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(54) Title: BIODEGRADABLE BRANCHED SYNTHETIC ESTER BASE STOCKS AND LUBRICANTS FORMED THEREFROM

(S7) Abstract

Abiodegmdable lubricant which is prepared from: about 60-99 % by weight of at least one biodegradable synthenc 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-ahphaucgwuphavmgfromaboutZtoZOcarbmatomsmdnxsatleastz,mdmlxedacxdscompmmgabout%wmmolm'%of
a linear acid Laving a carbon number in the range between about Cs to Ciz, and about 20 to 70 molar % of at least one branched acid
havmgacaxbonnumbermthemngebetweenabmncstocmandwheminnomoreﬂunlO%ot‘thebranchedamdsusadtot‘onnme
biodegrdable synthetic ester base stock contains a quaternary carbon; 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; 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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BACKGROUND OF THE INVENTION
The interest in developing biodegradable lubricants for use in applications

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
community and lubricant manufacturers. The synthesis of a lubricant which
maintains its cold-flow properties and additive solubility without loss of
biodegradation or lubrication would be highly desirable.

30 Base stocks for biodegradable 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 -
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CJ-err] produced by the test conpound is determ ned for the test period and
5 cal cul ated as the percentage of total CJerr] that the test nmateri al
coul d have theoretically pr o_duced based on carbon conposition. See G
van der Waal and D. Kenbeek "Testing, Application, and Future
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have | ow vi sSwan(Testis asleast (C6) 68%0f branching = 'is required to build
viscosity while maintaining good cold flow properties. Wen 30 both the
‘al cohol and acid portions of the ester are highly branched, however, such
as with the case Sincptieymaingpurpase inpsettingthe yeshdumtionat 28«aya wias 10 alidve

resulting  gsufficient time for adaptation of the micro-organisms to the chemical (lag phase),

20 this should not allow compounds which degrade siowly, after a relatively short
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

25 fluid should have at least a 60% yield of CO, within 28 days, and this level must be
reached within 10 days of blodegradauon exceedmg 10%. This is known as the
“10-Day Window.” -

‘The OECD guideline for testing the “ready biodegradability” of chemicals
30  under the Modified Sturm test (OECD 301B. adopted May 12, 1981, and which is
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 cdmp'(mnd.- ‘Biodegradability is therefore expressed asa
35  percentage of TCO,. The Modified Sturm test is run by spiking a chemically



ol ecul.e tends to exhibit poor biedegféJétiomsas measured by the Modified

Sturm test (OCECD Test ‘No. 301B). .
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Engi neering Industries", Journal of Synthetic “xLubrication, Vol. 9-2,
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reduce mcrobial breakdown are the extent of branching, which reduces
[err]- 5 oxi dation, and the degree to which ester hydrolysis is

I nhi bited. The negative effect on bi odegradability due to_ branching
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Initiallyl0 the poor b| odegr adat i on of br anched pol yol esters was believed
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properties and poor stability.

Unless they are sufﬁcitl_y low in molecular weight, esters synthesized

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

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,

25 and trimethylolpropane esters of low molecular weight (i.e., having a carbon
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

30 both the alcohol and acid portions of the ester are highly branched. however, such
as with the case of polyol esters of highly branched oxo acids, the resulting
molecule tends to exhibit poor bmdegradanon as measured by the Modified Sturm
test (OECD Test'No. 301B).
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and have proven to be quite effective if 3,5,5-trinethyl hexanoic acid
IS incor. ted into the 30 nol ecul e at 25 nol ar percent or greater. .
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3.5,5-tri rretjyij)eﬁrlggg-moﬁggzjhl s base stock i s nmxed wWth a
conventional ester lubricant additive package to forma |ubricant having a

25 viscosity at 99[err]C (210[err]F) of at least 5.0 centistokes and a
pour point of at Ihitially, the poor bioddgradation of ¥fanchied@olyob Biterswas)belidVedto

ubri cang i Sbe%adohkéo%ﬁce of e anaHLth afid' %o b.ll'éspér'eﬁteﬁﬂ% ﬂﬁsinsolubxhty of the
molecule in water. However, recent work by the present mventors has shown that
the non-btodegradablhty of these branched esters is more a funcuon of steric
hindrance than of the rmcro-orgamsm s mabthty to breakdown the ternary and
quaternary carbons. Thus. by rehevmg the stenc hrndrance around the ester
25 ltnkage(s), brodegradanon can more readlly occur wrth branched esters.
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Branched synthetic' pOIyol esters'have been used 'extensi\?ely in non-
: btodegradable apphcattons such as refngerauon lubncant apphcanons, and have
proven to be quite effective if 35 S-mmethylhexanmc acxd is mcorporated into the
30 molecule at 25 molar percent or greater However, mmethylhexanmc acidisnot
blodegradable as determined by the Modlﬁed Sturm test (OECD 3OIB), and the
mcorporauon of 3, ~ S-mmethylhexanoxc acid, ‘even at 25 molar percent, would
drasucally lower the biode gradauon of the polyol ester due to the quaternary
carbons contained therein. |
35



The Carr et al. patent differs fr"em"'th'e predent invention for two reasons.

Firstly, it preferably -uses ‘asits branched acid

3.5, 54“%&@?‘ exanoi ¢ aci d which contains a ~ quaternary carbon in
every aci I e. The incorporation of quaternary 30 cRCOXWRISMNE2Min t he
3.5,5-trinmet hyl hexanoi ¢ aci d,.inhibits biodegradation of the pol yol
estér product. Al so. since the |ubricant according Carr et al. exhibits
hi gh _ stability, as nmeasur ed by a high pressd- di fferential scanning
cal ori neter (HPDSC), i.e.. about 35 to 65 minutes, the '

m cro-organi sns cannot pull them apart Conversely, the Iubri cant
according to the pr | hvent i on 5, stabili it has a -
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bi odegr adabl ehevefore, ateqrts desitable fopast iaVishektdadbIe appifdatibRs. 9ood
solubility with dispersants, and good lubricity can be achi eved by

I ncor porating branched acids into the ester nolecule. The branched
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5. 308, 524 ( Mbyah¢ Medified Sturmvesth i ssued May 3, 1994, is 20 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 wUB- Pwt@eﬁqmﬁﬁ/&f@ammihmmcmissmaqu 989, m)nobasi c

fatty acid disclos tifete Hggérﬁgé .

40[ err] C nd_a bi %‘é@a able@ilefﬁﬁn%aﬂi &o}j’hée W‘?@ ?ﬁes{’ft shoul d

be not ed haIm’Pﬁ@ pangandm to} with 2 mixture of aliphatic mono- '
carboxylic acids. The mixture of acids includes straight-chain acids having from 5

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
25  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 pamcularly useful in gas turbine engines.
The Carr et 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
30  carbons within the 3.5,5-trimethythexanoic acid inhibits biodegradation of the
- polyol ester product. Also. since the lubricant according to Carr et al. exhibits high
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
35  stability, i.e.. it has a HPDSC reading of about 12-17 minutes. The lower stability



25 reliable as the Modified Sturmtest in detecting biodegradability.
Si nce the viscosity of an ester of pentaerythritol and iso-(err]
acid is approximtely 50 cSt at 40[err] C and the viscosity of an
ester oWQoeI17988 yt hritol and n-CJerr] acid is about 38.6 PCT/USIS®W22%t

40[err]C. the ester of pentaerythritol and a m xture of iso-Clerr] and

n-Clerr] acids as disclosed in Myaji et al. would only include about
10% or less iso-CJerr] acid in order 30 to obtain a viscosity of 39.9 cSt
at 40[err]C It is knowmn to one of ordinary skill in the art that
esters having | ow anbunts of branched acids. i.e., 10% or | ess. may be

bi odegradabl e such as that disclose n reseng -

i nventi on, allows themictspreanismg;to %'&cgdi‘? N&‘B&W&?‘éh Qg't's BtYQE stock

an ng m Xedu@auﬁ&nd effecn@ﬁﬁdssgmgssﬁebwbma@gmde 80nmﬂawn fitaothea | ICFear] aci d
aving a cathon r e err

o Bont CSlpteRab SEAE piedeok Bendt i JEPELTs HEBIRFR GO il S fpbre dhad

PCT/ US95/ 1620% of the branched amdsruse(ktb faom dhélsbricants ester base stockiventaima t he range

bet ween agbo C[err] It is not known to those skilled in
the art ?o {51%&5"3@[1& arge ‘percentages of branched ~  acids and still

produce a productThm!lf@'ﬂ 1bg prasentdnventors have disgavered dkaghighly bigdegradable
Sgﬁf daSSHE?Z‘?crﬁqn g%xd\degrahhﬁé b&d&:@aﬁs«eﬁm gdod doi Hlow pRépEptids, gogd Wi sdom

rom uUs %, Of br.anched.acid in the
synt hesi s ofolibi tY 'ﬁ-o‘g‘ﬂ @&UB“ %?Meghmmm the ester
batse St?Ct(h(bhdkhb?adld@ﬁmﬂhe_es;ermoleb;ﬂwfl'hebﬁﬁﬁ:hédwidsmdﬂﬁcbidﬁﬁﬁ d woultd
not nee e .l.ow t enper.at ur.e prope . eqgu nt s, 0 e_pr.esen
i nventi (}ﬂ h“w “‘%&} fgﬁﬂ?gﬁn%f’@mtbﬂgﬂ gingn?ge lnpfle lgr"ébl y Ies
t han -40[ernlja§eaadslamhelpfubnlmnnfg1bmmpmm§mpemm a‘hatls’ﬂberr] C. That

'_25[e”]tch§r?§fgﬁéd9.4&semﬁ>%c ﬁl@%ﬁgl‘@g W‘?&%Mqﬁ%ﬁﬁond at

i nvent ors arweighs W@Q@%W gradable lubricants providg Wi all of
the above | icainfheive a8¢dnicd o@&&ﬂh&eﬂe\ﬁb dabie!1bricants: (Didecreadeddit €

whi ch | or 0N @ 5tessed %ﬂ %ﬂeﬂvsaa&@p%gst PR actds.
SUWARY CF 'BdEr enviAtispéNancy of the lubricant oil§ dnid ¢d)cincsedsed| oxidaging kabiliey inase st ock
{near &l cof M@ﬁﬁ?#ﬁﬁ@ﬁ@pﬁ?n@?ﬁ%"” G Lerr], wherein Ris an
al i phatic or cyclo-aliphatic group having fromabout 2 -to 20 car bon
atons (preferabl yi;3NpakidNg. $IUB 24 MiThji bEAI! which iubtPMay 329994, is10; and
20 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-Cgs monobasic fatty acid and n-C,o monobasic fatty acid
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
25 reliable as the Modified Sturm test in detecting biodegradability. Since the
viscosity of an ester of pentaerythritol and iso-Cs 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 is0-Cs and n-Cyo acids as
disclosed in Miyaji et al. would only include about 10% or less iso-C, acid in order
30 to obtain a viscosity of 39._9 cSt at 40°C. It is known to one of ordinary skill in the -
art that esters havixig low amounts of branched acids. i.e., 10% or less. may be
biodegradable such as that disclosed in Miyaji et al. The present invention,
however, is directsd to a biodegradable ester base stock having mixed acids
comprising about 30 to 80 molar % of a linear acid having a carbon number in the
35 range between about Cs to C,2, and about 20 to 70 molar % of at least one
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Fn'xed aci ds corrpfl si ng about 30 t.o” 80 nol ar ='% nor e preferabl y about 35 to

55 ~mole % of a linear.acid having a carbon nunber (i.e.. carbon
aumber neans the 25 total nunber of carbon atons’i'n either the acid or
al cohol XNOUM8se nay be) in the range between abBGT/USP¥IG2E3 { o
Cerr], nore preferably about Clerr] to (Jerr]; and about 20 to 70

nmolar % nore preferably about 35 to 55 nole % of__at |east one branched
aci d having a carbon number“i*h the range between about Cerr] to C13, nore
preferably : about Cferr] to (Jerr]; wherein the ester exhibits the
foll owi ng properties: at |east 60% 30 bi odegradation in 28 days as

nmeasured by {he Mdi { ed Stur test our of - | ess than-
Peerr1C. abmhchedcacid Beying & Gaopm Bivabe B e cabge Qetz'sf%?bqvécssm ot Bat i ve
stability  notknown tophdse skillediin thecsrt Reuss® eriig8Sof branched

35 conpri si ORI i) BORR R0 dﬂﬁ@l'&ﬁﬁ@%?@%@h%ﬁﬁ@” G

pref er abl y mdays as measured by the Modified Sturm test. In fact, conventional wisdom wﬁuld
W96/ 1790 : S

PCT/ US95/ %62% h away from %%0 ? _70 tcr)lr?learr o o%bmfl?l}\egaarcma% %e synthesef gfabl y an
al kyl nono- biodggradable petarbase stockd Furthermose; the,esterdage stoekof Ngyamtal RCOOH,
wherein Ris b gwwanmamh%mﬂmh&me low mﬁtﬁe&:é& prépers at ons,

nore prefera about carbon at ans al so

et wee
pref er abl e tﬁ%fi‘/“'ﬁg‘eﬂﬁrng%@ﬁs%%vﬁn?%éebPQHBﬁE%F‘E&ﬂB%s ‘h%'et?stg formthe 5
bi odegr adabl grefwablydisahu 4orClmia Wicusty oflebetan 7500 EpE2S . st ).

These b| egrada [t Y~ u in the

f or mul at ﬁﬁ%@@%@ﬁ%@%&f’%@ﬁ@&? etszg ﬁ“lﬁi’ ﬁg @}5 % ne oi |l s,
biodegradable catapult oils, blodegradable hydraulic fl uids, blodegradable
drilling f|UI %ﬁg{ & | ' i ] e

gr eases, biode ap| eai ﬂ% }(??&gll?‘;eu{%%ﬁ% %h&fh% ul %%Rﬂgs(b:l]ﬁ as
gear oil a_ndO WléhOW thag el of the aéme listgdl properties cagppe bestmesmithnher e

bi odegr adabi Ipiddéstadabte teltitafls femwed with biodegradable syn théfiCestét babe fbAS

bi odegradgbl elﬂl {nlggr%g}ég gﬁm}ﬁg eti]ac}‘g lgpglag}\ﬁgm I on pr ef erabl y
conpri se ‘abo degr adabl e 15

| ubricant synthetic base stock di scussed above about 1 to 20 % by wei ght

| ubri cant addi tive package, and about 0.5 to 20 % of a sol vent

The bi odegradabl e |lubricants of the present invention also exhibit the
' SUMMARY OF THE INVENTION

A biodegradable synthetic base stock which preferably comprises the

20  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

25 total number of carbon atoms in either the acid or alcohol as the case may be) in
the range between about Cs to C;2, more preferably about C; to Cyo; 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,3, more preferably
about C; to Cyo; wherein the ester exhibits the fo]lowing properties: at least 60%

30 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.

In the most preferred embodiment, it is desirable to have a branched acid
35  comprising muitiple isomers, preferably more than 3 isomers, most preferably more



follow ng properties: (1) very lowtoxicity; (2) enhanced oxidative
stability; and (3) 20 neutral to seal swelling. BRI EF DESCRI PTI ON
OF THE DRAW NGS Fig. 1 is a graph plotting various formul ated
hydr aul (®OPHUME having ester 25  base stocks against t h@CIUMIERY o

each as neasured by HPDSC @ 200[err]C, Fig. 2is a graph

pl otti ng various natural and synthetic base stocks agai nst t he
stability (HPDSC) and bi ode gradability (RBOT) of each: and 30

Fig. 3 is a graph plotting the percent increase in seal swell for various
ester base stocks versus various naterlals used to nake seals. i.e.

nitrile. acr uor eopr.eng and I | cone. DESCRI PTI O\I
O THES Prer ek Somess e ek icid S BBy 2 B mona! o di- carboryiic acid

PCT/ US95/ 16 haging the general formula RC!DOH twhumhmsan ntdliey] lhavmgibetwdeﬁaboﬁtt ock
used in the f r d rican and oils

I n accordanceﬁv&%%%@%s%&% p%kly%eﬁ#%ﬁ%hﬁﬁwswg? Fqnlﬂ'ﬁﬂ‘f fromthe
reaction pr @w@emﬂ&mmbt@hméoﬁmfn@bmmdmids usedtofdmcllhe conpri ses
bet ween gbo ntai entaerythritol
and 1- 3%§tr|lﬁ°& ta a#aéégﬁréoam m?éﬁ&m%émrp err|

and Cerr] Ii nearTh& qsrwblﬂsmmca rﬂ%@sﬁﬁﬂ e30- 55 nol ar
%iso-Cerr ]fonnulaudn&:fgnode llﬁb&hnﬁrﬁa dw

Neopgptgln ||§X°‘%§“§€N? %qg?ﬁhot alrﬁaﬁq}lt)eﬁlﬂ wb 2 ea Qél he an0| c acid
geasurgd 3yfhixds biodegraddbie Waledn@nenﬂselﬁﬂdeg%?ue greasesbbivdegradabls; i gsbgg\éﬁe
o onciod 151 oS PASEY incronst B ke of Blar G 4 ok IRARERT B Sree

Addi ti onal tapahmem whera biodegeadability: is ae¢ded oc desired! cohol

The formulated biodegradable lubricants according to the present invention
preferably comprise about 60-99.5 % by weight of at least one biodegradable
15  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)
20 neutral to seal swelling.

BRIEF DE§QRIPTIQN OF THE DRAWINGS
' Fig. 1 is a graph plotting various formulated hydrauhc ﬂmds havmg ester
25  base stocks against the stability of each as measured by HPDSC @ 200°C;

Fig. 2 is igrap_h plotting various natural and synthetic base stocks against
the stability (HPDSC) and biodegradability (RBOT) of each: and

30 Fig.3isa graph plotting the percent increase in seal swell for various ester
‘base stocks versus various materials used to make seals, i.e.. nitrile, acrylate,
fluoro, neoprene and silicone.

35
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begin to | ower the bi odegradation of the nolecule such that by the fourth
addition 15 of a branched acid to the branched al cohol, the bi odegr adati on
of the resulting mol ecul e drops from about 80%to | ess than 15%

bi odegr a¥@PELT988 neasur ed by the Modified Sturm tesPCI/USIS/N16223

I ntroduction of linear acids into the nolecule relieves the steric crowding
20 around the quaternary carbon of the branched alcohol. Thus, by having

t wo ' branched acids and two |inear acids on pentaerythrltol for
exanpl e, the enzynes have access to the ester | i nkages, and the first
stage of biodegradation, i.e.. the hydroly5|s of the ester. can

occur. In each of _the pentaerythritol ester roups are
esterified with tﬂ%‘ 8 ‘éﬁ‘@rfé z?ﬁ%f'q‘? ;bgsfomganono varids
QLCOHO—h CSj db}odegradable lubﬁeaﬂs iﬂdamfﬁ mﬁbcdrdannh ivith the presentiinventionlisy t h thfe
ranched an i.ne [ of ..t he S 0 way o
exanpl e, pol B ﬁyfgrme ﬁ@%ﬁ”&%ﬁnpm&‘&i L{)' 8?&‘5@%%&%’% by t he
general for rmthich confiprises between about 86-92% mono-pentaerythntol 6-12% diR(OH) [ err] '
wher ei n i's -1 tqlﬁtg . referably
an al kyl ?5 p% Rﬂa"?‘gqa |‘ﬁﬁ‘ﬁ‘2@ eﬁhhyglr%% %r%sugé%b?ﬂg’gnt ain
from about 2an@Cau:iumr aids (“C810” bnewes)@aﬂmoatmy brﬁafﬁp&sar byl

group may al C@&kﬁidibﬂi‘ﬂ'ﬁﬁ ' such as chlorine, nitrogen
and/ or oxygez gtoms The po1yhydr oxyI conpounds 35 generally will contain

fromabout 2 to about 10 hydroxyl groups and nore WO 96/ 17908
PCT/ US95/ 16223°  Neopentyl glyedl¢NRG) yad be rotaltycssterifieti avithi2>ethythekambicoacid gr oups.

e T

pol yet her pol ybdified Strmteste Aftef’ twa bianched ac1dsahaymbeQn added te abamchedinber ) and

nunber of h

pol yhydroxyygi ?%%‘)und 5 dﬂéage%belw{o?e&%tgrgboxy I c ester sa{l M&%y over
a w de range.of the branched alcoholr Hadditionad hiranghed mdée@mmmcm aeohpl ysef ul
as pol yol s: lerthy BﬂJde radanon?of:ihéihﬁﬁc{ih@ sath idt By the foliABAAINbS!

et hane, trine ol ane 10, .nono- ent er thritol,
t echni cal15gr aﬁfémaéﬁg mechm dét’ﬂ*’%ﬂ‘?%ﬁ?qeﬁ ?5‘}1 gl ycol .
propyl ene gl yifi6lecyle drapsifio dbout 80%No)ess|than 5% bmdegiammd.measgfemgl s,

ggl gpropyl enethguoc&ésdsﬁ%ws%tyl ene glycols. etc.. and bl ends thereof such

_)

Introduction of linear acids into the molecule relieves the steric crowding
20  around the quaternary carbon of the branched alcohol. Thus, by having two'
branched acids and two linear acids on pentaerythritol, for example, the enzymes
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
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) represemcd'by the general formula:
30 : S R(OH),
wherein R is any aliphatic or cyclo-aliphatic hydrocarbyl group (preferably an alkyl)
and n is at least 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
35  generally will contain from about 2 to about 10 hydroxyl groups and more



pol yneri zed 'm xture of ethylene glycol and propyl ene glycol). 15

The preferred branched or |inear al cohols are selected fromthe group
consisting of: technical 'grade pentaerythritol. nono-pentaerythritol, di-
pent aer WOR17MW8 - neopent yl gl ycol , trinmethyl ol propane, t RGEE§IHN6323ct hane

and propyl ene glycol, 1, 4- butanedior, sorbitol and the like, and

2- et hyl pr opanedi ol . The nost preferred alcohol is technical grade
(i.e., 88%nono, 10%di and 1-2% 20 tri) pentaerythritol.

BRANCHED ACI DS The branched acid is preferably a

nmono- car boxylic acid which has a carbon nunber in the range between

et hyl br ariepietly ol abalP? o Sboih § ok BRBiP T bk Eompandy e

wher ei n | egnay temainione Qnmore oxyhlkaﬂmé glrdnmsland,rthheemeapolylwdmyt ain a

gg?gg[ ggr]%'rom ug&sgﬁrlgﬁlgecgﬁﬁ consr stin %’@9 ]ghmgé'gh%a@cﬁ‘gﬂﬁ aetd

i sohept anoi aoms (ieks.. Cmmwm Bmbes o hmxy groups (.64 hmtbsylatmher)
| So- decanol & PecHing ob Tormf U Ay S

branched aci 3 'S 1SO- oct anor c aci ., Cekanoic 8 . branched
acid is vary QY doVids AAR8Sy o doubl y branched or an al pha branched aci d
havi ng an aver age branchrng per nolecule in the range between about

0.3 to 1.09. desr r.a ave ranched. aci

conpri sing mult |-H“'ef°P§8'HEgr%l°° g&gﬁyysqﬁﬂ E'QPF Eeqﬁﬂwegh'c&rmst

pr e; erably. mdanemml Bumrllmsmylol ethanemahmpﬁspane trimethylol butane,

PCT/ US95/ 1 | DS

The preter %éﬁ ) Rentaerythritol, technical oxig:g ritol, dipen éaerghhloi‘%ﬁfﬁl ear, |
saturat ed aglygol mﬂmﬂv@olaad pelyalkylene giycela (&:2nPolyethylens zlycols range

bet ween 5 g&rﬁsﬁ)pﬁeﬁm Eﬁ&ie?l?cdlé?eéoanaﬁﬁnﬂ?ﬁ%r&fﬁfcﬁrak d I'inear
acids are no- %g&b acj one exanpl es of I|inear
‘aci ds i ncl &fﬂ%‘%@ﬂt‘ﬁmdﬁlﬁkﬂﬁﬂﬂ@mﬂpﬁ@&mﬂymn ‘and n- nonanoi ¢

acids. Selected diacids include adipic.. azelaic, sebacic and 10 :
dggﬁcagﬁdr oi C ac.i.gs Eor t.he c%gdgpﬁle Ohcﬂﬁéls‘;%' gc{egefro cosr ty of the
consisting of: .techmcal gra_,_de pentaerythritol, mono-pentaerythritol, dx- '
pentaerythritol. neopentylglycol, trimethylol propane, tximéthylolgethane and
propylene glycol, 1,4-butanediol, sorbitol and the like, and 2-methylpropanediol.
The most preferred alcohol is technical grade (i.e., 8% mono, 10% di and 1-2%
20  tri) pentaerythritol.

. BRANCHED ACIDS _ _
The branched ac:d is preferably a mono-carboxylic acid wh:ch has a carbon
number in the range between about Cs to C,3, more preferably about C; to Cyo
25  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
carbon. The mono-carboxylic acid is at least one acid selected from the group
consisting of: 2-ethylhexanoic acids, isoheptanoic acids. iso-octancic acids, iso-
nonanoic acids, iso-decanoic acids, and o-branched acids. The t__nbst, preferred
30  branched acid is iso-octanoic acids, e.g., Cekanoic 8 acid. The branched acid is
predomi_ﬂantly.a doubly branched or an alpha branched acid-havirig an average
branching per molecule in the range between about 0.3 to 1.9.

It is desirable to :hav:e-a'brapched acid ccmpnsmg multiple isomers, :
35 preferably more than 3 isomers, most preferably more than 5 isomers.
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ester product, up to 20 wt.%of the total acid m xture can consist of

| i near di-acids. Bl ODEGRADABLE LUBRI CANTS

The branched synthetic ester base stock can be used in the fornul ation of
15 bi odeWOR$HAS | ubri cants together with sel ected | ubri caPET/HIW6RAcs .

The additives | i sted below are typically used in such anbunts so as to
provi de their normal attendant functions. Typical anounts for

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

bi odegr adabl e | ubricant contai ns approxi nmately 80% or greater by

wei ght of the base stock and 20% by wei ght of any conbi nati on of the 20.
follow ng additives: .

(Broad) (Preferred) : W . %
W . % Vi scosity Index I'nprover LINEARACIDS 1-12 1-4 25

O ot on | i bt ¢ e prefeed mono- andor di-cartgis Hoear acidfod b ear

Di spersant  saturated alkyl carboxylic acids having a carbon agmber in thie range between ube O |

Fl ow | d
Rust. | nii B £ AP © 12 Befiraply 7 1) T mosggrétefi ke aicpairGAETY ©

0.01-1.5 GﬂtbPX! Gacids.  Antifoani ng Agents

0.001-0.1 0.001-0.01 Ant i wear Agent S

0.001-5  0.001- .1-8
0.1-4 Fri ct .ﬁmmm iy Hnear elds dlude n-heptanoic. oocgane. n-decanpig 5
Sg/ 1519 ggegra%hlnenoﬁaﬂmbebide Belecred Giasids Hichsde adipic. laélaith sebaticand 80% WO

PCT/ US95/ P 2 Apdecanedioic acids:<For the purpgse of 8‘!‘}%@‘%‘8? Visgouty gf e esplat g
may be desi r cstes praduct apgd 20 . % of thertetabacid mixturécan copsistoflitdat divarids.
concentrates conprising concentrated sol utions or di spersions of the
di spersant (in concentrated am)unts here| nabove descrl bed), 5 t oget her
with one or nore of the ot hBIOREGRA NTShen constituting an

addi ti ?/e m xture bfbé‘&aﬁ&feﬂgs'ﬁﬂleg@%ﬂﬁ%ke;‘s@éc é’dﬁ &Glﬁb& iﬂ/ﬁeﬁé‘ﬁhﬁﬂﬁn dPhker eby
For m the Fubr Peassrfls libricants Gasier.pih srleciy 18EaAR AOHLYES. e MBVER ve
concentrate ihdwed bd’lawlar&)lypicany aseddin suciPambuints so as to provide their normal
attendant functions. 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
20 following additives:

(Broad) (Preferred)

| Wt.% Wt.%
Viscosity Index Improver - T 1-12 1-4
25  Corrosion Inhibitor | 0.01-3 - 0.01-1.5
| Oxidation Inhibitor 0.01-5 0.01-1.5
Dispersant 0.1-10 0.1-5
Lube Oil Flow Improver - : 0.01-2 0.01-1.5
Detergents and Rust Inhibitors 0.01-6 0.01-3
30  Pour Point Depressant | ~ 001-1.5  0.01-15
Antifoaming Agents 0.001-0.1  0.001-0.01
Antiwear Agents = 0.001-5 0.001-1.5
Seal Swellant 0.1-8 0.1-4
' Friction Modifiers - 7 0.01-3 0.01-1.5

35 Biodegradable Synthetic Ester Base Stock  280% 280%
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facilitated by solvents and by m xing acconpanied with mld heating, but
this is not 10 essential. The concentrate or additive-package w ||

typically be fornmulated to contain the di spersant additive and .
opt i onAW0 aalti908 onal additives in proper anounts t o PCOUSHUIR2E desired
concentration in the final .formul ati on when the additive package is

conbined with a predeterm ned anount of base |ubricant or base stock.
Thus, the biodegradable |lubricants according to the present invention can
enploy 15 typically up to about 20 wt.% of the additive package with the

remai nder bei ng bi odegr adabl e ester base stock and/or a solvent.
Al'l of the weight percents expressed herein (unless otherw se indicated)
are based on active |ngred|ent (A L) contenf” of the additive, and/or

WP b he. unchen offtr Vs @0 niied!it fiag 8¢ pEARNI RGHEE. | O W E0
total oil wcem&mprepm ‘additive concentressaﬁﬂmassmg cencengated solutiomsiarves for use

i n_bi odegr gidpéikions ofthé B ér%a:itrﬁxébﬁ&enu'ated un ihakove Aescritledyy docunent s
~ which are |nc§wP€é{lﬁt ed th‘EI é‘ﬁx refer nc%ﬁ hklidi't’25 Pgt%gnt No. 5.306, 313

(Enert bt WHEE ©ORE PETQERO RHFFP“ gves)(goncentiate when,copstituting an No
5. 312. 554 goiidveompaure being réferred ichereimas an additib@packs e)%ﬁab GeralPatent No.

G 5@#@%@&5@3.8@“@1@@%#@63&% ‘%ﬁﬁﬁfﬁﬁm% SBER e pp.

1 -7; and composition. Ddissolutiontof the addiive coioeritrate intdxhe hmnicamgjoﬂ mag de \\hat Th ey

R t‘*"?%%@ﬂ'??@&.‘ A i Rcafly IR AL O

oper ab® i t §sserfial.nEhe concentrase, pr ngpﬂs*ﬂgeaﬂﬂl qm:ali meM| n shear i
stabl e at eéxﬁmatﬂwﬂdlg fﬂddﬁmmnaladdﬁoﬁﬂaﬂamvhsinﬁs & Vviscosity

Srenfelr;: f“yt \F/-\{@C%n%({ at ures. Themmﬁg@egodl | ers are - "o

96/ /17908/ package is combined with apredetermmed amount of base lubricant ]gr base stock. I 5

PCT/ US95/ 1 I fiers al so be

derivati ze?ﬁﬁsg ﬂ}enbl?degxe‘a daP]ﬁR%H&ﬁ&eacé?rg;ng? ﬁ@ﬁg@hf %H%@n 2%}’ as the

addi ti ¥h ofypinaByap seabont 30 535 of the. addmve package withithe rsmainder bednges of

sui tabl e vj f e types known _ to the art
WM é'EﬁQéry i PaSé Stodk fndfébra §Hl¥én*ﬂ

I ncl udi ng pol copo yners of ethylene and propylene, 5
polynethacrylates nethacrylate copol yners, copol yners of an unsaturated

di carboxyl i ¢ aciAll i weight peresmeoeplesséd Rerein ChalsR othebhvi iGN MY acT v | C
esters, and artla enat cO of _styren /|so rene,
styrene/ buPasge op dxe\{itbx.(ii.'icgnte& Eiqhead)don\y oruponﬁ\;e tﬁ P
20 weight of any addmve-package, or formulation which will be the sum of the AL
weight of each additive plus the weight of total oil or diluent. - |

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.
25  Patent No. 5.306,313 (Emert et al.), which issued on April 26, 1994; U.S. Patent
No. 5.312.554 (Waddoups et al.), which issued on May 17, 1994; U.S. Patent No.
5.328,624 (Chung), which issued July 12, 1994; an article by Benfaremo and Liu,
“Crankcase Engine Oil Additives”, Lubrication, Texaco Inc., pp. 1 -7; and an
article by Liston, “Engine Lubricant Additives What They are and How They -
30 Function”, Lubrication Engineering, May 1992, pp. 389-397.

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

35  modifiers are generally high molecular weight hydrocarbon polymers including
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i soprene/ but adi ene, as wel | as the partially "hydrogenat ed honopol yners of

but adi ene and | soprene. 10+ Cor r osi-ong:i:nhi bitors, also known as
=-anti-cor m@gent S, reduce t he degradat i on of thq,ms’ys}lk parts
contacte e Iubrlcatlng oi | conposition. ~Illustrative o

corrosion |nh|b|tors are phosphosul furized hydrocarbons and the
products obtai ned by reaction of a phosphosul furized hydrocarbon with an
al kaline 15 earth netal oxide or hydroxide, preferably in the presence of

an al kyl ated phenol or of an al kyl phenol thioester, and al so
preferably in the presence of an al kyl at ed phenol or of an
al kyl phenol e3R8, ﬁx‘édi!{eﬁb a BisY bk Befivitized IBEIGHe Bthes 21 DON

di oxi de. Phos osulf |zed h ocC s..are prepared by reacting a suitable
hydr ocar bon @'BE‘H'"%& r%x r%‘cgﬂsa’@awal tfépsgmwmmme&af a C2to C6

ol F;IS 20f mrﬁuwh eMmitmb;istyd) Qnod&ﬁéﬁafd&?:ﬁ&tﬁ&yﬁf&kﬂm% Oftﬁ
sulfide o ORRROr S LA ek ULS,. a P%e ures in the
range of abotﬂlm%‘g? ‘@B&R g t he :
“phosphosul fmlmmmmmmmmmmﬁolymemofmmmmdner taught in
U S. Patent t

anti oxi dant s, re‘c}f‘tﬁi@%fﬁ%tg“fyzngmpo?ndmmr%@p% t}‘rQﬁHﬂd gteg{rGFSOrate in
servi ce whi cand(y@r@lydwsmmte@ﬁom@m@é meésom deutgdxcne, and

oxi dati on S%&preﬁeisdtuﬁ% 8§ thel A5 Eeartidllyh fatb@ hofopdlgmeRicE surfaces,
and by .SCOSI tzop%owt h. Such oxirdati1 on 1 nhi bi tors I ncl ude al kal i ne

earth netal ‘%‘%ﬁ’ gneAnd isoprene. kyl - phenol thi oesters having preferably Clerr]
to Cerrjo al kyl side chai ns e.g., calcium 30 nonyl phenol sul fide, barium

octyl phenyl sul fid ‘ en henyl al phanapht hyl am ne,
phosphosul furi zedEBFg ﬁﬁ? %%ggraégﬂg-cogggve Xgentfre%r\]xcgax Friction
nodi fi ers sedegradation ofthetmetailic paripeontictedby the lubricating eil campesitiom
| ubri cati ng "ﬁ’k‘ﬁ gﬁ?&ﬁlﬁrrﬁ f |
Representati gidstrég 3915*’&?‘& g‘%iﬁ'@@r’ rrctl ogﬁ%@éﬁéﬁssingr & fatt y acid
esters and apfoduess obtained by reaction of a phosphosulfurized hydrocarbon with an alkaline] 3-
WO 96/ 17§08 tal oxid
PCT/ US95 1623aé;me oxice or r%qmlgge d?(‘:.ggplpexeg Pc?)o yl SO lﬂ?gr?gzmsll%ci ni c
anhydri de- anPhan alkylphenol thiceste: 1" Iyt ip the presence af anyalkylated: v aci ds.
al kane phos pbmowﬂ ah aiyh mnopmtw rmuelso preferablyiifl dedpredencervficarbon
S- car boxyal kyl éﬁ @ﬁ% ﬁ (Q'S
N( hydr oxyl al Ik @ﬁp y %“%B{FBH‘?PW&%@“% aspighle o kyl)

hydrocarbon such as a terpene, a heavy petroleum fraction of a C; to Cg¢ olefin

20 polymer such as polyisobutylene, with from 5 to 30 wt.% of a sulfide of

phosphorus for %: to 15 hours, at temperatures in the range of about 66 to about

316°C. Neutralization of the phosphosulfurized hydrocarbon may be effected in

the manner t,a_ught in U.S. Patent No. 1.969,324.

25 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
viscosity growth. Such oxidation inhibitors include alkaline earth metal salts of
élkyl—phenolthioeswrs having preferably Cs to C;, alkyl side chains, e.g., calcium

- 30 nonylphenol sulfide. barium octylphenylsulﬁde dioctylphenylamine,
phenylalphanaphﬂlylamme phosphosulfunzed or sulfurized hydrocarbons, etc.

Friction modifiers serve to impart the proper friction characteristics to
lubricating oil compositions such as automatic transmission fluids. Representative
35 examples of suitable friction modifiers are fatty acid esters and amides.
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5 phosphi tes and epoxi des, and al kyl ene oxi de adduct of phosphosul furized

N- (hydr oxyal kyl ) al kenyl succini m des. The nost preferred friction
‘nodi fier _ succinate esters, or netal salts ther egdpmpésne2zs
hydrocar§§ﬁ&iyﬁ%hituted succinic acids or anhydri des and

t hi obi s-al kanols. 10 Di spersants nmaintain oil insolubles,
resulting fromoxidation during use, in suspension in the fluid thus
"preventing sludge flocculation and precipitation or deposition on

metal parts. Suitable dispersants include high nol ecul ar wei ght al kyl
succi ni m des, the reaction product of oil-soluble polyisobutylene succinic

anhydride  moly bﬁbﬁd?n@é:ﬁ fzpmyﬁmu@uﬂfsueam“cehmmdasdnﬁﬂ@ alkgnglgn ne and
bor at ed sal ts the eof . t i her: di rsant t he
Bé eq Wﬁqdatﬁlfa@srphmsﬁhomc % @’rﬁ%’gl tions.

ashl ess type8 ﬁ‘i"f° :
One such aShhﬁﬁ%ndlﬁﬂﬂdeismarboxydksdlenehyzdromyllsymmnndd)on conposi tion

which is mx th C pol yol ,

am noal cohol ; WIWQW%H vatl zmgél%ra%éargom?ersant is the
product 29 pmisphmxndregoxmys andanwmnuneaddmyﬁpmahmlfummss t han 500
Vh wherein sﬁ%'ldlﬁﬂeﬁo in%@tspréfenh (gﬁag f the
formul a Cogrlly "&#9&%‘3?@ n - THé %ﬁ;ﬁﬁdﬁ% heﬁ"r)ocar byl ,
aryl, substi smwrs,@rmmw@ef H?BY YA ted succinif a¢igs Ar o

| east 50 nol tHed 41 thioeistdleaals. or oups are attached to a tertiary

carbon atom and (2) a nucleophilic reactant; wherein at |east about 80% of

the 25 functional groups originally present in the functionalized
hydrocar pgn are Dlspersadennaimrﬁnsolubles, resulting from Skidatiomduringuse,ined

hydr ocar bon or_pol.yner P
POLY- (CR] er r ﬁpg % ’&Sber;ﬁ T ?‘Fg&b?g smﬁgé ﬁ&cu\}&]non anﬁ%%&non 3.0
hydr ocar bon. depusinmilmgnaal pansgémmodxsmmcm kighrmaolecular weightallnd a
nunber avera lof 8- i%ﬁlé &@suwﬁg%h ter 35
t han O, R[erglﬁcﬁﬁlgﬂr;rg rofeﬁct SB Wﬁso r dlfJere a%%rmaére each
H, hydrocar bithe ylenqnguga ylene pentamme boraue
PCT/ US95/436223 _ with the proviso that either Rlerr] and Rlerr] are
sel ected such that t 50 m t err]
groups wherein borﬁ'ﬁ'ﬂ‘&' P&Wﬁfkﬁﬁ%ﬁé{gﬁ al%{b%k&pﬁ@ﬁé %
and fuel compositions. One such ashless dispersant is a derivatized hydrocarbon
composmon.wlnch is mixed with at l_e_qst one of amine, alcohol, including polyol,
aminoalcohol, etc. The preferred de_riyatized hydrocarbon dispersant is the product
20  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
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
25 functional groups originally present in the funcuonahzed hydrocarbon are
derivatized.

The funcuonahzed hydrocarbon or polymer may be depmed by the
formula:

30 L
POLY—(CR'R*—CO-Y-R®),

wherein POLY is a hydrocarbon. mcludmg an oligomer or polymer backbone
having a number average molecular wexght of less than 500: n is a number greater
35 thanO, R'.R?and R’ may be the same or different and are each H, hydrocarbyl
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sinstitut ed hydrocarbyl . | The above functionalized di spersants
are more fully described in eo-pending 5 U.S. Patent Appli catlon Seri al

No. 081261 5?& Ied on June‘17. 1994, and which " is incorporated
herein by Wel7 B Pour point depressants, BER &@”knomn
as lube oil flowi rrprovers, [ ower the tenperature at which the fluid
wll flow or can be poured. Such additives are 10 wel | known. Typi-cal of
t hose additives which usually optim ze the | ow tenperature fluidity

of the fluid are CJerr] to (Jerr] dialkylfumarate vinyl acetate
copol yners. pol ynet hacryl ates, and wax napht hal ene. Foam control can be

ol v et hyl a@ﬁtﬁ@i&é@@ﬁﬁ@m%&% 410 Ry, B8 b e g b0 2 °
i npl i es, r edupercens af thef-CRIRA proups wherein both Rrapd Récane aot HeorR® isarylent i onal

anti wear agen y%oc% kyl di t hi ophosphate and - zi nc
di aryl dit hi osg‘?\%’aﬁlﬁ‘&dzH lﬁ'l Antifoam agents are used for controlling

foamin the | ubr| c ¥he abqvgfunctionalized ispersants are 1perefully desstbed ingo-perdingoanant
of the high m@%&m ‘Pﬁhéﬂﬁon Serial NU. 0B26Y /558 filéd B Jui [, 1994, Snl Siich Sone

exanpl es of the xane tm antifoamant are silicone oil and
pol ydi net hyl Epin by reference. po oy gents and metal rust inhibitors
i ncl ude the netal salts of sul phonic - aci ds, al kyl phenols, sulfurized

al kyl phenols. al kyl sal.i tes th s.a her sol ubl e
nono- and di-car boé @o @%ﬁﬁ&%ﬁg%sﬁﬁﬂ’%\?g&%@ wﬁﬁt al
salts, such amehegptmtwmnwhmhnwﬂmémﬂrﬂolwmmanlbe@ontednaxekammmal ly Ca

gggl swel I ant S| trl%?lwgre? neral orl suﬁ'? ?ﬁﬁl ﬁw rovo[%e swel | i ng of

engi ne seal s, @W@n@lﬂ?ﬂfﬁ?ﬂ&m&@gi ﬂbymwdﬁﬂﬁ@ﬁﬂ&@orrs such as
tridecyl coifiabi! polyiabitadtyDial 84 R EAMnalNe! Pk dAtDLaILEr act er | zed

as an oil-sol ub S, turate atic or arongtic hydrocarbon ester
of from10 toP W@QPH&‘P%‘F&?@ Sfthe é@? gipe. €.g.. silicone oil and
PCT/ US95/ 1622 polydimethyl siloxand. 2 to 4 Ilnkages e.g., dihexyl phthal ate, as
are descrllged in U S Patent No. ' '
Antiwear agents, as their name implies, reduce wear of metal parts.
Representative of conventional antiwear agents are zinc dialkyldithiophosphate and
zinc diaryldithiosphate.

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

25 ~ Detergents and metal rust inhibitors include the metal salts of sulphonic
acids, alkyl phenols, sulfurized alkyl phenols. alkyl salicylates, naphthenates and
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 frequently used as detergents.

30 _ - : :

Seal swellants include mineral oils of the type that provoke swelling of
engine seals. including atiphatic 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
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3,974,081, which is incorporated by reference. 5 ’

Bl ODEGRADABLE TWO- CYCLE ENG NE A LS The branched synthetic
ester base stock can be used in the formnul ation of bi odegr adabl e

t wo- cy YO IEYPhe oils together with selected |ubricant aBETMOSI¥L223he
preferred bi odegradable two-cycle engine oil is typically formul ated using
t he bi odegr adabl e synthetic ester base stock fornmed according to the
present invention 10 together with any conventional two-cycle engi ne oi
addi ti ve package. The additives |listed below are typically used in
such amounts so as to provide their normal attendant functions. The

additive pac I ncl ud t not |imted viscosity index
i mpr overs, &385?%#5%%5?%%%1%@? deseabedinU.Sc &}ﬁ!‘

agent's, di $gP4081} whichis ine opttedbyreferegeent s, col or. stabilizers.
surfactants, diluents, 15 detergents and rust inhibitors, pour point
depressants, antifoam ng agents, and anti wear agents.

The bi odegradabl e two-cycl e engi ne oil accordlng to t he present invention

can errpgoy typi call st © 5% sol vent,

with thd 20 remai ndereronoTT ' om b B

Exanpl es of the %M@caﬁ!ﬂimmeﬁ@?%ﬁ&é@*%ﬂbﬂ@%&é@@mbﬁmaﬁts are set
Ig;te ?e'n Qet %Jegiahmm éoubtogbme m:haaeé@@rwheﬂnfaapi;ﬁggsem My 5,
1987; U.S. PFJPM“RG" ' &ﬁ‘ Q’l“ﬁﬂép‘cq\ﬁb’% '«'F!“@Fg g#hech i ssued on
July 19, 1%9ddegtadible théﬁcééﬂarbasestocléfoﬂ@d 1 the s&ﬁt:ﬁveﬂtiﬁhCh | ssued

on ri 3 Pat 2 AI exa r et al.

whi g\ﬁ [ b 295%‘??%%“!50 ?ﬁnﬂgﬁ'&'ﬁcg e%éﬁt% gﬁ?f 49, 291 (M yaj‘
et al.), vmddimveshsmblbeluwmwptmﬂyusenmxﬁ@ﬂamomsoastoprowdeohelrsuch

bi odegr ada . - a) a
ma| orgportygﬁmg}l%ﬁaﬁgw one o%@?ﬁsy&lﬁcw?ecbgts?nmlmmd bgs)e

st ock whi cnomwpsm@eex mpmmwm duhibitorg,roxidatipn inhibiteas.spuplingear al cohol
havi ng t he agenedispetsaniEliétrerie pibisare dge nwnaﬂ@daaaﬁmss BefAdtantd) WlubntS

cyclo |ph tic r.0 havi n fro about 20, car bon at,ons an.d nis
271 eads' 5 Uelergenss and.rudliRBiead. DO polat Gr g antSesing SBeHRHIA 36 of o
| i near aci (jntiwememscar bon nunber in the WO 96/ 17908
PCT/ US95/ 16223 , _ _ S
The biodegradable two-cycle engine oil according to the present invention
can employ typically about 75 to 85% base stock, about 1 to 5% solvent, with the
20 remainder comprising an additive package. :

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. :
- Patent No. 5,663,063 (Davis), which issued on May 5, 1987; U.S. Patent No. i
25 5,330,667 (Tiffany, ITI et al.), which issued on July 19, 1994; U.S. Patznt 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.

30 ~ One such biodegradable two cycle engine oil comprises:

(a) a major portion 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),, wherein R is an aliphatic or cycio-aliphatic
group having from about 2 to 20 carbon atoms and n is at least 2; and mixed acids

35 comprising about 30 to 80 molar % of a linear acid having a carbon number in the
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range between about Clerr] to Cerr], and about 20 to 70 nolar % of at
| east one branched acid having a carbon nunber. in the range between

about Clerr] to Cerr]; .wherein the ester base. stock o] e
fol | owi nVQPELIAE | es: at | east 60% bi odegr adation in 3?}@@%}2;

measured by the Mvdified Sturmtest; a pour point of 5 Iless than
-25[err]C. and a viscosity of |less than 7500 cps at -25[err]C,

(b) fromabout 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
- 100[err] C (c) fromabout -3 to about 15 wt.% based on

| ubri cant conposition 1 of a pol vi.spbutyl e hayvi unber aver age

nol ecul ar vve%!ﬁ? bﬁ?weﬁpég?‘?}kéﬁt}? (29@¥‘d about id)tomq%ﬁeatm one °

(dimf rom aboufanahml oﬁ?)mxﬁngl_ﬁcamborgnmﬁbﬂinmm”ggbememebmﬁs b Cas; .

nunber avera m| ecul ar i gt y 0,

Anot her such "8 ﬁ%BP@S%ﬁ%gkgg,i’?@%gﬁ}g&é% p'@@?@fg?s%%lsem%% .

"~ (a) a major piodegradation int28| days as magsun¢dbiethe Medified StusmHest; 2 peunpeoint of

base stock il ihoaRic3hd a ViRoliBAGH Ie&tni] 9SFipst :22Chr anched or | i near
e

al cohol aving t genera formul a R( erein Ris, an

err].,
al i phatic or cyclo-al i fhh#sosm about 3 tg abos 15wt ng]QHFAWnECQ%PW%r bon
atons and n io? Brightaodk Kavird wkibmadc Pistekity of AbomA0DIabbMI0dSeat 30 to 80

a
mol ar % of a |in .gr acid having a carbon nunber in the range between
about Clerr] lpgéi[err], and about 20 to 70 nolar % of at |east one
branched acid having a (cpfivanatourBao abouttISews. %nbasel enusbricanbecompasitionr | t o

; wher. el '
ot oper {1 d0: &f atoRaooRpIgHe KavinE asREr Bbclage Gbldcital Relghfof fmabiio0, |
t he Modi fi ed tGabown1088tanda pour point of 25 less than -25[err]C, and a

viscosity of |less than @2%&3@0@[3 tb%ﬁ%%ﬁa‘giéw !%°(§Yii%b“\?§f’%°n%a"inga (b)

an additive concentrati conpri sing; % of
an ani de/ i ni dwaher aeerage molegular weight fromabost 1 R0 @iabpet 3R ; (2) about 5 to

50 vol unme % of a succinimde dispersant. at |east one of the
di spersant (1) or (2 . hein orated; (3) ahout 1.to 60 volume %of a
pol yol ef i ¥ t hi ckenéﬂg,mﬁrrﬁ?"hQ@gegfﬁa?bgﬁgl’?%d?éﬂé%‘ﬂg?o@q&?'o 5 vol une %(; of
-aR al Eyl phenyol sul phi dg) @mdjof portivh@ftat least one bibdegradalile syrthetic éxtarf dg_ _

osphor ous-contaj ni ng.anti mind - . itive
Package i n-ri s oak abich Comirtks 84 5Plonon piuct & §brigBhed tinear alcohdt U
vol ume and priedvingthe gerderalfommia R(OH)i, whateiniR isen pliphatic or eycla-aliphaticof t he
concent rate. _{Segshbisie R Athr Do 26 c7i80n Gfofusabd' BW lead's: aid mbledlacidd h i s

35 incorpor ere g _ : ) ] . SR
-17. 20 \\Comnprisingzabout 30 to 80 molar % of a linear acid having a carbon number in the

PCT/ US95/ 16228 nge between about Cs to Ci2, and about 20 to 70 molar % of at least one
branched acid having a carbon number in the range between about Cs to Cys;
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

25  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/imidefimidazoline dispersant; (2) about 5 to 50
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
30  optionally; (4) about 0.1 to 5 volume % of an alkylphenyol sulphide; and (5) about
| 0.1 to 5 volume % of a phosphorous-containing antiwear agent. Treat rates for the
additive package in finished oil can range from about 5 to about 60 percent by
volume and preferably from about 35 to about 50 percent by volume of the
concentrate. (See U.S. Patent No. 5,330,667 (Tiffany, IIl et al.) which is
35  incorporated herein by reference). -
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Still another biodegradable two cycle engine oil conprises: 5
(a) a major portion of at |east one biodegradable synthetic ester base
stock which cogrl ses the reaction product of: a branched or |inear al cohol

havi ng al formula R(OH)[err], wherein Ris an al PEHEBISI6233
cyclo-aliphatic group havi ng from about 2 to 20 carbon atonms and n is
“at least 2; and m xed aci ds conprising about 30 to 80 nolar % of a

| i near acid having a carbon nunber in the 10 range between about Clerr] to
Cerr], and about 20 to 70 nolar % of at |east one branched aci d

havi ng a carbon nunber in the range between about Cerr] to (Jerr];
wherein the ester base stock:-exhibits the follow ng properties: at |east

60% bi odegradation in 28 days as neasured by the Mdified Sturmtest;
a pour point of | ess than -25[err] C.-and a viscosity of less than 7500
cps at -25[err]C, and 15 - (b) at |east one

am de/ i mi.dazol i ne-cont ai ni n I'S ersant r epar ed by reacting a

nmonocar boxyl i ¢ as,tlﬂaa@@@%\blp%féﬁﬁ &nmpyaamomnsem(j ~optionally.
a high nplecul ar wei g) @ﬁimicfommﬁa%ieas&ﬂem&fegmﬁ estdrSO

conprise in de eti.es foried when fhe h cul ar welgt acyl ating
agent is n]’ éﬁ’ckﬂm‘ pemprises the reaction PFD - @brancbed gr linegp alcohol

Anot her addhimupmdgenémmmbhw(wﬂmwhmxhkfsbﬂ lmiegi- eficiblalipltiee St ock

of the pres a for | at e engi.ne, oi :
conpri ses tglé’il nd Vﬁg&%ﬁﬁé{ﬂ?}ﬂ%pﬁbm ms an a(&}{us %‘fedo%é& $al kyl
phenol of ttemprisingabout30 to 80 molar % of a linear acid having acarbon number firethe ]

wher ei ny @acrhngebétﬂe@ﬂ‘iﬂ&ﬁ@ﬂbl i g?pﬁﬁ?y?wdxoﬁpﬁé ‘i&si‘é(%' ocar bon- basii

group an avera of a at1c carpon atomns;

and b are ebrmached dwmﬁeafbwnmwmwgmﬁb@weem bCs trCe; ti mes t he
‘nunber of amemmereyefsases:ockexﬁimmtfouw é&sue&% g that the sum
of a and-b gwg t exc&g Lh }@) a ences o Ar; and Ar is
an aromat i cPipgegradatignip |d§ %la%‘i“ﬁ’b‘?‘@dr n‘g W%%P%P@lﬂtaﬂ i nked
pol ynucl earlessmgnhzsmagnd)amcasxquﬂlenahammmmcpk u&ISSCsnidect ed from

the gro consi st ng ?I?’)SQM Waﬁide}ﬁ%oﬂek-&nmm%sp%}w?% g boal koxy

WD 96/ 17908
PCT/ US95/ 16Dy geacting a monocarboxylic acid acylating agent with a polyamine, and,

optionally, a high molecular weight acylating agent. Such dispersants can also
comprise imide moieties formed when the high molecular weight 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 cycle engine oil comprises the
combination of:
(a) atleast one alkyl phenol of the formula
25

(It)qf;"jkf'f"(()fi)b

wherein each R is mdependenﬂy a substanually saturated hydrocarbon-based group
of an average of at least about 10 aliphatic carbon atoms; a and b are each
30 independently an integer of one up to three times the number of a:_omanc.nuclei
. present in Ar with the proviso that the sum of a and b does not exceed the .
unsatisfied valences of Ar; and Aris an aromatic moiety which is a single ring, a
fused ring or a linked polynuciear ring having 0 to 3 optional substituents selected
from the group consisting essentially of lower alkyl, lower alkoxyl. carboalkoxy
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met hyl ol or | ower hydrocarbon-based substituted nethylol. nitro, nitroso.
hal o and conbi nati on of the optional substituents; and

(b) at least one ami no conpound with the proviso that the ami no

conpound MO ani no phenyl. (See U.S. Patent No. 4, 663PCEISPHIRE)
which 5 I's incorporated herein by reference. A preferred
di spersant for two-cycle oil fornulations conprises a major anount of
at |east one oil of lubricating viscosity and a m nor anount of a
functionalized and derivati zed hydrocarbon; wherein functionalization
conprises at 10 Ieast one group of the formula -CO-Y-R err] wherein Yis O

or S; Rerr] t I, ' r yl.

and -Y-R3 has*ng a o#ovﬁ'hgd?qéesshm“%v\%%'reg in a f'%ﬁ'%@ggﬁ@f t he
functional greembi E@@&QQMW@“@BMHM carbon atom and wher ein
sai d functionalized hyd Wﬁl@%oh@aﬂﬁfdébﬁ oﬁﬁ@vﬁ the rovnsotﬂh'ﬁh@

reactant. The nucl eophi I e react ant | ) seuesci> rom %1 roup.
consi sting of COMPeHNY|is natan aming phenyl. (See atent No. fh %;O Ravi which- cycl e
oi I di spersanis iaélstpbrated hefulﬁby%fb&hwt i al'ly avoi ds . the formation of

gel | ed aggl onerates at | ow tenperatures but which correspondi ngly
provi des effective engine cleanliness, detergency, lubricity and 20 wear
inhibition. It has Abﬁefemﬂmemantforhm-cyclemﬂfmﬂmms comgrisésiamajopnpri si ng

|
high | roluRiltabellnthe SO AHEAREE DREGHLY Bia A BRAL Aokl 8 OO0 O
with (B) at | &enctionglized and dezp@nm w}:mm@namnaba)umconmses ane

monocar bowl | ém@é -CO-YIR*3heréth 'YOis® of SER arboxylic
acid to high no cuI ar sfﬁﬁt su stcl:tute 25 ac}gsatlonq(aaz]%%?ﬁls at -| east

3:1. This di spabstiied gy 9@"&&“}“@&’!’!@9@3’& ands¥rRihas ap 18%84r bon
noi ety(i es) cmmﬁeaemso@&cﬂé mfmblmmwo scaré atdschad td élkdrﬁ

conpri sed of tertla amn ref ra e heferoc Ies and
whrenr)el n the on A @%ﬁﬂf’?‘?&“&&%@?ﬁ?’g @éﬁbiyé‘ast about

0.7:1. The adduclenmnemcuam. “The nuclu)phdhe réastanbis s&lectedtfmtlmfgroﬁ;e gel l ed -
aggl omeraqgs @%g@f'&oﬂbﬁhﬂ@mﬂ{&kong 30 storage at | ow tenperatures

(O[err]C or Bl ODEGRADABLE CATAPULT A LS
Catapults are instruments used on aircraft carriers at sea to eject the

Conbe s 1« e PO e e el bl g
with sel ect ed theformagoen of gelled agglomerates at low temperatures but wh -10-
correspondingly provides effective engine cleanliness. detergency, lubricity and
20 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
molecular weight substituted carboxylic acid acylating agent with (B) at least one .
polyalkylene polyamine and (C) at least one monocarboxylic acid wherein the
molar ratio of the monocarboxylic acid to high molecular weight substituted
25  acylating agent is at least 3:1.  This dispersant preferably contains oil soluble
hydrocarbon moiety(ies) connected to polar moieties which are sﬁbstantially
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
30  storage at iow temperatures (0°C or less).

BIODEGRADABLE CATAPULT OILS

- Catapults are instruments used on aircraft carriers at sea to eject the aircraft
off of the carrier. The branched synthetic ester base stock can be used in the
35 formulation of biodegradable catapult oils together with selected lubricant
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WD 96/ 17908

PCT/ US95/ 16223 additives. The preferred bi odegradabl e catapult
oil is typically formulated using the bi odegradabl e synthetic ester .
base st QQWF3Wﬁed according to-the present invention PCTAIFOSME23 i t h any
conventional catapult oil additive package. The additives |isted bel ow
are typically used in such anobunts so as to provide their nornal attendant
5 functions. The additive package nmay include, but is not Iimted to,

vi scosity index | mprovers. corrosion inhibitors, oxidation inhibitors,
extrenme pressure agents, color -stabilizers detergents and rust

i nhi bitors, ntrf mn atrvvear I clion
modi fi ers. ad s. fe fgfe"%ﬁ@*@? %?%JP@‘&E@SP&“&&% o the
present i n\beodegmdahialyntheuc mqnlba.semmkﬁmhb&aabc&ﬂgﬁﬂhépﬁ&%ﬁmmt ock,

\g:gge;?:d;b cat ap snlﬁg‘r‘%%gr gﬁtoﬁ gﬁgga@ﬁéaﬁe%%?veg&ppgy on 15

i nhi bi t ors belaw msypxca&hrused mslchramouggrsp@gtOpmdcahmnnrmabamdmw contain
th t t
other 5 faAYHORS! mmm%%%%%@m@@ bitls Jo?ﬁﬂ#@lﬂg(ﬁv?goﬁnydh&g; Sagﬁg S

ot her antroxrdants pressure agents r
ot her hydr dmpravers. corrosign:ighibitoes, gxidatiensiahibitars, exteeme.pressyrosagegtseeolor,

Kl amann, " |stibilizef) Bseidsts Bl Aisethhibitors, An@fddfiis agel! Aitiveah 85énts, akeer fi el d

Beach. FL. /1984, ch is incorporated 20 herein by reference.
BI CDEGRADAIfT_l BC FLU DS * The branched synthetic ester
base stock can be used in the fornulation of bi odeg'radabl e hydraulic

fluids ogether erred -

bi odegr dabl e hydr au?‘i;‘?@%‘?g‘{‘w bﬁ W)}I’ %%%@Hgﬁ:s t he : ‘

bi odegr adamlemypiceuy sbant 90 to Bﬁ%ebm mmﬂrﬂdmcngpnmgm present

I nvention Qa&g@.er with any conventional hydraulic fluid additive
The a(¥di tiv

‘package. | i sted below are typically used in such
anobunts so as to provi de thei r n'or mal- -+ attendant functions. The
addi ti ve packageBiGBegrada® fmblylmaﬁdmnbennoamcoﬁo@msi.ty i ndex

donul 5117, gl {sﬁ%kﬁﬁgisﬂwhﬂ*é{eﬁ’%?ng"“ 4 B ol oy ol e
The bi odegrcmdwnmuﬂm:lmybsmchlamaﬂuﬂ)anmgéntsgammeahagqntseemr i nvention can

enpl oy typl#ﬁbﬁiaﬁg’ ﬁeﬂgp}égsﬂ%(zﬁgﬁ??ﬁﬁ&%amﬁ&s%a%ﬂ!&ﬁ%%@r conprisi 8

an 35 additive pack
stabilizers. 'I'hese addmves are disclosed in Klamann, “Lubricants and Related

Products”, Verlag Chemie. Deerfield Beach, FL. 1984, whxchxsmcorporated
20 herein by reference. :

BIODEGRADABLE HYDRAULIC FLUIDS
The branched synthetic ester base stock can be used in the formulation of
biodegradable hydraulic'ﬂuids together with selected lubricant additives. The -

25  preferred biodegradable hydraulic fluids are typically formulated using the
biodegradable synthetic ester base stock formed according to the present invention
together with any conventional hydraulic fluid additive package. The additives
listed below are typically used in such amounts so as to provide their normal
attendant functions. The additive package may include, but is not limited to, -

30 viscosity index improvers, corrosion inhibitors, boundary lubrication agents,
demulsifiers. pour point depressants, and antifoaming agents.

The biodegradable hydraulic fluid according to the presentinvention can
employ typically about 90 to 99% base stock. thh the remainder comprising an
- 35 additive package.



WD 96/ 17908 . S o

PCT/ US95/ 16223 “Other additives are disclosed in U S.
Pat ent hb 4, 783 274 (Jokinen et al.), whi ch |ssued on Novenber 8,
1988, andVQEFATIBS i ncorporatéd herein by reference: 5 PCTU $95/16223°
BIODEGRADABLE DRI LLI NG FLUI DS The branched synthetic ester
base stock can be used in the formulation of bi-odegradabl e drilling
fluids together with selected |ubricant additives. The preferred

bi odegradable drilling fluids are typically formul ated using the

bi odegradabl e synthetic ester base stock formed according to the present
I nvention 10 together with any conventi onal dr|IIing fluid additive
package. The additives |ijsted bel qw_are t¥?|ca y._used.in such

amounts so as to (6K adidvesiare disrlased inl-Sntatept No. 4.7831270 dJqkinen et ph)
addi tive packgich [¥8ded diCNU¥Enbep 8! 1988, Afd whichiis Bidofporatyd Bereinibly\tefershey.

i nprovers, corrosion inhibitors, wetting agents, water |oss inproving
agents, bactericides, and drill bit lubricants. 15 The
bi odegr adgble drilling fl lBl@DEMAEIJE)DMBLm&EDUIDSvent ion can

| t |1 . 0 | t,
wth tne’ ™ Co Y oo rafihel Syotehodad visdfisoctin WM imin Sorliell of 01
No. 4,382, ooznodegradapms Buids togethenwish sclsmmbmmmgldﬁveslm and whi ch
IS i t dﬁm]‘n theb!
Ihf/dlrggg; Eg:\a F\?gfﬁ?giopﬁ%i g m ng | %&T?mcﬂl¥{?n§3 ose ©
paraffin baseblﬁ‘il &53@139989@38% pmbaéﬁswslammeﬂmrmgéosmmwgt IYERAONOf from
200- 10 4Q@ anédvﬁ:wwvc@mﬂ@mnmﬁ flafd ﬂdmvelisamge Qméfh&cﬁhvé%iddc as,

Houst on, Tex 25 di es d | s: and aronati c _nap a.
Bl ODEGRADABL PJﬁBﬁ j#Sed 1p ich amounts 80 a8 0 Pﬁ‘é“%!h& c‘,‘HBHalsa;':‘ﬁ{‘ﬁi?é’h c ester
base stock caﬁunmmssaueaddmhe pickageiinay imobude{ but is not limitstig! viseusity intiek er

bi odegr adabl BRI aﬁ‘s%lﬂﬁ@*ﬁféf§‘*#%ﬂééfﬁ“§ PR oy e, ™

bi odegr adabl ebastenicides. andakilldit Ivbeeants. ock formed according to the present:
I nventi on together with any conventional water turbine oil additive

package. The additives, . . . . .
The bxodegrgdable drilling fluid according to the present invention can

employ typically about 60 to 90% base stock and about 5 to 25% solvent, with the

remainder comprising an additive package. See U.S. Patent No. 4,382,002

(Walker et al), which issued on May 3, 1983, and which is incorporated herein by
20 reference.

Suitable hydrocarbon solvents include: mineral oils, particularly those
paraffin base oils of good oxidation stability with a boiling range of from 200-
400°C such as Mentor 28®, sold by Exxon Chemical Americas, Houston. Texas:;
25  diesel and gas oils: and heavy aromatic naphtha.

BIODEGRADABLE WATER TURBINE OILS
The branched synthetic ester base stock can be used in the formulation of

biodegradable water turbine oils together with selected lubricant additives. The

30 preferred biodegradable water turbine oil is typically formulated using the
biodegradable synthetic ester base stock formed according to the present invention
together with any conventional water turbine oil additive package. The additives
listed below are typically used in such amounts so as to provide their normal:
attendant functions. The additive pabkage may include. but is not limited to,

35  viscosity index improvers. corrosion inhibitors. oxidation inhibitors. thickeners.
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|isted below are typically used in such amounts so as to provide their

nor mal attendant functions. The additive package may include, but is
not limted to, 35 viscosity index inprovers. corrosion inhibitors,

oxi dat (YR EMSi t or s, thi ckeners. . PCT/US95/16223

-21- -WD 96/ 17908 :

PCT/ US95/ 16223 ~ dispersants, anti-enulsifying agents, col or
stabilizers, detergents and rust inhibitors, and pour point
~depressants. ‘The bi odegradabl e water turbine oil according to

the present invention can 5 enploy typically about 65 to 75% base stock

package. (ishsranty ik Eiibing Nkl cBfor sabiigky Bl SRT R iR i g

per cent eandipoubpeistidepressam@sst ot al wei ght of the - conposition. 10
Bl ODEGRADABLE GREASES _ - The branched. synthetic ester base stock
can be used in_the formulation of bi odegradabl e greases together with

sel ected | ubr i Eng-iodegradable-waterryyebing,oil according ﬁgﬁb@mnt inyentignican gr eases i s
the thi ckanplog typically aBoudss ©o5% baid sthick a8d ab6RS tbrm% solvéHi St tfeCr MUl at i ons

have often involved this in I e Besj I.ckener_or 15

gel | ants. m@ﬂ?@#iﬂ%‘q @ﬁﬁ'%ﬂégﬁ%twcg‘?!r @s&ﬁfa”&P@&%n@Bﬁ“‘be i nfl uenced
by the  0.01 peatiout 50aweightperceat each, bassd on tisectotal weightof iy i ous - addi ti ves

t hat can Wﬁﬁﬁn - The preferred bi odegradabl e greases are
typically ated using the ‘bi odegr adabl e synthetic ester base
stock fornmed according to the present invention 20 together with any
convepyt i onal grease addit g g %m%nggq;ﬁﬁgﬁges listed below .~ ar e‘
typically used _in such a eir _normal attendant
functions. Thelhtfranched synthetic estorbass stock caa besed insthe foermulationad ¢ o,

viscosit ybmdsgeaaable greasapfdgmbﬁmmwd@éd Iﬁbnbfﬂilahﬂfh%§ Tl@%&iﬁ”e pressure

3222: |Svat18t erlﬂ ﬁ @g} rust f%thcgﬂlln l I;gg?rtiq{ agad%rqz epr essant s. netal

The bi odegeaﬁﬁbﬂmlgimﬁnvaoﬁmuhw@ed mlsingrenmaehemdavmttMMﬂﬂr_errpl oy
typi Al 1 Yodafii! otfiél pripettds fft harkRASHA Y gRA8 can beSnmieicbd'bythe"! N9 agent or

particular lubricating base stock and the various additives that can be used.

The preferred biodegradable greases are typically formulated using the
biodegradable synthetic ester base stock formed according to the present invention
20 togemer'with any conventional grease additive package. The additives listed below
are typically used in such amounts so as to provide their normal attendant
functions.  The additive package may include, but is not limited to, viscosity index
improvers, oxidation inhibitors, extreme pressure agents. detergents and rust
inhibitors, pour point depressants, metal deactivators. antiwear agents, and
25  thickeners or gellants. : :

The biodegradable grease according to the present invention can employ
typically about 80 to 95% base stock and about 5 to 20% thickening agent or
gellant, with the remainder compnsmg an additive package.

30 S o

'I‘ypically thickening agents used in grease formulations include the alkali -
metal soaps, clays, polymers. asbestos, carbon black. silica gels, polyureas and
aluminum complexes. Soap thickened greases are the most popular with lithium
and caicium soaps being most common. Simple soap greases are formed from the
35 alkali metal salts of long chain fatty acids with lithium 12-hydroxystearate. the
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gellant, with the renai nder .conprising an additive package. 30

Typical ly thickening agents used in grease fornul ati ons-include the al kal
met al soaps.. clays, polyners:: asbestos, carbon black, silica gels,

pol yur eas™an¢/ al um num conpl exes. Soap thickened gr easRCI/HBE/A6R2 nost
popular with Iithium and cal ci um soaps bei ng nost common. Sinple soap
greases are fornmed fromthe. 35 alkali netal salts of long chain fatty
acids with lithium 12-hydroxystearate. the ' -
-22- WD 96/ 17908 ' _ _

PCT/ US95/ 16223 predom nant one formed from 12-hydroxystearic

id, lithi Hlﬁlﬂﬁ'! ef:ak | ex soa
S(rzleasesI arleug| SO I n Eg'?ﬁn%,ﬁmﬁ%%&o@i%&BWr [{gfea i ar h&gﬁ"@gf a ni x!toure
of organi c aSioaghydrate ang mineml @bnﬁpﬁﬂh&@a@greasesgrmmnmmbnmemd t oday
'S 2 compl exchinpiiie MeADARS BF # AR GRFEAM. AT bR ypibal BURX YS! [ © aci I

l'ithium hydroxi de, nonpohydrate,, azel al c-acl and m

i t hi um soap&™easefoynd i} B3ctaday i aéﬁ?ﬂ?}ﬂ"i lthuyn $o2p,gxease prepared from (12 ng U S.
Pat ent Nos 3hydi®xysicaricideid; lithim hydoxid elxﬁénbh Jdrate, £204ie BE18 and minekP ol

Pat ent h d Feb 1974 d
LI e o P i s e L
al | of whi chPateat No. 3.75&691)6’!@33), leneh issued oncSeptemter mplBﬂGbHSWa‘tdiltU S.
Patent No. 4 : n

Aadggcrl pti or@ﬁ? 792§73&€¥u?ﬂ:€‘|es use od"ﬁé 3@%@2&?’@3“?‘%@% P%%‘ﬁ“é

"Modern Lubr P20 1@56mgbymchgwdmﬁmbe&OvﬂQﬂ&mHﬁwMamrat ed her ei n
by 15 r ef er aitefporited Werein B refeiehdd 1688thks Witk &, 9%@%&%’62

bi od dabl duct s COVPRESSOR
O:Esegra | ?Aprod#? W@meo‘éy’w{yﬂ@bﬂ@%ster base stock can be used in

the formulation of - bi odegr adabl e conpressor oils together with
o1 s Lyptoal |y PoRRERbIOECOr d Afifies RES kb s B SarEonet. & oo o
base stock f SMmdﬂdc\lhmcdungGmses’felmshapter m\which izincorporateddRidie by Wi t h- any
bl ow ar &ty SRR 38 St ddfiod s HRAE Fplhe i3 vkt i R —
attendant functions. The additive package may include, but is not limted
to, - BIODEGRADABLE COMPRESSOR OILS
The branched synthetic ester base stock can be used in the formulation of
biodegradable compressor oﬂs together with selected lubricant additives. The
20  preferred biodegradable compressor oil is typically formulated using the
biodegradable synthetic ester base stock formed according to the present invention
together with any conventional compressor oil additive package. The additives
listed below are typically used in such amounts so as to provide their normal
attendant functions. The additive package may include, but is not limited to,
25  oxidation inhibitors, additive solubilizers, rust inhibitors/metal passivators,
demulsifying agents, and antiwear agents.

| The biodegradable compressor oil according to the present invention can
employ typically about 80 to 99% base stock and about 1 to 15% solvent. with the
30 remainder comprising an additive package.

The additives for compressor oils are also set forth in U.S. Patent No.
5,156,759 (Culpon, Jr.). which issued on October 20, 1992. and which is

incorporated herein by reference.
35 '
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25 oxidation inhibitors, additive solubilizers, rust inhibitors/netal
passi vat ors, denul si fyi ng agents, and antiwear agents.

The bi odegradabl e conpressor oil according to the present invention can
enpl oy P8, about 80 to 99% base stock and about 1 tBCTASSNMRInt
with the 30 remainder conprising an additive package. The
additives for conpressor oils are also set forth in U S. Patent No.

5. 156, 759 (Cul pon, Jr.). which issued on October 20, 1992. and which is

i ncorporated herein by reference. 35 '

- 23- WD 96/ 17908 _ :
PCT/ US95/ 16223 _ - EXAMPLE 1 . EXAMPLE 1
The fol l.owi ng are conventional -est el'géave—st'ocks which do not exhi bit

‘satisfact ory pr op'HIQﬁOBQWﬂG§@V&QGm3éG$gﬁM§!0§kﬂEb‘ﬁhdamsexm& properties
listed in a%@ﬁ% i %sé"ﬂ Spiridable 1aBricunts. e POperfidlistddinnt Was

det er m ned u5|n STM # D- 97. Okfl d_Viscosity ai -25[err] C was
det er mi ned ljgarbllfé MW“& termme gg?gl %%FP@‘W%@B%FFWG@&S and

100[ gr r16) WaSTNE# mm%@rﬁogeMWMWﬁt £25°C was detefiinelfnsing ASTMi#Dex ( zill )
was determ . 0 m ne
usi ng the i iﬁ“%{‘?ﬂc % B\ 4dgnd JOp° Rﬁ*&d%q%%ngW#ﬁty with

di sper sant vm MM@MXWWW@WMASW#E&-M 10 - and | ooki ng

uSi ng the N gﬁéﬁa@méﬁ@&@%%ﬁ%%? b S EF COREP TR v

det ermi ned u301B). Solwbility prithslispersant wasdeterming mggthcdpsrqdrmm ( HPDSC)
havi ng Qo 1ﬂhh&'§ f si (3. 4 '
MPa) ai rlo re%dgzg?lla@%ﬁlw dgé;%gﬁg t,0XI ielttoEﬁ S, det m ne us#ﬁg t he

Di spersi on AWingthe NM&P%Y?P% hré‘ brieity tgst. (Oxida op 8mer Washed usi ng
QSTM # D g%nﬁhmdm%mgwhw préssure differéitial scanning eﬂbﬁﬂktev ¢HPDSO) haviig s -
TSLFremlne %o&ema?fwoga&g g&rfdﬁt?osng%é%wc g}d SO&Rﬂ Q M@Mg‘a)@lr respectively.

*Sol 20 . Agquatic toxicity was deterntioechusing tiedDispersian AguaticCToxiciof est [The

W t_h Engl N€acid number was determined using ASTM # D-664. The hydroxyl number of the

respective samples was determined by infrared spectroscopy.

_ Table-l |

~ .Pour - Vis@ Vis. @ Vis. @ *Sol

20 | . Point -25°C 40°C 100°C ‘with  Engine
Basestock  °C  (cPs) (cSt) (cSt) % Bio. Disp. Wear
Natural Oils : S :
Rapeseed Oil 0  Solid 47.80 10.19 867 nla nha

25 Di-undecyladipate . +21 solid 1392 280 - na nfa - wa
Polyol w/Linear & Semi-Linear Acids | |
TPE/C810/C7acid n/a  solid 29.98 5.90 'na na nha
TPE/DiPE/n-C7 -45 1380 24.70 5.12 8231 H  Fail

~ TPE/C7acid = -62 915 240 49 " 837 H  Fal

30 TMP/n-C7.8,10 -85 350 17.27 405 61.7**C Fail
TMP/C7acid  -71 378 141 34 765 C  Fail
Branched Adipates. L SAPE :
di-tridecyladipate - -62 n/a 2693 533 6599 C . Fail
All Branched R | |

35 TPE/so-C8acid -46 n/a 61.60 82 1333 C  n/a
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Base st ock [err]C  (cPs) ‘(cSt) (cSt) % Bi 0. Disp. Wear

Natural Q'ls Rapeseed Q| 0 Solid 47.80 10.19 86.7
N/ a n/ a Al'l Linear Esters 25 D - undecyl:adi pat e +21 solid
13.92 2. WO /5 n/ja nla Pol yol w Li near & BGTUBIEZP Aci ds
TPE/ C810/ C7. acid n/a solid 29.98 5.90 n/ a n/ a n/ a

TPE/ Di PE/ n- C7 -45 1380 24.70 5.12 - 82.31 H Fai |

TPE/ C7 aci d -62 915 24.0 4.9 83.7 H Fail 30
TMPI n-C7, 8, 10 -85 350 17.27 4.05 61. 7** C Fai |

TMP/ C7 acid -71 378 14.1 3.4 - 76.5 C Fai |

Branched Adiyp ae (L=t rd de aghi - n/ a 26.93 5.33
65.99 C Eaips sm“"#’if"f“‘ﬂ@ﬁ%‘dﬁl:%%’ GBI, "B acid 46 nia
61.60 8.2 **denotes theddodegradatiom for this material includes 15.5 wt.% dispersant.

- 24- YA 8&iotes Brmation was not availalble;_ _ . .
PCT/ US95/ 16223 * otes solubility with dispersant: H= haze; C=

¥ o de
cl ear. MW@WH"QBE@‘PW° for this material includes 15.5
wt . % di sger SEMIP-denotes trilméthylolpedpane) _nf ormati on was not avail abl e. TPE

denotes techgl ade pentaerythritol . 5 TMP denotes. .
trinet hyl ol m&g{es predB&tlaa?la oraee Bfﬁ'(%ﬁpﬂlgrﬂ‘aﬁ‘%‘cﬁ?%? afids-and_ oct anoi ¢
and n-decanoi ¢ aanasinchadel small amounts of nGy\and neCyj Geids.,TAl typisaisamipte off n- C6 and
n-Clerr] acids. | f, 2 ca ) 0~agj ccontain,.
e.g., 3-5% n-CB, Aﬁ%ﬁ?’%@@% 8§6-34%A)“n%[4§r5r@ BCRS6DRH-COME ", o,
n-Clerr]. 10 n-&3-18 aeCidenotes a bl end of linear acids with 7, 8 and 10
carbon ONBn. 8. 1 ; i - $hid ' I derr]
aci d, Z?Ormnﬁecoq/o' oe?r Bfgséibd?ndn:cgf lﬁman%ﬁésoe/?}ﬁ & 16 cﬁgg.ﬂgtglﬁ%_. gE"?ﬂ%C?
denotes a C7 aci dbple ‘(P"é@ dpele (% Cageidy2bmols® G aeidiagd 3gnole R ene- 1,
t hat Csaci®% | i near and 30% [err]-branched. The conposition
i ncl udes 15 proxi mat el.y 70%.n- hept anoi c_aci d. .22%
2- et hyl hexanbAERAES 3,7 gcidprofiuced by °°bﬂpca‘5§%’i9e'ﬁ?%ﬂ?8i% xeng-1. gt
4- et hyl hexanoi ¢ a0t lineadand 30% x-Branched.  The compasitien imgludesit anoi ¢ aci d.
15 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
20 invention were compared against various conventional biodegradable lubricant base
~ stocks and the results are set forth below in Table 2.

_ Table2 _
Property : .. TPEI/CKS/C810 Rapeseed Oil DTDA TMP/iC18
25  Pour Point (°C) 45 0 54 20
Flash Point (°C) . 274 . 162 21 na
-25°C Viscosity (cps) . 3600 “ solid n/a 358,000
40°C Viscosity (cSt) - 3878 47.80 2693 7834
100°C Viscosity (cSt) 6.68 1019 = 533 1194
30  Viscosity Index 128 208 135 W
" Oxidation Induction Time* 15.96 2.12 388  4.29
Lubricity (Yamaha Engine) Pass n/a ~ Fail Pass
% Biodegradation (Mod. Sturm)  ~85% ~85%  ~60% -~65%
Toxicity (LC50, ppm) - >5000 - >5000 <1000 n/a

35 Solubility with Dispersant - soluble n/a soluble n/a
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The properties of the branched ester base stock according to the present 20
I nvention were conpared agai nst various conventional bi odegradabl e

| ubri cant base stocks and the results are set forth belowin Table 2.
Tabl e 2 WO9%/Ferty TPE/ Ck8/ C810 RapeBeHUsﬁllﬁszDA
TMP/ i C18 25 Pour Point ([err]QC -45 -54
-20 Fl ash Point ([err]Q 274 162 221

n/ a -25[err] C Viscosity (cps) 3600 solid n/ a

358, 000 : 40[err] C Viscosity (cSt) 38.78 47. 80 26. 93
78. 34 100[err] C Viscosity (cSt) 6. 68 10. 19 5.33
11.94 30 Vi scosity | ndex 128 208 135 147
Oxi dati on | n4¢ié Npmber mghOH/R)15. 96001 = 2 1835 B 19 29 -

Lubricity (YH%IMKO%S 191 N agy - Ml figss %

Bi odegr adat i 15 —85% ~=6509t——65% Foxicity
(LC50, ppm) * Oxidwign Induction T (ehe amount of time (HWinnLEs) f@'Y moleSé wbi | | ty with

Di spersant  sol ubbydativel sc under a beoflEomiti high
et VO 9068 7908ﬂie&mpo pirdutid onsusmga igh pressure

PCT/ US95/%16223 erential *“““A@H“‘P&ﬁ%é‘i‘”{%%}(’&qﬁwﬂ it takes (theggrogter thenumber (. 35
0.04 1.9 bismmy.lmemmum;imdﬁlg) This showklthat the molecule offedresent

1.49 / nduct Ti b  of Wi
LA R o ano) eien A o Ul A Sl B i W SRR GL SD, L, 1

particul ar set of ingendihe pasdisionsisadgo evalate thesp mbglhsm&m"c'andsmps:(“ﬂ
differenti al scanwal orineter (HPDSC). The | onger i:t takes (the greater
t he nunber of mnutes), the nore stable the nol ecule. This
shows t h3} tndenass apeermasly. t he present i nvention is al nost ‘
four times npaaweygm'mly stable than any of the materials currently
I n use. The cgndi tfegrghsmused to evaluate these nol ecules were: 220[err]C and
500 psi (3. 4%9enows MPa) air., 10  ~ denotes approximately.

DTDA denotes di-tridecyladipate. ' S

TMP/C18 denotes tri-ester of trimethylol propane and isostearic acid.
15  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 acids.
Ck8 denotes Cekanoic-8 acid comprising a mixture of 26 Wt.% 3,5-dimethyl hexanoic acid, 19
wt.% 45-dimethyl hexanoic acid, 17% 3 4-dimethyl hexanoic acid, 11 wt.% S-methyl
20 heptanoic acid, S wt.% 4 methyl heptanoic acid, and 22 wt.% of mixed methyl heptancic
acids and dimethyl hexanoic acids. '

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
25 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 properties,
stability, and biodegradation.
30 '

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 instability.
Rapeseed oil is very unstable and breaks down in the engine causing deposit
formation, sludge and corrosion problems. The di-undecyladipate. while probably

35 biodegradable, also has very poor low temperature properties. Polyol esters of low

26-



- > denotes greater than. < denotes | ess than. - DTDA denot es

di -tridecyl adi pat e. TMP/ i C18 denotes tri-ester of: trinethylol propane
and isostearic acid. 15 TPE denotes technical grade pentaer thrl toI

TVP denotW@96/1798¢t hy| ol pr opane. C810 denotes a mi xtur 82%n- Co,
48-58% n- C8, 36-42% n-C10, and 0.5-1.0% n-Cl2 acids. Ck8 denot es
Cekanoi c-8 acid conprising a m xture of 26 wt. % 3,.5~di net hyl hexanoi c aci d,
19 wt % 45-di net hyl hexanoi c acid, 17% 3, 4-di net hyl hexanoi c
acid, 11 wt.% 5-nethyl 20 hept anoic acid, 5 w.% 4 net hyl

hept anoi ¢ acid, and 22 w-. % of m xed net hyl heptanoic aci ds

and di net hyl hexapoic,aci.ds. . The data set f n, Tabl e 2
above demnsm%%@rwﬁltﬁlﬂw%&awwdﬂ“bm% 6‘&{;'3 meé:?laﬁase
st ock accor diweigti tinédrer pémilndar acids hav orskowwmpemuret ﬁuesrhpeseed oi |

TP/ Cp10/ &gﬁéﬁﬁﬁéﬁsﬁ%&%ﬁtg@@?&%@% @?%Wsﬂ?%ﬁ*a}ﬁ i pofanids®

di -t ri decyl adispetsants.nThe di-tridecyladipate is onby mamdlyehmmradahb andwthen

tOXICIty Th | tion is
al so supefiof @MWI so-!@f@ in coi é&\ﬂ%&)ﬂ‘e roper |{eﬂé§%ﬂﬁmabﬂlﬂaﬁpty, and
bi odegr adat i @hout#3% biodegradable. In addjfione the dijtridecyladipate does BobBEAYIde | 5™ very
Goos not | pyumy. 3‘“’“%‘%’#“‘“5”%1???“?%?%&@13?;M‘L‘“wﬁgﬁ@ﬁso??di s
very unstabl é” 5&@8@9&?% 5q q4feansapse s

for mat i on, emanuol of éstess of trimtenlylolpeopafi or péntaerythrisdi and peancheddnd ¢

pr obably 5 ?quﬁ%gﬁiﬁ%ﬁé’érﬁaeédsﬁi?dﬂé% %@%&nﬁﬂd&@é’d&s@ﬂ&%%{ﬁ@ properti es.

Pol yol e - 26-
WO 96/ 17908

PCT/ US95/ 16223 nol ecul ar EﬁAWﬁ’Lh‘fear aci ds do not provide
lubricity, and those of high molecular————_weight |inear or sem-I|inear

aci ds have poor | clerRseest mvemtersdiayp discovesed that lughly bipfeeradable basg

pentaerythrit cks%ﬁ{gﬁmafcoid IR projertts, o smibmlwim dis rsﬁw@hu gbdle
di spersants. Tedl-trldem\e/%db ate I S onlb¥ &I | ode a{jc‘gle and,
when 15  lubricity can be achieve )P incorporating branc ed’acids into the esternole
The data set forth in Table 3 below demonstrates that all of the desired base stock
properties can be best met with polyol esters incorporating 20 to 70% of a highly

branched oxo acid and 30 to 80% of a linear acid.

20 Table 3 -
~ Pour Vis@ Vis. @ Vis. @ *Sol
Point -25°C 40°C  100°C with  Engine
Base stock °C - (cPs) (cSt) (cSv) % Bio Disp. Wear
TPE/C810/Ck8 -36**  7455%*34.87 637 9954 C Pass
25  TPE/C810/Ck8 and '
TMP/n-C7,8,10%** 56 610 2490 5.10 ' 810 C Pass
TPE/C810/Ck8 and '
TPE/ATIO* 46 910 3048 5.75 ‘855 H Pass

* Dénotes solubility with dispersant: H= haze; C= clear.
30 **  Denotes Pour Point and -25°C Viscosity of Base stock with Dispersant.
s+ Denotes a 50:50 weight % ratio of TPE/C810/Ck8 and TMP/7810.
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,

21.



5 bl ended wi th a dispersant that has | ow bi odegradability, the fornulated °

oil is only about 45% bi odegradable. In addition, the _
di -tridecyl adi pat e does not provide lubricity. Lower nol ecul ar weight
br ancheW#/§1%8s such as di-i sodecyl adi pat e, whi | e PEF/US95/16223

bi odegradabl e, al so do not provide lubricity and can cause seal swell
probl'ens. Polyol esters of trinethylol propane or pentaerythritol and
branched oxo 10 aci ds do not biodegrade easily due to the steric
hi ndrance di scussed earlier. '

EXAMPLE 2 The present inventors have di scovered that hi ghly
bi odegr adabl e base stocks with good cold fl ow_{@q;o?ert i es, good
sol ubi lity with 3% geth¥inepagoic agidy 1% dcmethyihexanois acid and 03%:3-3be achi eved by

i ncorporating bramehistaddickRidl Nt 0 the ester. nol ecule. - The data set
forth in Table 3 below ﬂermns'_trat es .that all of the desired base stock
properties'E”gr‘fiq!%es net W“i"ol esters incorporating 20 to 70% of a
hi ghly TMP dcabes isietylolpropanel and- 30 to 80% of a |inear acid. 20
Table 3 L _ OUkg oVi I S, S.
oo~ 5 CB10 denotes a mixture of 3-5% n-C6, 48-58%1-CB, %[tgqp ﬁc@/ ‘ﬂ%?‘g‘y?"(‘,"c‘@lom err]C
wth Engi ne - acids. Base stock " [err]C (cPs) (cSt) (cst)
%Bio Ds : F% 8 5.di *x 34 6. 37

f
05555 2 SR s oy Byt 26 it Yol 1o ©,2
610 24.90 5. 19t%4,5-dimethyl heganoig acid,17% 3.4-dimethy] hexanoic acitpil/ wtfa ymed and
TPE/ 1770%*** heptanoic acfifs wt.% % kidthy} hepi@noikSacidSand 22 wi.% of mixed xﬁéhy’ih%pghbm ,, rass

Denot eSDleoggLres PE?HdEM'-E&ﬂ%IES ‘ riggit t yH;f hggg,e sct_og_lke\(;‘vir t h D spersant. ‘
:::* Denoh@,SﬂOWaWa@dgﬂline;%m@vnhm;s J«Eﬂi gﬁﬂéﬂge@ﬂ%ﬂﬁrﬁg@fﬁ%
1770 de%?g;ez ?ff?gagstﬁ?lﬁ 1) %d'é? @Hﬁggf@-ﬁ(}%&%gﬁﬁha- branched C7 aci ds
(309 . The ~conposi tion includes approxi mately 70% n-hept anoi c
a§|7d , 22% 2- V”\Et ggﬁgﬁgg?r&léglaﬂove shows that the polyol ester of technical grade
PCT/ USoYy 1 gpentaerythritol, 1s0-C8 and linear C810 acids can be used alone or in combination
with other lower molecular weight esters as a biodegradable lubricant. These
esters are particularly useful when lower viscosities are needed for a variety of
biodegradable lubricant applications. The TPE/C81(0/Ck8 ester provides sufficient
lubricity such that, even when diluted with other materials, it can meet the lubricity
20 requirements without the addition of wear additives. When additives such as
 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
- 25 reflects the biodegradability and toxicity of the base stock, which in this case are
high and low, respectively.

EXAMPLES3 - o
A sample of an ester base stock was prepared in accordance with the

30 present invention wherein 220 1bs. (99.8 kg) of a C810 acid and 205 1bs. (93 kg) of -
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 pgnt_aerythritol were added to the acid mixture and the pressure was dropped
until water began evolving. The water was taken overhead to drive the reaction.

35 After about 6 hours of reaction time. the excess acids were removed overhead until
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6. 5% 2- et hyl pentanoi ¢ acid, 1% 4-nethyl hexanoic acid, and 0.5% 3. 3-

di net hyl pent anoi ¢ aci d. TPE denotes technic grade pentaerythritol.
TWP denotes trinethyl ol propane. 5 C810 denot es ‘&.m xt ur - 200 - C6
48- 58% n-WOIHEME20, n- C1O, and 0.5-1.0%n-Cl2 Gi’é&r’ﬁél’ﬁ‘/w
denot es Cekanoi c-8 acid conprising a mixture of 26 wt. % 3, 5-di et hyl
hexanoi ¢ acid, 19 W . % 4, 5-di net hyl hexanoic acid, 17%

3. 4-di et hyl hexanoi ¢ aci d, 11 wt . % 5- et hyl hept anoi ¢ aci d,
5 wt% 4 nethyl heptanoic acid, and 22 wt.% of m xed nethyl heptanoic 10
aci ds and di net hyl hexanoic acids n-C7, 8,10 denotes a blend of

| i near acids R EW’@ Or/%iEE

acid, 39 nol ea%}agférr amgﬁ@%q err forﬁlz of r{ﬁ % aC| d.
The data in wl@tyaémﬁﬁéwdt%tm%ii&f AVCa ey ade 15
pent aer yt hr i tpljchibmerretanidifnt bfﬂaﬁro%i&daﬁi afésd ﬁtﬁﬂbéﬁ?amﬁﬂdsat}t.m&dﬁfx in

conbi nati on w th other | ower t

bi odegr adabl «(based,onamqunt ¥, the éeacmr) m@%ﬁr"f@dﬁ?ﬁfﬁ%@hﬁk when

| ower Vi sGOSI gnide20 wt.% dieﬂtte.dAfnrmohwrsatsmm‘. the produdsiwad egcmnin filteredddr i cant
applications. The TP C810/ Ck8 ester provides sufficient lubricity
such that, e/EMOXREMYS | uted with other materials, it can neet the

| ubricity 20 requi renents without the addition of wear additives. Wen

addi tives such as Pr%@@e?hét%ﬂﬁ%ﬁuﬁnﬁk@% HEashired or ne?gyﬁ "t he

addi tives, corrosion ors, or ant|OX|
bi odegradability of the final product can be reduced and the toxicity
increasedyy I f the base stock provides tpyplégeded properties - wi t hout

addi-tives or if the additives needed can be minimzed, the final product 25
reflects -t he bj_ad'e_gl‘ﬂdﬂhi | | f\l and toaxicl f\l of the ha_s_e_s.t_g.c_k,_\m,l_e_h_‘_n this
case are @g&dqqﬂnb@/v respecti vqjmlmgKOHIg A sanple of an
ester base stQc cepared in accorm with the 30 present invention
“wherein 220 |§B°ﬂf)§/géﬂ§' Wg) of a 810 ‘adttP/dnd 205 1bs. (93 kg) of

Cekanoic 8 acpdm(mnﬁo 50 rml ar ratio) wap¥ | oaded into a reactor vessel -and

heat ed A@ {Eerr (221[err] O at nospheric pressure. Thereafter,
75 | bs. (éﬁ kB Echni ca gr ade Qent aerythritol were added to t he
acid mixture ElaSthmt(EGSéure was droppi8§°C until water began evol ving.

The wat er msmnwﬂcpﬁﬁqﬁg&s Ve t{¥g9g eaction. 35 After about 6

hours of reactlon exc aci ds \6,ere renoved overhead until

Viscosity @

Viscosity @ 40°C _38.88 cSt
20 Viscosity @100°C - 6.66 cSt

Viscosity Index 127

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
25  forth the molar amounts of each acid on the product ester:

Table §
Cekanoic 8 Acid 43.35%
30 n-Cs Acid 35.73%
nCm ACId 20.92%

This resuitant ester product was then submitted with and without additives
for biodegradation tests for application into the hydraulic fluid market. The’
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WD 96/ 17908

PCT/ US95/ 16223 a total acid number of 0.26 ngKOH g was reached
for the reaction product. The product was then neutralized and
decol orW@9%d7%08\w hours at 90[err]C with tw ce the PCIVENS/6233 i c

amount of Na[err]Cderr] (based on acid nunber) and 0.15 wt % admi x

(based on amount in the reactor). The admix is a blend of 80 wt. % carbon

black 5 and 20 wt. % dicalite. After two hours at 90[err]C. the product
was vacuumfiltered to remove solids. The properties set
forth below in Table 4 were neasured on the product: -

Table 4 addmvgs@e ahséﬁcitwm u'eatratepgiypr%qo 071t%q:_eylgwm Specific

Gavity

-45[ err] C Tallde 6ppm Wat er .97 - - Flash Point
(CO0O) : 285[err] C Oxi dation Induction Tine (mn.) 15.96
"Viscosity @-25[err]C 3950 cps Viscosity @40[err]C
38.88 ¢St 20 Viscosity @100[err] (fableé ~ 6.66 cSt

Viscosigy | ndex 127 : Standard  ~M&F1 (ﬂhgssay
(saponification) was performed on the product In order to ascertain .

the amountP®é9%ach acid actually on® Biedgy| ecRepiationap| o Windew o\ sets 25

forth the mggmmma of each aci gagn the proglgct est gy
Table 5 kanoic 8 Acid 43.35% 30 n- C[err] Aci d

35. 73% WCH@{%F#PKASHEAM 803 20. PV§ Thi s
resul tant TPR/€310/0k8 e MGG Adgack*en sulpsutted w ttheand w t h@,ut additi ves

for bi %jegrlﬁgalmh tegucfA)drpmﬁgpl [ ca,&hon into tlkls; hydraul ic fluid mar ket ‘

The
Denotes a lubricant additive package sold by Exxon Company, USA. under the
trademark Univis BIO SHP Adpack.
= Denotes a lubricant additive package sold by Exxon Chemical Company, Paramins
Division under the trademark Synestic Adpack.
15 ***  Denotes a lubricant additive package sold by Exxon Company, USA under the
trademark MGG Adpack. -

The resultant ester base stock formed in accordance with this Example 3
was also blended at a 50:50 wt.% ratio with the ester TMP/7810. This blend was
20 submitted with and without additives for biodegradation tests for application into
the two-cycle engine oil market. The additives were used at a 14-16 wt.% treat
rate. The resuits are set forth in Table 7 below.

Table 7

25 © Standard
Product _ % Biodeg. Deviation
TPE/C810/Ck8 + TMP/7810 (50:50) . 807 3.6
TPE/C810/Ck8 + TMP/7810 + 14.5 wt.% stpersant* 76.1 . H4.6

* The dispersant package comprising primarily of polyamides.
30 -
| MPLE 4 _ _ .
Table 8 below contains comparative data for all-linear and semi-linear
esters verses the biodegradable synthetic ester base stock formed according to the
present invention. We have provided two examples of the ester base stock
35  according to the present invention because they contain two different molar ratios
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PCT/ US95/ 16223 additives were used at a 2-5 Wwt.%treat rate. The
results are set forth beIOW|n Tabl e 6.

Tabl e 6 W096/17908 : . PCT/USOSHG2sar d
Meet 10 day Pr oduct - : T o B odeg.

Devi ati on W ndow TPE/ C810/ Ck8 (al one) o . 92.9

[err] 7.0 yes TPE/ C810/ Ck8 + BI O SHP Adpack* 80.5

[err] 1.6 no TPE/ C810/ Ck8 + MG Adpack*** 75. 4

[err] 6.9 -no 10 TPE/ C810/ Ck8 + Synestic Adpack** 76. 8

14.7 : L Lx Denotes_a_ |l ubricant additive package sold by
Exxon cOnpan‘)P 8&3@!&016@&9&81941 d'he results indicate that & eestain Rmount.of dragichiingHP Adpack.
** Denot edoed nbt/greh grafa d%tgp npany,
Par am ns gﬂz'Spyﬂil’fe"ﬁPi)br(\ibunder t he trademfmSynestl %‘)é%}kaﬁiS * kK

Denotes a IUBPYGEFHCLé‘ﬁHHaﬁY%‘BPﬁ?XEW%b‘IWnWY 0 cepvengapal wisdoosA under t he
t ademar k. MGG Adpack. The resultant ester base stock forned
in accorc%mce with this Example 3 E@ﬁéﬁgl so bl ended at a 50:50 w %
ratio witth the ester TMP/7810. This b vas 20 submtted with and

wi t hout additives for biodegradath Bindegeadatidror Ssaidacdit i orl(-Day t he
two-cycle enggge oi | market. The(ﬁjéhﬂ)ves ver e piaedicit @ Widghg W - % treat

rat e The rbot.u Lo AltT OCL LI AL b I B TAMDT C© 7 bC! C‘vnvl.

Tabl e 7 25 Totally Linear Ester

o B
Devi a1 on i 09@%/ K8+ Tl\/gf‘}glo (50:50) 577 no a0 7Y
3.6 10 PE/n-C, . 6.25 . yes
L9 Adlpate 89.63 6.28 yes
_  MPD/AA/C810 - 86.09 - 3.76 yes
Semi-Linear Ester _
TMPfisostearate 63.32 . 1.91 "~ no
15 . TMP/1770 7646 1.58 no
- TMP/N1770 83.65 ' 6.89 no
Branched Ester '
TPE/C810/Ck8* 9290 - 7.00 ~yes
TPE/C810/Ck8**  99.54 : 1.85 yes
20  Notes: TMP/7810 denotes a tri-ester of trimetholpropane and C;, Cs and Cy
acids. |
TPE/Di-PE/n-C, denotes esters of technical grade pentaerythntol di-
pentaerythritiol and n-C; acid.
L9 Adipate denotes a di-ester of adipic acid and n-Cy alcohol.
25 MPD/AA/CS10 denotes a complex ester of 2-methyl-1-,3-propanediol (2

mols), adipic acid (1 mol) and n-Cs and Cyo 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
acid (1 methyl branch per acid chain). |
30 - 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- |
methylhexanoic acid. and 0.5% 3.3-dimethylpentanoic acid.

31-



TPE/ C810' Ck8 + TMP/ 7810 +14.5 W . % Di spersant* 76.1 4.6

* The di spersant package conprising primarily of polyam des. 30
EXAMPLE 4 Tabl e 8 bel ow contai ns conparative data for

al | -1i negip sgngoeggeni - | i near - esters verses.the biodegrpeidesaat hetic
. ester base stock formed according to the present invention. W have
provi ded two exanpl es of the ester base stock 35 according to the present

i nvention because they contain two different nolar ratios

- 30- WD 96/ 17908

PCT/ US95/ 16223 of Cekanoic 8 to C810. The results indicate that a

certain anount of branching does not greatly affect biodegradation as
measured by the TFPEI77@ derfbtes estereof teciirfical gradePeiitactythritaicind 270: 3R iy | "prove

it which is contrary nv.enkd | . wisdom. . -
Table 8 b5 amﬁ%b‘%@ndﬁ'fpﬁa-&gﬂﬂé(&%(pg@ The 3770 o
10- Day Ester . -composition includes approxim#tel3<30% n-heptanoic acid, 22%i2Rt i on
W ndow Total ly Lj ' . ' A 76.13
8. 77 rol G0 Y HueGRihRRdie acid, 6.5% 2emypdifindifadda. 1m4- 751
yes 5 L9 Admgthythexanoic aci@.gmd@._s% 3.3-'dimethylpen&nbﬁ:'acid._ yes
TMR/ | Sostearate | T oglCK8 denotes esters dijechnical grad Beqtperytheiai s 37 =" ©1
76. 46 1. 5%%5 molar ratig,of is0-Cs acid (Ck8yamet €§1Qacid. 83. 65
s. 3(9) no ** TPRIC810/CkS _ql_'enbﬁus este;s of E%echnical Hfatié pentakrihfitol and%z-lggS
: yes . *x . L .
yes 20 ~ Notes: TMWP/ 7%‘1&93’60%?5@ %Tﬁkég{dem%"f‘fémmﬁl'propane and
Cerr],l0CJerr] and (err] acids. . - ‘

TPE/ Di - PE/ n-C7 denotes esters of t&WIE_gr_ade pentaerythritol, di-

pentaerythritiol _and n-Clerr] acidt " _ L9 Adi pate denotes a-
di-ester of adi pB@nngdcpyawgnqugmqordmgm&e,pmsem invention have been

shown to exhibit both biodegradability and oxidative stability. ‘Branched synthetic

esters that are both biodeg‘ra‘dablé and oxidatively stable have been synthesized by
15  the reaction of one mole of technical grade pentaerythritol reacted with 1.05-3.15

mols of a mixed linear C¢-C,; acids (C810) and 1.05-3.15 mols of an iso Cs acid

(Cekanoic 8), wherein the reactant ester is known as TPE/C810/Ck8. These esters

can be used as base stocks for lubricants such as hydraulic fluids where oxidative

stability is needed for equipment life and where biodegradability is needed due to
20 leakage into the environment. . . _ o

~ As shown in Figs. 1 and 2, comparable materials which are biodegradable

do no't.have the stability needed to protect equipment under high temperature
conditions. Others which have the necessary stability are not biodegradable. For

25  example, the results in fig. 1 compare thé'smhility of various formulated hydraulic
fluids based on HPDSC results at 200°C versus a formulated hydraulic fluid
formed using the biodegradable base stock of the present invention. As
demonstrated in fig. 1, the hydraulic fluid formed using the biodegradable base
stock of the present invention exhibits a stability of approximately 73 minutes,

30  whereas the next best formulation only exhibited an oxidative stability of 15
minutes. The various comparative hydraulic fluid products set forth in fig. 1 are set
forth below:
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25 MPD/ AA/ C810 denot es - a; corrpl ex ester of

2- et hyl - 1-, 3- propanedi ol (2 : nols), adipic acid (1 nol)
-.andnC&e,rrggand Clerr] acids (2 m)l) : Rapeseed Ql-is a
tri-est W8 cerol and stearic acid. - TP/ | FEIHER18223 denot es
atri-ester of trimethyl ol propane and i so- stearlc acid -
(1 methyl branch per acid chain). 30 TMP/ 1770 denotes a tri-ester of
trimet hyl ol propane and a 70: 30 m x of n- Cerr] acid
(70% and al pha-branched C[err] acids (30%. The 1770 .
conposition includes approximtely 70% n-heptanoic acid, 22% 2-

hyl h - . DY, 2- I 1%
x% hgl h:i:[r'@lf’@l%%ﬁme nd %‘.’s@?/ogg?/ )enhé‘{g'm/ pen{an@f"ﬁ g’@l Synstar 46\,

96/ 17908

PCT/ US95/ 1 3 I'P' 170. n - ers lof technicall grade
pentaerythgmmm T kol P it o GERE] 0" 2
ha8e Kaipesesli ¢

- al pha-bran s 90BPePeseeTh¢ 25%Rapeseed | 65% TMP/Cy,- | 15HAMBIGE {i on
i ncl udes app_rox'bmat el y 70% &4 hept noi c (ﬁm d, 2% 2(:“,. Cye*
et hyl hex aporc—act ul, g—5%r2=—et ||y| cnrarlurt, oC m, +o0—4 -5 :
met hyl hexapoic acid, dnd8® éﬁ%l‘bﬁ&l‘ﬂ 83% Veg. Oil** *
TPE/ C810/ Ck8 denot es gst ers of te e pent aeryt I*qu tol and a

45: 55 nol at=r-att+o—of II_]icl'Vl CR BT a8+ 0—ac *x
TPE/ C810/ Ck% dANenage Carhoa bertl%@q“ﬂ%@wm&lp'ént aerythritol and a

30: 70 .ol ar »# afjiy@rofined § 6if. acid (Ck8) and C810 acid. 10

EXAMPLE 5 ranched synthetic esters according to the present
i nventi on have been shown to exhibit both biodegradability and

oxi dative stabi | Figy2 i$4 eompsnison\of theastdbility (as messuiety tsy HPBSC@W bot h

bi odegr an L d been svnthesi z t he

r eact |gon of Lgﬂggl%ﬁ% “Xﬁ‘l‘ﬁ'ggﬁﬁ{‘?aﬂy%ﬁgﬁxgm°gék"“‘ @naﬁ’é'ﬁld%gd with

1. 05- 3. 15 syntheticdhase stbcks versusdhe nemqmlydt[estcrs]of@epne;cmmmnu(:mxg)z and
1.05-3.15 ' on et ' th

react ant esr,rtm?alrﬁ of néﬁﬁ?ﬁé&ﬁﬂmmetoﬁéﬁ%ﬁ%ﬁ?ﬁ%nﬂ%%fdrr]nbe 5sed as
base stocks smnor maumrdmswﬁcl@ssn s £f bet tiedagmdabilisy andexidativey e
stability i §tagmgded for equiprment life and where bi odegradability is needed

due to 20 |eakage into. the environnent. As shown in Figs. 1
and 2, C!Brrpar able materials which are bi odegradabl e
EXAMPLE 6

Low toxicity base stocks were prepared by reacting one mole of technical
grade pentaerythritol with 1.05-3.15 mols mixed linear C¢-C;, acids (e.g., C810
acids) and 1.05-3.15 mols iso Cs acid (e.g., Cekanoic 8 acids). The esters formed

15 from this reaction have very low toxicity to both mammals and aquatic life.
Because of their excellent lubricity, stability, low temperature properties. and
biodegradability, these esters are ideal as base stocks for lubricants used in
environmentally sensitive areas such as wild life preserves. Because of the base
stocks physical properties, lubricants formulated with these esters require less

20 additives which further reduces the toxicity of the lubricant.

The below study was performed to deterriined the acute toxicity of a
polyol ester base stock prepared by reacting pentaerythritol with n-C8/n-C10
(C810) and iso-C8 (Cekanmc 8) acids. to the fathead minnow. szephales

25 promelas.ina semi-static system for a 96 hours penod

Methods development data suggest that 5.0 mg/L is the maximum
achievable water soluble concentration of the ester base stock of the present
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do not have the stability needed to protect equi pnent under high

t enperat ure “conditions. Others which have the necessary stability are
not bi odegradable. For 25 exanple, the results in fig. 1 conpare the
st abi | | WOB617988 i ous fornul ated hydraulic f1uids ba!’F&’r{g 19285
results at 200[err]C versus a fornulated hydraulic fluid formed using

t he bi odegradabl e base stock of the present invention. As

denonstrated in fig. 1, the hydraulic fluid forned using the biodegradabl e
base stock of the present i nvention exhibits a stability of
approximately 73 m nutes, whereas the next best fornulation only

Cormpar at ?Vé‘%@éé%ﬁrrﬁ{fr% ! b ol dch conprormaioR i 50 mgT#%‘!@%%'tﬁ
forth bel owof ethargd. The test matenal formed a sheen on the surface an aqueous solutior2-

WO 96/ 17908 tions be: onds This suggeste thatthetestmatenalw
. PCT/ Us9s/ 16 8bspneentrations beyond S me/L, Tis suggested that the test ms B| o3t ar 46

Synstar 32 commzs%gfﬁnluwan the maximum;walss, 9 °°P999$Fﬁq08 of dhe fister 2o,

ANt i oxi dgnt paskGdikivitk ihéaatrier hyd beér Sutpasae. 98% Rapeseed  90%
Rapeseed 85% Rapeseed 65% TMP/ ([ er r] 15% TMP/ [ er r] - al
al al Cerr]* Cerr]*

8% Adpack Q‘Ke,ﬁdmual u'eattm&/detlely foﬂhis’test v&w& Vang/LCR I5*mg/L, 1.25

sl 0SB e i R L 21

** Hydrofin ve a
stability (wmgimyb MSH%Q3@mﬂ508$maegnmaﬁm%y¥ga§emsured by
RBOT) ofigva )%ﬁ@ 'déstﬂwﬁf‘éo?:h%i atP¢oncatration of 0.1 mEJINL h%b&adé&&ld‘t{dﬁ%ﬂ ersus

t he neo poI esters t'he present ntlo denopstrat es
Lhat "t he" bi SORERIBIE ks alSD tepisiy AMtockOIHaaLaNms kAR esterbase SRk o
' the present invention per milliliter of ethanol) was prepared by addmg 1.5 grams of

the ester base stock to 30 mL of ethanol. Treaunent solutions were prepared by
adding the appropriate amount of the stock soluuon to laboratory dilution water.

15  The Water Accommodatcd Fraction (WAP of each treatment was divided into
two replicate chambers. New treatment and control solutions were prepared daily
for renewals using the stock solution prepared on Day 0. Samples were removed

~ from each treatment and the controls on Day 0 (“new” solutions) and on Day 1 and
Day 3 (“old” solutions) for analysis by gas chromato'graphy.

No mortahty occurred dunng the 96 hour penod in any treatment level
thus the LC50 is greater than 4.11 mg/L (measured value), the htghest
concentration that could be prepared and tested under the test gurdehnes The
maximum loading concentrauon causing no mortahty was 5.0 mg/L,, the highest

25 concentration tested. There was no minimum loading concentration causing 100%
- mortality. |

MPLE 7
: This study was performed to determine the acute toxicity of a polyol ester
30 base stcck in daphnid, Daphma magna, in a static system for a 48 hour period
using OECD gtndelme 202. The polyol ester base stock according to the present
invention was prepared by reacnng technical grade pentaerythritol with Cekanoic 8
and C810 fatty acids.
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superior to any other base stocks.in terns - of bot h brodegradabrlrty and

oxi dative stability. 10 EXAVPLE
6 Low toxicity base stocks were prepared by reactr ng one nol e
of t echnW296/17908 gr ade pentaerythritol with 1.05-3.15 nol BCRUSEWI622Y 05/
Cerr]-CJerr] acids (e.g., C810 ~acids) and 1.05-3.15 nols iso (ferr]
acid (e.g., Cekanoic 8 acids). The esters formed 15 fromthis reaction
have very | ow t oxi city to both mammal s and aquatic life. Because of

their excellent lubricity, stability, low tenperature properties. and
bi odegradability, these esters are ideal as base stocks for |ubricants used

Because of 1 ho badlé EL (ERREAatig <05 i e Gipied e el WARE il ot oo

with these eﬁisn%mmqbilmdma;RmmaueddunngaspeoﬁiadrexpmMpcnadeM t he

E:Ig;(iafimt %egf tﬁ‘gﬁé@@ék’@g‘gﬁ”’ﬁ%ﬂ&’m 1000 mg/p,‘ﬁ}etigg!?egt é@ggye"%@octg er Ce)E)g‘regdt gy

reacting penbasedpnlexpasure mthe.mmmomodate fra@udeAﬂch"tb@teSB ( Cekanoi c

8) aci ds Bﬁlﬁhﬁﬁz@tﬁ , in asem-static
system for a@éﬁﬁours peri oﬂ te5t l"ﬁlﬂdsr%evel opnent data

suggest that 5.0 ng/L is the maxi num achi evabl e wat er sol ubl e

concentration of the ester base stockrABLE® present
- 33- WO 96/ 17908

PCT/ US95/ 16223 | nue.n.ﬁ.l.n.n._ua_n.g_e.Lha.nnJ_as_a_\Le.hJ.c.Le.,_a.t_a_
concentrati pn of Lo4liAg Levélt meferial /nL . Peptert! InitndbiliZdtéori est matleri al
formed a sheen on the surface m a ous_ sol ution %t concentrijati ons
beyond 5 nyj i b att-h UES ot orilal uasdBhours oo o lout of
sol ution ang the nConten wat er |sol ubl e addncentratijon of theQester 5 jbase
stock with {he carrr&rTa—bee Sur passed. - Thg nom nal |
treat nent | ¢gls—fok 5-.. SN AP-Y-X 2 KVY-Y-N . . L’
0.625 ng/L @nd O. 3121285/ L. The jmeasur ed ®al ues of |t hese tre@tment | evels

250 _ 0 0
500 0 0
1000 . 0 5

10 The maximum (loading) concentration causing no immobilization cannot be
reported since 5% immobilization was observed in the lowest concentration (i.c.,
62.5 mg/L). There were no concentrations causing 100% immobilization.

. EXAMPLE 8
15 - This study was performed to determine the acute toxicity of a polyol ester
base stock in the alga, Selenastrum capricornutum, using OECD guideline 202.
The polyol ester base stock according to the present invention was prepared by
reacting technical grade pentaerythritol with Cekanoic 8 and C810 fatty acids.

20 Because of the low water solubility of polyol ester base stock of the
present invention, water accommodated fractions (WAF) were prepared for five
exposure loadings. The nominal loading levels for the test were 1000 mg/L., 500
mg/L, 250 mg/L, and 62.5 mg/L of the polyol ester. Four replicate chambers were
prepared per loading level and 72 and 96 hour endpoints were determined.

25 '

The calculated 72 hour and 96 hour NOEL (No Observed Effect Loading)
values were 1000 mg/L, the highest concentration tested, and 62.5 mg/L.,

18-



were 4.11 ng/L. 2.15 ng/L, 1.30 ng/L, 0.85 ng/L and 0.24 ny/L. The vehicle
10 was tested as a control at a concentration of 0.1 niL/L. A laboratory
di lution_wat er control (BW) was also tested. A stock solution (50 ng
of the eNQWHI® stock of the present invention per RCT/USI¥I6223 of

et hanol) was prepared by adding 1.5 grans of the ester base stock to
30 nL of ethanol. Treatnent solutions were prepared by addi ng the
appropriate anount of the stock salution to laboratory dilution water. 15
The Water Accomopdated Fraction (WAF) of each treatnent was divided into
two replicate chanbers. New treatnent and control sol uti ons were prepared

dai | f t ock t d Day O.
Sampl es ver S PRopbflh Thif s bason: 5 ok et uidec e simuth rve st Se on Day o
("new' sol uaveragd spnmﬁccgroﬁdyraﬂe &t 72 and 961murELGo(Effbct§6aidﬁ SO)Vahies"

33?! %;I tshgygﬁ%%r per| ‘gﬁé%éw%?%%ﬁ’é‘ﬁ%dé‘wmlW“aﬁmé ip urLEg(c)i S

great er t hasigaifican qstma@umdcby\mleduquoumehmhun«rthegmmmbfatlon
that coud Igﬁigk gébﬁ,_ngmgﬁﬁ delines. The
maxi mum | oadi ng c ntralion cau5| ng no mr{eﬂj?a&was 5.0 ng/L, the

hi ghest 25 concent ration tested. There was no m ni mum | oadi ng

concentration causing 100% NOMABLE 10
EXAMPLE 7 Thi s study wasS per rrred to determine the acute
toxicity of a polyol ester 30 base stock in daphnid, Daphni a magna, in a

static systemfor a 48 h@Inmmtioncllelatlvetwtlle[@ﬁﬁﬂD gui del i ne 202. The
pol yol ester base stock according to the present i nvention was
pr epar ed bE eaetrg—tephrtat—gi-ate—peri-ae iy -i-i-t-ol—wi-ii_Cokanoi c_8 ‘

and C810 f hit Loading Lievel Avg. Specific Growth Area Under the Growth - 34-

WD 96/ 1790 '
m ) .
PCT/ Us95/ 1 proe-mell) QuIve. ¢ e oot he

cal cul atedltreatnent le eln/m_esu? hours | n7BheursmT|)b| D6 hetiison |i n a
popul ati onjduri B3.52 Spe Ifi egj3expo ure 4)?“ od Th@sng &g (ELg0).

val ue was (reater__tiam oot fre—trgirestreomcent+et
based on e.g.p.o_.sml(z_s_r_o_t_ht v\@t:’%a accomodifed flact ilds jV\AF) dn.2 he {est

I S

250 53 30 20.6 164
500 2.3 30 64 12.0
1000 0.4 2.5 1.0 9.8
10
mMPLEo

This study was performed to determine the acute toxicity of a polyol ester
base stock in Photobacterium pho_sphareum using Microtox® bioassay. The
polyol ester base stock according to the present invention was prepared by reacting

15  technical grade pentaerythritol with Cekanoic 8 and C810 fatty acids.

- Because of the low water solubility of polyol ester base stock of the
present invention, water accommodated fractions (WAF) were prepared for five
exposure loadings. The nominal loading levels for the test were 1000 mg/L, 500

20 © mg/L, 250 mg/L, and 125 mg/L of the polyol ester. Light readings were measured
at 5 and 15 minute intervals. A second trial was performed to verify results of the
first trial.

The Effect Loading (ELso) is the polyol ester loading level at which half of
25  the light (of a standard glowing reagent) is lost as a result of toxicity. The 5 and
15 minute ELs, values for both trials was greater than 1000 mg/L.. the highest

-36-



5
TABLE 9

subst ance.

Loadi ng Level.

I mmobilization
48 hour W0 96/17908

0

125

0

0

10

cannot be
concentr at

62.

5

{no/'L)

Oont roI

0.

1000
The maxi mum (| oadi ng) concentration causing no i mmobilization

i cgncqqu‘ag

The results of the te_st are surrmarlzed in table 9 bel ow.

. Percent
... 24 hours
) PCT/US95/16223
0 - 5
-0 250
500 0
0 5

100% i mmblxbsﬂfstofdrese tests are set forth below in Table 11.

This study was perforned to determne the acute toxicity of a polyol

t 5% t he | t
b sz, Ba363 S exppte toie FEARH SHE G0IFeh Aok 1BE | ons - cas: ng

EXAMPLE 8 15
ester

base stock in the alga, Selenasrum capricornutum using OECD guideline 202.

The pol yol ester base stock - accordi BABIE Llhe present invention was prepared
by reacting technical grade pent aeryt hrit ol W|th Cekanoic 8 and C810
fatty aci gs- rac mr ter-sotubrtty—ot—mpot | ester
base stocK bdadingdevel | Replicatecn{ | ter | ons
(WAF) werqg pr ned for five odu [ padi ng
| evel s for—l-hMSl—mre—i'eﬁe— : —iﬁnﬁ&% 5 ng/L
of the pollyol ester.} Fourlrepl cat & chafber $2ver g
| oadi ng | gvelcgd) 72| and 6 holr ergpoi fts wgre detergd nedf 25
The cal culjat et 72 hour and 96 hour “NOEL |( No "Cbser|ved fecf Loali ng
val ues werle 1000 ny/ fhi highest J8ancdnt r B8 | ahd 6695 y/ L,
- 35- VWO 96/ 179D8  Mean 77 63 78 68
PCT/ US95/ 16773 TeSpegTTVery Very. mea on. Iy tnc.arep under
the growt hl curve and}2) the - - 18 (] 28 (]
125 2 16 6 n 6
3 76 6 74 73
Mean 77 _63 76 64
1 20 S8 a (2]
250 2 n 5 i 5
3 73 60 74 63
Mean 1 59 2 61
1 a S8 0 ]
500 2 (] S8 0 2
_ 3 69 57 67 56
Mean 70 57 69 S8
1 [} 58 7 58
1000 2 n 38 0 14
3 69 55 73 59
Mean 70 57 71 58
Where many esters are known to attack seals, esters prepared according to
the present invention demonstrated substantially reduced seal swelling as compared
. to other ester base stocks.
10

A sdmple of an ester base stock was prepared in accordance with the
present invention wherein 220 1bs. (99.8 kg) of a C810 acid and 205 1bs. (93 kg) of
Cekanoic 8 acid (a 50:50 molar ratio) were loaded into a reactor vessel and heated
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average specific growh rate. The 72 and 96 hour EL[err] (Effect Loading

50) val ues for these two endpoints could not be cal cul ated due to the
| ack-of a statistically significant effect as nmeasured by a reduction
in the avos¢/ger the gromh curve or 5 the aver age sp®CTiUses/ag2edt h rat e
as shown in Table 10 bel ow. : TABLE
0 % I nhibition Relatlveto_the Cont r ol

Loadi ng Level Avg. Specific Gowth Area Under the Growh

(mg/ L) Cur ve : Curve

72 hours 96 hours 72 hours 96 hours 62.5

8.3 '

4.1 28. 3 20.9 125 .

10 430°E(221°C) at atmospherig pressure. Thereaftery 23 1bs. (34 kg) of techmica
grade pe%taerthntol were add%ﬁ t@ the acid mixture aﬁﬁ tli’e pressure was dro?@%io

0 4 unti) w@ter gan evolving. oThe waterwasgikgnguerhead to drive the reaction. :
tE><Al\/PLtE 9 After about6|hoﬁ['§l usreaemhfume.smatexdeesk a6ids W@x‘ed’%ﬁit’réﬂ overkead uﬁﬁlﬁt e

oXi Ci a 0 St 0C | acteriu oreum
usi ng Mcrcﬁ@iﬁ ﬁ 9’3’&7 %@6’“3196%?5’? ggl{e &'Qé‘%"ﬁ ghﬁ?‘ﬁg to the
present mw:mdu@mvaaﬂmnmw anﬁdeedoradrfgrwﬁohmmhtﬂﬂfﬂwghmethe

pent aer yt hr Because
of the Iowgv\téla H}u%ﬂ?gfﬁp%éﬁ’?:@j&%?&%ﬁa@se %%’Cﬂ&ls?”‘f’%é“m pr esent
i nventi on, (\haaedro mwplen@p‘ésﬁm&cwonbhcklve

exposure |0ﬁé‘1ﬂ3ﬁh%ﬂi&ﬂ@”ﬁf@fﬁ@ﬁéﬂr§ﬂt9@@h&ﬁr&ﬂmﬁ%ﬁrﬁﬁfum tﬁ‘e 0 no/L,
500 20 ng/ L, 25%£g/L and 125 ng/L of: t he polyol ester. Lig readi ngs ‘
1

wer e rrelesur‘EE“"’es 5 and 15 minute intervals.. A second trial was
performed to verify results of the first trial. The

25 “he | ght ( oA STl RS- Aatie pems g s R ek thted Bl Cor
toxicity. Taoeordancedwith the présent inventiofilijas bedn shaivmas bé celatveiynéutrahtcs was
?gg?t er th %Q@%ﬁ?%ge&ﬁa@é 06, such as a pentaerythritol/n-C, ester (PE/nC;),
PCT/ US9¥/ 162 TMP/7810 ester, an isononal alcohollCekanmc 8 ester (INA/CKk8), dusodecyl
adipate ester (DIDA) and c_hmdecyl adipate ester (DTDA). This is pamcularly
important in formulations requiring esters for the solubility of additives. In
addition, these esters can be used as base stocks where seal swell is critical to the
performance of the equipment. Because the esters do not attack the seals, the life
20  of the seals should be increased.

N OTwW e
w w oo

- EXAMPLE10
The biodegradable synthetic esters base stocks of the present invention
require use of a very specific ratio of branched Cs to linear C810 such at least 60%
25  biodegradation in 28 days as measured by the Modified Sturm test can be obtained

as shown in Table 12 below:
Table 12 -
| Sample Ratio Viscosity @ % Biodegradability
30 No. is0-Cs: n-csm  40°C cSt ~ Modified Sturm Test
| 1 ©30:70 34.87 99
2 40:60 | 38.78 89
3 45:55 | 3890 80
4 55:45 408 6l
5 65:45 | 46.45 B 59

35
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‘concentration tested, based on eprsure to the WAF of the pol yol ester.

results of these tests are set forth belowin Table 11.

.TABLE 11w§ oadi ng level Repl | cat e ' o Trail
Tri al 9‘i’l‘m’%’rrg/ L) ' minutes 15 minutes ]ngum%%s
T 2

was prepare

50: 50 nojsar
-37-

30

35

m nut es 1 - 67
THlS ETH4AS BEEN ﬁt
62 2 ?E;E = g4
o PLACED = .
72 I 3 L | 9
7 LT o
68 1 - 78 63 76
65 RIMS: 2 76 -. 63 77
65 . 3 76 62 74
62 We Claim: Mean - 77 63 76
64 | . 70 58 71
gg 250 . A biodégradable synmeﬁ/czélster base stock \gﬁch comprises tl;%o
63 5 reaction productof: Mean - - - 71 59 72
. gé 500 a brané:ed or linear alcoﬂébhavxng the gen%@ formula R(Ol-f)., 0
59 wherein R is an aliphatig or cyclo-aliphawgpgroup having frograbout 2 to 20 cgpon
gg atoms and 1 is atledh?%*(r)hnd - 70 0 57 e 69
1000 2 . mixed acids comprising abayt 30 to 88 molarf of a linear acid 57
3’0‘ | 10  Ha¥ing a carbon nunier in the range béween about Cs t50,,, and about 20670

60% biodepRURIdPR DB Uays bOmBasiRer byPthe Mo difikd SiitmER! £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.

2. The biodegradable synthetic ester base stock according to claim 1
wherein said linear or branched acid has a carbon number in the range between
about C; to Cyo, Or both.

3. The biodegradable synthetic ester base stock according to claim 1
wherein said ester also exhibits a hlgh flash point Cleveland Open Cup of at least
175°C

4. The biodegradable synthetic ester base stock according to claim 1
wherein said branched acid is predominantly a doubly branched or an alpha
branched acid having an average branching per molecule in the range between
about 0.3 to 1.9.

5. The biodegradable synthetic ester base stock according to claim 1
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 isodecanoic acids.
This Sheet Has Been

HII!IH!IIIIHMI!IHil!

The

15

mown 10 at (AR .06 a leagt il bragched acid Kaing cartog qumber i FlBR"Y o1 7S
i nventi on debewegn atioatiCs to€iocand ivtiersin nealnredlanelﬂ% ef/\nﬁd bragched acidspar ed

to ot her est lﬂ@ﬁﬁmssgﬂf se stock
% accor ncedemqehsgnthences esent |nven on%E 220 | bs.-
(99. 8 kg) ofcaéb@?. Whegein said psternse stock e:elyhl&@p fellowing prapsmmtdest acid (a



WO 96/ 17908

PCT/ US95/ 16223 _ to 430[err]F (221[err]C) at atnospheric pressure.
Thereafter, 75 I bs. (34 kg) of technical grade pentaerythritol were
added t OWMOH$/1398d ni xt ure and _:.-_“=._;; ------ ey dr opped PCR/PR9S(16238t er

began evol ving. The water ','_ﬁ'kﬂ@bﬁlﬁE‘DHASM o drive the reaction.
Af t-er—about 6 hours of reacfion tRMAQEDe excélss aci ds were renoved

overhead until 5 a total eea=From 0726 ngKOH g was reached for the

reac Mﬂ”}lﬂ&ﬂ"mﬂ pr oduct was then neutral i zed and decol ored for
tw ce the stoi chionetric anount of

Na[err] err] (based on acid nunber) and O. 15 wt. % admi x - (based on

amount in the reactor). The admix is a blend of 80 wt. % carbon black °
and 20 wt. % di cal 6.t e. Aftiedegradabledubricant whiClTis prispared framct was vacuum

filtered to 10 renove 3. attached
hereto, an ester base Sﬁg%skgrﬁeobmde mbles acc§§'gance wFWﬁ%’e pr esent

i nvention hammnsmdmmnpmwfaabmmmﬂs@holmmswm sus

ot her estser faffla¥ m,wwﬂl@ﬁaﬁ P/mgg%wa@ah iﬂ&g?(? (g.lnm) 15 -

a TMP/ 7810 ester nonal al coho nolc 8 ester
- dii sodecyl abo ut%éng(& %P@PS@BEBQ a'a‘ﬁEFt IW’QGPB@PES'% t(DTDA) .
tTﬂi S ils Ealrt3@td80ﬂwlar%ofimhﬁﬂham§ﬂf:@mhmth ﬁmftﬂélt aem&%ers fgr

e sol ubili | ese, esters. can be used as
base stocks ‘bt%’é‘?é E%ér»%@#“?@omwe q{’BP?fh‘ brag Wﬁﬂfﬂt’é’“&ﬂ‘ 3t he
equi prent . - Rearbomssumbier in tiecangechetwern G 04T andwhereil 5o morethan 10%F  of t he

seal s shgul EXAMPLE
£ Sabf a3 wsed 1 form s biodegradable synthetic ester bagp sk - PLE
present i Nvegrmiaing aqﬂatemwmnﬂym w@mwmlmslthefﬂlommmhed

Cerr] to |i 1eabtdd ﬁi&atﬁﬁo %ﬁsﬁﬁﬁtﬂﬂﬂe Mbaiskgdays as
measur ed by E he rl‘\:l/ts)ﬁl ]?I ed St%l?ldde c%{?gdg tal ne sh ovvr?dl n Tabl e
turm test: a pour point of less %han a viscosity of L%qnb cpsat- Sarrpl e

12 bel ow
Rati o 25°C; and bikidativs suability of up to %5 Biinutegassiedsutediy RPDSC/\Nand
53076:[ erH n- C810 as 89?11%&%taddmvepackagwbd' fi erj St ur2m Test io: 50
38.78 o 89 - 3 4555 ' '
38. 90 7.  The biodeﬁgdabl_e"-lubﬁcant according to claim 6 wherein said linear

or branched acid has a carbon number in the range between about C; to Cyo, Or

both. | | ' S -

2

8. The biodegradable lubricant according to claim 6 wherein said ester
base stock also exhibits a high flash point Cleveland Open Cup of at least 175°C.

9. ‘The biodegradable lubricant according to claim 6 wherein said
25  branched acid is predominantly a doubly branched or an alpha branched acid having
an average branching per molecule in the range between about 0.3 to 1.9.

10.  The biodegradable lubricant according to claim 6 wherein said
branched acid is at least one acid selected from the group consisting of: 2-
30 ethylhexanoic acids, isoheptanoic acids, isooctanoic acids, isononanoic acids, and
~ isodecanoic acids. |

: 11.  The biodegradable lubricant according to claim 6 wherein said
biodegradable lubricant is a blend of said biodegradabl'e-synth’e"tic ester base stocks.
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bi odm*adam—e—*gynrheﬁ’c ester balse s BEk -\Whieh—cotprises the 5 reaction

produ branched or Ilnear al cohol having the
gener !I nwmlmmllerr] wherein Ris an aliphatic or '

cycl o-a ' glsoup having from about 2 to 20 carbon atons and n is
at | east 2 and m xed aci ds conprising about 30 to 80

about G 10" Gl orr], e oipiepratalelndynPiciotly Vilml 6 el @RP° 101 S

branched adh blg lubricanbisiat leastane comppbad selented from the)growpen about Cs to

Cerr] and é“ﬁﬁ"‘ﬁn £.6il ﬁﬂﬁnﬂ, o, dfi i@ used to .
formsaid bio egrgdgg?gmsynt etic ester Blnge st'ock cont a‘?ﬁ%%eagﬁaternary

car bon:; wheompressay ol and gfarhase st ock exhibits the fol | owing properties: at
| east 1% 60% bi odegradatlon in 28 days as neasured by the Mddified Sturm

test; a pour t.h C | ess than
7500 cps at -25[@” %h‘ tﬁ‘ d%%!?‘i‘i}ﬁkvﬁﬂcm%a&@“}&%m%@ﬁﬁﬁﬁ5 m nutes as
measur ed bybibﬂllgﬁﬂablelubncantlsahydraﬁhcﬂmd]’he bi odegradabl e synthetic ester
base stock according to claim1 20 wherein said |linear or branched acid
has a carbon nunber in the range between about C7 to (Jerr], or both.
3. The bi odegtddablhke bipdegradable lybrieant peooeding maméﬁumﬂngompmal m 1
wher ei yosai gdedpadn®r al so exhibits a high flash point Cevel and Open Cup of

61 35 5

at | east 25 175[err]C 4. The bi odegradabl e synthetic
ester base stock according to claim1 wherein said branched acid is
predom nantly a lmubl“mé)bi% lubﬂcaitmrdmgtoclbmmmmsﬂd havi ng an

average brapc Qeg,gda%f—‘e syrﬁﬁx B Sar bake sthek i) Srgseeanent A ot of 200 50%9°%! ©

by weight, said lubricant additive package is present in an amount of about 1 to 20
15 % by weight lubricant additive package: and solvent is present in an amount of
about 1 to 30 %.

16.  The biodegradable lubricant according to claim 6 wherein said
biodegradable lubricant is a two-cycle engine oil.

17.  The biodegradable lubricant according to claim 16 wherein said
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,

25  detergents and rust inhibitors, pour point depressants, antifoaming agents. and
antiwear agents. |

18.  The biodegradable lubricant according to claim 17 wherein said
dispersant is a functionalized and derivatized hydrocarbon, wherein
30 functionalization comprises at least one group of the formula -CO-Y-R® wherein Y
is O or S; R’ is aryl, substituted aryl or substituted hyrdocarbyl, and -Y-R® has a
pKa of 12 or less: wherein at least S0 mole % of the functional groups are attached -
to a tertiary carbon atom; and wherein said functionalized hydrocarbon is
derivatized by a nucieophilic reactant.
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5. The bi odegradabl e synthetic ester base stock according to claim1l
wherein said branched acid is. at I east one acid selected fromthe group
consi sting of : 2-ethyl hex ds. I sohept anoi ¢ aci ds. i sgoctanoic
aci ds, WO c aci dd cani ¢ aci ds. PCT/US98/16223

- 39- ' ' 111 AeenlIT 1| 111 WD 96/ 17908

PCT/ oS -Hi odegradabl e | ubricant which is
pr ep}ﬁi@@ﬂﬂ&iﬂuum\mm at | east one bi odegradabl e synthetic

ester « svhiz€h conprises the reaction product of: a branched
or linear al cohol havi ng the general 5 formula R(OH)[err], wherein Ris
an aliphatic or cI o-al i phati roup. having from t 20 carbon
atons and n is a Iea °Q‘°d%84"?§< thetic #5ter base kﬁﬁc"o{&’gﬁ 30 to 80
rfg' a[ ‘éof @hﬂt:rbiﬁ%ﬁid gﬁﬂﬁubamemasa smak{iwﬁb;ﬂuﬁimbl Pugi/e }?ﬂesrﬁ'aﬁkbatv\ee B o
abou err o Ce Q no (o) e branche
aci d havi ng;"ﬁ““&nﬂérlms if; gstpr s@’&k%@'ﬁ‘%ﬁg qae%[ogog[ err] and

wher ei n no wptod6 aurs.10% of 10 said branched acids used to form said

bi odegra5 abl e synthetic ester base stock contains a quaternary carbon;
wherein“said ester base stock exhibits the foll ow ng pr ope t| es: at
| east 60% bi odeg2Gdat mmﬂe@ddﬂ?m&mmh& stockageordingite clai Sturm

test: a pouahagygmd)éﬁg 2 @aaase%ﬁicﬁm&-me/wmwma bnd R55e a&an 7500

cps at -

ative. st abi up to 45 m,nut sas rreasured
oy HPDSC. :  than 1609 mg/L of said synthetc csie? Da ek in YeA 10T § BOROR R

7. The' bheggar adabl e | ubricant according to claim6 wherei n sal d linear
or branched acid has a carbon nunber in the range between about Cerr] to ‘
Clerr], 1r bot h. 20 8. The bi odegradabl e | ubri cant

accor di ng to cl alin 6 Thebindegmdable syrthetic ester basesstocktagcorditigo claimilbi t s a

?’Lghbrggzgrgﬁﬁn%%@% %teggggmlf%n'#ﬁé{o&zé’fyglf%ald 25 brancheg

acid i s preghosphareuinat greaterthan HI0Qmg/Aofsaidsynthetie oster; base stogk itvatehavi ng
an average H%aq,f%rm ﬁyhﬁﬁ%@ in the range bet ween about 0.3 to 1.9.
15

22. The biodegradable synthetic ester base stock according to claim 1
wherein the percent increase in seal swell due to immersion of said seal in said
synthetic ester base stock is less than or equal to 16%, said seal being one
compound selected from the group consisting of: nitrile, acrylate, fluoro, neoprene

20  and silicone.

' 23.  The biodegradable lubricant according to claim 13 wherein said
hydraulic fluid exhibits an oxidative stab:hty of up to 73 minutes as measured by
HPDSC at 200°C.
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"10.

branched acid is at

.2- 30 eth
i sononarf¥®

| hexanoi ¢ aci ds,
Vs, -

i sohept anoi ¢ aci ds,

and i sodecanoi ¢ aci ds.

bi odegradabl e | ubricant according.to claim.6 wherein said
bi odegradabl e lubricant is. a bIend1?§ sald bi odegr adabl e synthetic ester

base stocks. 35 - 40-

W96/ 17908 PCT/ US95/ 16223

12. The bi odegradabl e | ubricant according to claim6 wherein said

bi odegradabl e [ubricant is at |east one conpound selected fromthe group
conprising: catapult oil, hydraulic fluid, drilling fluid, water turbine
oil, grease, conpressor oil and gear. 5 13. The

bi odegr adabl e | ubri-cant according to claim6 wherein said

bi odegradabl e [ubricant is a hydraulic fluid. 14. The

bi odegr adabl e | ubr

umm,mmmmnatochﬂmGJuHhm

The bfodegradable-lubricant according.to claim6 wherein said
| east one acid selected fromthe group consisting of:

i sooct anoi ¢ aci ds,
PCT/US9S(16223 The

10
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agents, dispersants, extrenme pressure agents,
surfactants, diluents, 25 detergents and rust

depressanvwn9amﬂw8foaning agents, and :
18. The bi odegradabl e |ubricant according to claim 17 weeRusvsfigN
wherein 30

| east2fe group of the formula -COY-Rerr]

di spersant is a functionalized and derivatized hydrocarbon,

functionalization conprises at
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is aryl,
pKa of 12 or |ess:
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substituted aryl
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