D5; WO 93/24596, or D6; WO 94/05745,
or D7.

The concept of an ester base stock derived from the re-
action product of a polyhydric alcohol, such as
pentaerythritol, and mixed acids comprising 30 to 80 mo-
lar% linear acids having a carbon number of 5 to 12 and
20 to 70 molar¥% of at least one branched acid having a
carbon number of 5 to 10, is well-known.

Porm PCT/IPBA/409 (sheet 2} {January 1994)



The properties set forth below in Table 4 were neasured on the product :

Table 4 5 Total Acid Nunber 0. 071 ngKOHgr 1 gqsfic
Gavity - 0.9679 Pour Poi nt r. applicael)

- 45 GNTEBNATIONAImBREIJMINARY EXAMINATION REPORT g7 PGI/ISPHH&HTY Coc)
285[err] C 10 xidation | nduction anrg (i) 1596 Vi-seesty—@
-25[err]C 3950 o 40[. er.r. 38 88
cSt Vi scodh PLEFIRESS ﬁp ers hav:.ng %06*@%)% ét Jg%t\/c& & taycj1 ndex
127 15 and 5 mdi ¢ desmchesshphdifn eatids) (ses g@nipresedlon Athe
product in ordgﬁgi ascertain the ambunt of each acid actually on the
nol ecul e. Tabl € béigm/sets forth the nolar anobunts of each acid on

t he product ester 20 Table 5

S(e:{(grn?i CAEI S‘C' $2 discloses Aag r@éentylﬁblq&f dst¢ tomprising a mi3b- 73%
ture of hexan01c ac1d and 2-methylpentan01c acid in

amounts of 50:50.

D3 discloses esters having 70% C_ linear acids and
30mol.% C_ branched acids (see examples D and H).

D4 discloses pentaerythritol esters of straight chain 8

and 9 carbon acids and branched acids having 5 or 6 car-
. bon atoms in amounts such that the straight chain acids

never exceed 60% and the branched never exceed 45%.

D5 and D6 disclose esters having 66.8 % pentanoic acid
and 28.4 % 2-methylbutanocic acid as the acid mixture.

However, none of these documents explicitly discloses
that no more than 10% of branched acids used to form the
synthetic ester base stock contains a quaternary carbon
or that the ester base stock has an oxygen to carbon ra-
tio of 0.15:1 to 0.3:1 or that the biodegradability is
greater than 60% as measured by the Modified Sturm test.

It should be noted that, whilst it is agreed that the
documents D1, D2, D3, D4 and D6 all pertain to refrig-
eration working fluids, for purposes of novelty the re-
frigeration fluids still contain synthetic ester base

- stocks and if the base stocks were to be identical with
those claimed, then the subject-matter of these
documents would be considered to anticipate that of
claim 1. The fact that HFC components are present in the
lubricants of D1 etc. is immaterial since the wording of
claim 1 does not exélude the presence of such compo-
nents. The arguments presented on the viscosity of the

Form PCT/IPBA/409 {sheet 3) (January 1994)



Thi s resul tant ester product was then subnmitted with and without additives
for biodegradation tests for application into the hydra hk& f@ﬁfﬂﬂﬁ%BKGt

The . additives were used at a 2-5 wt. % treat rate. ere ts are set
f or t HINEERNATIONAL PRELIMINARB(EXAMINATION REPORT PCT/US95/16176
Tabl e 6 annrlnrrl
Meet 10 day Pr oduct

W ndow TPEFER%? KB RhI)D4 being outpide that Clal?‘g?ﬁ are iv%él 82

TPE/ C810/ Ck8 + rhéd FhAspak *vifébdity at 40°C1li$ not cl@wimed in claim
- 25- WO 96/17907

PCT/ US95/ 16176 1+ TPE/ C810/ Ck8 + MGG Adpack*** 75. 4

6.9 no Desgffe %@/tﬁkﬂeaﬁﬁr@ar@mmmresmed by the A@-7

no 0 &g%% &@mp@n
USA, under theggflégﬁtaléng Ehar ék#€?€a§$%g§ﬁéqk%eg%kgﬁéqae y
Denotes a Iubr|m@mnsa@ﬁ|ArWEcb%c1&g%)sB?E by Exxon Chen1ca| Conpany,

Par am ns Di vi sion under the tradenmark Synestic Adpack.

Denotes a | ubricant additive package sold by Exxon Conpany, USA under the
tradmar k MGG Adpack.

2. D7 discloses an ester base stock comprising a blend of
ester base stocks, notably an ester of a polyol and a
branched chain acid mixed with a second polyol ester
comprising a mixture of straight and branched chain ac-
ids. The ester base stock blend has properties fulfill-
ing the requirements as set out in claim 1, notably a
viscosity of less than 7500 cps at -25°C, a pour point
of less than -25°C and biodegradability (see Table I on
page 13 where a dynamic viscosity of 2425 cp at -25°C, a
pour point of -37°C and a biodegradability of >80% are
disclosed) .

The problem as set out in the application, i.e. the pro-
vision of ester base stocks fulfilling the criteria of |
good cold flow properties and additive solubility whilst
maintaining biodegradability, has already been solved in
D7. |

The Applicant has only pointed out why the claimed
subject-matter differs from that of D7, but has not ad-
vanced any arguments in support of inventive step. Since
novelty has never been disputed with regard to D7, these
arguments are immaterial.

At the moment it cannot be recognised what p0551ble ad-
vantage is offered by the specific base stock claimed in
claim 1 over that of D7.

The subject-matter of claim 1 lacks an inventive step.
Claim 1 does not meet the requirements of Article 33(3)
PCT.

Form PCT/IPEA/409 (sheet 4) (January 1994)



10 The resultant ester base stock formed in accordance wth this

Exanple 3 was al so blended at a 50:50 wt.% ratio w tha:

TMP/ 7810. Thi s bl end—-was , submtted with and wt homntt%&d%mf%é‘smeéobr

bi ode{NEERNATHONAL: PREGIMINARY  EKAMANATIEON REPORThe t wo- BFEV/USBRGLART6I

mar ket—Theadditives were used at a 14-16 w % treat rate The
;gzrgti ar§.setTL8r}2aggnIgglgs7uggggmgoigt (2) above also applies to

St andard PladmcB. %

Bi odeg. Devi ati on TPE/ C810/ Ck8 + TMP/ 7810 (50: 50)

80.7 [err]3.6 20 TPE/ C810/ Ck8 + TMP/ 7810 + 14.5 wt. % Di spersant*
76.1 4.6 * The di spersant package conprising primarily of

pol yam desg It should be noted that it is an acc tgéAggkﬁc§ e in
Tabl e 8 bel ow contains conparative data for a?l-?ine r an senlg.Lnear 25

esters verses tHeShi BaE§RRdEYFESRFnERBEI EVesPaLeBLSe s8Rk PErREd accordi ng
to the prggentetineenthensaMé hppeipafyi deg bwe ex¥eALesnof athenester

base stock according to th resent _i.nventiopn because they contain
two different nBPY n?a?thpresen ogp %8ﬁ5?8n8rFEag§f0E°TﬁHbP§§EFF§tter

i ndi cate t hat awhi#chais alwmontlaimbdainhtogpendingdappliottdgoast g af f ect
bi odegr adati on r ed.;bpat bhi t n Yl N
fact, actually ?ﬁégggggi?ﬂah?ghbsé%%g%%rggﬁétgﬁggﬁggﬁfgoﬁéﬁ9wﬁgggnﬁp

35 _ plicant may well be requested to chogse between these

applications when he proceeds to the national phase.
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VD 96/ 17907

PCT/ US95/ 16176 T.

% Bi odegr adat i on St andard 10- Day Est er Tntern. a?rmﬁtﬁn Ho.
Days) INTERNATIONABePREMMNARYV\EKHUWTIONTBBHOR?‘ Li near PEZYEF95/16186
TMP/ 7810 76 1? _8 77 no. _

TPE/ Di_- PEI n-,C7 6. 25 yes L9
Adi pa‘flg Certain ohservatggs 3n3the international applicatign og yes

MPD/ bt
.I?:/}D/erl'l‘-};eigollowmg observatlons %ﬁEZfar&‘y fﬁe clalmg de%griptgg and drawings % on %ﬁlé question wheﬂl?r the
TMP/ 161#@s are fully supported B3th€Bescription, are made: 6. 89 no Br anched
Est er TPE/C810/Ck8* 92. 90 7 00 yes 15
TPEI C810/ Ck8* * 99.5 ‘ ' Not es:

TMP/ 7810 dEnot eThe FﬁFmegﬁbﬁuﬁf Vh?ﬂnﬂﬁ@ﬂpi@pﬁﬁ@]Hﬁ@tEPErW}thCFéﬂg?Sand
Cerr] introduces uf€iffity and shouldTBE 8eiBELR- Cheer bidemns) es
esters of technical grade pentaerythrltol di -

pentaerythritiol and n-C7 acid. 20 L9 Adi pate denotes a di-ester
of adipic acid and n-(ferr] al cohol. MPD/ AA/ CB810 denotes a
conpl ex ester of 2-nethyl-1-, 3-propanediol (2 nol s),

adipic acid (1 nmol) and n-Cferr] and Cferr] acids (2 nol).
Rapeseed G| is a tri-ester of glycerol and stearic acid.
TMP/ i sostearate denotes a tri-ester of trinethyl ol propane and iso-stearic

Forn PCT/IPEA/409 (sheet 6) (Jamuary 1994)
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25 acid (1 nethyl branch per acid chain).

TMP/ 1770 denotes a tri-ester of trinethylol propane and a 70: 30 m x of n-
CGerr] acid (70% and~al pha-branched Clerrk acids (30%. The 1770
conposition includes approximtely 70% n-heptanoic acid, 22% 2-

met hyl hexanoi ¢ acid, 6.5% 2-ethyl pentanoic acid. 1% 4- 30

nmet hyl hexanoi ¢ aci d, and 0.5% 3. 3-di net hyl pent anoi ¢ aci d. '

TPE/ 1770 denotes esters of technical grade pentaerythritol and a 70: 30 m X
of n-Cerr] acid (709 and al pha-branched C[err] acids (30% . The 1770

conposition includes OXI teI 70% n

net hyl hexanoi ¢ aci d, /‘3 E’- {Tg rsEha&E CO%)% agggzlay%mdegradable

met hyl hex an0| c a\ubmtantamsin@bi&%@adhbwbm $stotlpsawittagmidocobd-flaly properties, good

-27- %“ Z

PCT/ US95/ 16176 76, S6fubil th dispersants, Qndl%ogd r(‘)?% ieﬁ%htleggdg lncG?"mftmtgechm cal’

grade pent aeryt thranched apids into the ester molecule. ed agidsysed in gosprdancss
i so-( err] a6id vwifikehy pfeacht (BLriciCird needed to build viscosity anitké mﬂeﬁk&ndenpt es

csters, o eonuiah B4 SR SFIAR ) Bty govees. Toarin e 0 0
branched acids allow the chemist to build viscosity without increasing molecular
| weight. Furthermore, branched biodegradable lubricants provide the following
_ cumulative advantages over all linear biodegradable lubricants: (1) decreased pour
10  point; (2) increased solubilities of other additives;, (3) increased :
detergency/dispersancy of the lubricant oil, and (4) increased oxidative stability.

Moreover, the biodegradable synthetic ester base stock according to the
present invention has an oxygen to carbon ratio which allows the ester to burn
15 cleaner, producing less smoke in two-cycle, air-cooled engine lubricant
formulations. That is, the ratio of oxygen to carbon in the ester base stock of the
present invention is substantially higher than conventional esters, e.g., esters of
trimethylolpropane (TMP) reacted isostearate or rapeseed oil, which exhibit an
oxXygen to carbon ratio of approximately 0.1:1.
20 | -
U.S. Patent No. 5,308,524 (Miyaji et al.), which issued May 3, 1994, is
directed to a biodegradable lubricating oil composition for two-cycle or rotary
engines. One of the examples of Miyaji et al, is an ester base stock of
pentaerythritol with iso-Cs monobasic farty acid and n-Cy, monobasic fatty acid
25 which exhibited a kinematic viscosity of 39.9 ¢St at 40°C and a biodegradability of
98% under the CEC test. It should be noted that the CEC test is not nearly as
reliable as the Modified Sturm test in detecting biodegradability. Since the
viscosity of an ester of pentaerythrito! and iso-Cs acid is approximately 50 ¢St at
40°C and the viscosity of an ester of pentaerythritol and n-Cio acid is about 38.6

30 ¢St at 40°C, the ester of pentaerythritol and a mixture of iso-C; and n-Cy acids as
disclosed in Miyaji et al. would only include about 10% or less igo-Cs acid in order
to obtain a viscosity of 39.9 cSt at 40°C. It is known to one of ordinary skill in the
art that esters having low amounts of branched acids, i.e., 10% or less, may be
biodegradable such as that disclosed in Miyaji et al. The present invention,

35  however, is directed to a biodegradable ester base stock having mixed acids
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comprising about 30 to 80 molar % of a linear acid having a carbon number in the
range between about Cs to Cz, and about 20 to 70 molar % of at least one
branched acid having a carbon pumber in the range between about Cs to Cyo. Itis
not known to those skilled in the art to use such large peicentages of branched
acids and still produce a product which exhibits at least 60% biodegradation in 28
days as measured by the Modified Sturm test. In fact, conventional wisdom would
teach away from using 20 to 70 molar % of a branched acid in the synthesis of a
biodegradable ester base stock. Furthermore, the ester base stock of Miyaji et al.
having 10% of an iso-Cs acid would not meet the low temperature property
requirements of the present invention, i.e., a pour point of less than -25°C,

~ preferably less than -40°C, and a viscosity of less than 7500 cps at -25°C. That is,

the ester base stock disclosed in Miyaji et al. would be solid at -25°C or less.

The data compiled by the present inventors and set forth in the examples to
follow show that all of the above listed properties can be best met with
biodegradable lubricants formulated with biodegradable synthetic ester base stocks
which incorporate both highly branched acids and linear acids.

Y OF INVE N

A biodegradable synthetic base stock which preferably comprises the
reaction product of' a branched or linear alcohol having the general formula
R(OH),, wherein R is an aliphatic or cyclo-aliphatic group having from about 2 to
20 carbon atoms (preferably an alkyl) and n is at least 2 and up to about 10; and
mixed acids comprising about 30 to 80 molar %, more preferably about 35 to 55
mole %, of a linear acid having a carbon number (i.e., carbon number means the
total number of carbon atoms in either the acid or alcohol as the case may be) in
the range between about Cs to C,3, more preférably about C7 to Cyy; and about 20
to 70 molar %, more preferably about 35 to 55 mole %, of at least one branched
acid having a carbon number in the range between about Cs to C,s, more preferably
about C; to Cyo; wherein the ester has an oxygen to carbon ratio of between about
0.15:1 to 0.3:1 and exhibits the following properties; at least 60% biodegradation
in 28 days as measured by the Modified Sturm test; a pour point of less than -
25°C; a viscosity of less than 7500 cps at -25°C,; and oxidative stability of up to 45
minutes as measured by HPDSC.
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IS CAIMED IS - 1. - A bi bdegradabl e synthetic ester base
st.ock which conprises—the reaction pgoduct of; ummm ul Hmu““l a
branched or |inear al cohol having the general fornula et I
wherein Ris an aliphatic or cyclo-aliphatic group having fromabout 2 to
20 carbon atons and n is at least 2; and ‘m xed

aci ds conprising about 30 to 80 nolar % of a linear acid havi ng a
carbon nunber in the range between about Cferr] to (Jerr], and about 20 to

70 nol ar °/§ ﬁf ﬁt Igait onﬁ branched acid having a carbon nunber in
the range 10 b ] to Jerr] and wherein no nore than 10%
of said branched acids A biodegrdalile syneietic estexhdse sidekwhithkbmphsestieet i C

ester base stoc |.3S..aequat er nary carbon; wherein said ester
base stock has geﬁgﬂé%}yéggmtt%ﬁcar bon ratio of between - about 0.15:1 to

0.3:1 and exhibits the fo#bunthed oplingas picpkel having thegenergifprmula R(OH),,

bi odegradat i on ixRerdih Rl &Vdn afiphdiR ¥t dy@slakiphatid Srdud Patih@ ol dbo 2 RS540 cabdROUr
point of 15 |[|ess_than -.25[ler r%.cgpga viscosity of |less than 7500 cps at
" _

J25[err] C. and BOFHADE §ds Tileas: _ of up to 45 ninutes as neasured by
HPDSC. mixed acids comprising about 30 to 80 molar % of a linear acid

having a carbon number in the range between about Cs to C,;, and about 20 to 70
molar % of at least one branched acid having a carbon number in the range

10 between about Cs to Cio and wherein no more than 10% of said branched acids
used to form said biodegradable synthetic ester base stock contains a quaternary
carbon; wherein said ester base stock has an oxygen to carbon ratio of between
about 0.15:1 to 0.3:1 and exhibits the following properties: at least 60%
biodegradation in 28 days as measured by the Modified Sturm test; a pour point of

15 less than -25°C,; a viscosity of less than 7500 cps at -25°C; and oxidative stability
of up to 45 minutes as measured by HPDSC,
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2. The biodegradable synthetic ester base stock according to claim 1
wherein said ester base stock exhibits a viscosity of at least 34.87 cSt at 40°C.

20 _
3 The biodegradable synthetic ester base stock according to claim 1
wherein said mixed acids comprise said linear acid in an amount of about 35 to 55
molar %.
25 4, The biodegradabie synthetic ester base stock according to claim 3
wherein said mixed acids comprise said branched acid in ap amouat of about 35 to
55 molar %.

_ 5. . The biodegradable synthetic ester base stock to claim 1 wherein
30 said branched or linear alcohol is selected from the group consisting of: technical
grade pentaerythritol, mono-pentaerythritol, di-pentaerythritol, neopentylglycol,
 trimethylolpropane, ethylene or propylene glycol, butane diol, sorbitol, and 2-
methylpropane dioi.
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2. . The bi odegradabl e synthetic ester base stock according to ctarmri—
wherein said ester base stock exhibits a viscosity of at ' at
40{err]C. 20 - - 3. The bi odeggadabl e synt: hélnmmﬂ m"ﬁﬂﬁml .
stock according to claiml wherein said m xed aci ds ccorrpt Se
| inear acid in an anmount of about 35 to 55 mol ar % 4.

The bi odegradabl e synthetic ester base stock according to cI al m 3
wherein said m xed acids conprise sai d branched acid in an anmount of about

35 to 55 nol ar % : The bi odegr adabl e synthetic _
est er base stock to Ia| m re 30 sai d branched ear pohol S
sel ected fromthe gr up cxé@@&aﬁgﬁbkm E‘Fﬁﬁs&ilbas"wc mgto

pent aeryt hritol whei%ﬁﬂﬂmméd’hmistpaédondnaﬂ?mtmmﬁbmm or anaxfyant yl gl ycol ,
trimethyl ol prop t Dl . Ql : o] bitol,

L et ! ol pr DB onca! &g Bh ol -EiNFind pEF Blotochl 1 HE s versidly

bi odegr adabl e SMQ@T@ lé%ter base stock according to claiml wher ei n
sai d brancheg acid is predom nantly a doubly branched or an al pha

branched acid havi ng,an aygy aag. bl ANGA MRSl RaliWick doorl o5 2 Dot voen

wherein said branched acid is at least one acid selected from the group consisting
of: 2-ethylhexanoic acids, isoheptanoic acxds, isooctanoic acids, isononanoic acids,
and isodecanoic acids.

10 :

8, A biodegradable lubricant which is prepared from
at least one biodegradable synthetic ester base stock which

comprises the reaction product of: a branched or linear alcohol having the general
formula R(OR),, wherein R is an aliphatic or cyclo-aliphatic group having from

15 about 2 to 20 carbon atoms and n is at least 2; and mixed acids comprising about
30 to 80 molar % of a linear acid having a carbon number in the range between
about Cs to Cyy, and about 20 to 70 molar % of at least one branched acid having a
carbon number in the range between C; to Cio and wherein no more than 10% of
said branched acids used to form said biodegradable synthetic ester base stock

20  contains a quaternary carbon; wherein said ester base stock has an oxygen to
carbon ratio of between about 0.15:1 to 0.3:1 and exhibits the following
properties: at least 60% biodegradation in 28 days as measured by the Modified
Sturm test; a pour point of less than -25°C; a viscosity of less than 7500 cps at -

25°C; and oxidative stability of up to 45 minutes as measured by HPDSC.; and
25 a lubsicant additive package

9, The blodegradable lubricant according to claim 8 wherein said ester
base stock exhibits a viscosity of at least 34.87 cSt at 40°C.

30 10.  The biodegradable lubricant according to claim 8 wherein said
mixed acids comprise said linear acid in an amount of about 35 to 55 molar %.

11.  The biodegradable lubricant according to claim 10 wherein said
mixed acids comprise said branched acid in an amount of about 35 to 55 molar %.
35 '
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7f The bi odegradabl e synthetic ester base stock according to claim1
wherein said branched acid is at |east one acid selected f
consi sting of : 2-ethyl hexanoi ¢ aci ds3? i sohept anoi c alﬂ“lmmlmmmlu)lm |

aci ds, isononanoic acids, and i sodecanoic acids. 10 * nosgr
A bi odegradabl e | ubricant which is prepared from at
| east one bi odegradabl e synthetic ester base stock which conpri ses

the reaction product of: a branched or |inear al cohol having the general
formula R(OH)[err], wherein Ris an aliphatic or cyclo-aliphatic group
havi ng from 15 about;? tq*ha&daagbmlahwmnﬁml:ofmmoaﬂmhass;&heﬂmﬁiﬁi m xed

aci ds conpri si ng. about |n cid having a
car bon nunber %’ﬁpﬁ@m}‘téﬁ gmﬁté?%%eﬁaggdggva%g/%y err ?’ﬂ&eﬁerr and_about
20 to 70 nol ar %mow:zammompméemm greupoflibe formula -CO-Y-Rsshestm Ynunber

in L hg rangedbehmeﬂ sckgis[ l.f&bﬁt@fefi afiswaﬁmﬁd dhy R cm?lehag&mnlg%@g

sai ranched aclLds used.to orn1s 0 a etic ester se
stock 20 cont alﬂgc’i a&&t“’éi’m”é ?6 %! &Mﬂm@ﬂ YpsaEe Afashed 1as
an oxygen to to a tertiadyaarbon tatom; ahd Mhmm@ﬁmeﬂonﬁhz‘e&.hidrboarﬁmﬂrsl and
exhibits the fol | .£5: at |east. 60% bi odegradation in 28
days as neasuréékﬁgh?%%bxéaF?ggﬁﬁﬁQ&kﬁﬁgturn1test; a pour point of |ess
than -25[err]C, a viscosity of |less than 7500 cps at - 25[err] C, and
oxidative stability of up to 45 m nutes as neasured by HPDSC.; and 25

a lubricant gdditive package. 9. The bi odegr adabl e

| ubricant. acCording to claim8 wherein said ester base stock exhibits
a viscosity of at least 34.87 cSt at 40[err]C. 30 10. The

bi odegradabl e | ubri cant according to claim8 wherein said m xed aci ds
conprise said linear acid in an anmount of about 35 to 55 nolar %

11. The bi odegradabl e | ubricant according to claim 10 wherein said

m xed aci ds conprise said branched acid in an anmount of about 35 to 55

mol ar % 35,4
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(57) Abstract

A biodegradable lubricant which is prepared from: about 60-99 % by weight of at least one biodegradable synthetic ester base stock
which comprises the reaction product of: a branched or linear alcohol having the general formula R(OH)n, wherein R is an aliphatic or
cyclo-aliphaticgrouphavingfromabomZtoZOcarbonamnsandnisatleastz;andmixedacidseomprisingabwt30m80molar%of
alinearacidhavingacarbonnumberinmerangebemeenabmncstoCu.andabthOto70molar%ofatleastonebmnchedacid
having a carbon number in the range between about Cs to Cio and wherein no more than 10 % of the branched acids used to form the
biodegradable synthetic ester base stock contains a quaternary carbon; wherein the ester base stock has a carbon to oxygen ratio of between
about 0.15:1 to 0.3:1; and exhibits the following properties: at least 60 % biodegradation in 28 days as measured by the Modified Sturm
test; a pour poirit of less than -25 °C; a viscosity of less than 7500 cps at -25 °C; and oxidative stability of up to 45 minutes as measured
by HPDSC.
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