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The present invention relates generally to the use of branched synthetic
esters to inmprove the col d-flow properties and di spersant solubility of
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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,
" oceans and lakes, has generated substantial interest by both the environmental
20 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.

Base stocks for biodegradable lubricant applications (e.g., two-cycle engine

25  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 to off-set the low biodegradability of any dispersants and/or other
30 additives to the formulated lubricant; (4) good lubricity without the aid of wear

- additives; and (5) high flash point (greater than 260°C, flash and fire points by
COC (Cleveland Open Cup) as measured by ASTM test number D-92).

The Organization for Economic Cooberation and Development (OECD)
35  issued draft test guidelines for degradation and accumuiation testing in December



addi ti ves;

and (5) high flash point (greater than 260[err]C,

. points by COC (C evel and Open Cup) as neasured by ASTM test nunber
D-92).  wo96/17909 The Organi zation for Econonic Coopg
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this should not allow compounds which degrade slowly, 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. Thatis, a

readily biodegradable fluid should have at least a 60% yield of CO, within 28 days,
and this level must be reached within 10 days of biodegradation exceeding 10%.
This is known as the “lO-Dgy Window.”

The OECD guideline for testing the “ready biodegradability” of chemicals
under the Modified Sturm test (OECD 301B, adopted May 12, 1981, and which is
incorporated herein by reference) involves the measurement of the amount of CO;
produced by the test compound which is measured and expressed as a percent of
the theoretical CO, (TCO,) it should have produced calculated from the carbon
content of the test compound. Biodegradability is therefore expressed as a
percentage of TCO,. The Modified Sturm test is run by spiking a chemically
defined liquid medium, essentially free of other organic carbon sources, with the
test material and inoculated with sewage micro-organisms. The CO, released is
trapped as BaCOs. After reference to suitable blank controls, the total amount of
CO., produced by the test compound is determined for the test period and
calculated as the percentage of total CO, that the test material could have
theoretically produced based on carbon composition. See G. van der Waal and D.
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The OECD gui deline for testing t he "ready bi odegradability" of chem cals
under the Mdified Sturmtest (OECD 301B, adopted May 12, 1981, and which

S 25 WO Peit790por at ed herein by reference) involves the PERwSosMeRnt of
t he amount of CJ err] produced by the test conpound which is
measured and expressed as a percent of the theoretical CJerr]

(TCJerr]) it -should have produced cal cul ated fromthe carbon

content of the test conpound. Biodegradability is therefore expressed as a
percentage of TCO err]. The Mddified Sturm&est is run by spiking a

chem cally 30 defi ned |iquid nedium essentially free of other organic
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Cderr] produceq, hpn;rm;pptsmsmmadxsuﬁcaipémemmwreféﬁﬁcé est period and
cal cul ated as the percentage of total CJerr] that the test material could

have 35 theoretically produced based on carbon conposition. See G van

der Waal andsD. OnéBasSsstdeifitcurrent use today is rapeseed oil (i.e., a triglyceride of
PCT/ US95/ 16224
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oil (i.e., a trithe)odifiedStepm test. Althoughit hs very gaod hio @W‘%ﬂt&mﬂed
Clerr] tO g I lbicHekfhdab léﬁ%ﬂéhﬁ dpphi€dtidns &ihitéd HileRo itsPOOF low temperaturand 7%
l'i nol eni c aC|d haV| e fo ng properties: a viscosity at 40[err]C of
47.8 P&BF -O[err]C, a flash point of 162[err]C and
a bi odegr adabi I | ty of .85% by . the Modified Sturmtest. Although it

nas, very, 900d, bl 09ergallh e it iy modhindbRABE SR L Rl 2
and poor st abi | ifrom both linear acids and linear alcohnisstend toyhavepoonidw mmpu'atyrel ow in
IrTFan;lrjl :Ir c\gﬁfoﬁgtqmﬁ%hg)s%ave IE)%'ZT errper afy&ms%ﬂ"ﬂ)gr oper | es E\O/len
when synt hesi-zedcsurh anpolyolasters,ef kineap agids, high viscosityesters withgaed,
. temperature properties can be difficult to achieve. In addition, pentaerythntol
esters of linear acids exhibit poor solubility with dispersants such as polyamides,
and trimethylolpropane esters of low molecular weight (i.e., having a carbon
20 number less than 14) linear acids do not provide sufficient lubricity. This lower
quality of lubricity is also seen with adipate esters of branched alcohols. Since low
molecular weight linear esters also have low viscosities, some degree of branching
~ is required to build viscosity while maintaining good'cold flow properties. When
both the alcohol and acid portions of the ester are highly branched, however, such
25 - as with the case of polyol esters of highly branched oxo acids, the resuiting
. 'molecule tends to exhibit poor biodegradation as measured by the Modified Sturm
test (OECD Test No. 301B).

| In an article by Randles and Wright, “Environmentally Considerate Ester
30 Lubricants for the Automotive and Engineering Industries”, Journal of Synthetic
Lubrication, Vol. 9-2, pp. 145-161, it was stated that the main features which slow
or reduce microbial breakdown are the extent of branching, which reduces f-
oxidation, and the degree to which ester hydrolysis is inhibited. The negative
effect on biodegradability due to branching along the carbon chain is further
35 discussed in a book by R.D. Swisher, “Surfactant Biodegradation”, Marcel
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Bet ween
linkage(s), biodegradation can more readlly occur with branched esters.

20 "~ Branched synthenc polyol esters have been used extens:vely in non-
- biodegradable applications, such as refrigeration lubricant applications, and have
_ proven to be quite effective if 3,5,5-trimethylhexanoic acid is incorporated into the
molecule at 25 molar percent or greater. However, trimethylhexanoic acid is not -
biodegradable as determined by the Modified Sturm test (OECD 301B), and the
25 incorporation of 3,5,5-trimethylhexanoic acid, even at 25 molar percent, would
| drastically lower the biodegradation of the polyol ester due to the quaternary
carbons contained therein.

Likewise, incorporation of trialkyl acetic acids (i.e., neo acids) into a polyol
30  ester produces very useful refrigeration lubricants. These acids do not, however,

' bxodegrade as determmed by the Modified Sturm test (OECD 301B) and cannot be
used to produce polyol esters for biodegradable applications. Polyol esters of all
branched acids can be used as refrigeration oils as well. However, they do not
rapidly biodegrade as determined by the Modified Sturm Test (OECD 301B) and, -

35 therefore, are not deslrable for use in biodegradable apphcanons



t he Bi odegradability of G| Products in the CEC L-33-T-82 and Mdified
Sturm 10 Test", Chenosphere, 24(12), pp. 1989-2000 (1992).

Initiall yWQél780br bi odegradati on of branched pol yol esterscmesosigbiseved
to be a consequence of the branching and, to a | esser extent, to
the insolubility of the nol ecul e in water. However, recent work by
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appl i cati ons. Phemixture of acids includes straight-chain acids having from 5

Al t hough polsyol esters nagmsfmgrﬁlbsl?r.%ﬁldh?mrﬁeﬁom té’rlr %Pﬁfglmregegbgg for

iso-nonanoic acid (i.e., 3,5,5 tnmethylhexanoxc acid). This base stock is mixed
with a conventional ester lubricant additive package to form a lubricant having a
viscosity at 99°C (210°F) of at least 5.0 centistokes and a pour point of at least as
low as -54°C (-65°F). This lubricant is parucularly useful in gas turbine engines.
The Carr et al. patent differs from the present invention for two reasons. Firstly, it
20  preferably uses as its branched acid 3,5,5-trimethylhexanoic acid which contains a
quaternary carbon in every acid molecule. The incorporation of quaternary
carbons within the 3,5,5-trimethylhexanoic acid inhibits biodegradation of the
polyol ester product. Also, since the lubricant according to Carr et al. exhibits
: high stability, as measured by a high pressure differential scanning calorimeter
25 - (HPDSC), i.e., about 35 to 65 minutes, the micro-organisms cannot pull them
apart. Conversely, the lubricant according to the present invention is low in
‘stability, i.e., it has a HPDSC reading of about 12-17 minutes. The lower stability
allows the micro-organisms to attack the carbon-to-carbon bonds about the polyol
structure and effectively cause the ester to biodegrade. . One reason that the
30 - lubricant of the present invention is lower is stability is the fact that no more than
10% of the branched acids used to form the lubricant’s ester base stock contain a
quaternary carbon.

Therefore, the present inventors have discovered that highly biodegradable
35 lubricants using bibdegra_dable base stocks with good cold flow properties, good



refri.geration applications woul d be bi odegradabl e under the Mdified Sturm
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wear additives would be needed. It - 5 is extremely difficult to devel op
a lubricant base stock which is capabl e of exhibiting all of the
various properties required for biodegradable |ubricant

applications, i.e., high viscosity, |ow pour point, oxidative stability and
bi odegradability as neasured by the I\/bdififed Sturm test. 10

U.S. Patent No. 4,826,633 (Carr et al.), which issued on May 2, 1989,
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stability 15  which ingprnesateiath and linear agids. t he _
car bon-to-carbon bonds about the polyol ° structure and effectively
cause the ester to biodegrade. One reason that the 30 lubricant of the

present invention is Iovver Is stability is the fact that no nore than
10% of the br SUMMARY OF T¥E _an;u | ubricant's ester base stock

;C)(rjgtsglntn ?n'vent ors h&;’ M& ?‘?Fa‘?‘sﬁlwwtﬂ%mher prises g? the
| ubr i cant S20usi reactinnqtoduct afitd brahched or linedrsaicohohhayingithe general formydaoper t i es,
good - 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 Cjz, more preferably about C; to Cio; 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 following properties: at
30  least 60% biodegradation in 28 days as measured by the Modified Sturm test; a
pour point of less than -25°C; and a viscosity of less than 7500 cps at -25°C.

In the most preferred embodiment, it is desirable to have a branched acid
comprising muitiple isomers, preferably more than 3 isomers, most preferably more
35  than 5isomers. The linear acid is preferably an alkyl mono- or di- carboxylic acid
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DES N OF PREFERRED EMBODIMENTS _

20 . The branched synthetic ester base stock used in the formulation of various
biodegradable lubricants and oils in accordance with the present invention is
preferably formed from the reaction product of technical grade pentaerythritol,
which comprises between about 86-92% mono-pentaerythritol, 6-12% di-
pentaerythritol and 1-3% tri-pentaerythritol, with approximately 30-70 molar C;

25 - and.C\ linear acids (“C810” linear acids) and approximately 30-70 molar % iso-Cs

' (e.g., Cekanoic 8) branched acids.

Neopentyl glycol (NPG) can be totally esterified with 2-ethylhexanoic acid
or an iso-C8 acid and still maintain about 90% biodegradation as measured by the

30 Modified Sturm test. After two branched acids have been added to a branched
polyol, the ester linkages begin to become crowded around the quaternary carbon
of the branched alcohol. Additional branched acids added to the branched alcohol
begin to lower the biodegradation of the molecule such that by the fourth addition

of a branched acid to the branched alcohol, the biodegradation of the resuiting



In the nost preferred enbodinent, it is desirable to have a branched acid
conprising multiple isomers, preferably nore than 3 isoners, nost

prefera 35 than 5 isoners. The linear acid is an

al kyl rmb&r{g-ﬁ@?ﬁdl- carboxylic acid VO 96/ 17909 IRk

PCT/ US95/ 16224 7

- having the general fornmula RCOOH, wherein Ris an n-al kyl having between
about 4 to 11 carbon atons, nore prgferably bet ween about 7 to 10
carbon atons. It is . al so preferabl that no nore than 10% of the
branched acids used to formthe blodegradable synthetic ester base .
stock contain a quaternary carbo These bi odegradabl e

synt heti ¢ basdneleaigdrons @'OWQQ‘JEW%WeS%b%ﬁ%MQMm“Oﬂﬂmﬂ&?ﬂfﬂd tion of

bi odegr adabl e thé'MddeediSturnS tésh. 2s, two-cycl e engi ne oil s,
bi odegr-adabl e catapult oils, blodegradable hydr aufic f|UIdS bi odegr adabl e

drilling quids,_biodegradabIe wat er turbine oils, blodegradable
greases, bi odegr addhtroductioh®f linearaciis imo the molechierelievestie stéric ctswaing ot her

At | oG S BRSOt ol B SRR L "o

according to tbtmqhedeaadsandmmneanwdsonpentmﬂmdbfoyexmﬂw&eenmes 60- 99

Lotk 2253225%6%'% to 48 Sk ARES S hie iy e Sfbibdeghlimy e ihe 07T v

package, and yszmﬂjhgest%@anacm hmcho pmaerythm@mm OF THE
PREFERRED EMB g ups &f¢ esterified withthe variGuitariched Bfd liteaP3tigé Dase stock
used in the formu on of various bi odegradabl e |ubricants and o‘
oils in acordance with the present invention is ' preferably forne
fromthe reaction product of techni cajmﬂ&@nt aerythritol, whi ch

' coerr | ses between aRr%uBg ﬁ?-a?czoqﬁ’oimvggi %th glr'éaf:t'ed with t?le Cata ﬁecl and linear
acids of the present invention are, by way of example, polyols (i.e., polyhydroxyl
compounds) represented by the general formnla

15 R(OH).,
wherein R is any aliphatic or cyclo-aliphatic hydrocarbyi 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 aiso contain
substituents such as chlorine, nitrogen and/or oxygen atoms. The polyhydroxyl

20 compounds generally will contain from about 2 to about 10 hydroxyl groups and
more preferably from about 2 to about 6 hydroxy groups. The polyhydroxy
compound may contain one or more oxyalkyiene groups and, thus, the
polyhydroxy compounds include compounds such as polyetherpolyols. The
number of carbon atoms (i.e., carbon number) and number of hydroxy groups (i.e.,

25 . hydroxyl number) contained in the polyhydroxy compound used to form the
carboxylic esters may vary over a wide range. - -

The foliowing alcohols are particularly useful as:polyols: neopentyt giycol,
2,2-dimethylol butane, trimethylol ethane, trimethylol propane, trimethylol butane,
30  mono-pentaerythritol, "tet:hnic_'al’ grade pentaerythritol, di-pentaerythritol, ethylene
glycol, propylene glycol and polyalkylene glycois (e.g., polyethylene glycols,
polypropylene glycols, polybutylene glycols, etc., and blends thereof such as a
polymerized mixture of ethylene glycol and propyiene giycol).




pentaerythritol and 1-3%tri-pentaerythritol, with approxi mtely 30-70

nmol ar Clerr] 25 and (err] linear acids ("C810" linear acids) and

appr oxi na WD 96/13969/0 nol ar % i so-C err] (e.g., Cekapeifs 516 4anched
aci ds. Neopentyl glycol (NPG can be totally esterl I ed

w th 2-ethyl hexanoic acid or an iso-C8 acid and still maintain
about 90% bi odegradati on as neasured by the- 30 Modified Sturmtest.
After two branched aci ds have been added toqa branched -~ polyol, the
ester |inkages begin to becone crowded around the quaternary carbon

of the branched aI cohol Addi ti onal branched acids added to the branched

al cohol Jgg?to | ower the, bi egradatlon of the nol ecul e such
that by the fourth ading prefgsre ranchedor) qar glcahels ate selectedifrom the groamched

al cohol, the bicsnigistinglof: i techridal pefitdbyiiifiol, mono-

PCT/ US95/ 16224 tfoe‘u;}at Shaiehe fess than 15%

uI £ dr 0 roma
bi odegr adat i on %?%W&d‘eﬂﬁemlgf EtP‘WBLP’PPé'EF gimethylobethane and
I ntroduction of propylene glamldwbmmeﬂm sorbitot uhdthiedike Cad2-inethyfprepdriediol. 0\Wdi N9

Cuo 0" 7 SHehG RS ol et GRIIES , Reimnn AP ang1 20,

exanpl e, the en mtaerythntol have access to the ester Ilnkages and t he

)

first stage of biodegradation, i.e., the ' hydrol ysis of the ester,
can occur. In each of the pentaerythritol esters, the hydroxyl
groups are esterified with the vari mmm I|near aCI ds.

ALCOHOLS Thebraﬁﬂﬁ!a aSmbhd-erb ﬁ&oﬂtﬁ'g ,{ he

xanpl o, poftyol Bgferdn memqpﬁg%%%ﬁbotu?% bo ii%m?% y gb&!rtibrw&do by ¢ he
general for mul awherexrﬂrﬁethyl branches are preferred. The referred branched acids Hethbdecr '] .
V\/ner ein Ris any,deiBathen &F eqiificCidh of aeti;rgnchg S58LoMain aI’qu)IUP ay creranty
carbon. The mono-carboxylic acid is at least one acid selected from the group
consisting of: 2-ethylhexanoic acids, isoheptanoic acids, iso-octanoic acids, iso-
15 nonanoic acids, iso-decanoic acids, and a-branched acids. The most preferred
branched acid is iso-octanoic acids, e.g., Cekanoic 8 acid.

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

20
AR ACIDS
The preferred mono- and/or di-carboxylic linear acids are any linear,
_ saturated alkyl carboxylic acids having a carbon number in the range between
about S to 12, preferably 7 to 10. The most preferred linear acids are mono-

25 carboxylic acids.

~ Some examples of linear acids include n-heptanoic, n-octanoic, n-decanoic
and n-nonanoic acids. Selected diacids include adipic, azelaic, sebacic and
dodecanedioic acids. For the purpose of modifying the viscosity of the resultant
30 - ester product, up to 20 wt.% of the total acid mixture can consist of finear di-
acids.

- BIODEGRADABLE LUBRICANTS

The branched synthetic ester base stock can be used in the fennularion of
35  biodegradable lubricants rbgether with selected lubricant additives. The additives |



alkyl) and n is at |least 2. The hydrocarbyl group may contain from about 2

to about 20 or nore carbon atons, and the hydrocarbyl group may

al so cont wigve/17909 substituents such as chlorine, nitrogepepngdsisaa<yden
atons. The pol yhydr oxyl 20 conpounds generally will contain on1about
2 to about 10 hydroxyl groups and nore preferably fromabout 2 to
about 6 hydroxy groups. The pol yhydroxy conpound may contai n one

or nore oxyal kyl ene groups and, thus, the pol yhydr oxy conpounds

i ncl ude conpounds such as polyetherpolyols' The nunber of carbon

atons (i.e., carbon nunber) and nunber of hydroxy groups:(i.e., 25

hydr oxyl nunber) contained in the pol thdroxy conpound used to formthe
carboxyl i c est distedrbelow ateytypically amgunts 50 as to prOVldethexrnoﬁm'l

fol I owi ng al coh@lefdzit FarRaibhs. C‘P}ﬁ?&#&n&! S or ifidh éﬁn@on@ﬂﬂwm set. rrlg,?hyl

2, 2- di net hyl ol butan trimetn ane Jtrime ropane
. but ane, 30 belawn preximataly 80%iaro| |

di - pent aer yt hr igredter tgtwbamfthe basestock aiuyw% bymagud :fffiﬁy %ﬁxﬁﬂhn@ﬁldf the

pol yal kyl en gl ¥ ols (aé pol yet hyl ene gl ycdls pol ypr opyl ene
gl ycol s, Lf @‘P ehe f@&ﬁ etc., and bl ends thereof such as a

pol yneri zed m xture of ethyl ene gl ycol and propyl ene. glycol). WO
96/ 17909

PCT/ US95/ 16224 | The pref efPE89h; anc(BERIFED;| near

al cohols are selected fromthe group Saufibi sti ng WE% t echni cal grade
- pentaerythri t Olggs. t ritol, pent aegythritol,

neopent yl gl ycolvl ‘ﬁ%@%%‘%egpane 't r| met h&Tl& et’han 'é\ ‘
propyl ene gDyccEqrrds;onhlnlnmwl ol, sorbitol an@.0lk® | keOQahdiS
2- rret hyl pr opanegl; %7%“@‘%1. The rmst pr.ef erreg (f’ll ohol 'OSOIt ?ghni cal grade

(i.e., 88% nono, 1- 2% tri) pentaerythri
BRANCHED ACI DS Dispersant 'The branched acpd 1@ prefdrbbly a

mono- car boxyl i qeicil Plove finpte § car bon uprber iy range .bet ween
about Cferr] tciB@tcl err! re ferably about %err] to iel(rfrs]
wher ei n et hyl F%d The pr&®rbed br Mhédd acids are
t hose 15 PourPointDepressant : 0.01-1.5 0.01-1.5
Antifoaming Agents ' 0.001-0.1 - 0.001-0.01
- Antiwear Agents 0.001-5 0.001-1.5
Seal Swellant -~ - S - 018 014
Friction Modifiers ' 0.01-3. - 0.01-1.5
20 ondezradable Syntheuc Ester Base Stock 280% 280%

When other é.dditives ate'employed,' it may be desirable, although not
necessary, to prepare additive concentrates comprising concentrated solutions or
dispersions of the dispersant (in concentrated amounts hereinabove described),

25 together with one or more of the other additives (concentrate when constituting an
additive mixture being referred to herein as an additive package) whereby several
additives can be added simultaneously to the base stock to form the lubricating oil
composition. Dissolution of the additive concentrate into the lubricating oil may
be facilitated by solvents and by mixing accompanied with mild heating, but this is

30 notessential. The concentrate or gdditive-packa”ge will typich!ly be formulated to
contain the dispersant additive and optional additional additives in-proper amounts
to provide the desired concentration in the final formulation when the additive
package is combmed wnh a predetemnned amount of base lubricant or base stock.
Thus, the bxodegradable lubncants accordxng to the presem invention can employ



wher ei ni ess than or equal to 10% of the branched acids contain a quaternary
carbon. The nono-carboxylic acid is at | east one acid selected fromthe
gr oup WO 96/1798%5i st i ng of : 2-et hyl hexanoi c acids, isoheptpCrUsIsac2Hs,

| So-octanoi c acids, iso- 15 nonanoi c acids, iso-decanoic acids, and
a- branched acids. The nost preferred branched acid is iso-octanoic
acids, e.g., Cekanoic 8 acid. It is desirable to have a

~ branched acid conprising multiple isoners, il ~preferably nore than 3
isomers, nost preferably nore than 5 isoners. 20
LI NEAR ACI DS The preferred nono- and/or di-carboxylic

|l inear acids are.a | i near : atur.ated al kyl . carboxyli.c .acids

havi ng a carbo ﬁmﬁfﬂﬁ p o ﬁg?%@or%cé’e"f' ?ﬁ%ﬂve pac%agé/wg.ﬁglm re erbemg
preferably 7 t bictiégradible esrert base stoek andfof aselwentaci ds are nono- 25
carboxylic acids. Some .exanpl es of |inear acids include
n- hept anoi ¢, n-octanoi c, n-decanoic - and n-nonanoi ¢ acids. Selected
di aci ds i ncl ude adi \bof the weight percenss expressed herein (unlessi otheowise indisatedhared's .

For the purpos 4k i'n?ﬂedi IS ' etaliQiti ester
product, up to%g%fde . % o?( he.ﬁ&l%ﬁ%%pﬁhﬁ%@%%@%gné@ fa}\ear di -
aci ds. weight of any additive-package, or forayyiation witich-will pg-ahe sumof the AL

The branched sypdigiftiof eachsddditivephes the Oeight aftdidl dibecdiluent he fornul ation of
35 bi odegradabl e | ubricants together with selected |ubricant additives.
The additives WD 96/ 17909

PCT/ US95/ 16224 Examples of the above additives for use in biodegradable lubricant$ @re set
normal - W e iRty Bfclertd iR IRY RSB pleBig iy lstet 6
conponent s ar e Ratend Noe 6,306,318 (Emert et aghlwhish issuedmmcApril 26¢ 1994)AESr Paters| e
lubricant cont §ggss S8R ¢WEIduYs BOM) Clvhich 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
15 article by Liston, “Engine Lubricant Additives What They are and How They
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

20  also exhibit acceptable viscosity or fluidity at iow temperatures. These viscosity
modifiers are generally high molecular weight hydrocarbon polymers including
polyesters. The viscosity modifiers may also be derivatized to include other
properties or functions, such as the addition of dispersancy properties.
Representative examples of suitable viscosity modifiers are any of the types known

25 - to the art including polyisobutylene, copolymers of ethylene and propylene,

- polymethacrylates, methacrylate copolymers, copol&mers of an unsaturated
- dicarboxylic acid and vinyl compound, interpolymers of styrene and acryiic esters,

and partially hydrogenated copolymers of styrene/isoprene, styrene/butadiene, and
isoprene/butadiene, as well as the partially hydrogenated homopolymers of

30 butadiene and isoprexie.

Corrosion inhibitors, also known as anti-corrosive agents, reduce the
degradation of the metallic parts contacted by the lubricating oil composition.
Illustrative of corrosion inhibitors are phosphosulfurized hydrocarbons and the

35  products obtained by reaction of a phosphosulfurized hydrocarbon with an alkaline



greater by weight of the basestock and 20% by wei ght of any conbi nation of
t he 5 follow ng additives:

(Broad) erred) . -

W . % wogé\/vﬁgoﬁ/g Vi scosity Index |nprover PCrlll{S{séllsm

1-4 10 Corrosi on | nhibitor 0.01-3 - 0.01-1.5

Oxi dati on | nhi bitor 0.01-5 . 0.01-1.5

Di sper sant . 1-10 0.1-5 Lube
G| Flow I nprover 0.01-2 0.01-1.5 Det ergents and
Rust Inhibitors 0.01-6 0.01-3 15 Pour Poi nt Depressant
0.01-1.5 0.01- Ant | foam ng Agents

0.001-0.1 0 eg@qm oxide or hydroxide; prefarably,inthe presence of an alkylated phenol or
8- goé S 0 @P4n dikylphenol ti;x?es‘t;&ahn% #n%i’érabl y in the presence of an alkylated
0.01-1.5 20 phmq&e&gf%mﬁgvleﬁmiﬂnem wdalso mafsgably Bbtke PEasonge ofcathon
When ot her addidioxides Pho bifdred hylrotashoheard prepasdd By reattindod sifitablet

Col ut 1 one of . EyEdCabed glbrémvvﬁwﬁf’ee”}%e”ﬁé% %@r@eﬁ“’(wﬁoﬁsﬁahgﬁa arount s.

her ei nabove degolymeedl)chasﬂﬂjnsomqgaiehmth\ﬁmmmomm%mfasulﬁdbhﬁ ot her

addi tives (con |rad§@ t bei ng
referred to here %ﬁhﬁ}‘ﬁfémgac‘g"@’@% ere taa*aé{&d@x)éa%&
additives can BéG%@d&uuﬂWanoméﬁa snhosulﬁmzm rgwbnnmyfbsreﬁemém
l'ubricating oi by, t%i%ﬁ m&r S n_of the .additive

concentrate i nto tﬁ efu cating ol tﬂ‘o §%9'§24> be facilitated by sol ventS(
and by ni xilfg acconpani ed wi t h m I'd” heatl ng, but this is 30 not

essential. The concepiiaation iflibrér] ér MoREKS it the tetideasy dBimiaeral 619% at ed

to .contain the, dispers detlve an on d|t|onal

addi tives in prgisgora ﬁﬁlﬁﬂ'@ %“‘E“F gl‘ﬁgeﬁgg e praduet$afati on in

thedfl nal fO(rj"ldxHauGﬂsM&mf shidy leﬁdwhﬂm-hkedeposnsmhenﬁtalmﬁ&mﬂdaywhth a

predet erm ned apmpunt o u t t he

bi odegr adabl e Ie5P é’aﬂpg"?@ SB%%S%@?@Q“%?Z@&%%%%%@N

WO 96/ 179095  alkyl-phenoithioesters having preferably Cs to C,. alkyl side chains, e.g., calcxum

PCT/ US95/ 16224 nonyiphenol sulfide, barium octylphenyisulfide, dxoctylphenylarmne
phenylalphanaphthylamine, phosphosuifurized or sulfurized hydrocarbons, etc.

Friction modifiers serve to impart the proper friction characteristics to
20  lubricating oil compositions such as automatic transmission fluids. Representative
examples of suitable friction modifiers are fatty acid esters and amides,
~ molybdenum complexes of polyisobutenyl succinic anhydride-amino alkanols,
glycerol esters of dimerized fatty acids, alkane phosphonic acid salts, phosphonate
with an oleamide, S-carboxyalkylene hydrocarbyl succinimide, -
25 N(hydroxylalkyl)al_kenyl_succmumc acids or succinimides, di-(lower aikyl)
~ phosphites and epoxides, and alkyiene oxide adduct of phosphosulfurized N-
(hydroxyalkyl)alkenyi succinimides. The most preferred friction modifiers are
succinate esters, or metal saits thereof, of hydmcarbyl subsntuted succinic acids or
anhydrides and thiobis-alkanols.
30 |
Dispersants maintain oil insolubles, resulting from oxidation during use, in
suspension in the fluid thus preventing siudge fiocculation and precipitation or
deposition on metal parts. Suitable dispersants inciude high molecular weight atkyl
succinimides, the reaction product of oil-soluble polyisobutylene succinic



11 typically up to about 20 wt.% of the additive package with the
remai nder being bi odegr adabl e ester base stock and/or a solvent.

All of thwowed/1yaee percents expressed herein (unless ot herw perrussinggdsed)
are 5 based on active ingredient (A 1.) content of the additive, and/or
upon the total - wei ght of any additive-package, or formnulation which
will be the sumof the Al. wei ght of each additive plus the weight
of total oil or diluent. Ek%npl es of the above additives
for use in biodegradable |ubricants are set 10 forth in the follow ng
docunents which are incorporated herein by reference: U. S ' Pat ent
No. 5, 306, 313 ( et..a which is ril 26, .1994. S., Patent
No. 5.312. 554 (’v@%’b‘lfp F‘hg'r*’ ainifits sych a8 B%%F‘@‘ﬁ ‘f?““ﬁ%hbmﬁ dsalisyi ent
No. 5, here6R4 (Chung) Whl ch issued July 12, 1994; an article by
Benf areno and Li u, "Crankcase Eng| ne O | Addl ti ves Lubri cati on,

Texaco Inc., pp. 1 -7; and an 15 article by Liston, Engl ne Lubri cant
Addi tives What They PBous peint depressants, otherwise kngwm as jube oil fbMUmprmemrbwer

Cmart i b ancp dfrerarit at WP fid will fow or can be polrefOSuqadilles bt ©
and permit it t'Udf&ﬁ}Y'h °§f}?ﬂ§Féd Pvﬁﬁl‘ﬁh‘ﬁhéﬁlﬂlﬁﬁﬂmbﬁem&“and 20

al so exhibit acmb,ﬁhheﬂmm(&myﬂaaaﬂ g“a@‘ . These

b0l yar s i ncl udfoRGORIEES, polyaihazeigis #%é“r@ﬁEw%yq'%‘ém “tm%d;f’iﬁrﬁg”

derivatized to pmvidedbyenhmfoamant ofthppolpatdxmxypé, d.ginsilicongoil gndch as the

addition of ,dis ties. Represent ati ve exanpl es of
sui tabl e vi s%osﬁﬁw}%%gﬁ%re any of the types known 25 to the art
I ncl udi ng pol yi sobutyl ene, copol yners of ethyl ene and propyl ene,

pol ymet hacryl ates, 64 turated
di carboxylic acid agghw nyld%%ﬁ‘p%%%%y%@gyners o? Q{ n?égﬂ gd acrylic

esters, Represqniative of Fonventionsl entiwear agents arezincdiakyldithiophesphateand ne,
styrene/ but adi egifc daRfidithiosphate. | SOPF ene/ but adi ene, as wel I as the partially
hydr ogenat ed_ honmopol ymer s of 30. but adi ene and i soprene.

Corrosion ithibitors, also known as anti-corrosive agents, reduce the

degradation of the rmhﬁfdlancagmstm ased foe tontrdlling mﬂi il hid lubficdn8l Pbim
gﬁgggﬁljtshf)pur i z&‘&“‘?ﬁ’&?‘bh u%&i@hﬁ?fn?%for r OE &SFM@%%%TS%‘?%EH by reaction
of a phosphosul Himethylsilonamés and pblyethers. [Scme exaimplésrof the polysiloxane type
| antifoamant are silicone oil and polydimethyi siloxane.
20 _ '

Detergents and metal rust inhibitors include the metal saits 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
25 Mg saits) are ﬁ'equently used as detergents.

Seal swellants include minerat oils of the type that provoke swelling of
engine seals, including aliphatic alcohols of 8 to 13 carbon atoms such as tridecyl
. alcohol, with a preferred seal swellant being characterized as an oil-soluble,
30  saturated, aliphatic or aromatic hydrocarbon ester of from 10 to 60 carbon atoms
and 2 to 4 linkages, e.g., dihexyl phthalate, as are described in U.S. Patent No.
3,974,081, which is incorporated by reference.

35
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PCT/ US95/ 16224 earth metal oxide or hydroxide, preferably in
t he presqirsgn9ég9an al kyI at ed phenol or of an al kyl pdwrosys/igmgaoest er,
and al so preferably in the presence of an al kyl ated - phenol or of an

“al kyl phenol thioester, and also preferably in the presence of carbon

di oxi de. Phosphosul furized hydrocarbons are#tprepared by reacting a suitable
5 hydr ocarbon such as a terpene,. a heavy petroleumfraction of a (err]
to CJerr] olefin pol yrner such as polylsobutylene W th fron15 to 30
w. % of a sulfide of h h )

tenperatures in the range
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phosphosul f I uri zg0vistostiy iridex iﬁﬂ@v&}ﬂto}midlmmbuotsp oxidation inhibitors, coupling
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Representative detergents Mmspilﬁxblwfs paut pmheddmmntamnfnanﬁngeag;nm and atty
acid esters and nol ybdenum conpl exes of pol yi sobut enyl
succi ni c. anhydr I%Mﬁf%emsr kanol s, gl yecerol esters of dinerized
fatty acids, al kane phosphonic acid salts, phosphonat e S with an

ol eani de, S-car boxyal ’q(é 5ibGeghidibRCV Yyl biigind bilactording to’the present invention

Ry iy %ﬂmﬁi&ﬁkﬁéﬁﬂ R

(hydroxyayl) al k%mﬂuﬁ%mpﬂﬁlﬁbmadﬂiﬁwemkagref erred friction nodifiers are
succi nate esters, or netal salts thereof, of hydrocarbyl substituted
succinic acids or ' '
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Examples of the above additives for use in biodegradable lubricants are set
forth in the following documents which are incorporated ‘herein by reference: U.S.
20  Patent No. 4,663,063 (Davis), which issued on May 5, 1987; U.S. Patent No.
5,330,667 (Tiffany, III et al.), which issued on July 19, 1994; U.S. Patent No.
4,740,321 (Davis et al.), which issued on April 26, 1988; U.S. Patent No. .
5,321,172 (Alexander et al.), which issued on June 14, 1994; and U.S. Patent No.
" 5,049,291 (Miyaji' et al.), which issued on September 17, 1991.

Catapults are instruments used on alrcraﬁ carriers at sea to eject the
aircraft off of the carrier. The branched synthetic ester base stock can be used in
the formulation of biodegradable catapuit oils together with selected lubricant

30 additives. The preferred biodegradable cataputt oil is typically formulated using
the biodegradable synthetic ester base stock formed according to the present '
' invention together with any conventional catapult 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
35 to, viseosity index improvers, corrosion inhibitors, oxidation inhibitors, extreme



ahhydri des and thi obi s-al kanol s. 30 Di spersants

mai ntain oil insolubles, resulting fromoxidation during use, in

suspensi onwowerreosf | ui d thus preventing sludge floccul ation gdgpsesiieazs
precipitation or dep03| tion on netal parts -Sui tabl e di spersants
I ncl ude hi gh nol ecul ar wei ght al kyl succi ni m des, the reaction
product of oil-sol uble polyisobutylene succinic WO 96117909

PCT/ US95/ 16224 : anhydride w th,gthyl ene am nes such as
tetraet hyl ene pentam ne and borated salts t her eof

Pour point depressants, otherw se known as |lube oil flow inprovers, |ower
5 the tenperature at which the fluid will flow or can be poured. Such

addi tives are  pressure agents, kolomstabilizess, datergsnts angisrusteivhibitors cantiféantihg usual | y
optim ze the | oy ents amxwéa?g?&ﬁ@tali&ﬁ-x&ﬂoﬂ'n%&xﬂergf the fluid are CJerr] to

Cerr] dialkylfl marate Vi n acet copol yners,
pol ymet hacryl ates, and wax napht hal ene. Foam cont rol can be

provided by an antlfo“ﬁﬂ@ﬁbdﬁra&ﬂb%&%ﬁﬁ&'dl ®he edent ifVehtiGPEn O | and

10 pol ydi methyl _si | oxane gents, as their nane
i nplies. reddce SHRBIPY ByPically aboys 90tg 99% base 5‘“?&3% SAMBTIAAEAN | onal

antiwear agents additivei packagieal kyl di t hi ophosphate and zinc

di aryl di t hi osphat e. 15 Anti f oam agents are used for
controlling foamin the |ubricant. Foam ~control can be provided by
an anti foamant of theBiu'dggradablec'athwlt oils preferably include conventidnal sofresiemes and

717 Sone. o I andPBbto &8 it ifuipdt?. Yilesutf 3 caldie oits may conflih SBETTC 2 ©
and metal rult | mvsmthad ives Such ascantifoam agents; antiweas agerits, rther
antioxidants, extreme pressure agents, friction modifiers and other hydrolytic
stabilizers. These additives are disciosed in Klamann, “Lubricants and Related
Products”, Verlag Chemie, Deerfield Beach, FL, 1984, which is incorporated
herein by reference.
15
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
preferred biodegradable hydraulic fluids are typically formulated using the
20 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,
~ viseosity index improvers, corrosion inhibitors, boundary lubrication agents,
25 . - demulsifiers, pour point depressants, and antifoaming agents.

The biodegradable hydraulic fluid according to the present invention can
employ typxcally about 90 to 99% base stock, with the remainder comprising an
 additive package
30
- Other additives are disclosed in U.S. Patent No. 4,783,274 (Jokinen et al.),
which issued on November 8, 1988, and which is incorporated herein by reference.

35



acids, al kyl phenols, sulfurized al kyl phenols, alkyl salicylates,

napht henat.es and ot her oil soluble nono- and di-carboxylic acids.
Hi ghly bew ss/f7909z. over based) netal salts, such aﬁﬁ}g,bg;y(lié ?asi C
al kaline earth netal sulfonates (especially Ca and S) are
frequently used as detergents. Seal smellants I ncl ude
mneral oils of the type that provoke swelling of - engi ne seal s,

i ncluding aliphatic alcohols of 8 to 13 qlarbon atons such as tridecyl

al cohol, with a preferred seal swellant being characterized as an

oi | -sol ubl e, 30 saturated, aliphatic or aromatic hydrocarbon ester of
from10 to 60 carbon atong, a.d 2.to 4 |linkages, e.g., dihexyl
phthal ate, as are descri h&&ssa g DRILLIN 974 081, which is

i ncor porated by reTles israniched symheué%&terbase st&&@ﬁ(ﬂé&&%
PCT/ US95/ 16224 mthe f°ﬁ"o"l%'\‘?&‘g ENGI NE

OLS iodegradable dﬂW‘ﬂﬁ%WMW‘H&?@% t§’F§c1k~hQ: an be used
in the fornulprefmdbiodegradablcdnﬂmbﬂmﬂsgradqiﬂaﬂvfmﬂﬁs@@ﬂiene oils

h Jh f d
b Seor adopl QipGEithEl syAHie Bk Sk ok SSmed according fo 4 Brebie iy enin
5 bi odegr atowher wigh apeconyentonal dilling ihtdnddxti\(erpaakhgec Cﬁtedldwvéohstéde

ngi ne of | agh t. . 'ég%“av used 3 B6ck i b AR gGRUE Rie WP ftndNE .,

typi cal |y usddngtipnsy &ﬂ%ﬂﬁ? paejf@sammqbpdwbuasmehmxted to, viscosity imdexval

at t endant furiﬁ{pkm cgﬁ-gs,gﬁ!mt@s td, Rt wh@ ig% limted
to, vi sc05|ty |nde>§é| %ﬁléﬁnﬁ orr05|on In |tors oxlm&}? ﬁrbitors,(
coupllng A s, extrene pressure agents, color
stabilizers, surfactants, dil uent S, detergents and rust

hi bi t f agents, and .
:512 i : vvlea(r)r Zg eﬁ? gr pﬁﬁloggwfea@nlﬁng ﬁmdI acgéir to thie presént 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
15 (Walker et al), which issued on May 3, 1983, and which is incorporated herein by

reference.

Suitable hydrocarbon solvents include: mineral oils, particularly those
paraffin base oils of good oxidation stability with a boiling range of from 200-
20  400°C such as Mentor 28®, sold by Exxon Chemical Americas, Houston, Texas;
diesel and gas oils; and heavy aromatic naphtha.
BI n DABLE WATER OILS
_ The branched sy'nthetlc ater base stock can be used in the fonnulauon of
25 blodegradable water turbine oils together with selected lubricant additives. The
prcferred b:odegradable 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
30  attendant functions. The additive package may include, but is not limited to,
viscosity index improvers, corrosion inhibitors, oxidation inhibitors, thickeners,
dispersants, anti-emulsifying agents, color stabilizers, detergents and rust
inhibitors, and pour point depressants.




The bi odegradabl e two-cycle engine oil according to the present invention
15 can enploy typically about 75 to 85% base stock, about 1 to 5%

sol vent, Wwao9%6/17909 remai nder conprising an additiperosskesa.
Exanpl es of the above addi tives for use in bi odegradabl e | ubricants are set
forth in the foll ow ng docunents which are incorporated herein by

reference: U S 20 Patent No. 4,663,063 (Davis), which issued on My
5, 1987; U.S. Patent No. 5,33m,7667 (Tiffany, 111 et al.), which
i ssued on July 19, 1994; U S. Patent No. 4,740,321 (Davis et

al.), which issued on April 26, 1988; U.S. Patent No. 5,321,172

(Al exander et al.), ch is d on June 14 19 and U.S. Patent No.
5,049, 291 (M yaj i Eﬂ\‘lgl °§‘h “‘%ﬁ%ﬁ“ﬁ%’&@ﬁ"ﬁrf"’s’é‘ﬁ? H?e‘r"tg‘7}”°f§§i'.“’en“°“°“'25
Bl ODEGRADABLE %Fh?tﬂkﬂ‘cﬂytaﬁout 65 to 75% base stock and@bbap5ike 30% solvens; withthet S

the carrrer | ThamAfd cEirghe 1 30E bikbal Apicaly n o apes e BbTldey? | "

the formul ati of- Qiftoubgwebamwmnmh:bm on thegotahweight ofithec| ect ed

| ubricant s coﬁ@o ytives. The preferred biodegradable catapult oil is
typically formula usi ng . the biodegradabl e synthetic ester
base stock forned accordlng to the present . i nvention together
wi th any conventional catapult BI(bDEQQDWBKEIQ%QSEﬁhe -

additives |isted bel are,typic y us anount s, sQ as, to provide
thei 1 neranched Rypibpriciesies Bpss stock egs beyaed inbe frmwlagion gy

include, but i bicdepradable greses togeth@Swith @electe&lubacam addld%s I THeBMA! S,
o ooy 148, thdr8dil Bihld ' drllek BthPith Hlefing Sibe B elant and 482Gk A7R0
pressure agent grease fcmnuiauabs havecofien iveateed thistingradient: \Besidesthe thu:kener or

anti f oam ng hg%&ﬁ :ﬁgqeafs i ']nﬂ[ﬁﬂ
The bi odegradatﬁ e.cat apu p@é according to t éesé\ea%‘t iI'nven |o can

enpl oy typi cal |Prrtgylagfubgiga msmosm!;@néftbﬁ;mom nmth%trﬂ;nha@sed:orrprusung
an

15 The preferred biodegradable greases are typically formulated using the

: biodegradable synthetic ester base stock formed according to the present invention
together 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

20 improvers, oxidation inhibitors, extreme pressure agents, detergents and rust

' inhibitors, pour point depressants, metal deactivators, antiwear agents, and
thickeners or gellants. : '

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

‘Typically thickening agents used in grease formulations include the alkali
metal soaps, clays, polymers, asbestos, carbon black, silica gels, polyureas and
30  aluminum complexes. Soap thickened greases are the most popular with lithium
and calcium soaps being most common. Simple soap greases are formed from the
alkali metal salts of long chain fatty acids with lithium 12-hydroxystearate, the
predominant one formed from 12-hydroxystearic acid, lithium hydroxide
: monohydrate and mineral oil. Complex soap greases are also in common use and
35 comprise metal saits of a mixture of organic acids. One typical complex soap



addi ti ve package. Bi odegradabl e catapult oils pref erabl y

i ncl ude conventional corrosion I nhibitors and rust inhibitors.
desired, Wwoaeq9dogpul t oils may contain other 10 convery éﬁﬁ? ?ﬂgl t | ves
such as antifoam agents, antiwear agents, other ant’i OxI an

extrenme pressure agents, friction nodifiers and other hydrolytic
stabilizers. These additives are disclosed in Klanmann, "Lubricants and

Rel ated - Products", Verlag Chem e, Beerfield Beach, FL, 1984, which
I s incorporated herein by reference. 15

Bl ODEGRADABLE HYDRAULI C FLUI DS The branched synt hetic ester
base stock can be ed,in the fornulatjo bi odegr dabl e

ydr aul o i STERNE NGBSk QY L4 CompleX R S0 STERtR RIFRRCSA Somul-

preferred bi odeg cwwmmwdmdemnehy«m,cmmmmm@m ng the

S?esé’h?dfﬁiiﬁmﬁ%ﬂ* 45k s el RR REplne St B BHER e U8 i o
addi ti ve packaRptente 3;158,407@arting), whichlisseeddn Sepmmbar]al uym Cals. Patened in
Such, AU, o 8 bRoP! RAHD, W el Brskmary 12,1974 TS, BUGGAST T
i ndex i nprover 92%6%/} OMdngay), whidbiissyed on Recemben 30, 14875, alltaf ovhichyaret s, 25
demul sifiers Fr%gﬁr | €

The bi odegr ada@%ﬁ%‘%‘?&%ﬁ uj nmougﬁgh%?teggn?g?znvent i on can
errpl oy typicall ”&’Héﬁﬁ @U‘béﬁs‘!@bﬁ %-t with the remainder conprising

addl tive package - _ .. Other additives are

d| scl osed jn Pat 783, 274 (Joki nen et al ) which

i ssued on verrber gde &%Md@h" ?ﬁﬂ@?ﬁ%@éﬂbg@"é‘pﬁnﬁ)?%f er ence. (
35 VO 96fNigaéra Lubncatmg Greases”, 1976, Chapter 5, which is mcorporated herein by

PCT/ US95/ 162 24refer ence, as well as additives listed above in the other _blodegra.dabl,e products.

DEGRADABLE COMPRESSOR O

15 - The branched synthetic ester base stock can be used in the formuiation of
biodegradable compressor oils together with selected lubricant additives. The
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

20 listed below are typically used in such amounts so as to provide their normali
attendant functions. The additive package may include, but is not limited to,
oxidation inhibitors, additive solubilizers, rust inhibitors/metal passivators,
demulsxfymg agents, and antiwear agents.

25 . The btodegradable compressor oil accordmg to the present invention can
employ typically about 80 to 99% base stock and about 1 to 15% solvent, with the
remainder comprising an additive package.

The additives for'compreésor oils are also set forth in U.S.‘Patent No.
30 5,156,759 (Culpon, Jr.), which issued on October 20, 1992, and which is
incorporated herein by reference.. :

The following are conventional ester base stocks which do not exhibit
35 satisfactory properties for use as biodegradable lubricants. The properties listed in



Bl ODEGRADABLE DRI LLI NG FLUI DS The branched synthetic ester

base stock can be used in the formul ation of bi odegradabl e drilling
fluids todWOI9eM79%t h sel ected | ubricant additives. The PCTUSDSII 62241

bi odegradable drilling fluids are typically forrmulated using the 5

bi odegradabl e synthetic ester base stock formed according to the present

I nvention. together with any conventional drilling fluid additive
package. The additives listed bel ow age typically used in such
anounts so as to provide their normal attendant functions. The

additive package may include, but is not limted to, viscosity index

| nprovers, corrgsj I_nhikhitors, wettinging agents, .water, | 0SS | nprovi ng
agents, 10 baﬁ@?éi @?,W%ESWF‘EBT&’"P%H (935?9‘.“ Was determified using The

bi odegr adabl e dASTM#D{97uiBroakfield ¥iscgsityoatt-25°( was determined using ASTM# D-

enpl oy typicall o] 1O If 5 25% &l t,

wi th i he 2OBSPRipefidat Sisdoutly 15 %0 hd o) Wil Wbt 50 REMU.
No. 4,382,002 $#45. Magprisyindex V) wasidetermined usiag ASTM# B;227083, and whi ch

i s incorporaged Hi@ddgkﬁaﬁidnwasdet_enﬁiﬂé&ﬁﬁﬂ%ﬁie Modified Sturm test @Cﬁmo..

hydr ocar bon sol \éﬁzﬁi é cgigde:_ neral oiTs artlchlijrl arly those, . :
paraffin base oi i aﬁ Yo %Pm%i‘ie?{f)‘}m%ﬁt ‘blending the desirgd gatiost 1 rom
iOO-_ 20 ﬁgo[terahilfoddny‘foﬁhai‘#dbﬁdip?ﬁ[W&blé&@,'dic.bEnﬁhé%a@d £ detémin edt_
nmericas, ust on. XS ‘and.gas oils; and heavy .aronmatic
napht ha. usmg-{ﬁe RRMA Y%%M%%TQWRBH@%?{SN was

The branched sy rdeteemined ssinga higlspressuce differentiblescanming calotitetef (HPIDSE) i on of
25 bi odegpad | ks Al C bri cant

2ddi ti ves. tho. Haviig Mehirhitbobyn cShiioh BEIRL My sO0TRl BB pi
typically for wIFQSPGQIYQE)Sf- ndyquatis toxicity was flesamnined  using theyRispersion Aquatiy  base
stock formed accmaai@qeszpmbsciarmeﬁwaw&eﬁﬁggda;riﬂ%Agmsﬁas-%a. the N any

conventional water, tUybine oil, additive packa tives
listed bel ow ar dYAIR¥YLaHmBer of the respegtive,samples Was detenminedpyinfatede t hei r
normal 30 att enpedttostopyet i ons. The additive package may include, but is

not limted to, viscosity index inprovers, corrosion inhibitors,
oxi dation inhibitors, thickeners, di spersants, anti-enul sifying
agents, color stabilizers, detergents andTabletl i nhibitors, and pour
poi nt depressants. Pour Vis@ Vis. @ Vis. @ ) *Sol
Point -25°C 40°C 100°C ~ with  Engine
Base stock °C (cPs) - (cSt) (cSt) % Bio. Disp. Wear
20  Natural Oils '
Rapeseed Oil 0  Solid 47.80 10.19 867 na na
Lin S ' ,
Di-undecyladipate @ +21 solid 1392 2.80 na na na
_ | w/Li mi-Li Acid: - :
25 TPE/C810/C7acid n/a solid 2998 5.90 na na na
TPE/DiPE/M-C7 -45 1380 24.70 5.12 8231 H Fail
TPE/C7 acid 62 915 240 49 837 H Fail
TMP/n-C7,8,10 -85 350 17.27 4.05 61.7**C  Fail
TMP/C7 acid 71 378 141 34 765 C  Fail
30 Branched Adipates : |
di-tridecyladipate 62 nfa 2693 533 6599 C Fail
TPE/Iso-C8 acid 46 nfa 6160 82 1333 C n/a

* denotes solubility with dispersant: H= haze; C= clear.
35  ** denotes the biodegradation for this material includes 15.5 wt% dispersant.
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The bi odwgmedzobe water turbine oil according to the presegrmissgédayon can
enpl oy typically about 65 to 75% base stock and about 5 to 30% sol vent,

with the remai nder conprising an additive package, typically in the
range between about 0.01 to about 5.0 wei ght percent each, based on
the total weight of the 5 conpositian.

Bl ODEGRADABLE GREASES The branched synthetic ester base
stock can be used In the formulation of bi odegr adabl e greases

t oget her wi t | ect ed. | ubri cant addi es. The main 10 I ngr edi ent
found in gredé %eﬁm@wg‘k‘@’ﬁ?ﬂg‘ €.or ‘gel lant  and differences in
grease for nulERE mtésaumﬂ grade pematsthritdll s | ngredi ent. Besides, the

t hi ckener or L | cher properties ahd characteristics of
greases can MM?F&% °!H{8P : particular lubricating base stock

and the vari (ﬂﬂiO&dbnoteS\peaimmmbamhmrasﬁd-octanoﬁfand n-decanoic adikis, andef er r ed

bi od dabl d t
b: gdgg;gdgbl g g;ﬁ 1og es%?érﬂﬁg%ok%gpgﬁ@sfai@q\ '2accor§]ﬁ'8'%saﬂ%e%fresent

i nvention €®lfacid mayicontain ¢.2c Sn¥em-Cari8-58banCe 36642% nvGo,aadk age.
The additives |istgg.ie . below are typ| cally .used - in such anmbunts so as
to provide their nor mar

at‘tze dant: i unctlons ‘The additive Sgckage
may i ncl ude, Wb, &@M%.W%@MWH JO carbon atoms; 6.ge 3%

oxi dation inhi bi tQhéle%H—C?iﬁd Bemok% CRA6K! 21 nitid % Of acid A3 mbR%
i nhi bi tor% pour | ntddepressant s, . net al deact [ vat ors, antiwear agents, (

and thlcke ‘or gel'lants. ' ’ The bi odegr adabl e
grease accor dChderoves /€7 mﬂq&oﬂuce&hymbbﬂmaﬂyzezlm&macu&ﬁofheww-nahdty about

80 to 95% base sto h| nt

gellant, with the %W%ﬂ@{ @Pﬁ% %ﬁ °§§§M{f§‘d"s

Tyfl f:al I y thi clkenlapyrmgmatdy m%m—p;,eptglm,mynmmhﬁhuanmlmde?ﬁﬂfezm kal i
metal soaps, clays S ﬁ%ﬁmﬂ: [ gel s

pol yureas and %}hﬁg ng%cco %@2: oap t%ckeng?ogr?’g'gses are the

nmost populdar wi t h dimethylpentanoic acid. and cal ci um soaps bei ng nost common.
Sinpl e soap greases are fornmed fromthe

The properties of the branched ester base stock according to the present
invention were compared against various conventional biodegradable lubricant
base stocks and the results are set forth below in Table 2.

20
Table 2 _

Property TPE/CK8/C810 Rapeseed Oil . DTDA TMP/iC18
Pour Point (°C) ' 45 0 54 20
Flash Point (°C) - m 162 S 21 oa

25  -25°C Viscosity (cps)  © 3600 solid  ‘ma - 358,000
40°C Viscosity (cSt) ' 38.78 4780 2693 7834
100°C Viscosity (cSt) 6.68 - 10.19 533 1194
Viscosity Index © 128 208 135 147
Oxidation Induction Time* 1596 2.12 388 429

30  Lubricity (Yamaha Engine) Pass na . Fail Pass
% Biodegradation (Mod. Sturm) ~85% ~85% - ~60% ~65%
Toxicity (LC50, ppm) >5000 >5000 <1000 - n/a
Solubility with Dispersant ~  soluble ma - . - soluble nfa
Acid Number (mgKOH/g) - 0.01. 035 004 19

35  Hydroxyl Number (mgKOH/g) 191 na - . 149 nha




alkali metal salts of |l ong chain fatty acids with lithium
12- hydr oxystearate, the predom nant one forned from

12- hydr oxywosgnispsaci d, |ithium hydroxide monohydr gcerngdadngdaner al
oi |l . Conpl ex soap greases are also in comon use and 35 conprise netal

salts of a mxture of organic acids. One typical conplex soap WO
96/ 17909 '

PCT/ US95/ 16224 grease found imjuse today is a conplex lithium
soap grease prepared from 12- hydr oxystearic acid, |ithium hydroxide
nonohydrate, azelaic acid and mneral oil. The lithium soaps are
descri bed and exerrpl ified in may patents including U S. . Pat ent No.
3,758,407 (Harti*hg), idaten imp is e pmovns of timeXin migWS) fot 2 olequlettent 5

No. 3,791,973 (G| anigg SidieOd paftfe b Y Pat ent
No. 3, 9(29, 651 %ﬂg&hﬁch | ssued _on %emé%#%&%g%aﬁ all of
whi ch are i ncdé“fiﬁ”ﬂ?l calormeter (HPPSC)e The lopgseis takes (tha grepten thegmmprs t ont

Eod 4,392, 967 - cﬂ'ﬂmdd ndehbnstgﬁbﬂbm&&ﬂ@d'hﬁﬁh&ﬁkﬁ;ﬁammémep&n
escription of the additi ed.in es ound i n Boner

" Mbder n Lubrlrgcatl ng & cacBds ﬁ a%§"°‘m¥°é‘h'ﬁ?'gﬂ“ SRIFTIAS SEFISILY o 1y
by ref erence, mmmmmmm:mmmmmmmomsm 3.447

bi odegr adabl e pr oduct Bl ODEGRADABLE COVPRESSOR

QLS 15 B"anched synthetic ester base stock can be used in
the fornul ation W@M‘Emegradabl e conpressor oils together with

sel ected | ubri caglam&gc%w% The preferred bi odegradabl e conpressor
oil is typically formil ated using the bi odegradabl e synthetic ester

base stock fH¥rnetidauesdrsstay to the present invention t ogether with
any conventi onal Itive package. The additives 20

normal - PR e “%hm“”t B BRERRE nay | ncl udo, but i s
not limted to, TPEdenotestechuial grade pemidrihritoll S, additive sol ubilizers, rust
:aggln'?lst or s/ net al ﬁmloim&' | denul si fyi ng agents, and antiwear
15 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 w.% S-methyl
heptanoic acid, 5 wt.% 4 methyl heptanoic acid, and 22 wt.% of mixed methyl-heptanoic
acids and dimethyl hexanoic acids.

20
‘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
rapeseed oil in cold flow properties and stability. The data aiso shows that the
TPE/C810/Ck8 biodegradable ester base stock is superior to di-tridecyladipate in
25  stability, biodegradation, and aquatic toxicity. The ester base stock aci:ording to
the present invention is also superior to TMP/iso-C18 in cold flow properties,
stability, and biodegradation.

Rapeseed oil, a natural product, is very biodegradable, but it has very poor
30 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
biodegradable, also has very poor iow temperature properties. Polyol esters of
low molecular weight linear acids do not provide lubricity, and those of high
35  molecular weight linear or semi-linear acids have poor low temperature properties.



25 The bi odegradabl e conpressor oil according to the present

I nvention can enpl oy typically about 80 to 99% base stock and about
1 to 15%wobsrende Wi th the remai nder conpri sing an #
package. The additives for conpressor oils are al'so set
~forth in U S Patent No. 30 5, 156, 759 (Cul pon, Jr.), which issued on
Cct ober 20, 1992, and which is I ncorporated herein by reference.
EXAVPLE 1 The fol |l owi ng ar g+conventional ester base stocks
whi ch do not exhi bit 35 satisfactory properties for use as bi odegradable
| ubricants. The properties listed in WD 96/ 17909

PCT/ US95/ 1622 . Tabl . 1 det foll P

Poi Nt vas det ﬁ?nﬂwsawefnsmﬁ&ﬂ?ﬁxsr%“%f@%rce@%s%{“ soliblepagoemes

-25[err] C was mtsmné'ﬂed&t idgcyladipateé iDonly margmalg%iadegﬁd&l%idcw{iféﬁws' ty
@40 and 100 445 t

|(ndex ?C/I) vva[sb?%ﬁ%erm ne u3| n %L@{V@%%Maﬁﬂf%the S O\?viasy

det er mi ned usiahgu4ids MPM%H& In addition, theddioridecyadipase does not pr(ﬂﬁddB)

Solubilit t t

i ) o et S e S ol

det er m ned whﬂemhgo _ﬁﬁt @ngyanwse seak swell i on

i nduction ti mprykiems. PE‘&OI eit&ebﬂm Slphspate la*sbmaé @nd bidrich

scanni ng cal or| mst er havi I spt.h sobar| c con %I ons of
Qaw%dwmﬂv&ww%m é@waiwa ol carligta | ¢

220[err]C and
toxicity was det er m ned using the Dispersion Aquatic Toxicity.test.

funber of WBhe respect rve sampi es oo LXAMPLEL S (frared OO
spect r oscopy. 15 The present inventors have discovered that highly biodegradable base
stocks with good cold flow properties, good solubility with dispersants, and good
lubricity can be achieved by incorporating branched acids into the ester molecule.
The data set forth in Table 3 below demonstrates that a.ll of the desired base stock
15  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.

Pour Vis@ Vis @Vis.@ | *Sol
20 Point -25°C 40°C  100°C  with  Engine
Basestock .- - °C . (cPs) (cSt) - (cS) . %Bio Disp. Wear
TPE/C810/CKS 36%% 7455993487 637 9954 C Pass
TPE/C810/Ck8and - .~ o L
~ TMP/n-C7.8,10%* 56 610 .2490 5.10 . 810 C Pass
25  TPE/C810/Ck8and - . : .
| TPE/1770%%+* 46 910 048 575 855 H  Pas

*  Denotes solubility with dispersant: H= haze: C= clear.
«  Denotes Pour Point and -25°C Viscosity of Base stock with Dispersant.
e**  Denotes a 50:50 weight % ratio of TPE/C810/Ck8 and TMP/7810.
30 %%+  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.
6.5% 2-ethyipentanoic acid, 1% 4~methvihexanoic acid. and 0.5% 3.3-
dimethyipentanbic acid. o
35  TPE denotes technical grade pentaerythritol.



Table 1 Pour Vis @ Vis. @Vis. @

* Sol Point -25[err]C 40[err]C 100C

wWLth Engiwe 96717909 Base stock [err]C (cPs) (c

% Bi 0. Disp. War 20 Natural Qs Rapeseed G | %@rrﬁs@%)zu
Solid 47.80 10.19 86.7 nla n/ a Al'lI" Li near Esters

D - undecyl adi pat e +21 solid 13.92 2.80 n/ a n/ a n/ a

Pol yol w Linear & Sem -Linear Acids 25 2 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 acid -62
915 24.0 4.9 7 H Fai | TWP/ n-C7, 8, 10 -85
350 17.27 4. o%mm‘ﬂmé?th‘?@% Fai | TMP/ C7 aci d- -71
378  14.1 3.4 C810 denotes a mixthfe 083-5% n-C6, 48-56% n-C8, 3802% nT10/4d 031496 RELES
di-tridecyl adi pate -6 n/ a 26.93 5. 33 65.99 C Fai |

Al'l Branched | so-C8 acid -46 n/ a 61.60 8.2

13.33 C n/ aCk8 denotes Cekanghizr8citid somppising a imixiture ofi 26 lwt.8i Spdimethyl hexahdic ezt C=
cl ear. 35 ** dengl, : i o8 s f0r ' - il o es
155 wt% di sher sant m&&%@%ﬁim&%ﬂm&a 17%2.9% ESiletifh

PCT/ US95/ 16224 heptanoic agid. § Wi&nbmethyl hepranpig agid. ard 22:09- ¥nefimixed griethylheptanoic
TPE denotes techni calm&rﬁg RSyt Bidst O - TMP denot es

trimethyl ol propane. denot es pr. edom nantly a m xture_ of

n- oct anoi ¢ and rf"ﬁ'éﬁ*&?ﬁﬁ%‘“a’cq‘ﬂg“%m"%“‘h 8 and 10 3OS, .8 TSrmnle % Bt unt s
of n-Clerr] and n-C atid]393suie®s C, fid, YPhélebs GdRd dd 9 mole % Ce acid. C810 aci d

may cont ain,

e. g, 3-5%n-Clerr], 48-58%n-Clerr], 36-42%n-Cerr], and
0.5-1%n- C[ér '

The data in Tabie 3 above shows that the polyol ester of technical grade
pentaerythritol, iso-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 vaxiety of

15  biodegradable lubricant applications. The TPE/C810/Ck8 ester provides sufficient
lubricity such that, even when diluted with other materials, it can meet the lubricity
requirements without the addition of wear additives. When additives such as
polyisobutylene, EP (extreme pressure) wear additives, corrosion inhibitors, or
antioxidants are needed, the biodegradability of the final product can be reduced

20  and the toxicity increased. If the base stock provides the needed properties
without additives or if the additives needed can be minimized, the final product
reflects the biodegradability and toxicity of the base stock, which in this case are
high and low, respectively.

25 .~ EXAMPLE3
| A sample of an ester base stock was prepared in accordance with the

present invention wherein 220 Ibs. (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 vessgl and heated
to 430°F (221°C) at atmospheric pressure. Thereafter, 75 1bs. (34 kg) of technical

30 grade pentaerythritol were added to the acid mixture and the pressure was dropped
until water began evolving. The water was taken overhead to drive the reaction.
After about 6 hours of reaction time, the excess acids were removed overhead until

 a total acid number of 0.26 mgKOH/g was reached for the reaction product. The

product was then neutralized and decolored for two hours at 90°C with twice the

35  stoichiometric amount of Na,CO; (based on acid number) and 0.15 wt.% admix



n-C7, 8,10 denotes a blend of linear acids with 7, 8 and 10 carbon atons,

e.g., 3™ mole %n-Cerr] acid, 39 nole % Cerr] acid, 21
ol e % Cig 6¢n1796d d and 3 nole % 10 Clerr] acid. ﬁz{jenotes.
a C7 acid produced by cobalt catal yzed oxo reaction of hexene f

is 70% linear and 30% [err]-branched. The conposition includes

approxi mately 70% n-heptanoi c acid, 22% 2-net hyl hexanoi ¢ acid, 6.5% 2-

et hyl pent anoi ¢ acid, 1% 4- et hyl hexan0| (gxr*am d, and 0.5% 3.3- 15

di met hyl pent anoi c aci d. he properties of the branched
ester base stock according to the present I nventi on were conpared
agai nst various conventional biodegradable |ubricant base stocks and
the results afbasedonmmount inshe feactor)y abhe:admix ipgblend of 80 wt.% carbon black

Table 2 ro ofP, | DTDA
o Cla anf’ I'ggljl\fc }Ig)(ilxcr?thze[ ez?irt]erct)wo hours at 90°CY ﬁfe%ﬁ&é %&s%@ﬁﬁﬁﬁﬂer&

-54  -20 to removegoligds,i i ([err] Q) 274 162 |
221 nfa 25 -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 Thei properties sett fiorth below in Table 4 werk2fleasured on the pfoduct:
135 147 Oxi dation Induction Time* 15.96 2.12
3.88 4.29 30 Lubricity (Yamaha Engi ne) Pass n/ a
Fail Pass -% Bi odegr adati on (‘Mbdla m - ~85% ~85% ~60%
~65% . Toxicity (LC50, ppm - >5000 ... >5000 <1000 n/a
Solubility w ﬁT—D'sp'mTl—so'l"U'b'l'E'_m sotubte—1mer ‘
Aci d Nunbef (rkptadriad Numbero. 01 0033 mgKOH/g 0.04 1.9 35
Hydr oxyl Nunmbe§neti &b 1.91 . . 0 1.49 n/ a WO
08/ 17909 P 95) K 0{9?.7_9_ .
PCT/ US95/ 1622Aour Poiit = - 45°C

ppm Water - ' 97

Flash Point (COC) - 285°C

15  Oxidation Induction Time (min.) 15.96

Viscosity @ -25°C = - 3950 cps

Viscosity @ 40°C | 38.88 cSt

Viscosity @100°C 6.66 cSt

ViscosityIndex 127

20 - ST

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

2 ' Iables
Cekancic8 Acid -~ 4335%
n-Cs Acid o Bm%
nCio Acid _ 20.92%

30 -

* This resultant ester product was then submitted wrth and thhout additives
for brodegradatxon tests for apphcatton into the hydrauhc ﬂmd market. The
additives were used at a 2-5 wt. % treat rate. The results are set forth below in

_ Table 6.
35



* Oxi dation Induction Time is the anount of tinme (in mnutes) for a
nol ecule to oxi datively deconpose under a particul ar set
of condi tiWwgeemepd a hi gh pressure : di f f er pgirnges/s6a41ni Ng
calorinmeter (HPDSC). The longer it takes (the greater the nunber
of mnutes), the nore stable the nol ecule. This shows that the nol ecul e of
t he present 5 I nvention is alnost four tines nore
oxi datively stable than any of the materighs currently in
use. The conditions used to evaluate these nol ecules were: 220[err]C and
500 psi (3.447- MPa) air. ~ denot es approxi mately.
> denotes greater than. 10 < denotes |ess than. , DTDA denot es
di -tridecyl adi pat e. TMP/ i C18 dekaBle$ tri-ester of tri met hyl ol
propane and i sostearic acid. . TPE denotes gg@rdary cal d&

10

pentaerythritol. TMP denotes trinethyl ol propane.
denotes a ni xt Bredu@f 3. 500 0. CR 485804 n/w&o&éﬁ_@ﬁ\g&q%q rW! ndow= _ 1 oy
n-Cl2 acids.  Tpg/cs 1 o/ckeehienedenot es Cekangj ¢-8 aci dxcpppri si ngegt N xture of

26 W . % 3, 5- d| met h hexanoi c_acid, 19 wt . % 45- di met hyl
hexanoi ¢ aci®d, M’%‘”ﬁk $HR Adpackinoi c8%%i d, 11 #t196 5- net M9

hept anoi ¢ aci d @Gﬂlwmmm anoi gs.&ci d ang ¢ W . % gb ni xed net hyl
hept anoi ¢ ‘ ac,l o_. d di nmgt byl hexaq_ £ aci ds. 20

The data set f ot SPYRESIC a0 Pt - . g
bi odegr adabl e ester Mﬁha&&zmmwwdmw usxanaerm IS

superior to r apeseed n.cold flow properties and stability.
The data al so shows ﬁ BPéE}éM"‘%PE/ C810/ Ck8 bi odegr adabl e ester

base stock ic smerlmﬁbﬂﬁitladmngelpuhmblewmcmw Pargmins

-5...

bi odegradati on, and t|c t I@a‘ base stock according to
the present inventio uper| or 'so-C18 in cold flow
properties, b Dmmanwmmmmgdmmﬁcmmy,USAmﬂmc
Rapeseed oil, a natugal O Mf8¢FAdpallS VEry biodegradable, but it has very
poor 30 | ow tenperature properties and does not |ubricate very well
due to its instability. Rapeseed oil is very unstable and breaks

down in theyengi ne CTHEregitaiRRERE base stock formed inractdrdante withithisExumbple 3

b1 odogr adabl o, 388 Henged of 680 oh Fufy wi o AN K10 T lepa s o

of | ogabmitted withrandevithout hdditives fer biddegtadation testofor dpplication onite v,

and L hose of N S o b e lided Gabe SlodSF A 14L16 6844 B

have poor |ow t
rate. The results are set forth in Table 7 below.

20
| Table 7
Standard
Product - : % Biodeg. Deviation
TPE/C810/Ck8 + TMP/7810 (50:50) 80.7 136
25  TPE/C810/Ck8 + TMP/7810 + 14.5 wt.% Dispersant* 76.1 4.6

* m.djlsm nt packa .'gecompnan' ing primarily of polyamides.

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



WD 96/ 17909

PCT/ US95/ 16224 | In addition, the pentaerythritol esters of
| i near awiod%/12909 not sol uble with pol yam de di Sper\?\ﬁ&t’ﬁ
di-tridecyladipate is only marginally bi odegradabl e and, en sosfib2a

bl ended with a di spersant that has | ow bi odegradability, the fornul ated oil

Is only about 45% bi odegradable. In addition, the di-tridecyl adi pate
does not provide 5 | ubricity. Lower r’rQu,ecuI ar wei ght branched adi pates
such as di-i sodecyl adi pat e, whi | e hore bi odegradabl e, al so do not
provide lubricity and can cause seal swell probl ens. Pol yol esters
of trinethylol propane or pentaerythritql and branched oxo acids do
not bi odegrade easily due to the steri cIable8; ance discussed earlier. 10
EXAMPLE 2 L The pr ese%iBiboegadation hagﬁnﬁracovqu;b@at hi ghly
bi odegr adabl e se st ocks 'kﬂ)g’god cold fbow roper&{gga, good
~solubility w 1 sants.—and & Days) L uhr PEVIRUOD: o 1y BWi eved by
i ncor por ati ng TotalheDieap®seby | Nt o the ester nol ecul e. The data set
forth in T?bl e3Db Phﬂ@mnstratef L?at all of tgﬁ desired base stock 15
properties”can be - with po@r esters inc aorating“QO to 70% of a
hi ghly br andPEDSPE/MCyd ar82.3D to 80% of 6.25i near agegl.
Table 3 . Pour Vis. Vis. @ Vis. @
Sol 20 - L9 Adipate. 899ht - 25[err]B2Ba0[err] ¥ 100[err]C
with Engine  MPDMAM/GRIOCk 8609 [err]C 3.76cPs) (g&) (cSt)
% Bio Disp. . PE/ C810/ Ck8 -36** 7455**34, 87 6. 37
99.54 C s}gﬁasishnm_&uq:PE/ C810/ Ck8 and TMP/ n- C7, 8, 10* ** -5q
610 24190 5 10 TMPfisostearage o 6332 Pass 2391 TPE/ C8m0/ Ck8 and
TPE/ 1770**** T™MBA770 910 468 5.75 158 . 8548 H Pass
' TMP/1770 . 83.65 ' 689 .no
Branched Ester S
TPE/C810/Ck8* 92.90 . 7.00 yes
15 ~ TPE/C810/Ck8** 9954 = . 1.85. yes
- Notes: TMP/7810 denotes a tri-ester of trimetholpropane and C,, Cs and C,
acids. ' : o
TPE/Di-PE/n-C; denotes esters of technical grade pentaerythritol, di-
pentaerythritiol and n-C; acid.
20 L9 Adipate denotes a di-ester of adipic acid and n-Cs aicohol.

MPD/AA/C810 denotes a complex ester of 2-methyl-1-,3-propanediol (2
mols), adipic acid (1 mol) and n-C, and C, acids (2 mol).
.Rapeseed Oil is a tri-ester of glycerol and stearic acid. _
- TMPfisostearate denotes a tri-ester of trimethylolpropane and iso-stearic
25 | acid (1 methyl branch per acid chain).
~ TMP/1770 denotes a tri-ester of trimethylolpropane and a 70:30 mix of n-
C; acid (70%) and alpha-branched C; acids (30%). The 1770
composition inciudes approximately 70% n-heptanoic acid, 22% 2-
methylhexanoic acid, 6.5% 2-ethylpentanoic acid, 1% 4- |
30  methylhexanoic acid, and 0.5% 3.3-dimethylpentanoic acid.
“TPE/1770 denotes esters of technical grade pentaerythritol and a 70:30 mix
of n-C; acid (70%) and aipha-branched C; acids (30%). The 1770
composition includes approximately 70% n-heptanoic acid, 22% 2-
- methylhexanoic acid, 6.5% 2-ethylpentanoic acid, 1% 4-
35 methylhexanoic acid, and 0.5% 3.3fdiinethyipentanoic acid.



* Denotes solubility with dispersant: H= haze: C=clear. **
Denot es Pour Point and -25[err]C Viscosity: of ‘Base stock with Dispersant.
xR Denqi@§¢/i7opd: 50 wei ght % ratio of - TPEFC810/ Ck8 and TMPETR&s16280

Denotes a 50:50 weight % ratio of TPE/C810/Ck8 and TPE/ 1770. 1770
denotes a 70:30 mx of n-C, acid (70% and al pha-branched Clerr] acids
(309 . The conposition incques approxi mately 70%

n- hept anoi ¢ aci d. 22% 2- net hyl hexanoi ¢ aci & 6. 5%

2- et hyl pent anoi ¢ aci d, 1% 4- et hyl hexanoi ¢ acid, and 0.5% 3. 3-

di et hyl pent anoi c aci d. 35 TPE denotes technical grade pentaerythritol.
WD 96/ 17909

PCT/ US95/ 16224 * TPE/CSIO/W@B%F@?&WM grade ppapsythritol and 2 51
denotes a mixture of 3-5%8355olaf atiSPiso-Cq acid(CkBYamt CBID aciid 0. 5- 1. 0%

A mixture of 26 w. o *sTEERMIOIGH donpies e olapqmical sA08 placfiitl SRER " "

4. 5-di met hyl hexanoi ¢ aci 30:70 wifdla® rétialofiso-4Gslacide(Ck8) and €81Qacid. 1wt . % 5- net hyl
hept anoi ¢ a%id. 5 wt.%4 nethyl heptanoic acid, and 22 wt. % of m xed net hyl

hept anoi ¢ aci ds and di net hyl hexanoi ¢ aci ds.

n-C7,8, 10 denotes a blend of linear acids with 7, 8 and 10 carbon atons,
e.g., 37% nole % n-Clerr] acid, 39 mole % Cerr] acid, 21
mole % CJerr] acid and 3 nole %)C[err] aci d. 10 The data
in Tabl e 3 above shows that the polyol ester of technical grade
pentaerythritol, iso-C8 and |inear C3810 acids can.be used alone or in

conbi nati on wi th other |ower nolecular weight esters as a

bi odegr adabl® | ubricant. These esters are particularly useful when
| ower viscosities are needed for a variety -of 15 - bi odegradabl e

| ubricant applications. The TPE/ C810/ Ck8 ester provides sufficient
| ubricity such that, even when diluted with other materials, it can neet
the lubricity requi renents without the addition of wear additives.
When additives such as pol yi sobutyl ene, EP (extreme pressure) wear
addi tives, corrosion |nh|b|tors or

15 -

20

25

30

35



antioxi dants are needed, the—btedegradahi|jty of the final product can be
reduced 20 and the toxTdiBisEEnRASgsRd| |f the base stock provides the
needed p ﬁb@s Mthd!ﬂPLmkbtlves or i'f the additives needed can
be ni nimTzed, thefimat—product— |l ects the bi odBGFUEMH6PIy and

toxicit k whi th |nth|s case are hi gh and | ow,
respectmﬂ l I 3'“2]" EXAMPLE 3

A sanpl e of cantesters base stock was prepafed in accordance with the
present invention wherein 220 | bs. (99.8 kg) of a C810 acid and 205 | bs.
(93 kg) of Cekanoic 8 acid (a 50:50 nolar ratio) were |oaded into
a reactor vessel and heated ~ to 430[err]F (221[err]C) at
at mospheri c YMHANIS CEAIMEDRIS, 75 I'bs. (34 kg) of technical 30

grade pentaerythrijol 6 @é%ﬁ‘&b %AVM?IFH sure was
dr opped untllm%ater egan VO v‘Ta%& gt% ésol??pﬁg Eh8ver head

to drive the feagiompsaductof  “After- about 6 hours of reaction tine, the
excess acids were remVSﬂr@Mﬁé&‘&ﬂﬂxeﬂf‘ﬂbéholhavm theg%néﬁl mifd l@( er of

t]

0. 26 ngk ched.for . the r f'oduct was
t hen neut ral |‘\§€ ﬁrﬁ ‘T%’Fﬁ’fa)@ 9“3&”99?&‘1“}@%&%“% ce the

35 stoichi ombonatomudhmatmeuddco[err] (based on acid nunber) and
0.15 wt. % adm x

PCT/ US95/ 16224 W’%b‘%&&“’&ﬁ“&%ﬂﬁ?mﬂ 80 molag %.0f lineat-agid o i x i s
a bl end of 8dmung% casbdronurbberdi the range betweer?dbout CytoliCi2 land aboud20@6 70 WO

hours at 90[ efp Era\ﬁ@ffep ﬁfi i o _renove solids.
The propertles set #’{g&rit%sggﬂgw I'n El Qh%ere neas %%Pﬁ"t'ﬁ'@ roduct
Table 4 10 between about Csto Cys; wherem smd ester base stock exhibits the foliowing (
~ properties: at least 60% blodegradauon m 28 days as measured by the Modified
Sturm test; a pour point of less than -25°C; and a viscosity of less than 7500 cps at
-25°C.

15 2. The biodegradable synthetic ester base stock according to claim 1
wherein said linear acid has a carbon number in the range between about C; to Cys.

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

4. The biodegradable synthetic ester base stock according to claim 1
wherein said branched acid has a carbon number in the range between about C; to

Cho.
25 |
5. The biodegradable synthetic ester base stock according to claim 3
wherein said mixed acids comprise said branched acid in an amount of about 35 to
55 molar %.
30 6. The biodegradable synthetic ester base stock according to claim 1
wherein said branched acid comprises multiple isomers.
7. The biodegradable synthetic ester base stock accdrding to claim 6
wherein said branched acid comprises at least 3 isomers.
35
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10 Total Acid Number 0. 071 myKOH g Speci fi c

Gavity 0.9679 : Pour—Fot-nt

-45C WOE/IToat er | THIS SHEET HAS BgEN ! Fl adrni¥sasazi COC)
285[err]C 15 Oxidation Inductiof Ti rrEE"(-ﬁF'FP) 15. 96 ViScosSi Ty @
-25[err]C 3950 cps VI STOSTty @40[ err]'C

38.88 cSt Viscosity @O0O0[err]C 29

Vi scosity | ndex 127 20 . An*acfd ‘asshy s *
(saponification) was perforned on the product in oi'der to ascertain

t he amount of each acid actually on the nolecule. Table 5 bel ow sets

forth the nol ar anpugts.of,each, aci n the.product ester: . 5.4
Tabl & 5 Coknor o The RigpBfudabil Tyrehéc dsBgibede S50 Yccprding (S sipimy
35.73% n @fhereir] sait branched acid has betweenzbo@OgreateSthan 3 to S isomers. Thi s
resul tant ester product was then submitted with and-w thout additives

for biodegradation tests for appl |cat|on into the hydraulic fluid nmarket.
The addi ti ve9- wer &he QQII -sgnthetiogster base stogkeaccprding tasclpinsl ar e

set forth bekow i
PCT/ USOS/ 16 25 wherein said lineaf 38 3s fblecteﬁﬁ'om the goWPo? Al ¥ %8R carboxyhc acids
or dx-carboxyhc acids.

10.  The biodegradable synthetic ester base stock according to claim 1
wherein said linear acid has the general structure RCOOH, wherein R is a linear
10  alkyl group having from about 4 to 11 carbon atoms.

1.  The biodegradable synthetic ester base stock according to claim 1
wherein said ester aiso exhibits a high flash point COC of at least 175°C.

15 12.  The biodegradable synthetic ester base stock to claim 1 wherein
said branched or linear alcohol is selected from the group consisting of: technical
- grade pentaerythritol, mono-pentaerythritol, di-pentaerythritol, neopentyiglycol,
trimethyloipropane, ethylene or propylene giycol, butane diol, sorbitol, and 2-
methylpropane diol. |
20 . . .
13.  The biodegradable synthetic ester base stock according to claim 1
wherein said branched acid is predominantly a doubly branched or an aipha
branched acid having an average branchmg per molecule in the range between
about 0.3 to 1.9.
25
' 14.  The biodegradable synthetic ester base stock according to claim 4
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.
30 | | -
15. The biodegradable synthetic ester base stock according to claim 1
wherein no more than 10% of said branched acids used to form said biodegradable
synthetic ester base stock contain a quaternary carbon.

35
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Tabl e 6 St andar d

Meet 10 day Pr oduct % Bi odeg.
Devi ati OwWo 96Il7m9ndow WEFGB@LTOU‘&B%EM bne) PCT/0§95A6224

5  T1PE/ 0810/ CKAEPLAGERS SHP| Adpack* 80.5 . + 1.6

G Adpacks "= 75. 4 + 6.9 no

TPE/ m1MWWMﬂ“H“ dpack** 76. 8 +14. 7 no *
Denotes & | Gbrtcaht fadditive package sol (?Qby Exxon Conpany, USA. under the
trademark Univis Bl O SHP Adpack. -10 Denotes a lubricant additive
package sold by Exxon Chem cal Conpany, Param ns : Di vi si on

under the trademark, Synestic Adpack . . <. . otes a | ubricant

addi ti ve package stq'd ﬁ%ﬁ%ﬁ%%%ﬂ“ﬂhﬁ%ﬂ‘?@?mm

trademark MGG Adpack. at leasbone biodegradatile syntherictester basetstockivehieh st ock f or med

I n accordance i d . 0O wm.%

ratio with t hew %?ﬁ%}% g£a1 dch%%rﬁh&? a%ﬁ&qg@m?[tm%gé%{i and

wi t hout addi tformulafR{OH)i ovhegein Reis |aamhpba;zcsorfqvplomhamun having from t he

t wo- cycl e ¢en R4S E%Paxﬁ t xﬂié‘éi xﬂ;ﬂ'xsﬂn@ o treat-

rate. The sr egwl&tﬁsggécza set3 In, igbdjtg&gtz%a ' ac?dsc% about

Table 7 30 to 80 molar % of a earac:d awngacaxbonnumbenntherange between

g_t agdar d Deabou% &% e510e! and about 20 to g? moiar %Tol\gglt %egit onSeObranched acid having %

i odeg. viation +

80. 7 b«fstherﬂssf%ém&%w §1o %&sﬂswé%@aemht*

76.1 I f e:dnlibnﬁ th%l following properties:iat lehist 60% bivdegradatiorpm 280daysasi ng

prinari Yy ol vam EXAMP
10°" Hidashret byihe Mogified Stapm a5 4 PR RO OF 1658 AR -257G,2A _ | e

and seni - | i neviscosity 8less than Z5@0 maegﬁ(healﬂl odegr adabl e synthetic ester .

base stock fornmed accor present I nvention. W have
provi ded two exanpl'es ogll%eﬁe*s’{d J’sagkas%eock according to the

present invention because they cont a| n two-different nolar ratios
of Cekanoic 8 to C§30. THebiodsgratisble Ribricaiactor¥ingtochlith A6 wiidrein shidOf

br anchi ng s n rea fect i odegr dat on ,as neasured by
the Modifl%d Mwawgg\si a#r&m?n“@geymﬁﬁ ;ﬁalpnprove it which
is contrary to conventional w sdom
18.  The biodegradable lubricant accordmg to claun 16 wherein said
- mixed acids comprise said linear acid in an amount of about 35 to 55 molar %.

20 19.  The biodegradable lubricant according to claim 16 wherein said
branched acid has a carbon number in the range between about C; to Cyo.

20.  The biodegradable lubric_;int according to claim 18 wherein said
mixed acids comprise said branched acid in an amount of about 35 to 55 molar %.
25 _ | | '
21.  The biodegradable lubricant according to claim 16 wherein said
branched acid comprises muitiple isomers. '

22.  The biodegradable lubricant according to claim 21 wherein said
30  branched acid comprises at ieast 3 isomers.

23.  The biodegradable lubricant according to claim 22 wherein said
branched acid comprises between about greater than 3 to 5 isomers.

This Sheet Has Been Reﬂlaced




WO 96/ 17909

PCT/ US95/ 16224 THIS SHEET HAS BEEN- Tabl e 8

% Bi odegr ag@d v¢yoo9 St andard . 10- Day REPLACEEst er PCT/US95/16224

(28 Days) Devi ation Whaow— ot'al | y Limear Ester 5
TMP/ 7810 76. 13 8 77 no

TPE/ Di - PE/ n- Cf er 1] 82. 31 .25, yes ININIINR JLLA
Adi pat e 89.63 6. 28 yes :
86. 09 3.76 .yes Semi - Li near Ester 10

TMP/ i sost ear at e 63 32 1.91 no TNP/ 1770
76. 46 MP/ 1770

6. 89 no 24 Br a%ﬁ@@dggp@ble jubricant accor]mg-fgga&% Mehezein sm 92 90
7.00 yeslineat heid is selected ffdMriteSgkBulsBalkyl mOfo-barboxylic acids ordi- 1. 85

yes Not es:, TMR/ 7810 denotes a tri-ester of trinethol propane and
Cerr], (err] %Bo’@{l raffd aci ds.

TPE/Di -PE/n-C[err] denotes esters of technical grade pentaerythritol, di -
pentaerythrigi ol and rdu'}g%
di -ester of Stadl aC| d aﬁgl ]bl@ rr le ﬁ:@nﬁatrtacco OQMQB%W

denotes a conpl bineasacidrhas thexgenenahstructure RGOQH weherein R(ipa linear alkyl group
mol s), adipic aﬁiﬂnéﬁ'oﬂﬂﬂou@@@o M g,%{lhoﬁgd Clerr] acids (2 nol).

Rapeseed G| is a tTi-ester of glycerol and stearic acid.
TMP/ i sostearate denotes a tri-ester of trimet hyl ol pr opane and iso-stearic

25 aQed ( THedidtegradable dbrieat azcordingrol cigim 16 wherein said
Jort] act dig rosgeshse aroﬁ%ése‘)egh% 1 bighisth BRRPERSC Bh il st T ©F
conposition includes approximtely 70% n-heptanoic acid, 22% 2-

27.. The biodegradable lubricant according to claim 16 wherein said
branched or linear alcohol is selected from the group consisting of: technical grade
pentaerythritol, mono-pentaerythritol, di-pentaerythritol, neopentylglycol,

15 trimethylolpropane, ethylene or propylene glycol, butane diol, sorbxtol, and 2-
methylpropane diol.

10

28.  The biodegradable lubricant according to claim 16 wherein said
branched acid is predominantly a doubly branched or an aipha branched acid
20 having an average branching per molecule in the range between about 0.3 to 1.9.

29.  The biodegradable lubricant according to claim 19 wherein said
branched acid is at least one acid selected from the group consisting of: 2-
ethylhexanoic acids, 1soheptano:c acids, isooctanoic acids, isononanoic acxds, and
25 1sodecan01c acids.

30. The biodegradable lubricant according to claim 16 wherein said
biodegradable lubricant is a blend of said branched synthetic esters.

30 31. The blodegradable lubricant accordmg to claim 16 wherein said

| addmve package comprises additives selected from the group consisting of:
viscosity index improvers, corrosion inhibitors, oxidation inhibitors, dispersants,
lube oil flow improvers, detergents and rust inhibitors, pour point depressants,
anti-foaming agents, antiwear agents, seal swellants, and friction modifiers.

35
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met hyl hexanoi ¢ acid, 6.5% 2-ethyl pentan acid, 1% 4- 30
nmet hyl hexanoi ¢ aci d, and O. , n@,ﬁgﬂNp nt anoi ¢ aci d.
TPE/ 1770wapysat7eod esters of - chb’ ade ent aer yt hri t ol peaTUsgs/1622430 M X

of n-C7 acid (70% and al ph@ brathe acids (30%. The 1770

ﬂmmﬂmm appr oxi*marely 70% n- hept anoi ¢ acid, 22% 2-
6. 5% 2- et hyl pent anoigg, acid, 1% 4- 35

met hyl Hex&nol'c &ci, |and 0. 5% 3. 3-di et hyl pent anoi ¢ aci d. WD 96/ 17909
PCT/ US95/ 16224 * TPE/ C810/ Ck8 denotes esters of

techni cal grade pent aerythritol and a 45: 55 nol ar
ratio of iso-Cs ac . ga -1,0/ Ck8
denotes esters of chn |b?€‘f°§@@e2®‘%% CF?I:[d(l)I}gt éﬂm 16WI %

30: 70 not ar rbiudegmﬂablshlbﬁpunn;ammﬂtum) and 0810 aci d. 5 10 -
15

33.  The biodegradable lubricant according to claim 32 wherein said
5 additive package comprises at least one additive selected from the group consisting
of: viscosity index improvers, corrosion inhibitors, oxxdatlon inhibitors, coupling
agents, dispersants, extreme pressure agents, color stablhzers detergents and rust
inhibitors, antifoaming agents, antiwear agents, and friction modifiers.

o 34 Thebiodegradable ubricant accor_c_ﬁiig to claim 16 wherein said N |
biodegradable lubricant is a hydraulic fiuid. :

35.  The biodegradable lubricant according to claim 34 wherein said
additive package compx_'is_es at least one additive selected from the group consisting
15 of viscosity index improvers, corrosion inhibitors, boundary lubrication agents,
demulsifiers, pour point depressants, and antifoaming agents.

36. . The biodegradable lubricant according to claim 16 wherein said
- biodegradable lubricant is a drilling fluid. -

20 . : :

37.  The biodegradable lubricant according to claim 36 wherein said
additive package comiprises at least one additive selected from the group consisting
of: viscosity index improvers, corrosion inhibitors, weighting agents, water loss
improving agents, bactericides, and drill bit lubricants.

25

38.  The biodegradable lubricant according to claim 16 wherein said
biodegradable lubricant is a water turbine oil.

39.  The biodegradable lubricant according to claim 38 wherein said
30 additive package compnses at least one additive selected from the group consisting
. of: viscosity index improvers, corrosion mhlbltors oxidation inhibitors, thickeners,
dispersants, anti-emulsifying agents, color stabilizers, detergents and rust
inhibitors, and pour point depressants.

This Sheet Has Been Relplace

LU




20

25

WO 96/17909 ' o REPLACED!

10

15

20

30

35

30 ' .35 '
__ Ms SHEET: HAS BEEN \

PCT/US95/16224

o lwamymm

40.  The biodegradable lubncant accordmg to claim 16 wherein said
blodegradable lubricant is a grease.

41.  The biodegradable lubricant according to claim 40 wherein said
additive package comprises at least one additive selected from the group consisting
of: thickening agent, viscosity index improvers, oxidation inhibiﬁ:rs, extreme
pressure agents, detergents and rust inhibitors, pour point depressants, metal
deactivators, and antiwear agents.

42.  The biodegradable lubricant according to claim 16 wherein said
biodegradabie lubricant is a compressor oil.

43.  The biodegradable lubricant according to claim 42 wherein said
additive package comprises at least one additive selected from the group consisting
of: oxidation inhibitors, detergents and rust inhibitors, metal deactivators, additive
solubilizers, demulsifying agents, and antiwear agents. '

_ 44.  The biodegradable lubricant according to claim 16 wherein no more
than 10% of said branched acids used to form said biodegradable synthetic ester
base stock contain a quaternary carbon.

45.  The biodegradable lubricant according to claim 16 further

comprising a solvent.

46.  The biodegradable lubricant according to claim 45 wherein said
biodegradable synthetic ester base stock is present in an amount of about 50-99 %
by weight, said lubricant additive paékage is present in an amount of about 1 to 20
% by weight lubricant additive package; and solvent is present in an amount of
about 0 to 30 %.

47.  The biodegradable lubricant according to claim 16 wherein said
biodegradable lubricant is a two-cycle engine oil.
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VWHAT IS CLAIMED | S = 1 ——A—k4 0degr adabl e synthetic ester base °
‘stock which conprises the TH;ssHEE‘B.EASBEENJ oduct of; a
br anchewo6/17909ear _al cohol | havi myLAOED geney al formila R( QpETe899/162245
whereln Ris an aliphatic & 7 Cc group having fromabout 2 to

s““l“ﬁﬂ “l“éll‘lﬂlﬂl and n is at Ieast 2; and m xed -
aC|d 30 to 80 nolar % a linear acid havi ng a

car bor® ndnbér ''n the range between about err] to Cferr], and about 20 to
70 nmol ar %of at | east one branched acid having a carbon nunber in
the range 10 bet ween about C[err] to (Jerr] and wherein no rmre than 10%

of said branched a sed .t,.0, orm sai d .bi ode ble s etic
ester base stock cght ai e b &?g?‘ﬂaﬁ‘i?“m‘“ cordmg IR ‘gémg?éﬁ’wgl |sﬁ‘ ester
base stock exhddifivespackage intiudes atdeast opeadditive; selecteddirom the group 66hsisting

o i Cor s o0F kb S BrSTRRS oRsBH ot tufdailn PO S5t 00"

-25[err] C. 15agents, dlspersams,eztrememummr wfmaxmtddnems.se
stock accog di e#&n' bﬂ'&f tESann bon
nunber |n05; hea& e&lﬁ.gPV\q%%m %otft raini?o err]a‘Etl é‘ﬁgelﬁs%ﬂﬂ . The
bi odegr adabl e2BYWRARABEMS.cst er base st ock according to claim1 20 V\/nerei n
said m xed acids comprise said linear acid in an.anount of about 35 to 55
nmol ar % 4, The bi odegradabl e synthetic ester base stock
according to claim1l wherei n said branched acid has a carbon nunber
in the range between about Cerr] to 25 Cerr]. 5. The
bi odegradabl e synthetic ester base stock according to claim3 wher en

sai d mixed aci ds conprise said branched acid in an anount of about 35 to

15

20
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egradabl e synthetic ester.ase stock
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TP REE B e et
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(57) Abstract

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

A biodegradable lubricant which is prepared from: about 60-99 % by weight of at least one biodegradable synthetic ester base stock
which comprises the reaction product of: a branched or linear alcohol having the general formula R(OH),, wherein R is an aliphatic or
cyclo-aliphatic group having from about 2 to 20 carbon atoms and n is at least 2; and mixed acids comprising about 30 to 80 molar % of
a linear acid having a carbon number in the range between about Cs to Cyz, and about 20 to 70 molar % of at least one branched acid
having a carbon number in the range between about Cs to Ci3; wherein the ester base stock exhibits the following properties: at least 60
% biodegradation in 28 days as measured by the Modified Sturm test; a pour point of less than -25 °C; and a viscosity of less than 7500
cps at =25 °C; about 1 to 20 % by weight lubricant additive package; and about 0 to 20 % of a solvent.
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13. The bi odegradabl e synthetic ester base stock according

wherein said branched acid is predom nantly a doubly brancheulmmﬂmmlﬁml |”“|
branched aci d having an average branchi n®8per nol ecul e in the*rahge bét wéen*
30 about 0.3 to 1.09. .14, The bi odegradabl e synthetic ester
base stock according to claim4 wherein said branched acid is at

| east one acid selected fromthe group consisting of 2-ehyl hexanoic

aci ds, isoheptanoic acids, isooctanoic acids, isononanoic acids, 35 and

I sodecanoi ¢ aci ds. 30

15. The bi odmﬁ%ﬂsse stock according to claim1 wherein

sai d base stoc sity of at least 34.87 cSt at 40[err]C.

16. A bi odegradable | ulriicdugtadible SyntheticisRPBasRGtdck Shickcomprises the _

at | east one bi odegr adabl e synt hetic ester base stock which conpri ses

the reacti on preudtied @ﬁuctebfbranched or |inear al cohdl having the general
formula R(OH)[err], V\‘herel n Ris an aliphatic or cyclo-aliphatic group

havi ng from about 2b’rzmcm ardmbﬁral@homvmdhhgmﬁfom&ﬂsﬂ(@mand m xed
aci ds conprising about to 80 nmolar %of a I &rd havi ng a
carbon nunbér etm&m#g@b&%@ﬁ“@éﬂ%&?ﬂ@% WP 2030d about

20 to 70 nol ar %of at | e st one branched aci d having a car bon nunber
in the range béﬂk@%ﬂ q Jt;"omé[err] and wherein no nore than

mlxed acids comprising about 30 to 80 molar % of a linear acid
having a carbon number in the range between about Cs to C,;, and about 20 to 70
molar % of at least one branched acid having a carbon number in the range
10 between about Cs to Cyo and wherein no more than 10% of said branched acids
used to form said biodegradable synthetic ester base stock contains & qﬁabemary
carbon; wherein said 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 -40°C; and a viscosity of less than 7500 cps at -25°C.

15 .
2. The biodegradable synthetic ester base stock according to claim 1

- wherein said linear acid has a carbon number in the range between about C~ to Co.

3 The biodegradable synthetic ester base stock according to claim 1
20 wherem said mixed acids comprise said linear acid in an amount of about 35 to 53
molar %.

4. The biodegradable synthetic ester base stock according to claim 1
wherein said branched acid has a carbon mumber in the range between about C- to
25 C.

S.  The biodegradable synthetic ester base stock according to claim 3
where:n said mixed acids comprise said branched acnd in an amount of about 35 to

55 molar %.
30
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'stock exhibits the foll owing propei@?ies at |east 60% bi ddedr adat fons  +
in 28 days as neasured by the 15 Mdified Sturmtest; a pour point of -

| ess than -40[err]C and a viscosity of |less than 7500 cps at
-25[err]C, and a lubricant additive package.

17. The bi odegradabl e | ubricant according to claim 16 wherein said 20
| i near acid has a carbon nunber in the range between about Cerr] to

Jerr]. 6. 18'I'heb1 Maﬂé@ﬁ&ﬁ@lﬁms@:ba&rst&m&c@aaﬁgm;ﬂmo claim
16 wherein said e(f rise .si”;u .d linear acid In an anount of
about 35 to 55“’#6‘19%“‘%‘“% cotnp ses gultiple; ‘odegr adabl e | ubri cant

according to claim16 wherein said br anched acid has a carbon nurrber

I n the range betwee abo

bi odegr adabl e | ubri JZant a%%%%da{xlgsﬁtﬁ&fc]e&er T stockaccorcclimégoclmm xed aci ds
conpri se sadd Mheneiiseid hraached m@wm@ﬂs&ﬁ W%S to 55 nolar % 30

21. The bi odegradabl e | ubricant according to claim16 wherein said

o1 adegr adabl ¢ | ubri Bant JEtbpRRsreb 7 tﬁﬁrﬁez&efmﬁ@rsac#lsé%@nswa%m7

wherein said branched acid has between about greater than 3 to 5 isomers.

10 9. The biodegradable synthetic ester base stock according to claim 1
wherein said linear acid is selected from the group of alkyl mono-carboxylic acids
or di-carboxylic acids.

10.  The biodegradable synthetic ester base stock according to claim 1
15  wherein said linear acid has the general structure RCOOH, wherein R is a linear
alkyl group having from about 4 to 11 carbon atoms,

11.  The biodegradable synthetic ester base stock according to claim 1
wherein said ester also exhibits a high flash point COC of at least 175°C.
20
12.  The biodegradable synthetic ester base stock to claim 1 wherein
said branched or linear aleohol is selected from the group consisting of: technical
grade pentaerythritol, mono-pentaerythritol, di-pentaerythritol, neopentyiglycol,
trimethylolpropane, ethylene or propylene glycol, butane diol, sorbitol, and 2-
25  methyipropane diol.

13.  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

30 about 0.3 to 1.9, '

14.  Thebiodegradable synthetic ester base stock according to claim 4
wherein said branched acid is at least one acid selected from the group consisting
of: 2-ethylhexanoic acids, isoheptanoic acids, isooctanoic acids, isononanoic acids,

35  and isodecapoic acids.
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EI odggrg?ggggldeafhgr fggﬁii Zgio?gl lngatsg gl ii?%nngSMer ein said ﬁ"mwimmu"m " l“l
aci d conpri ses between about greater thami03 to 5 isomers.

The bi odegradabl e | ubricant according to claim 16 wherein sa| d i near
acid is selected fromthe group of al kyl nono-carboxylic acids or di-

car boxyl i c "aci ds. 25. The bi odegradabl e | ubricant accordi ng
to claim16 wherein said 15 linear acid has the general structure RCOCH,
wherein Ris a linear alkyl group havi ng from about 4 to 11 carbon

at ons. 6. r ab&R8h Aflereln Cl @i m 16
wherein said eétger Js-g‘i‘égto%ﬁﬂe@éiﬁms%s;iéﬁah hlée&gﬁgglh pm%t CQOC of
at |east 175[ elsﬂqibasezwckethsawscosrmo b-"‘{) B&%g’ﬁé l e | ubricant
according to claim16 wherein said branched or |inear alcohol is

sel ected fromthe group consisting of technical grade pentaerythritol,

nmono- pent aeryt hrit olté. di Apbiodegeadehli hibricant whichis propangtl roai |
trimet hyl ol propane, ethylene or propyl ene gl écol but ane di ol.,. sorbitol,

and 2- 25 nBt hyl propane & lgast one biodegradable etic esteg bags lB&]'abl e

| ub d | 16 wh d

p?eééﬁqaﬂén? f;:éoégﬂﬁﬁ&%ﬁgéﬁ@n@aowf o Bredfed e fnerled Qé%vmg §587hg an
9. 30

S0 UThe bi oaduruicE( PR fieda s 1 BiftaROE ORlo! AR Gkby v fork.

l23f anc hedef‘ﬁ' d g2 foSBar c}ﬁﬂ%to?ﬁé &d 135 SO 2! i hixBP 2 GACURNFBRG aBdiitng OF :
yl hexanoi ¢ ‘aci ds, |soheptanoi ¢ aci ds, |sooctanoic acids,
| sonopanoi ¢ acizgse 80 ftblar % of i HAEAE 460 Gaving s katbon nukhber in the range between
| 10 about Cs to Cyz, and about 20 to 70 molar % of at least one branched acid having a
carbon number in the range between about Cs to Cyo and wherein no more than
10% of said branched acids used to form said biodegradable synthetic ester base
stock contains a quaternary carbon; wherein said ester base stock exhibits the
following properties: at least §0% biodegradation in 28 days as measured by the
15 Modified Sturm test; a pour point of less than -40°C; and a viscosity of less than
7500 cps at -25°C,; and
a lubricant additive package.

17.  The biodegradable lubricant according to claim 16 wherein said
20  linear acid has a carbon number in the range between about Cy to Cio.

18.  The biodegradable lubricant according to claim 16 wherein said
mixed acids comprise said linear acid in an amount of about 35 to 55 molar %.

25 19.  The biodegradable lubricant according to claim 16 wherein said
branched acid has a carbon number in the range between about C; to Cie.

20.  The biodegradable lubricant according to claim 18 wherein said
mixed acids comprise said branched acid in an amount of about 35 to 55 molar %.
30 '
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30. The bi odegradabl e | ubricant according to claim16 wherei i

bi odegradabl e lubricant is a blend of said branched synthetic 'mmlrl@” "I" "Ill " IIII
-31. The bi odegradabl e | ubricant accordsng to claim 16 whereinmn sa dt bw s =«
addi tive package conprises additives selected fromthe group consisting of
viscosity index inprovers, corrosion inhibitors, oxidation inhibitors,

di spersants, | ube oil flow inprovers, detergents and rust inhibitors,
pour point depressants, anti-foam ng agents, antiwear agents, seal
swel lants, and friction nodifiers. - 32. The bi odegr adabl e

10
o5 Catapu t i1 210 CHi BdkgradaE flbBenR afcording sOURHPES PliGeaig 0" ! cant
accordi ng to cbranchedacidicomprises smiltiple isomersaddi ti ve package conprises at

| east one additive selected fromthe group consisting 15 of : viscosity

I ndex inprovers, cogJosign .inhibitar oxi.dation i nhibitpr coupl i ng
agents, di spersant si,iextf}é"frmo 5@?3‘"’5‘6@‘“?&?"@8‘%5‘? °§‘f’h%ﬁ”?’?8ﬁ"§?£det ergents
and rust 3  brandhied atid comprises iaf leastidrigpmegent s, anti wear agents, and
friction nodifiers. 34. The bi odegr adabl e | ubri cant
according to claim 16 wherein said 2 bi odegradabl e, | ybricant js a

hydr aul i g fluid ~ 23. The biOdem?ble?“PﬁiémEiaﬁ?f‘g@mﬁé‘éB‘P@ ?ﬁﬂl“?f@g‘rﬁ’ﬁaccor di ng
to cl ai m 34 whifagéhed 2did Comprises beveen Wsoud ardatg ehan@mor 3 saimeral | east one
additive selected fromthe group consisting of viscosity index

| nprovers, corrosion inhibitors, boundary |ubrication agents, 25

demul si fi et®, pour Pbi nt Thrchiedagradabls lubsisantacearding io alginy i wherem said

36.  The bi odggapgallselettdl Gofithe BFP o alky] hond-taboxylie atiiesedin sai d

bi odegr adabl e I%gri gant. isadrilling fluid. 30 ) 37. The

bi odegr adabl e FHPPFESAHSccording to clai m 36 wherein said addi tive
package conprises at 1east one additive selected fromthe group consisting

ackage conpri ses a the group consistir
Poss i mpr ovi ng’ dgent & D er?%?@fﬁ“mﬁﬁd’ﬂ%ﬁgﬁgﬁfgfﬁﬁﬂ?;s -

e
15 linear acid has the general structure RCOO , wherein R is a linear alkyl group
having from about 4 to 11 carbon atoms.

26.  The biodegradable lubricant according to claim 16 wherein said
ester base stock also exhibits a high flash point COC of at least 175°C.
20
27.  The biodegradable lubricant according to claim 16 wherein said
branched or linear alcohol is selected from the group consisting of. technical grade
pentaerythritol, mono-pentaerythritol, di-pentaerythritol, neopentylglycol,
trimethylolpropane, ethylene or propylene glycol, butane diol, sorbitol, and 2-
25  methylpropane diol.

28.  The biodegradable lubricant according to claim 16 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.

30
29. The biodegradable lubricant according to claim 19 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.
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39. The bi odegradabl e | ubricant accordi¥g to clai m 38 wherein*saifd t
addi ti ve package conprises at |east one additive selected fromthe group

?g wherein said g?bdeg-rrggagi Ce)dfg[)?idggln? : gb;i \?v:'?:ar a’?ﬁ%ﬂllﬂlﬂ“"ﬂ"!llwlll " IIII
M N *

consi sting of : "viscosity index inprovers, corrosion inhibitors,

oxi dation inhibitors, thickeners, di spersants, anti-emul sifying
agents, color stabilizers, detergents and rust i nhibitors, and pour
poi nt depressants.. 10 40. The bi odegradabl e | ubri cant

according to claim k9 le%eib_[?géﬁia_dabée lubri&hglfd@ﬂlf@%haﬂd &dtntllerwmgi sii@t a | a
r ease. . . The hi.0 a e ri.cant .according to claim
20 wher ei n sai (Pxodegradgléa}qbpeaén B&%ﬂﬁiﬁ?@ﬁ%ﬁé&%‘*’%‘ %8¥e e addigt ive

selected fromthe group consisting 15 of: thickening agent, viscosity index

i nprovers, oxidatiorgyi ”hiﬂEWdt%grégﬁﬂléﬁﬁﬁcam wcowh?%gﬁ%ﬁrnai%%e?eingﬁ& ergents

and rust inhibitqors, pour poln ressants, t deacgti vators, and
ant i wear agént fidditive package comp .‘ﬁm"?ﬁé"l?ﬁ‘ﬂ)gg‘f‘g]ﬁ'aﬁp@ FRASISHBRA% accor di ng
to claim16 whesigbsitySindek iZiprovesd| stagiondatiibicors, .dxidadieninhibitors, disparsantssor oi | .
43. The bi odqgra . | g or.di Jaa .l ai m 42 . | ai d
addi tive pac kaggbfc%ﬁ%‘?%@g?rg%@%néﬂg{é%i%%rgg %%‘?%Wgeﬁ% f}sé group
consi sti ng antiffoaming @gerts Aativiear BEents, seal gwellantse sndsfrigtion modifietsnhi bi t or s,
nmetal deactivators, additive 25 solubilizers, denulsifying agents, and
anti wear agents. . . 44, The Dbiodegr.adabl.e | uybrJ cant .according
to claim lGl%Wner ei n %4 g The biodsgraiable lél'gﬁﬁnt a@ﬂé‘%ﬁ %m@sltégyﬁe[sgg éa‘gt ock
exhi bits a vi sdiodegradable htbricantita GMap8lt ollSt  at 40[err]C. 30
45, The bi odegradabl e | ubricant according to claim 16 further
33. . The biodegradable lubricant according to claim 32 wherein said
~ additive package comprises at least one additive selected from the group consisting
15  of viscosity index improvers, corrosion inhibitors, oxidation inhibitors, coupling
agents, dispersants, extreme pressure agents, color stabilizers, detergents and rust
inhibitors, antifoaming agents, antiwear agents, and friction modifiers,

34.  The biodegradable lubricant according to claim 16 wherein said
20 biodegradable lubricant is a hydraulic fluid.

35.  The biodegradable lubticant according to claim 34 wherein said
additive package comprises at least one additive selected from the group consisting
of: viscosity index improvers, corrosion inhibitors, boundary lubrication agents,

25  demulsifiers, pour point depressants, and antifoaming agents.

36.  The biodegradable lubricant according to claim 16 wherein said
biodegradable lubricant is a drilling fluid.

30 37.  The biodegradable lubricant according to claim 36 wherein said
additive package comprises at least one additive selected from the group consisting
oft viscosity index improvers, corrosion inhibitors, weighting agents, water loss
improving agents, bactericides, and drill bit lubricants.
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conprising a solvent. ' 46.  The bi odegr, I
b ubricant according to claim45 wherein said bi odegr adabl el n IHEMH""III " III
ester base stock is present in an anount 38f about 50-99 % by wei ght,n s '«

said lubricant additive package is present in an amount of about 1 to 20
% by wei ght |ubricant additive package; and solvent is present in an anount

of 5 about 0 to 30% 47. The bi odegradabl e | ubri cant
according to claim 16 wherein said bi odegradabl e | ubricant is a
two-cycle engine oil. 10 48. The bi odegr adabl e | ubri cant

accorcing to clalm g }"’?gﬁfkﬁgégﬁﬁblelubﬁc%ﬂldickéfdﬁzgﬁa%hg?%Weﬂﬂfﬁi at | east

one additive selecte ) Sgroup consi sting vi scosity index
i nprovers, cor Pissegmdabimiubricast is 2 waterdurbing Pt nhi bit ors, coupli ng
agents, dispersants, extrenme pressure agents, color stabilizers,

surfactants, diluentg, det er t n .1 N bj r I nt
depressants, antif oéﬁn’ nngﬁglﬁﬁég,m‘%ﬁg l\i’%&%{#%ﬁl@%%@{ﬁ? whifél sng 25
5  additive package comprises at least one additive selected from the group consisting
of: viscosity index improvers, corrosion inhibitors, oxidation inhibitors, thickeners,
dispersants, anti-emulsifying agents, color stabilizers, detergents and rust
inhibitors, and pour point depressants,

10 40.  The biodegradable lubricant according to claim 16 wherein said
biodegradable lubricant is a grease.

41.  The biodegradable lubricant according to claim 40 wherein said
additive package comprises at least one additive selected from the group consisting
15 of thickening agent, viscosity index improvers, oxidation inhibitors, extreme
pressure agents, detergents and rust inhibitors, pour point depressants, metal
deactivators, and antiwear agents.

42.  The biodegradable lubricant according to claim 16 wherein said
20  biodegradable lubricant is a compressor oil.

43,  The biodegradable lubricant according to claim 42 wherein said
additive package comprises at least one additive selected from the group consisting
of* oxidation inhibitors, detergents and rust inhibitors, metal deactivators, additive

25  solubilizers, demulsifying agents, and antiwear agents.

44 The biodegradable lubricant according to claim 16 wherein said
biodegradable synthetic ester base stock exhibits a viscosity of at least 34.87 ¢St at
40°C.

30 |
45.  The biodegradabie lubricant according to claim 16 further
‘comprising a solvent. -
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46.  The biodegradable lubricant according to claim 45 wherein said
biodegradable synthetic ester base stock is present in an amount of about 50-99 %
by weight, said lubricant additive package is present in an amount of about 1 to 20
% by weight lubricant additive package; and solvent is present in an amount of
about 0 to 30 %. '

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

43,  The biodegradable lubricamt according to claim 47 wherein said
additive package includes at least one additive selected from the group consisting
of: viscosity index improvers, corrosion inhibitors, oxidation inhibitors, coupling
agents, dispersaots, extreme pressure agents, color stabilizers, surfactants, diluents,
detergents and rust iphibitors, pour point depressants, antifoaming agerits, and
antiwear agents. '
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