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ECOFRIENDLY AND BIODEGRADABLE
LUBRICANT FORMULATION AND
PROCESS FOR PREPARATION THEREOF

FIELD OF THE INVENTION

[0001] The present invention relates to the development of
ecofriendly and biodegradable lubricant formulations useful
for mechanical systems particularly for micro electro
mechanical systems (MEMS) and process thereof. The pres-
ent invention discloses the new generation lube base stocks
prepared by esterification of polyols such as 2,2-dimethyl,
1,3-Propanediol, 2,2-diethyl-1,3-propane diol, 1,1,1,-tris
hydroxy methyl propane (C;-Cs) and aliphatic di carboxylic
acids like adipic, azelaic and sebacic acids (C4-C, ) and with
mono alcohol, using heterogeneous catalyst with cation
exchange properties. These new generation lubricants exhib-
ited excellent biodegradability, high viscosity index and low
pour point, high flash point, good lubricity, good oxidative
stability, very good protection against wear, no evaporation
loss, good adherence to metal, corrosion inhibiting charac-
teristics and suitability for use with commercial additives. In
addition, the products are non-toxic to the sewage bacteria.
More specifically this invention relates to employing these
new generation lube base stocks for lubrication of chronom-
eters and other delicate high precision instruments that are
liable to be exposed to wide range of operating conditions.

BACKGROUND OF THE INVENTION

[0002] To meet the challenging requirements of recent
technological developments, new and high performing lubri-
cants are being explored all over the globe. In this scenario
the new generation high performance bio lubricants have
proved to possess a wide scope to deliver. The bio lubricants
have already found their way into various industrial and
automotive applications. The bio-based products in the form
of cutting oils, engine oils, gear and hydraulic oils are now
well established in the commercial markets. However, still
there are various other domains of engineering and technol-
ogy where the lubrication and use of bio lubricants is still a
challenge. The MEMS is one such domain where the use of
biolubricants has not yet been explored.

[0003] MEMS refer to miniaturized devices, which are
typically made up of combinations of mechanical and elec-
trical components ranging from 1 to 100 pm in size. Com-
ponents in MEMS usually involve relative motions and
exhibit both intended and unintended contacts. This renders
MEMS components with high vulnerability owing to the
resistive forces. Hence, in order to improve the reliability of
MEMS components, there is an urgent need not only to
understand the surface forces acting on the contacts but also
to develop lubricants and wear resistant coatings for them.
The Micro-electromechanical industry demands lubricants
that possess long service life and are environmentally safe.
The criteria of lubricant selection for Micro-electromechani-
cal systems is that they must provide 100% effective lubri-
cation throughout the component life and have low break
away torque along with being silent in operation. The
requirements of these lubricants are becoming more
demanding due to the variety of factors, including minia-
turization of electronic and mechanical devices, use of high
temperature operating conditions, increased expectation of
product lifetimes and the expanding range of operating and
storage environments. In addition to the lubrication of
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surfaces, lubricants also need to offer thermal stability,
chemical inertness, wear resistance, low volatility and/or
corrosion resistance, depending on the application require-
ment.

[0004] When MEMS components make movements, the
high viscosity liquid lubricants cause higher energy dissi-
pation. However, Boundary lubrication is a preferred choice
over fluid film lubrication in MEMS. Boundary films are
coated onto the target surfaces in order to reduce the energy
dissipated during collision. Good candidate of MEMS lubri-
cants typically have these properties: low surface tension,
are easily applied to the substrate and are strongly bonded to
the substrate, chemical and thermal stability which makes it
insensitive to environment.

[0005] Traditionally the most common Ilubricants for
MEMS application include Perfluoropolyether (PFPE), min-
eral oil lubes and phosgene esters. The major disadvantage
with the mineral oil based lubes is that they age and oxidize
at temperatures above 100° C. and form resins and carbo-
naceous deposits and hence cannot be used at temperatures
exceeding 100° C. Moreover they show poor miscibility
with other silicone and PFPE based additives. Similarly,
Perfluoropolyether though are very popular for MEMS
applications but have certain disadvantages such as degra-
dation at higher temperatures (more than 200° C.) especially
in presence of certain materials such as non passivated
aluminum, magnesium and titanium alloys. Low surface
tension, high density, permeability for water vapors result in
poor corrosive protection, poor boundary lubrication are
some other limitations associated with Perfluoropolyether.

[0006] Reference may be made to the U.S. Pat. application
No. 6,878,418 B2; 2005 that discloses method of preparing
a protective overcoat by depositing diamond like carbon
(DLC) coating over a magnetic layer and then depleting a
portion of DLC protective layer of hydrogen before coating
it with Perfluoropolyether (PFPE) by in-situ vapor lubrica-
tion technique.

[0007] Reference may be made to another U.S. Pat. No.
3,791,488 (Rowe deceased et al 1974), A novel method of
protecting the surfaces in contact with mineral oil using an
overlying film consisting of a very high viscosity silicon
fluid having viscosity in the range of 500-1500 centistokes.
[0008] Reference may be made to another U.S. Pat. No.
7,695,820B2; (Economy et al, 2010) wherein the innovators
have claimed a lubricant composition consisting of aliphatic
polyesters substituted at alpha and beta positions resulting in
increased thermal, chemical and hydrolytic stability as com-
pared to the conventional aliphatic esters and the commonly
used PFPE’s for their use in high performance lubrication
including lubricants for hard discs.

[0009] Reference may be made to the publication, Singh et
al, Surface chemical modification for exceptional wear life
of MEMS materials, AIP ADVANCES 1, 042141 (2011),
where the authors have described the chemical modification
method of surfaces to reduce friction and significantly
extend the wear life of two most popular MEMS structural
materials namely, silicon and SU-8 polymer. The surface
modifications have been attained using ethanolamine-so-
dium phosphate buffer, followed by coating of Perfluoropo-
lyether (PFPE) nano lubricant on (i) silicon coated with
SU-8 thin films (500 nm) and (ii)) MEMS process treated
SU-8 thick films (50 pm).

[0010] Reference may be made to another publication,
Gupta et al, Ultrathin PFPE Film Systems Fabricated by
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Covalent Assembly: An Application to Tribology, Tribology
Letters, and Vol. 45 (2012) Pages 371-378, in which the
authors have deposited anhydride-functionalized polymer
over an amine-functionalized silicon surface through cova-
lent bonding. The intermediate layer between derivative
silicon and Perfluoropolyether (PFPE) act as nano-lubrica-
tion in several applications, such as information storage
devices and micro-electromechanical systems.

[0011] Reference may be made to the publication (P S
Venkataramani et al., J. Synthetic Lubrication, 4: 307-319,
1987), on precision instrument oils. The authors have dis-
cussed the physico-chemical and performance characteris-
tics of developed watch oil, to show how it meets the basic
requirements of the watch lubricants, and compares favor-
ably with widely accepted watch oils.

[0012] Reference may be made to the U.S. Pat. No.
3,065,180 (Samuel Richard Pethriclr and Maurice Har-
rington Sparke, Sunbury-on-Tharnes, Nov. 20, 1962) that
relates to the synthetic lubricants consisting of a blend of
liquid aliphatic di ester of saturated aliphatic dicarboxylic
acid and polyester showing possible application in aero gas
turbine lubrication. The patent discloses Lubricant compo-
sition as blend of two components: (i) The di esters synthe-
sized by treating sebacic acid with ethyl hexyl alcohol, and
(i1) The poly esters of neopentyl glycol treated with sebacic,
iso sebacic, and 2,2,4 tri methyl adipic acids by using one
step esterification in presence of nitrogen atmosphere.
[0013] Reference may be made to the publication (Pon-
nekanti Nagendramma, Savita Kaul, R. P. S. Bisht M. R.
Tyagi, www.nlgi-india.org. 12 NLGI-2010) on develop-
ment of ecofriendly/biodegradable mixed polyol ester base
stocks for neat cutting oils. The authors report a number of
esters synthesized by using polyols with mixtures of mono
basic acids ranging from C4-C,, and the applicability of
these esters as neat cutting oils.

[0014] The performance and life of PFPE lubricants are
however limited and predicted by their thermal and chemical
stability, as well as their static friction and adhesion prop-
erties. Fluoroethers degrade chemically at elevated tempera-
tures and on exposure to the Lewis acidity material typically
present on systems.

[0015] Reference may be made to the publication (Pon-
nekanti Nagendramma and Savita Kaul, J. Synthetic Lubri-
cation, 25, 131-136, 2008) on study of synthetic complex
esters as automotive gear lubricants. This paper reports a
number of di- and triol-centered polyol complex esters
synthesized using indigenous ion-exchange resin (Indion-
130) catalyst and their applicability as automotive gear
lubricants. The extreme pressure additives were added to the
synthesized products to improve the load bearing and anti-
wear properties.

[0016] Reference may be made to publication (R. P. S.
Bisht, Savita Kaul, P. Nagendramma, V. K. Bhatia, A. K.
Gupta, Journal of Synthetic Lubrication, Volume 19, Issue 3,
October 2002. (19) 243 on Eco-friendly base fluids for
lubricant oil formulations. The paper reports synthesis of
various polyol esters using C4-C,, carboxylic acids and Cs
polyols using Eco-friendly catalysts IIP C,-IIP C, asserting
the applicability of the synthesized esters as automotive
transmission fluids. The commercial Tri aryl phosphate (1%)
additive was added to the synthesized products to improve
the auto ignition and anti-wear properties. Reference may be
made to the publication (Ponnekanti Nagendramma, Savita
Kaul and R. P. S. Bisht, Lubrication Science, 22, 103-110,
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2010) on study of synthesized ecofriendly and biodegrad-
able esters: fire resistance and lubricating properties. The
paper reports synthesis of various polyol esters using
2-methyl 2-n-propyl 1,3-propane diol, 2,2-di methyl 1,3-
propane diol, 1,1,1-[tris] hydroxyl methyl propane, 1,1,1-
[tris] hydroxyl methyl ethane, Carboxylic acids (C4-C,,)
both in pure and mixture forms and 2-ethyl-1 hexanol with
Indigenous ion exchange resin (indion-130) catalyst and the
applicability of these esters as fire resistant hydraulic fluids.
The commercial Tri aryl phosphate (1%) additive was added
to the synthesized products to improve the auto ignition and
anti-wear properties.

[0017] Reference may be made to U.S. Pat. No. 6,551,
968B2 (Mchenry et al Apr. 22, 2003), biodegradable poly
neopentyl polyol based synthetic ester blends and lubricants
thereof. The invention provides a novel biodegradable poly
neopentyl polyol (PNP) ester based synthetic base stock that
includes PNP ester admixed with dicarboxylic acid ester as
coupling agent. The PNP ester-coupling agent mixture is
blended with minor amounts of single or mixture of, addi-
tional high molecular weight linear or branched chain ester.
The final base stocks are compatible with standard lubricant
additive packages and miscible with gasoline resulting in
biodegradable lubricants that have improved viscosity char-
acteristics, good low temperature properties, and improved
lubricity for 2-stroke engine applications. (Blends are used
for 2-stroke engine oils).

[0018] Reference may be made to another patent U.S. Pat.
No. 8,183,190 B2,CA2534902A1, EP1656437Al,
EP1656437A4, US 20050049153, WO2005019395A1; (Ze-
heler, Eugene; Costello; Christopher et al, May 22 2012),
Complex polyol esters with improved performance. A bio-
degradable lubricant composition containing a complex
polyol ester having a polyfunctional alcohol residue and a
saturated or unsaturated dicarboxylic acid residue having
from about 9 to about 22 carbon atoms. Reference may be
made to patent WO 2014005932 A1; (Markus Scherer, Boris
Breitscheidel et al, Jan. 9, 2014), the use of carboxylic acid
esters as lubricants. The invention directs use of carboxylic
acid esters that had been obtained by reacting aliphatic
dicarboxylic acids and a mixture of structurally different
mono alcohols having 10 carbon atoms as lubricants and a
process for their preparation.

[0019] Reference may be made to the patent WO2015/
036293; (Scherer, Markus; Rinklieb, Ronny et al, Septem-
ber, 2016), Polyester and use of polyester in lubricants,
wherein the inventors have reported a lubricant composition
synthesized using aliphatic dicarboxylic acids having 5 to 20
carbon atoms and cyclo aliphatic dicarboxylic acid having 4
to 36 carbon atoms (glutaric acid, azelaic acid, sebacic acid,
adipic acid, pimelic acid, suberic acid, undecanedioic acid,
dodecanedioic acid, brassylic acid, tetradecanedioic acid,
pentadecanedioic acid, hexadecanedioic acid and octade-
canedioic acid) and one polyol with a hydroxyl functionality
in the range of =2 to <6. The catalyst used for the synthesis
was selected from the group consisting of titanium-, zirco-
nium- and tin-containing compounds.

[0020] Reference may be made to the publication (A. K.
Misra. A. K. Mehrotra. R. D. Srivastava. A. N. Nandy, Wear,
Volume 26, Issue 2, Pages 229-237, November 1973),
complex esters as antiwear agents, wherein the authors have
synthesized a number of Diol centered complex esters using
diols (diethylene glycol, 1,3-butane diol, neopentyl glycol,
polyethylene glycol (molecular weight 200-1000), 1-phe-
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noxy 2,3 propane diol), dibasic acid (sebacic acid) and
monohydric alcohols (2-ethyl hexanol) with p-Toluenesul-
fonic acid (PTSA) as catalyst. The synthesized products
were found to be effective antiwear agents.

[0021] Reference may be made to the U.S. Pat. No.
5,750,750A (Carolyn Boggus Duncan, Paul R. Geissler,
David Wayne Turner, William Joseph, Munley, Jr., Martin A.
Krevalis et al Feb. 7, 1997), High viscosity complex alcohol
esters, that reports the composition of complex alcohol ester
comprising of polyhydroxyl compound aliphatic or cycloa-
liphatic, C2-C20, —OH =2; a polybasic acid or an anhydride
of a polybasic acid; and a monohydric alcohol. The selected
polybasic or polycarboxylic acids include any of the C, to
C,, diacids, e.g. adipic, azelaic, sebacic and dodecanedioic
acids and the monohydric alcohol is either isodecyl alcohol
or 2-ethylhexanol. The patent also discloses the process for
producing complex alcohol ester using low content of metal
catalyst and low total acid number.

[0022] Reference may be made to the Japanese patent
JP06025683 A, (Sakai Akimitsu, Hagiwara Toshiya et al Jul.
9, 1992), Composition for refrigerator working fluid, that
discusses the method of ester preparation by reacting an
aliphatic polyalcohol, aliphatic monoalcohol and polycar-
boxylic acid (derivative). The Ester is mixed with refrigera-
tor oil and a hydro fluorocarbon for excellent lubricating
properties, heat stability, etc. and used as refrigerator lubri-
cant.

[0023] Reference may be made to the US patent
US2009186787A1 (Scherer Markus, Busch Stefan, Roeder
Juergen, Tking Rudolf, Rettemeyer Dirk, Bala Vasu et al Jun.
13, 2006), Lubricant compounds containing complex esters,
that includes complex ester obtained from the reaction of
polyols, mono-alcohols and dicarboxylic acids. The synthe-
sized products are used as lubricants for vehicle transmis-
sion, axle, industrial drives, compressors, turbines or
engines. The polyols disclosed are branched or linear alco-
hols of the general formula R* (OH) n in which R'— is an
aliphatic or cycloaliphatic group having from 2 to 20 carbon
atoms and n is at least 2. The preferred polyols included
neopentyl glycol. The monoalcohol used were also branched
or linear alcohols of the general formula R*OH in which
R?>— is an aliphatic or cycloaliphatic group having carbon
atoms ranging from 2 to 24 and bears 0 and/or 1, 2 or 3
double bonds. The preferred monoalcohol included 2-eth-
ylhexyl alcohol. The dicarboxylic acids used were prefer-
ably oxalic acid, malonic acid, succinic acid, glutaric acid,
adipic acid, pimelic acid, suberic acid, azelaic acid, sebacic
acid, brassylic acid, thapsic acid and phellogenic acid.
[0024] Reference may be made to another U.S. Pat. No.
6,376,435B1, (Mahmoud Mostafa Hafez, Ulrich Witten,
Paul Simon Woolley, Hiroki Kurosawa et al May 19, 1999),
Lubrication system for internal combustion engines (law
952) that discloses a binary two phase engine oil composi-
tion having two substantially immiscible liquid phases and
exhibiting improved fuel economy which is maintained over
an extended period. The first liquid phase comprises of base
oil, natural or synthetic. The second liquid phase is a polar
organic liquid, preferably a complex alcohol ester, prefer-
ably derived from a polyol, a polybasic acid, and a mono-
hydric alcohol.

[0025] Reference may be made to the Proceedings of
World Conference on Industrial Tribology 1ST (1973),
(Misra, A. K.; Kalra, S. L.; Srivastava. A. N, R. D.; Nandy,
A. N.; Nanda, J. N 1973) on Lubricants for precision
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mechanisms. The authors reported lubricants for clocks and
watches. 39 ester, ether-ester and diester type derivatives of
glycerol, glycols and monohydric alcohols were evaluated in
terms of viscosity at 100° F., pour point, % spreading on
glass surface, stability to oxidation and humidity. Only 2
complex esters of sebacic acid with 1,3-butanediol and
2-ethylhexanol (I) or neopentyl glycol, 1-benzoyloxy-2-
propanol and I as alc. components, passed all the tests except
spreading which was reduced by using an N-alkyl piperidine
derivative of higher fatty acid as an anti spreading additive.
[0026] Reference may be made to Venkataramani P S,
Kalra ST, Raman SV, Srivastava H C. Synthesis evaluation
and applications of complex esters as lubricants: a basic
study. Journal of Synthetic Lubrication 1987; 5(4): 271-289,
the authors have described the synthesis of some complex
esters based on Neo polyols (NPG & THMP) esters using
p-toluene sulfonic acid as catalyst. However the major
drawback associated with the said process is that it is quite
cumbersome and yield products that require continuous
monitoring resulting in inferior quality base oils with sig-
nificant acidity and charred products.

[0027] The existing state of art reveals that most of the
patents and information published in open literature is
related to the techniques of synthesis and use of existing
lubricants such as Perfluoropolyether (PFPE), phosphazene,
mineral oil compositions etc. for MEMS applications. Fur-
ther, the cited literature is confined towards increasing the
wear life of existing MEMS lubricants.

[0028] Therefore there is a need to develop mineral oil
free, ecofriendly biodegradable lubricant formulation to
avoid limitations of the existing lubricating formulations for
mechanical systems particularly MEMS.

OBIJECTS OF THE INVENTION

[0029] The main objective of the present invention is to
develop an ecofriendly and biodegradable mineral oil free
lubricant formulation useful for lubrication of chronometers
and other delicate precision components of micro electro
mechanical system based devices like delicate bearings,
gauges, meters, clocks etc which obviates the drawbacks of
prior art.

[0030] Another objective of the present invention is to
provide a process for preparation of lubricant formulation.
[0031] Yet another objective of the present invention is to
develop the ester base oil with a viscosity grade of 31.0 to
47.0 cSt at 40° C. as per IS: 1448: P-25 specification and
possessing a high viscosity index of 161-171 as per P-56.
[0032] Still another objective of the present invention is to
develop the ester base oil with a low pour point of approxi-
mately <-39° C. as per IS: 1448: P-10.

[0033] Yet another objective of the present invention is to
develop the ester base oil with a high flash point (210-232°
C.) as per ASTM D: 92.

[0034] Yet another objective of the present invention is to
develop the ester base oil with a good oxidation stability
with the change in kinematic viscosity being <10% with no
peroxide formation and no sign of corrosion on copper
spirals.

[0035] Yet another objective of the present invention is to
develop the ester base oil with no evaporation loss.

[0036] Yet another objective of the present invention is to
develop the ester base oil with very good wear protection
with wear scar diameter of 0.350 mm at 40 kgt load as per
ASTM D: 4172B.



US 2020/0299602 Al

[0037] Yet another objective of the present invention is to
develop the ester base oil with good adherence to metal
characteristics, with the contact angle in the range of 22-29°
and the diameter being <15% on polished mild steel sub-
strates.

[0038] Still another objective of the present invention is to
develop the ester base oil with good corrosion inhibiting
characteristics with steel and brass specimens.

[0039] Yet another objective of the present invention is to
develop the ester base oil with good lubricity with average
friction values in the range of 0.098-0.11 and wear scar
values of approx.180 um for loads ranging from 20-30N and
sliding speeds of 0.1-0.5m/sec.

[0040] Yet another objective of the present invention is to
synthesize a product that has low specific wear rate as
compared to or better than the existing conventional mineral
oil base lubricant.

[0041] Yet another objective of the present invention is to
develop the ester base oil with excellent biodegradability
with no toxicity. The biodegradability of the synthesized
ester is above 95% as per the standard ASTM D: 5864 test
method for biodegradability. The products are non toxic to
the sewage bacteria.

[0042] Yet another objective of the present invention is
conventional additives which are suitable for mineral oils
are also giving positive response with this ester.

[0043] Yet another objective of the present invention is to
develop the ester base oil with excellent load bearing
capacity with the elastohydrodynamic (EHD) film thickness
in the range of 60-180 nm for the loads ranging from 20-30
N.

[0044] Yet another objective of the present invention is to
develop the ester base oils which are comparable with
MEMS lube base oils meeting the requirements of commer-
cial chronometers and other delicate precision instrument
oils specifications.

[0045] Yet another objective of the present invention is to
develop the ester base oil with excellent biodegradability,
high viscosity index and low pour point, high flash point,
very good lubricity, good oxidation stability and property of
preventing corrosion and suitable for use with sealing mate-
rials.

[0046] Still another objective of the present invention is to
develop the ester base oil with the synthesized products
when blended with Zinc dialkyl dithio phosphate (ZDDP) as
multifunctional EP additive in recommended doses of 1.5-
4% improve the weld load and antiwear performance by
approximately 30%.

[0047] Still another objective of the present invention is to
synthesize the product which passes the 100 hour oxidation
stability test. After this anti oxidant additives 2,6-di tertiary
butyl 4, methyl Phenol was added.

[0048] Yet another objective of the present invention is to
develop the ester base oil with high purity polyol complex
esters with negligible acidity. The products obtained by this
invention can be used as biodegradable and ecofriendly
lubricants in chronometers and other delicate components in
MEMS devices and is completely ecofriendly and biode-
gradable as per ASTM D: 5864-2009 method where as
hitherto conventional MEMS oils are not biodegradable
containing mineral oil and PFPEs as base stock and synthe-
sized using conventional catalysts.

[0049] Still another objective of the present invention is to
develop ester base oil formulations for MEMS applications,
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by using commercial mineral oil additives which are being
used in commercial formulations.

[0050] Yet another objective of the present invention is to
synthesize an eco friendly and biodegradable MEMS lube
base oils with polyol complex esters as base oils meeting the
requirements of commercial chronometers and other deli-
cate instrument oil specifications.

SUMMARY OF THE INVENTION

[0051] Accordingly, the present invention provides a min-
eral oil free lubricant formulation, wherein the formulation
comprises:

[0052] polyol complex ester selected from the group
consisting of 2,2-diethyl, 1,3-Propane-Di azelaic
-2-ethyl-1-hexanoate, 2,2-dimethyl, 1,3-propane-Di
adipic-2-ethyl-1-hexanoate, and mixture thereof; and

[0053] optionally an antioxidant; and
[0054] optionally an additive.
[0055] In another embodiment, the formulation com-
prises:
[0056] (i) polyol complex esters in the range of 94% to
100%,
[0057] (ii) antioxidant in the range of 0-2%; and
[0058] (iii) additive in the range of O to 4%.
[0059] In yet another embodiment of the invention, the

formulation has a viscosity in the range of 31 to 47 cSt at 40°
C., a high viscosity index of 161-171, pour point of approxi-
mately <-39° C., operational temperature in the range of
—45° C. to 285° C.

[0060] Inan embodiment of the present invention the ratio
of polyol complex esters is in the ratio of 1:1 to 1:3.
[0061] In yet another embodiment of the present invention
the ratio of polyol complex ester is 1:1.

[0062] In still another embodiment of the present inven-
tion the antioxidant is selected from the group consisting of
2,6 -di tertiary butyl 4, methyl Phenol (BHT), alkylated
diphenylamine,  3,7-di-t-octylphenothiazine,  alkylated
PANA, and di-t-butyl-p-cresol (DBPC).

[0063] In another embodiment of the present invention,
the additive is selected from the group consisting of Zinc
dialkyl dithio phosphate (ZDDP), 5,5-dithiobis-(1,3,4-thia-
diazole-2(3H)-thione), Di Methyl Hydrogen Phosphite, Di
Butyl Hydrogen Phosphite, Di-n-Octyl Hydrogen Phosphite,
Di-2-Ethylhexyl Hydrogen Phosphite, Di Oleyl Hydrogen
Phosphite, Di Lauryl Hydrogen Phosphite, Tri-Lauryl Tri
Thiophosphite, Tri-Lauryl Phosphite, Tri-C,,-C,, Phos-
phite, and Tri-C,,-C,, Phosphite.

[0064] In another embodiment of the invention wherein
the formulation comprises the base oil when blended with
Zinc dialkyl dithio phosphate (ZDDP) as multifunctional EP
additive in recommended doses of 1.5-4% improve the weld
load and antiwear performance by approximately 30%.
[0065] A further embodiment of the present invention
provides a process for synthesizing the mineral oil free
lubricant formulation as claimed in claim 1, wherein the
process comprises the steps of:

[0066] (i) reacting a mixture of polyol of C;-Cy carbon,
dicarboxylic acid of C4-C,, carbon in a ratio of 1:2 in
presence of a heterogeneous catalyst and a solvent at
refluxing temperature for a period ranging between 2 to
4 hours to obtain a reaction mixture;

[0067] (ii) removing water from said reaction mixture
and allowing the mixture to cool to obtain cooled
mixture;
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[0068] (iii) reacting the cooled mixture of step (i1) with
at least 2 moles of mono alcohol under reflux condition
until all remaining carboxylic groups are esterified, and
completing the reaction in a period ranging from 8 to 12
hours, until water is removed to obtain Polyol complex
esters as base oil; and

[0069] (iv) blending the base oil obtained in step (iii),
wherein the base oil is 94% to 100% with antioxidant
1-2% and an additive 1.5 to 4%, to obtain the mineral
oil free lubricant formulation.

[0070] In still another embodiment of the present inven-

tion the polyol is selected from the group consisting of

2,2-dimethyl 1,3-propane diol, 2,2-diethyl-1,3-propane diol,
and 1,1,1,-tris hydroxy methyl propane.

[0071] Inyet another embodiment of the present invention

the dicarboxylic acid (C4-C,,) is selected from the group

consisting of adipic acid, azelaic acid, and sebacic acid.

[0072] In another embodiment of the present invention

wherein the mono alcohol in step (iii) is selected from the

group consisting of 2-ethyl-1-hexanol, isooctanol, nonanol,
and isodecanol.

[0073] Inyetanother embodiment of the present invention

the solvent is selected from toluene or xylene.

[0074] In a further embodiment of the present invention,

the antioxidant is selected from the group consisting of

2,6-di tertiary butyl 4, methyl Phenol (BHT), alkylated

diphenylamine,  3,7-di-t-octylphenothiazine, alkylated

PANA, and di-t-butyl-p-cresol (DBPC).

[0075] In still another embodiment of the present inven-

tion, the additive is selected from the group consisting of

Zinc dialkyl dithio phosphate (ZDDP), 5,5-dithiobis-(1,3,4-

thiadiazole-2(3H)-thione), Di Methyl Hydrogen Phosphite,

Di Butyl Hydrogen Phosphite, Di-n-Octyl Hydrogen Phos-

phite, Di-2-Ethylhexyl Hydrogen Phosphite, Di Oleyl

Hydrogen Phosphite, Di Lauryl Hydrogen Phosphite, Tri-

Lauryl Tri Thio-phosphite, Tri-Lauryl Phosphite, Tri-C,,-

C, , Phosphite, and Tri-C,,-C, , Phosphite.

[0076] In yet another embodiment of the present inven-

tion, the heterogeneous catalyst is Styrene di-vinyl benzene

copolymer resin (Indion 140) with sulphonic acid function-
ality.

[0077] In a further embodiment of the invention, the

catalyst is a cationic ion exchange resin of macro porous

cross-linked poly styrene (H+ ion 4.8 minimum dry, meq/g,

Wet, meq/ml 1.7 minimum) in —SO;H with particle size in

the range of 0.42-1.2 mm.

[0078] In another embodiment of the present invention,

the reaction temperature in steps (i) and (ii) is in the range

of 107-115° C. at atmospheric pressure.

[0079] Inanother embodiment of the invention the product

has the following features:

[0080] (i) biodegradability of synthesized ester is above
95% as per ASTM D: 5864 test method for biodegrad-
ability,

[0081] (ii) wherein the products are non toxic to the
sewage bacteria,

[0082] (iii) wherein the products have excellent load bear-
ing capacity with the elastohydrodynamic (EHD) film
thickness in the range of 60-180 nm for the loads ranging
from 20-30 N,

[0083] (iv) wherein the products have good oxidation
stability with the change in kinematic viscosity being
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<10% in the operating temperature range of 30° C. -100°
C., with no peroxide formation and no sign of corrosion
on copper spirals.

[0084] (v) wherein the functional operating temperature is
in the range of 45° C. to 285° C. as determined using
Differential Scanning Calorimetry (DSC),

[0085] (vi) wherein the products have good adherence to
metal characteristics with the contact angle in the range of
22-29° and the diameter change being <15% on polished
mild steel substrates,

[0086] (vii) wherein the products have good corrosion
inhibiting characteristics with steel and brass specimens,

[0087] (viii)) wherein the synthesis process employed
yielded high purity polyol complex esters with negligible
acidity,

[0088] (ix) wherein the products obtained by this inven-
tion can be used as a biodegradable and ecofriendly
MEMS chronometers and other delicate instrument oils
which are completely ecofriendly, biodegradable as per
ASTM D: 5864-2009 method where as hitherto conven-
tional MEMS oils are not biodegradable containing min-
eral oil and PFPEs as base stock and are synthesized by
using conventional catalysts.

[0089] In an embodiment of the present invention, the

base oil is employed for use as a lubricant.

[0090] Another embodiment of the present invention pro-

vides a polyol complex ester of formula A,

Formula A
(@] (@] (@] (@]
> O)I\Mﬁu\o OJ\Mﬁu\o n

A/D/\ /QR/\ /\i\!\

[0091] wherein

[0092] nis 3,

[0093] n, is4to 8§,

[0094] R is an alkyl selected from C1 to C5.
Abbreviations
[0095] ASTM: American Standard for Testing Materials
[0096] MEMS: Micro-electromechanical systems
[0097] DMPD: 2,2-dimethyl, 1,3-Propanediol,
[0098] DEPD: 2,2-diethyl-1,3-propane diol,
[0099] C;-C, : Carbon Number 3-5 alcohols
[0100] C,-C,,: Carbon Number 6-10 acids
[0101] AD: Adipic
[0102] AZ: Azelaic
[0103] PFPE: Perfluoropolyether
[0104] PNP: poly neopentyl polyol ester
[0105] EH: 2-ethyl hexanol
[0106] PTSA: p-Toluene sulfonic acid
[0107] NPG: Neo Pentyl Glycol
[0108] THMP: 1,1,1,-tris hydroxy methyl propane
[0109] THME: 1,1,1,-tris hydroxy methyl Ethane
[0110] PFPE: Perfluoropolyether
[0111] IS: Indian Standards
[0112] c¢St: Centi stroke
[0113] EHD: Elasto hydrodynamic.
[0114] ZDDP: Zinc dialkyl di thio phosphate
[0115] BHT: 2,6-di tertiary butyl 4, methyl Phenol (Buty-

lated hydroxy Toluene)
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[0116] EP: Extreme Pressure
[0117] DSC: Differential Scanning Calorimetry
[0118] DEAZEH: 2-diethyl, 1,3-Propane-Di azelaic-2-

ethyl-1-hexanoate
[0119] DMADEH: 2.2-dimethyl, 1,3-Propane-Di adipic-
2-ethyl-1-hexanoate

DETAILED DESCRIPTION OF THE
INVENTION

[0120] No systematic study has been carried out so far on
the polyol complex esters as MEMS lube base stocks. In the
present investigation, we report the studies carried out on the
synthesis, physicochemical characterization and perfor-
mance evaluation of polyol complex esters and suitability of
these esters as lubricant formulations for chronometers and
other delicate high precision components used in microelec-
tromechanical systems.

[0121] To the best of inventor’s knowledge very few
reports in the open literature are available on the preparation
of polyol ester base stocks and its application in neat cutting
oils and automotive gear oils. However the present invention
intends towards development of a new lubricating compo-
sition that is ecofriendly and biodegradable for micro electro
mechanical system applications.

[0122] In the present investigation, we have synthesized
complex esters of 2,2 di methyl 1,3 propane diol and 2,2 di
ethyl 1,3 propane diol, adipic, azelaic acids and 2-ethyl
1-hexanol by using two step esterification with indigenous
commercial ion exchange resin catalyst. The use of this
catalyst has advantages over conventional catalysts, (i)
being indigenous and (ii) recycled two times without loss of
reactivity.

[0123] The present invention thus overcomes all the short-
comings of the existing state of art. It describes biodegrad-
able and eco-friendly new generation lube base stocks
prepared by two step esterification of polyols such as
2,2-dimethyl, 1,3-Propanediol, 2,2-diethyl-1,3-propane diol
and aliphatic di carboxylic acids like adipic and azelaic acids
with mono alcohol using a heterogeneous ion exchange resin
catalyst and its application in chronometers and other deli-
cate precision components for MEMS based devices like
delicate bearings, gauges, meters, clocks etc which are liable
to be exposed to wide range of operating conditions.
[0124] The present invention is to develop the ester base
oil with excellent biodegradability, high viscosity index and
low pour point, high flash point, very good lubricity, good
oxidation stability and property of preventing corrosion and
suitable for use with sealing materials.

[0125] The present invention is to develop the ester base
oil with the synthesized products when blended with Zinc
dialkyl dithio phosphate (ZDDP) as multifunctional EP
additive in recommended doses of 1.5-4% improve the weld
load and antiwear performance by approximately 30%.
[0126] One of the features is that the product passes the
100 hour oxidation stability test. After this anti oxidant
additives 2,6-di tertiary butyl 4, methyl Phenol was added.
[0127] One more feature of the invention is that the ester
base oil with high purity polyol complex esters with negli-
gible acidity. The products obtained by this invention can be
used as biodegradable and ecofriendly lubricants in chro-
nometers and other delicate components in MEMS devices
and is completely ecofriendly and biodegradable as per
ASTM D: 5864-2009 method where as hitherto conven-
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tional MEMS oils are not biodegradable containing mineral
oil and PFPEs as base stock and synthesized using conven-
tional catalysts.

[0128] The ester base oil formulations for MEMS appli-
cations, by using commercial mineral oil additives which are
being used in commercial formulations.

[0129] Another feature of the invention is that invention
provides an eco friendly and biodegradable MEMS lube
base oils with polyol complex esters meeting the require-
ments of commercial chronometers and other delicate instru-
ment oil specifications.

[0130] Accordingly, the present invention provides a new,
ecofriendly and biodegradable lubricant for micro electro
mechanical systems. In this invention new generation lube
base stocks were prepared by esterification of polyols such
as 2,2-dimethyl, 1,3-Propanediol, 2,2-diethyl-1,3-propane
diol, and aliphatic di carboxylic acids like adipic and azelaic
acids and with mono alcohol, using Indion 140 as hetero-
geneous catalyst. More specifically this invention relates to
employing these new generation lube base stocks for lubri-
cation of chronometers and other delicate precision compo-
nents like delicate bearings, gauges, meters, clocks etc for
MEMS based devices which are likely to be exposed to wide
range of operating conditions.

[0131] Accordingly, the present invention relates to devel-
opment of a new ecofriendly and biodegradable ester base
stock for micro electro mechanical systems in a process
comprising of:

[0132] 1. Esterification of polyols with dicarboxylic
acid and mono alcohols in the presence of heteroge-
neous catalyst wherein:

[0133] (i) The di carboxylic acids belong to the
carbon range of C4-C,, such as adipic and azelaic
acids.

[0134] (ii) The polyols belong to the range of C;-Cs
such as 2,2-dimethyl, 1,3-Propanediol, 2,2-diethyl-
1,3-propane diol and mono alcohol used was 2-ethyl-
1-hexanol.

[0135] (iii) The ratio of polyols to di carboxylic acids
to mono alcohol falls in the range of 1:2:2 for
synthesis of diols.

[0136] (iv) The heterogeneous catalyst is Indion 140
used at a concentration of 25 (% wt) without loss of
substantial reactivity even after 2 recycles.

[0137] 2. Heating the reactants in the temperature range
of 107 to 115° C. for the reaction time of 8-12 hrs to
obtain complex esters.

[0138] 3. Washing the products with water followed by
drying and separating the product by recovery of sol-
vent to develop a product with following characteris-
tics:

[0139] (i) Biodegradable MEMS lube base stocks
synthesized from polyol alcohols.

[0140] (i1) The formulated products have good
lubricity and anti wear properties.

[0141] (iii)) The formulated product has excellent
load bearing capacity.

[0142] (iv) The ester base oil formulations obtained
by this invention can be used as MEMS lubricating
oils which are completely ecofriendly and biode-
gradable as per ASTM D: 5864-95 method where as
hitherto conventional mineral based MEMS lubri-
cating oils are not biodegradable.
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[0143] The present invention utilized the C;-C5 polyol
alcohols, C4-C,, aliphatic di carboxylic acids and Cg mono
alcohol, anti oxidant additive in a molar ratio of 1:2:2 as
starting material in place of conventional oils which are
toxic and non biodegradable.

[0144] Another feature of the present invention is the use
of non conventional indigenous commercial ion exchange
resin Indion-140 as catalyst.

[0145] In an embodiment of the present invention the
polyol complex ester base oils may be selected from the
viscosity range of 34.26 to 43.54 cSt at 40° C. as per IS:
1448: P-25 matching the specification and a high viscosity
index of 161-171 as per P-56.

[0146] In another embodiment of the present invention the
polyol alcohols taken were 2,2-dimethyl-1,3-propanediol,
2,2-diethyl-1,3-propanediol and mono alcohol, 2-ethyl-1-
hexanol.

[0147] Inyet another embodiment of the present invention
the acids used were aliphatic di carboxylic acids having
carbon range of C4-C,,, (adipic and azelaic acids).

[0148] Inyet another embodiment of the present invention
the mono alcohol used was 2-ethyl -1-hexanol.

[0149] In still another embodiment of the present inven-
tion the solvents used were toluene and xylene.

[0150] In still another embodiment of the invention the
heating was carried out in the temperature range of 107 to
115° C.

[0151] In still another embodiment of the invention heat-
ing and stirring was continuously carried out from 8-12
hours.

[0152] In still another embodiment of the invention the
MEMS polyol complex esters were synthesized by using
non conventional, indigenous, commercial ion exchange
resin (Indion-140) catalyst.

[0153] In still another embodiment of the present inven-
tion the recovered catalyst was used two times for diols
without any loss of reactivity only reaction time was
increased.

[0154] In still another embodiment of the present inven-
tion the use of non conventional, indigenous, commercial
catalyst affords the derived product with negligible acidity.
The process has superiority with respect to ease of handling,
less reaction time, high purity, cost effectiveness because of
recyclable nature, energy saving and yields of the order of
90% and above.

[0155] In still another embodiment of the present inven-
tion the synthesized esters were characterized by IR spec-
troscopy. The IR spectrum of polyol complex esters shows
characteristic peak of ester at 1746 cm™". The ester carbonyl
frequency and the ester carbon-oxygen stretching appeared
at 1746 cm™ and 1158 cm™ respectively. Strong band at
lower frequency between 1158 and 1000 cm™ are of ali-
phatic esters. Peak at 723 cm™ is due to long alkyl chain
present in lube. The ester carbon-hydrogen stretching and
bending was observed at 3007-2854 cm™ and 1379-1466
cm™'. There were no bands corresponding to —COOH and
—OH groups indicating the total esterification of all the
—CH,OH groups of alcohol and complete conversion of
—COOH groups.

[0156] In still another embodiment of the present inven-
tion the products of present invention for MEMS chronom-
eter and other delicate instrument are completely biodegrad-
able as per ASTM D: 5864-2004.
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[0157] In still another embodiment of the present inven-
tion the products of present invention which are non toxic to
the sewage bacteria as per modified method of Algal inhi-
bition test, official journal of the European communities No.
L 383 A/179-185 (1993) can be used as lubricants for
MEMS chronometer and other delicate instrument oils.
[0158] The synthesized products have the following char-
acteristics:

[0159] a. The prepared esters have viscosity grade of
31.0 to 47.0 cSt at 40° C. as per P-25 matching the
specification and a high viscosity index of 161-171 as
per P-56.

[0160] b. The synthesized products had a pour point of
approximately <-39° C. as per IS: 1448: P-10.

[0161] c. The Polyol complex esters showed superior
flash points 210-232° C. against the specification as per
ASTM D: 92.

[0162] d. The biodegradability of the synthesized ester
is above 95% as per the standard ASTM D: 5864 test
method for biodegradability.

[0163] e. The products are non toxic to the sewage
bacteria.

[0164] f. The conventional additives which are suitable
for mineral oils are also giving positive response with
this ester.

[0165] g. The products have good anti wear properties
with wear scar diameter of 0.350 mm at 40 kgf load as
per ASTM D: 4172B.

[0166] h. The products have excellent load bearing
capacity.
[0167] 1. The products have good lubricity.

[0168] j. The products have good oxidative stability.

[0169] k. The products have no evaporation loss.

[0170] 1. The products have good adherence to metal
characteristics.

[0171] m. The products have good corrosion inhibiting
characteristics.

[0172] n. The synthesized polyol complex esters are

comparable with an eco friendly and biodegradable
MEMS lube base oils meeting the requirements of
commercial chronometers and other delicate instru-
ments oils specifications.

[0173] o. Synthetic biodegradable polyol complex ester
lubricating oils have excellent biodegradability, a high
viscosity index and a low pour point, a high flash point,
very good lubricity, good oxidative stability and prop-
erty of preventing corrosion and suitable for use with
sealing materials.

[0174] p. The synthesis process employed yielded high
purity polyol complex esters with negligible acidity.
The products obtained by this invention can be used as
a biodegradable and ecofriendly lubricants for MEMS
chronometers and other delicate instrument oils which
are completely ecofriendly, biodegradable as per
ASTM D: 5864-2009 method where as hitherto con-
ventional MEMS oils are not biodegradable containing
mineral oil and PFPEs as base stock and synthesized by
using conventional catalysts.

[0175] The homogenous catalyst is Indion 140, which is a
cationic ion exchange resin of macro porous cross-linked
poly styrene (H+ ion 4.8 minimum dry, meq/gm, Wet,
meg/ml 1.7 minimum) in —SO;H form with maximum
operating temperature 150° C. Its appearance is grey spheri-
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cal dry beads with particle size in the range of 0.42-1.2 mm.
It contains 5% (maximum) moisture with pH in the range of
0-7.

[0176] So far no lube base oils having polyol complex
esters as base oils, polyol alcohols with di carboxylic acids
and mono alcohol with ion exchange resin catalyst have
been reported as lubricants for lubrication of delicate bear-
ings, gears, gauges, meters, clocks etc. used in MEMS based
devices.

[0177] The present work is the development of new ecof-
riendly and biodegradable MEMS bio lube base oils which
comprises, polyol alcohols (2,2-dimethyl-1,3-propane diol,
2,2-diethyl-1,3-propane diol, dibasic acids (adipic and aze-
laic) and mono alcohol(2-ethyl 1-hexanol) as end capping
agent and non conventional indigenous commercial ion
exchange resin Indion 140 catalyst with commercial addi-
tives. For the synthesis of MEMS bio lube base esters
optimized reaction conditions are 1:2:2 mole of Polyol
alcohol-di basic acid-mono alcohol, 25% non conventional
ion exchange resin catalyst and reaction temperature 107 to
115° C. offering a conversion of 90-95% to ester. Non
toxicity and biodegradability of the product and replacement
to known commercial chronometer and other precision
instrument oil products. The commercially available prod-
ucts are not biodegradable and are toxic containing mineral
oils, fluoro ethers and PFPE lubricants as base stocks and
synthesized by using conventional catalysts.

[0178] The present invention uses non conventional,
indigenous, ion exchange resin catalysts, use of commercial
additives, Non toxicity and biodegradability, Replacement
to known commercial chronometers and other delicate pre-
cision instrument oil products which are conventional Min-
eral oils, fluoro ethers and PFPE based lubricants having
toxicity, non-biodegradability, limited performance and life.

[0179] Significant technical advancement of the invention
by using second step esterification i.e. use of mono alcohol
are:

[0180] Complex esters are made via the reaction of a
polyol, a di carboxylic acid and a mono alcohol as end
caping agent. Compared to di and polyol esters, these
complex esters synthesized by using 2-ethyl hexanol as end
capping agent have higher viscosities, due to formation of
dimer, trimer and other oligomers. Complex esters prepared
by this process have high conversion of the polyol moieties
with low acid and hydroxyl number.

[0181] Esters are normally synthesized by using p-toluene
sulfonic acid, Ni, Cu, Fe, V, Co, and Sn based catalysts, Cu,
Cr, oxides, alkoxy zirconate and heteropoly acids. In these
processes the catalysts are used for once through application,
have disposal problems, yield base oils which required
continuous monitoring and somewhat inferior quality base
oils with significant acidity and charred products.

[0182] In the present investigation complex esters have
been synthesized by using indigenous commercial ion
exchange resin catalyst. The use of this catalyst has advan-
tages over conventional catalysts, being indigenous and
recycled two times without loss of reactivity. The process
has superiority with respect to easy handling less reaction
time lower molar ratio of alcohol to acid, high purity and
cost effectiveness because of their recyclable nature and
yields of the order of 90% and above. A simple cost effective
efficient process for making synthetic complex ester base
oils by use of a new catalyst system from indigenous raw
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materials has been developed for MEMS applications. The
representative complex esters are as follows:

1. 2, 2-diethyl, 1, 3-Propane-Di azelaic-2-ethyl-1-hexanoate

2. 2, 2-dimethyl, 1, 3-Propane-Di adipic-2-ethyl-1-hexanoate
e} e} e} e}
/(’h/\o)k(\m/u\ O/X\ O)I\(\/M/u\o /\i\)s\

EXAMPLES

[0183] The following examples are given by way of
illustration of the working of invention in actual practice and
should not be construed to limit the scope of present
invention in any way.

Example-1

2,2-dimethyl 1,3-propane di adipic 2 ethyl 1
hexanoate (DMADEH)

[0184] To a mixture of 2,2-dimethyl 1,3-propane diol and
adipic acid (1:2:2 mole, 10.4 g and 29.2 g) respectively was
added 25% (16.2 g) of Indion 140 catalyst and toluene 100
ml. The contents were stirred by a mechanical stirrer and
refluxed for 4 to 5 hours at 107 to 115° C., to get half ester
half acid. After the removal of 3.6 ml of water (1st stage) the
mixture was cooled and the contents were reacted with
2-ethyl-1-hexanol (26.0 g) under reflux until all the remain-
ing —COOH groups were esterified. The reaction was
completed in 8.30 hours by collecting 3.6 g of water (2nd
stage) (3.6 g theoretical). The yield of the product was
92.8% conversion and unreacted materials were distilled out
at 72° C. under vacuum (2 mm Hg). The product shows
viscosities of 323.98, 31.00 at 0° C. & 40° C. respectively,
viscosity index of 161 and pour point of >-39° C.

[0185] The formulation is prepared using the Polyol ester:
Anti oxidant (1%): ZDDP 1.5 of the polyol ester

Example-2

2,2-dimethyl 1,3-propane diazelaic 2 ethyl 1
hexanoate (DMAZEH)

[0186] Experiment-1 was repeated under identical condi-
tions except changing the aliphatic dicarboxylic acid, i.e.,
azelaic acid. 1:2:2 mole polyol, dicarboxylic acid, aliphatic
mono alcohol (10.4 gms+37.6 gms+26.0 gms) and Indion
140 catalyst 25% (18.3 gms) respectively. The reaction was
completed in 8.45 hours by collecting 3.6 g of experimental
water (3.6 g theoretical). After the removal of water the
contents were further heated for 1 to 2 hours, cooled,
filtered, and 85 ml of solvent (toluene) was recovered. The
yield of the product was 93.7%. The product shows lower
viscosities of 5.60, 25.44 at 100° C. and 40° C. respectively,
viscosity index of 169 and pour point of >-27° C.
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Example-3

2,2-dimethyl 1,3-propane disebacid 2 ethyl 1
hexanoate (DMSEH)

[0187] Experiment 1 was repeated under identical condi-
tions except changing the acid part (1:2:2 moles, DMPD,
Sebacic acid, 2-ethyl-1-hexanol (10.4 g+40.4 g+26.0 g) and
25% (19 g) Indion 140 catalyst respectively. The reaction
was completed in 9 hours by collecting 3.6 g of experimental
water in both the stages (3.6 g theoretical). After the removal
of water the contents were further heated for 1 to 2 hours,
cooled, filtered and 80 ml of solvent (toluene) was recov-
ered. The yield of product was 91%. The product shows
lower viscosities of 14.8, 90.33 at 100° C. and 40° C.
respectively, viscosity index of 172 and pour point of >-24°
C.

Example-4

2,2-diethyl 1,3-propane di adipic 2 ethyl 1
hexanoate (DEADEH)

[0188] To a mixture of 2,2-diethyl-1,3-propane diol and
adipic acid (1:2 mole 13.2 g+29.2 g) respectively was added
25% (17.0 g) of Indion 140 catalyst and toluene 100 ml. The
contents were stirred by a mechanical stirrer and refluxed for
4 to 5 hours at 111° C., to get half ester half acid. After the
removal of 3.6 g of water (1st stage) the mixture was cooled
and the contents were reacted with 2-ethyl-1-hexanol (26 g)
under reflux until all the remaining carboxylic groups were
esterified. The reaction was completed in 5.45 hours by
collecting 3.6 g of water (2nd stage) (3.6 g theoretical
water). After the removal of water, the contents were further
heated for 1-2 hours, cooled, filtered and 85 ml of toluene
was recovered by vacuum distillation. The yield of the
product was 92.1%. The product shows lower viscosities of
12.83, 91.3 at 100° C. and 40° C. respectively, viscosity
index of 138 and pour point of >-24° C.

Example-5

2,2-diethyl 1,3-propane diazelaic 2 ethyl 1
hexanoate (DEAZEH)

[0189] Experiment 4 was repeated under identical condi-
tions except changing the aliphatic dicarboxylic acid, i.e.,
azelaic acid 1:2:2 mole DEPD, Azilaic acid, 2-ethyl-1-
hexanol (13.2 g+37.6 g+26 g) and 25% (19 g) of Indion 140
catalyst respectively. The reaction was completed in 9 hours
by collecting 3.6 g of experimental water in both the stages
(3.6 g theoretical). After the removal of water the contents
were further heated for 1 to 2 hours, cooled, filtered and 85
ml of solvent (toluene) was recovered. The yield of the
product was 90.2%. The product shows lower viscosities of
408.23,47.0 at 0° C. and 40° C. respectively, viscosity index
of 171 and pour point of >-39° C.

[0190] The formulation is prepared using the polyol ester:
Anti oxidant (1%): ZDDP 3.5 of the polyol ester.

Example-6

2,2-diethyl 1,3-propane disebacic 2 ethyl 1
hexanoate (DESEH)

[0191] Experiment 4 was repeated under identical condi-
tions except changing the acid, i.e., sebacic acid 1:2:2 mole
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DEPD, sebacic acid, 2-ethyl 1-hexanol (13.2 g+40.4 g+26.0
g) and 25% of (19.7 g) Indion 140 catalyst respectively. The
reaction was completed in 9.45 hours by collecting 3.6 g of
experimental water in both the stages (3.6 g theoretical).
After the removal of water, the contents were further heated
for 1 to 2 hours, cooled, filtered and 80 ml of solvent
(toluene) was recovered. The yield of the product was
91.9%. The product shows lower viscosities of 7.24, 36.8 at
100° C. and 40° C. respectively, viscosity index of 165 and
pour point of >-39° C.

Example-7

1,1,1-trishydroxymethyl propane triadipic 2 ethyl 1
hexanoate (THADEH)

[0192] To a mixture of THMP and adipic acid 1:3 mole
(13.4 g+43.8 g) respectively was added 25% (23.7 g) of
Indion 140 catalyst and toluene 100 ml. The contents were
stirred by a mechanical stirrer and refluxed for 4 to 5 hours
at 111° C., to get half ester half acid. After the removal of
8.4 g of experimental water (1st stage) the mixture was
cooled and the contents were reacted with 2-ethyl 1-hexanol
(39 g) under reflux until all the remaining carboxylic groups
were esterified. The reaction was complete in 10.25 hours by
collecting 5.4 g of water (2nd stage) (5.4 g theoretical). After
the removal of water the contents were further heated for 1
to 2 hours, cooled, filtered, and 80 ml of toluene was
recovered by vacuum distillation. The yield of the product
observed was 94.4%. The product shows lower viscosities of
10.17, 26.51 at 100° C. and 40° C. respectively, viscosity
index of 196 and pour point of >-15° C.

Example-8

1,1,1-trishydroxymethyl propane triazilaic 2 ethyl 1
hexanoate (THAZEH)

[0193] Experiment 7 was repeated under identical condi-
tions except changing the acid part i.e., azilaic acid 1:3:3
mole THMP, azilaic acid, 2-ethyl-hexanol (13.4 g+56.4
g+39 g) and 25% of (27 g) Indion 140 catalyst respectively.
The reaction was completed in 9.45 hours by collecting 5.4
g and 5.2 g in both the stages (5.4 g theoretical). After the
removal of water the contents were further heated for 1 to 2
hours, cooled, filtered and 80 ml of solvent (toluene) was
recovered. The yield of the product was 92.7%. The product
shows lower viscosities of 8.53, 46.07 at 100° C. and 40° C.
respectively, viscosity index of 165 and pour point of >-27°

Example-9

1,1,1-trishydroxymethyl propane trisebacic 2 ethyl
1 hexanoate (THSEH)

[0194] Experiment 7 was repeated under identical condi-
tions except changing the acid part, i.e., sebacic acid 1:3:3
mole THMP, sebacic, 2-ethyl-hexanol (13.4 g+60.6 g+39 g)
and 25% (28 g of Indion 140 catalyst respectively. The
reaction was completed in 10.45 hours by collecting 5.4 g of
experimental water in both the stages (5.4 g theoretical).
After the removal of water (theoretical), content was further
heated for 1 to 2 hours, cooled, filtered, and 80 ml of solvent
(toluene) was recovered. The yield of the product was
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94.3%. The product shows lower viscosities of 16.87, 111 at
100° C. and 40° C. respectively, viscosity index of 196 and
pour point >-24° C.

[0195] Based on the experiments 1-9, the physico-chemi-
cal characterization and performance evaluation of the prod-
ucts shows, examples 1 and 5 are matching the viscosities at
40° C. and other properties mentioned in the (IS-1088, 2004)
specifications of lubricants for chronometers and are suitable
as MEMS lubricants.

[0196] The examples 10 & 11 given below are formulated
with anti oxidant and EP additives to improve the oxidation
and extreme pressure properties.

Example-10

[0197] Experiment 5 was repeated under identical condi-
tions except changing the aliphatic dicarboxylic acid, i.e.,
azelaic acid 1:2:2 mole DEPD, Azelaic acid, 2-ethyl-1-
hexanol (13.2 g+37.6 g+26 g) and 25% (19 g) of catalyst
respectively. The reaction was completed in 9 hours by
collecting 3.6 g of experimental water in both the stages (3.6
g theoretical). After the removal of water the contents were
further heated for 1 to 2 hours, cooled, filtered and 85 ml of
solvent (toluene) was recovered. The yield of the base oil
product was 90.2%. The product shows lower viscosities of
408.23,47.0 at 0° C. and 40° C. respectively, viscosity index
of 171 and pour point of >-39° C.

[0198] The base oil is blended at recommended dose of
1% anti oxidant 2,6-di tertiary butyl 4, methyl Phenol (BHT)
and 4% Zinc dialkyl dithio phosphate (ZDDP) based on the
base oil. ZDDP is with alkyl groups containing branched and
linear alkanes between 1-14 carbon lengths. A mixture of
zinc dialkyl (C3-C6) dithiophosphates comes under CAS
number 84605-29-8 as multifunctional EP additive.

Example-11

[0199] To a mixture of 2,2-dimethyl 1,3-propane diol and
adipic acid (1:2:2 mole, 10.4 g and 29.2 g) respectively was
added 25% (16.2 g) of catalyst and toluene 100 ml. The
contents were stirred by a mechanical stirrer and refluxed for
4 to S hours at 107 to 115° C., to get half ester half acid. After
the removal of 3.6 ml of water (1st stage) the mixture was
cooled and the contents were reacted with 2-ethyl-1-hexanol
(26.0 g) under reflux until all the remaining —COOH groups
were esterified. The reaction was completed in 8.30 hours by
collecting 3.6 g of water (2nd stage) (3.6 g theoretical). The
yield of the base oil product is 92.8% conversion and
unreacted materials were distilled out at 72° C. under
vacuum (2 mm Hg). The product shows viscosities of
323.98,31.00 at 0° C. & 40° C. respectively, viscosity index
of 161 and pour point of >-39° C.

[0200] The base oil is blended at recommended dose of
1% anti oxidant 2, 6-di tertiary butyl 4, methyl Phenol
(BHT) and 2.5% Zinc dialkyl dithio phosphate (ZDDP). The
ZDDP use is with alkyl groups containing branched and
linear alkanes between 1-14 carbon length. A mix of zinc
dialkyl (C3-C6) dithiophosphates comes under CAS number
84605-29-8 as multifunctional EP additive.

Example-12

Mixture of (DMADEH) and (DEAZEH)

[0201] Lubricant mixtures were prepared using synthe-
sized nonconventional complex polyol lube base stock,
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which was blended with the known quantity of the other
complex polyol. The blends in 1:1 and 1:2 ratios were
homogenized by rigorous stirring on a magnetic hot plate at
100° C. for 2 hours. The complex polyol esters were easily
mixed into homogeneous and clear blends. The lubricant
blends reported no separation before and after the test. The
as prepared lubricant blends were tested for their physico
chemical properties and tribological performance.

Example-13

2,2-dimethyl 1,3-propane di adipic 2 ethyl 1
hexanoate (DMADEH)

[0202] Experiment-1 was repeated under identical condi-
tions except increasing the reaction temperature to (138° C.)
as xylene was used as solvent. The reaction was completed
in 6 hours and yield observed was 96%. On increasing the
reaction temperature the reaction time and yield almost
remains same. Hence the optimized reaction temperature for
esterification was 107-115° C.

Example-14

2,2-dimethyl 1,3-propane di adipic 2 ethyl 1
hexanoate (DMADEH)

[0203] Experiment-1 was repeated under identical condi-
tions with 20% wt of Indion 140 catalyst. To a mixture of
2,2-dimethyl 1,3-propane diol and adipic acid (1:2:2 mole)
was added 20% of Indion 140 catalyst and toluene 100 ml.
The contents were stirred by a mechanical stirrer and
refluxed for 4 to 5 hours at 111° C., to get half ester half acid.
After the removal of water (1st stage) the mixture was
cooled and the contents were reacted with 2-ethyl-1-hexanol
under reflux until all the remaining —COOH groups were
esterified. The reaction was completed in 8.30 hours by
collecting 70% of water (2nd stage). The yield of the product
was 78.8% conversion and unreacted materials were dis-
tilled out at 72° C. under vacuum (2 mm Hg).

Example-15

2,2-dimethyl 1,3-propane diadepic 2 ethyl 1
hexanoate; (DMADEH)

[0204] Experiment-1 was repeated under identical condi-
tions except increasing the Indion 140 catalyst to 25% wit.
The reaction was completed in 8.30 hours by collecting
100% of experimental water (theoretical) 95 ml of solvent
(toluene) recovered with the conversion of 92.8%.

Example-16

2,2-dimethyl 1,3-propane di adipic 2 ethyl 1
hexanoate; (DMADEH)

[0205] Experiment-1 was repeated under identical condi-
tions except increasing the catalyst to 30% wt. The reaction
was completed in 8.30 hours with the conversion of 92.8%.

[0206] Based on the above 12-14 experiments Indion 140
catalyst percentage used for esterification reaction under the
optimized conditions was 25 wt%.
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Reactivity of the Catalyst

[0207] In order to ensure life of the Indion 140 catalyst,
the recovered catalyst was thoroughly washed with excess
solvent (toluene) and dried at room temperature. The cata-
lyst is recycled twice without any loss of reactivity.

Example-17

2,2-dimethyl 1,3-propane di 2 ethyl 1 hexanoate
(DMADEH)

[0208] Experiment-1 was repeated under identical condi-
tions (1:2:2mole of 2,2-dimethyl 1,3-propane diol, 2,2-di
ethyl 1,3-propane diol/adipic, azelaic, sebacic acids/2-ethyl
1-hexanol) and 25% wt of Indion 140 catalyst. The reaction
was completed in 8.30 hours and yield observed was 92.8%.
The Indion 140 catalyst was recycled two times without any
loss of reactivity, only reaction time was increased. At third
time even after 18 hours, the reaction was not complete and
yield observed was 40%.

[0209] For the synthesis of the MEMS complex esters of
DMPD and DEPD with adipic, azelaic acids and 2-ethyl-1-
hexanol the optimized reaction conditions are 1:2:2 mole
polyol, di acid and mono alcohol, 25% non conventional ion
exchange resin Indion 140 catalyst and reaction temperature
107 to 115° C. offering a conversion of 90% to 95% to ester.
[0210] The properties of synthesized products are com-
pared with BIS specification 1088 for mineral oil based
formulations and results are given below in table 1. The
properties are better than BIS specification.

TABLE 1
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[0211] The synthesized products also have good tribologi-
cal properties as given in Table 2.

TABLE 2

Tribological performance of synthesized products

Characteristics DEAZEH DMADEH
Weld Load(kgf) 240 190
Wear Scar Diameter(mm) 0.350 0.425
EHD film thickness at 30N (nm) 145 180
Average friction coefficient at 30N (um) 0.098 0.117
EHD scar dia meter at 30N(um) 186 182

DEAZEH: 2-diethyl, 1,3-Propane - Di azelaic -2-ethyl-1-hexanoate
DMADEH: 2,2-dimethyl, 1,3-Propane - Di adipic -2-ethyl-1-hexanoate

ADVANTAGES OF THE INVENTION

[0212] 1. Superior alternative to conventional mineral
oil and Perfluoropolyether based commercial MEMS
Iube base oils on account of its ecofriendly and biode-
gradable nature.

[0213] 2. The main advantages of synthesized products
are good lubricity properties.

[0214] 3. The main advantage of synthesized product is
having excellent load bearing capacity.

[0215] 4. The main advantage of synthesized product is
conventional additives which are suitable for mineral
oils are also giving positive response with this ester.

Comparison of physico chemical characteristics of synthesized products with BIS specification

Requirements of

Characteristics BIS specifications DEAZEH DMADEH Method
Molecular weight 696 584 ASTM
D: 2503, 1997
Molecular formula C,4H7604 C33HeoOg
Density, d,2° gm/ml 0.9627 0.9915  ASTM D: 4052
KV in cst at 40° C., Min 30.0 47.00 31.00 P-25
0° C., Max 330.0 408.23 323.98
-35° C., Max 10000.0 >5000 >4000
Viscosity Index, Min 125 171 161 P-56
Oxidation stability,
changes after test
appearance No Turbity No Turbity No Turbity
KV in cst at 40° C., Min 10 9.5 8.5 P-25
Copper spiral No sign of No corrosion No corrosion
corrosion
Evaporation loss, % by 1 042 0.48 P- 136
mass, Max
Adherence to metal, 15 13 12
change in diameter of the
drop, percent, Max
Protection
Appearance of oil No change in Clear yellow Clear yellow
colour
Steel cube No corrosion No corrosion No corrosion
Brass cube No discoloration  No discoloration ~ No discoloration
Pour Point ° C., -39 <-39 <-39 P-10
Max Acidity, (mg P-2
KoH/gm of oil), Max
Inorganic Nil Nil Nil
Organic 1.0 0.0635 0.0817
Steel/steel 0.155 0.098 0.117
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[0216] 5. The main advantage of synthesized product is
it passes the 100 hour oxidation stability test. After this
anti wear and anti oxidant additives 2, 6-di tertiary
butyl 4, methyl Phenol was used.

[0217] 6. The synthesized polyol complex esters are
good potential for use as biodegradable base stock for
formulation of new eco-friendly and biodegradable
MEMS chronometers and other delicate instrument
oils.

[0218] 7. The main advantage of synthesized product is
the use of non conventional indigenous commercial
Indion-140 ion exchange resin catalyst.

[0219] 8. The product synthesized by using non con-
ventional catalysts is a new potential candidate, for
biodegradable MEMS chronometers and other delicate
instruments oils which is completely ecofriendly, bio-
degradable and a replacement for currently being used
conventional based products which are toxic and non-
biodegradable.

We claim:

1. A mineral oil free lubricant formulation, wherein the

formulation comprises:

polyol complex ester selected from the group consisting
of 2,2-diethyl, 1,3-Propane-Di azelaic-2-ethyl-1-
hexanoate, 2,2-dimethyl, 1,3-propane-Di adipic-2-
ethyl-1-hexanoate, and mixture thereof; and

optionally an antioxidant; and

optionally an additive.

2. The formulation as claimed in claim 1, wherein said
formulation comprises:

(1) polyol complex esters in the range of 94% to 100%;

(ii) antioxidant in the range of 0-2%; and

(iii) additive in the range of O to 4%.

3. The formulation as claimed in claim 1, wherein the
ratio of polyol complex esters is in the ratio of 1:1 to 1:3.

4. The formulation as claimed in claim 1, wherein the
ratio of polyol complex ester is 1:1.

5. The formulation as claimed in claim 1, wherein the
antioxidant is selected from the group consisting of 2,6-di
tertiary butyl 4, methyl Phenol (BHT), alkylated diphe-
nylamine, 3,7-di-t-octylphenothiazine, alkylated PANA, and
di-t-butyl-p-cresol (DBPC).

6. The formulation as claimed in claim 1, wherein the
additive is selected from the group consisting of Zinc dialkyl
dithio phosphate (ZDDP), 5,5-dithiobis-(1,3,4-thiadiazole-2
(3H)-thione), Di Methyl Hydrogen Phosphite, Di Butyl
Hydrogen Phosphite, Di-n-Octyl Hydrogen Phosphite, Di-2-
Ethylhexyl Hydrogen Phosphite, Di Oleyl Hydrogen Phos-
phite, Di Lauryl Hydrogen Phosphite, Tri-Lauryl Tri Thio-
phosphite, Tri-Lauryl Phosphite, Tri-C,,-C, , Phosphite, and
Tri-C,,-C, , Phosphite.

7. A process for synthesizing the mineral oil free lubricant
formulation as claimed in claim 1, wherein the process
comprises the steps of:

(1) reacting a mixture of polyol of C;-Cy carbon, dicar-
boxylic acid of C4,-C,, carbon in a ratio of 1:2 in
presence of a heterogeneous catalyst and a solvent at
refluxing temperature for a period ranging between 2 to
4 hours to obtain a reaction mixture;

(ii) removing water from said reaction mixture and allow-
ing the mixture to cool to obtain cooled mixture;
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(iii) reacting the cooled mixture of step (ii) with at least
2 moles of mono alcohol under reflux condition until all
remaining carboxylic groups are esterified, and com-
pleting the reaction in a period ranging from 8 to 12
hours, until water is removed to obtain Polyol complex
esters as base oil; and

(iv) blending the base oil obtained in step (iii), wherein

the base oil is 94% to 100% with antioxidant 1-2% and
an additive 1.5 to 4%, to obtain the mineral oil free
lubricant formulation.

8. The process as claimed in claim 7, wherein the polyol
is selected from the group consisting of 2,2-dimethyl 1,3-
propane diol, 2,2-diethyl-1,3-propane diol, and 1,1,1,-tris
hydroxy methyl propane.

9. The process as claimed in claim 7, wherein the dicar-
boxylic acid (C4-C, ) is selected from the group consisting
of adipic acid, azelaic acid, and sebacic acid.

10. The process as claimed in claim 7, wherein the mono
alcohol in step (iii) is selected from the group consisting of
2-ethyl-1-hexanol, isooctanol, nonanol, and isodecanol.

11. The process as claimed in claim 7, wherein the solvent
is selected from toluene or xylene.

12. The process as claimed in claim 7, wherein the
antioxidant is selected from the group consisting of 2,6-di
tertiary butyl 4, methyl Phenol (BHT), alkylated diphe-
nylamine, 3,7-di-t-octylphenothiazine, alkylated PANA, and
di-t-butyl-p-cresol (DBPC).

13. The process as claimed in claim 7, wherein the
additive is selected from the group consisting of Zinc dialkyl
dithio phosphate (ZDDP), 5,5 -dithiobis-(1,3,4-thiadiazole-
2(3H)-thione), Di Methyl Hydrogen Phosphite, Di Butyl
Hydrogen Phosphite, Di-n-Octyl Hydrogen Phosphite, Di-2-
Ethylhexyl Hydrogen Phosphite, Di Oleyl Hydrogen Phos-
phite, Di Lauryl Hydrogen Phosphite, Tri-Lauryl Tri Thio-
phosphite, Tri-Lauryl Phosphite, Tri-C, ,-C, , Phosphite, and
Tri-C,,-C, , Phosphite.

14. The process as claimed in claim 7, wherein the
heterogeneous catalyst is Styrene di-vinyl benzene copoly-
mer resin with sulphonic acid functionality

15. The process as claimed in claim 7, wherein the
reaction temperature in steps (i) and (ii) is in the range of
107-115° C. at atmospheric pressure.

16. The formulation as claimed in claim 1, wherein the
base oil is employed for use as a lubricant.

17. A polyol complex ester of formula A,

Formula A
(@] (@] (@] (@]
» o o o/)/\o N0
RR
wherein
nis 3,
n, is 4 to 8§,

R is an alkyl selected from C1 to C5.
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