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California start-up says its novel technology makes
its renewable esters suitable for use in engine oils.
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THE SEARCH FOR RENEW-
able base oils has long been faced
with a number of challenges due
to the complex and varied needs
of the market, especially in the
engine oil space.

Traditionally, base oils from

vegetable oils have been used in
industrial applications only. That’s
about to change, as California
start-up Biosynthetic Technologies
gets ready to launch commercial
production of its bio-synthetic
base oil products, known as
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estolides, which Chairman and
CEO Allen Barbieri describes as a
“novel disruptive technology.” The
company is in the final engineer-
ing phase for a full-scale commer-
cial plant to be built in Houston,
Texas.

The company wants to com-
pete against Group IV and V base
stocks. Barbieri says that its dem-
onstration plant, which was built
and is operated by Baton Rouge,
La.-based Albemarle Corp., has
proven “that our cost of manu-
facturing in our first commercial
plant will be lower than PAO
manufacturing costs.”

“Further, through extensive
testing by over 40 major lubricant
manufacturers, top tier additive
companies and industry leading
equipment OEMs, we have data
that shows our products perform
better than Group IV and Group
V base oils in several key criteria.
Therefore, while we fully expect
we will capture significant market
share from Group V base oils
solely on price, we also expect we
will be able to capture a certain
amount of market share from
PAOs based on price and perfor-
mance,” he says.

Oxidation stability has always
been a problem for vegetable-
derived base oils.

The structure of many bio-
lubricants renders these products
susceptible to atmospheric oxygen
due to the presence of two or more
carbon double bonds. Oxidation
can lead to a number of problems,
most notably decomposition, an
increase in acid number and an
increase in viscosity. Decomposi-
tion, combined with increased
acidity, leads to significant levels
of sludge build-up. Viscosity
increases lead to similar problems
with regards to heat, as such in-
creases will slow the oil’s circula-
tion speed, which then decreases
the rate of heat dissipation.

Because of these shortcom-
ings, bio-based lubricants have not
taken as significant a foothold as
they could have.

So far, additives have been the
preferred method of addressing
the shortcomings of bio-based
lubricants, but this approach has
its own limitations. First, additives
provide limited improvement in
oxidative stability. For example,

a 2% mixture of additives placed
into castor oil only resulted in an
increase of from 15 to 100 minutes
using the Rotating Pressure Ves-
sel Oxidation Test (RPVOT).
Further, additives cost money,
and given the finite potential for
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increased stability, may not be

the most cost-effective solution.
Also, there have been successful
attempts to increase the oxidative
stability of soybean-based oils
through hydrogenation. Such pro-
cesses have seen improvements in
the oxidation stability index from
9.4 to 15.3.

A study from Biosynthetic
Technologies showed that bio-
synthetic estolide base oils
displayed much higher oxida-
tive stability than polyol ester,
polyalkylene glycol or high-oleic
canola oil, with 1,468 minutes of
stability compared to 989, 444 and
52 minutes, respectively, using a
1% antioxidant treat rate.

As such, estolides have
emerged as an elegant solution to
address both the issues of oxida-
tive stability and performance.
Developed by the U.S. Department
of Agriculture (USDA), estolides
are “new functional fluids made
from renewable vegetable and
animal-based oils.”

Estolides are formed when the
carboxylic acid functionality of
one fatty acid links to the site of
unsaturation of another fatty acid
to form oligomeric esters?.

According to the U.S. National
Center for Agricultural Utilization
Research (NCAUR), estolides are
very promising because they have
excellent lubricity, oxidative stabil-
ity and biodegradability. Barbieri
explained that the company’s
estolides are excellent with over
70% biodegradable within 28 days,
a characteristic that can make a
huge difference within the lubri-
cant industry.

Speaking at the 7th Asia-Pa-
cific Base Oil, Lubricant & Grease
Conference in Bangkok in March,
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he cited a statistic from the U.S.
Environmental Protection Agency
(EPA) that estimates that more
than 200 million gallons of used
motor oil is disposed of improp-
erly each year in the United States.
Much of this is dumped down
storm drains, ending up in rivers,
lakes and oceans, he said.

Jakob Bredsguard, chief
technology officer, said that bio-
synthetic estolides overcome the
traditional shortcomings of bio-
based oils, with fewer additives,
and in some cases even exhibit a
natural detergency, which helps
prevent the build-up of varnish,
sludge and deposits on pistons and
equipment surfaces. Given their
biological origins, estolides have
the potential to be safer than their
synthetic counterparts, he added.

Tyler Housel, vice president
of the Lexolube Division at Inolex
Chemical Company, noted in
a white paper that, "In general,
synthetic esters have an excel-
lent health and safety profile. For
example, many synthetic esters
are approved by the FDA, CFIA,
and other regulatory bodies as
appropriate for food processing
lubricants where incidental contact
with food products is possible."

In 2011, synthetic base stock
production reached 2,600 kilotons,
13% of which were synthetic esters,
and that number continues to
grow.

Such growth can be attributed
to a number of factors, includ-
ing continued improvements
in bio-based fluid technology.
Bio-synthetic estolides are likely to
contribute to the growth once they
hit the market, as they have the
ability to outperform traditional
bio-based fluids in almost all
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areas, said Bredsguard.

Based in Irvine, Calif., the
company, which was founded in
2006, has received funding from
St. Louis-based agricultural giant
Monsanto Co., and British oil
major, BP. In addition to their
equity investment, the arrange-
ment with Monsanto includes
a license for the production of
Monsanto’s Vistive® Gold high-
oleic soybeans.

One of the most often cited
benefits of bio-based oils are
their environmental impact and
their renewability. With regards
to the former, bio-based oils
surpass their traditional counter-
parts because “In regular engine
operations, most of the emis-
sions come from the lubricant.
Oil vapors that don't get burned
condense on the solid particles of
soot that fly out through the ex-

3 Boehman, A.L, etal. 1998
4 Johnson, Rhodes, and Allen 2002
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haust pipe. Vegetable oil doesn't
evaporate as easily as petroleum-
based oil, so less finds its way out
of the engine.”

The basic function of a lubri-
cant is to prevent metal-on-metal
contact while transferring heat
from friction away from contact
points; petroleum-based oils
generally require modification to
achieve this, while vegetable oils are
“excellent in terms of functionality
without chemical modification.” ¢

One promising class of
bio-synthetic estolides is those
containing saturated capped
estolides of oleic acid. These tend
to do well in cold temperatures
with pour points (the lowest
temperature at which a fluid will
pour or flow) of between minus
15°C and minus 29°C, as well as
good oxidative stability. Some
seed oils show promise, albeit

5 R.H. Schlosberg, JW. Chu, G.A. Knudsen, E.N. Suciu and H.S. Aldrich, High stability esters for
synthetic lubricant applications, Lubrication Engineering, February 2001, pp. 21-26
R.H. Schlosberg - JW. Chu - G.A. Knudsen - E.N. SuciuFIH.S. Aldrich - “S AR BN ANS
BEii" (381#%) (Lubrication Engineering) 20015285 - $21-2671
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with a limited availability. The
lesquerella auriculata seeds, for
example, contain 32% oil, 96% of
which are estolides.

Estolides have potential uses
in a wide variety of lubricant
applications such as food-safe
(incidental contact), cooling
fluids, crankcase and drive line
lubricants, hydraulic fluids,
dielectric fluids, metalworking
fluids, gear oils, marine oils and
electrical insulation oils (EIOs)
in transformers.

A number of companies, in-
cluding Chevron, Dow Chemical
and Petrobras, have patents on
file relating to estolides.

Bruce Marley, senior vice
president of sales and marketing
for Biosynthetic Technologies,
explained that engine oils can be
formulated using a combination
of estolides, Group III base oils
and PAOs, depending upon what
characteristics are needed. The
company’s work has “cast aside
all past perceptions that base oils
derived from natural feed stocks
such as vegetable oils aren’t vi-
able” in the motor oil market.
More specifically, Marley sees
estolides competing with Group
111 base oils in performance and
with Group IV and V base oils
on both performance and price.

Generally, combining PAOs
with an ester will lead to bet-
ter stability under heat while
maintaining high compatibility
with mineral oils. Some high-
performance motor oils contain
up to 20% by weight esters.®

A concern with estolides,
however, is their low-temperature
properties. It appears the degree
to which estolides can perform at
low temperatures has to do with
the oil from which they were pro-
duced. A study from Evonik, one
of the world’s leading specialty
chemical companies, found that
estolides provide much better
cold-temperature performance
than the more commonly used
olefin copolymers.

Soybeans are being used as the
current feedstock of Biosynthetic
Technologies. The company has
a license and supply agreement
with Monsanto, an important step
toward launching “domestically-
sourced, renewable bio-synthetic
lubricants,” Barbieri said.
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But, because of the higher
cost of vegetable oil, Barbieri says
the company plans to release its
estolide at or below PAO prices.
He says it is unlikely that they can
compete with Group III prices.

Biosynthetic Technologies’
CTO believes that “The greatest
obstacle in the adoption of es-
tolides thus far has been validat-
ing the performance of these new
oils in the multiple formulations
in a wide variety of applications.
Formulating, testing and certify-
ing can be a lengthy process."

Nonetheless, Marley said that
the PCMO market is attracting
great interest from global oil
companies, automotive OEMs
and finished fluid marketers.
While several of these compa-
nies are working on their own
formulations, Biosynthetic
Technologies is working with a
major additive company to get
ILSAC GEF-5 approval for a motor
oil formulation, which should
be completed before year end.
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The formulation will be made
available to lube marketers inter-
ested in selling environmentally
friendly, high-performance fully
synthetic motor oil.

The company uses a “simple,
catalyst-driven chemical reaction
process. As such, the company
could partner with numerous
chemical plants around the world
to manufacture these products
using common chemical equip-
ment,” Barbieri said.

It will take years "before
we know all of the applications
where these new chemicals can
impact and improve lubricants
and other chemical sectors," said
Marley. But the future is promis-
ing as researchers continue to
find ways to utilize the products'
novel performance and environ-
mental characteristics, he said.

“Things are moving quickly
for us and we continue to be
excited about the prospects of
this novel disruptive technology,”
Barbieri said. 8
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