




debate; it's difficult to justify turning edible crops into bio­ and can be formulated in a wide viscosity range.s Polygly­

fluids when significant global populations are going hungry. cols offer many of the same benefits as synthetiC esters but 

One way to address this would be a global ban on the export offer far superior hydrolytic stability. As with esters, care has 
of non-edible crop-based fluids. This would permit the ex­ to be taken in determining compatibility with some seals and 

portation of food but not fuel 
made from food. The U.s., 

for example, could export 
soybeans and edible soybean 
products but couldn't export 
soybean-based biofuels. 

According to Honary, veg­

etable oil-based formulated 
lubricants and greases have 
found their niche in many 
specialized markets, espe­
cially in lost-in-use applica­

tions. He explains, "Now 
that we have nearly 20 years 

of experience with vegeta­
ble oil-based lubricants, the 
emphaSiS is shifting to non­
edible industrial crops that 
do not compete with food 

and through either selective 
planting or genetic modifi­

cation can be grown in arid 
lands." 

Triglycerides, while not 
inherently the most oxida­

tively stable lubricants, ac­
commodate additives well. 

They get high marks for bio­
degradability but are ques­
tionable as far as large-scale 
production and cost are con­
cerned. Their success at this 

time seems to be in applica­
tions where the products 
tend to end in the environ­

ment. 
"At this time, greases 

made with vegetable oils are 
performance and price com­

petitive in applications such 
as truck greases, rail curve 
greases, food machinery 
greases and most all marine 

and mining applications," 

The sheen rule 

There is a common misperception that the U.S. Coast 
Guard approves oils based on whether or not they leave a 
sheen. In actuality, the Coast Guard does not recommend 
or endorse any fluids. But the issue of leaving a sheen is 
addressed in U.S. Regulation (40 CFR 110), which is, in sub­
stance, as follows: 

DISCHARGE Of OIL REGULATION (40 CfR 110) 
Under the legal authority of the Clean Water Act, the Dis­
charge of Oil regulation, more commonly known as the 
"sheen rule:' provides the framework for determining 
whether an oil spill to inland and coastal waters and/or 
their adjoining shorelines should be repcrted to the fed­
eral government. In particular the regUlation requires the 
person in charge of afacility or vessel responsible for dis­
charging oil that may be "harmful to the public health or 
welfare" to report the spill to the federal government. The 
regulation establishes the criteria for determining wheth­
er an oil spill may be harmful to public health or welfare, 
thereby triggering the reporting requirements, as follows: 

Discharges that cause asheen or discoloration on 
the surface of abody of water 

Discharges that violate applicable water quality 
standards 

Discharges that cause sludge or emulsion to be 
deposited beneath the surface of the water or on 
adjoining shorelines. 

Because the Oil Pollution Act of 1990, which amended the 
Clean Water Act. broadly defines the term oil. the sheen 
rule applies to both petroleum and non-petroleum oils 
(e.g., vegetable oil). The regulation also provides several 
exemptions from the notification requirements. 

Source: hltp://www.ehso.com/oilspills.php"discharge 

paints. In general, PAGs offer 
excellent lubricity, high VIs 

and perform well at tempera­
ture extremes, making them 
a good choice for all-season 
use. A down side is that they 
don't blend with mineral or 

polyalphaolefin oils. 
According to Kovanda, 

PAGs are the only fluid that 
passes the EPA Static Sheen 
Test 9 Also, they are nearly 
non-toxic in terms of aquatic 

environments in that they do 
not turn acidic in the pres­
ence of water, and they pos­

sess the only fluid chemistry 
that does not form sludge and 

varnish as the fluid degrades. 
"We presently have our 

PAG-based fluids running 
successfully in tunnel-boring 
equipment, hydro-electric 
plants, dredging, locks and 
dams, amusement parks, 

mobile equipment, cruise 
ships and in several pieces 

of U.s. Army Corps of Engi­
neers (USACE) equipment," 
Kovanda says. 

Recently the PAG-based 

fluid that Kovanda's company 
developed was chosen over 
synthetiC ester for use in the 
winches on the USACE float­

ing crane. 
The two major families 

of polyglycols are random 
copolymers of ethylene ox­
ide and propylene oxide and 
polypropylene glycols. Poly­
propylene glycols are not 
water-soluble, but random 

copolymers of ethylene oxide 

Honary says. "But for vegetable oil-based hydraulic oils, gear and propylene oxide are water-soluble. This is an issue be­

oils and other liquid lubricants that persist in the machines, cause many methods for assessing biodegradability are ap­
the price will be higher, and proper maintenance will be vi­ plicable only to non-water-soluble lubricants. 
tally important." Another disadvantage of PAGs (and PAOs) is their poor 

solubility with some additives. Because the additives them­
POLYALKYLENE GLYCOLS selves must ideally be biodegradable, this limits the additives 

Polyalkylene glycols (polyglycols, PAGs) biodegrade easily that can be used to formulate effective biodegradable PAG/ 
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PAO-based lubricants. 
Another disadvantage of PAGs for some existing specifi­

cations (such as the European Eco-Label adopted in 2005), 
is that they are not derived from renewable feedstocks. This 
is a key requirement of that specification. For example, the 
renewable content of hydraulic fluids is set at a level greater 
than 50%. Natural and some synthetic esters offer a high re­
newable content and are therefore preferred. Greaves says it's 
likely that in the future there will be PAGs that are derived 
from renewable feedstocks. The technology exists now but is 
not widely used. 

"No other major family of lubricant base oil is available 
that offers water solubility," Greaves says. "It is this property 
that can provide unique features for lubricants used in envi­
ronmentally sensitive areas. 

But there is a down side to this also. Because PAGs are 
totally water-soluble, there is concern for the use of these 
fluids near critical areas such as potable water intakes. At the 
request of the USACE, Kovanda developed spill-modeling 
data to predict what would happen if an oil spill occurred in, 
for example, the Mississippi River and how fast it would dis­
appear and biodegrade. Small, medium and large river !lows 
were analyzed. In essence, the data predicts how far a given 
size spill would travel and the amount of time before it di­
lutes to a safe concentration. 

Given all this, PAGs have some excellent lubrication 

properties but like other synthetics are not as cost effective 
as mineral oil. PAGs get an A+ for biodegradability. 

SYNTHETIC ESTERS 
Esters have been used in synthetic lubricants for more than 
60 years. Synthetic esters are a diverse family of synthetic lu­
bricants that can be customized to phYSical and performance 
specifications. Synthetic esters, which include diesters and 
polyolesters, are made from organic acids and alcohols and 
were originally formulated as a better-performing alterna­
tive to triglycerides. They are sometimes used without ad­
ditives (in very high temperature applications) or blended 
with polyalphaolefins (PAOs) or other synthetic basestocks 
to maximize lubrication properties. 

When a biodegradable product needs to perform outside 
the average temperature range, synthetic esters are the first 
choice since they can operate in temperatures exceeding 400 
F (204 C) and still maintain long fluid life. 

In addition to excellent high- and low-temperature per­
formance, synthetic esters offer low volatility and good lu­
bricity. Synthetic ester fluids have a long service life and are 
available in a wider viscosity range than other types of bio­
degradable lubricants. 

Synthetic esters exhibit a highly desirable and unique 
combination of low-temperature viscosity and clean high­
temperature operation. They also have relatively higher lu-

See us in booth #36 at STLE 2011 

Pilot's line of Aristonate® S-series sulfonates 

offer unsurpassed corrosion inhibition and 

emulsification properties compared to other 

sulfonate products in your lubrication, metal 

treatment, metal working, mining and oilfield 

applications. We're dedicated to helping you 

go further in your product development 

efforts, supporting you even when naturals 

are no-shows. 



bricity, a higher fiash point, lower volatil­
ity and a lower rate of evaporation than 
most lubricants. They make good sol­
vents and dispersants that prevent de­
posits of varnish and sludge. Importantly, 
they are highly biodegradable. 

Blendable diesters can be combined 
with PAOs to form base oils that are bio­
degradable, have good solubility, resist 
oxidation and have good temperature 
viscosity properties. Blending synthetic 
diesters with canola oil yields similar re­
sults. 

The most common concern when for­
mulating fiuids with ester basestocks is 
compatibility with the elastomer material 
used in the seals, as extra consideration 
must be taken for seal compatibility. An­
other potential disadvantage with esters 
is their propensity to react with water or 

Acloser view of the plant growth chamber used to determine the toxicity ofhydrolyze under certain conditions. They 
biobased lubricants. (Courte$V of UNI-NABL Center)are also significantly more expensive than 

mainstream lubricants. 
Synthetic esters have excellent lubricating properties, are 

highly biodegradable but often must be blended with other 
fiuids (bringing up new issues of biodegradability). They are 
also costly. 

POLYALPHAOLEFINS AND RELATED HYDROCARBONS 
Developed in the 1930s, polyalphaolefins (PAOs) are poly­
mers produced from a Simple olefin acting as a monomer. 
An equivalent (more common) branding term is polyalkene. 
They don't react with water and are compatible with most 
metals. 

PAOs are readily biodegradable and offer good low-tem­

perature performance, hydrolytiC stability and low volatility.
 

They are a good
 

What's on Tap? choice in appli­

cations where
 

Next month's cover story, TLT contributing low viscosity is 
editor Jean Van Rensselar examines the necessary. While 
role lubricants play in advanced ultra-high 

higher-viscosity
strength steels in the auto industry and 

PAO fiuids exist 
what manufacturers are doing to improve 

and also perform safety and fuel efficiency. 
extremely well, 
for the most part 

only inherently biodegradable (they do not biodegradable 
quickly enough to be readily biodegradable). 

Among the advantages of PAOs is the fact that they can be 
customized for a variety of applications by manipulating the 
chemistry. Other favorable properties include: 

•	 Low environmental toxicity 
•	 Better than average biodegradability (among all types 

of fiuids) 

•	 Low depOSit formation 
•	 Thermal stability (across a wide temperature range) 

•	 HydrolytiC stability 
•	 Sheer stability 
•	 Low corrosivity 
•	 Compatibility with mineral oils. 

The wide temperature performance range of PAOs, com­
bined with excellent chemical and physical properties, makes 
these fiuids a good choice for lubricants in general. However, 
their subpar biodegradable performance, when compared to 
other biodegradable fiuids, gives them a distinct disadvan­
tage in environmentally sensitive applications. 

FOR NOW••• 
The perfect biodegradable lubricant hasn't been developed 
yet, but there are some very good alternatives. The most 
pressing needs are improving lubricating properties in a way 
that doesn't reduce biodegradability and bringing down the 
cost. Until that day when the perfect biodegradable lubricant 
is developed and available, there are other ways to lubricant 
usage more environmentally friendly: 

•	 Use less lubricant 
•	 Use formulations that extend the useful life of lubri­

cants 
•	 Use formulations that can be re-refined 
•	 Use biobased lubricants that are best for lost-in-use 

applications. 

For now, in environmentally sensitive applications, selec­
tion of the best product from a number of good alternatives 



is of primary importance. But perhaps the best approach for 

protecting the environment is to prevent leaks and spills in 

the first place through monitoring and maintenance. Even 

readily biodegradable lubricants need to be properly cared 

for to avoid unnecessary contamination. 

"Different regions of the world have different views and 

policies pertaining to what an environmentally friendly lu­

bricant should be," Goldstein says. "This is an ongoing dis­

cussion. Despite all of the work that goes into spill-preven­

tion programs, it is still inevitable that accidental spills will 

occur. Lubricant selection needs to be a well defined provi­

sion of a spill-prevention program." ii:§i 

Jean Van Rensselar heads her own communications 
firm, Smart PR Communications, in Naperville, 1/1. You 
can reach her at jean@smartprcommunications.com. 
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