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f a mechanical or electromechanical component has to

While the various PFPEs share these general tribological

function for extended periods in an extreme environment,

characteristics, all PFPEs are not created equal. And there’s the

a perfluoropolyether (PFPE) lubricant just may be the key

rub for the design engineer. To select the best PFPE for a spe-

to long life and smooth performance.

cific application and operating environment, it’s necessary to

PFPEs are a family of fluorinated synthetic fluids that are

understand some of the distinctions among the different PFPE

used to formulate the most thermooxidatively stable lubricants

fluids. Sometimes, the differences are subtle and may seem

available today. They are slippery, long-chain fluoropolymers

insignificant, if not esoteric. But in extreme environments,

that wet surfaces well, making them good materials for lubri-

where a lubricant is pushed to the limits, these seemingly small

cants. The layer of fluorine atoms that surround each PFPE

variances in base oil chemistry are often what separate failure

molecule makes electron exchange difficult — which keeps

from success.

oxidation in check. Oxidative stability not only extends lubricant life, it reduces carbonaceous deposits that can exacerbate

LINEARS, PENDENTS, AND TEMPERATURE

wear and shorten component life. Available in a variety of vis-

There are five different types of PFPE fluids: PFPE-K, PFPE-

cosities, from very light for low-temperature, low-torque appli-

Y, PFPE-D, PFPE-M, and PFPE-Z — or, in PFPE shorthand,

cations to very viscous for use as sealants or in more heavily

K, Y, D, M, and Z fluids. Though all PFPEs are composed of

loaded applications, PFPEs can be used "neat" as lubricating

carbon, oxygen, and fluorine atoms, each type of fluid is the

oils or combined with thickeners, typically polytetrafluoroeth-

product of different starting materials and manufacturing

ylene (PTFE), to make a variety of PFPE greases.

processes. Consequently, the molecular structure, that is, how

PFPEs are well suited for demanding environments. They

the carbon, oxygen, and fluorine atoms are linked together, is

can withstand temperatures from –90°C to +250°C, and even

different. These structural differences affect the fluid’s low-

higher spikes. Extremely inert, they don’t crack, craze, discol-

temperature capability, ability to prevent wear, viscosity index,

or, or dissolve plastics, nor do they swell, shrink, or embrittle

and volatility — all critical factors in lubricant selection.

natural rubber or other elastomers. Non-flammable, they also

Structurally, each PFPE molecule is classified as either a lin-

resist harsh chemicals, fuel oil, and brake fluids. And because

ear or pendent (See Figure 1). D, M, and Z fluids are linear

of their low volatility they are often the lubricants of choice for

PFPEs. Y and K fluids are pendent molecules. A linear PFPE

high-vacuum environments.

is a straight polymer chain, much like a snake of interlocking
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Figure 1

Molecular Structure of Linear vs. Pendent PFPE

Linear: CF3 — O — (CF2 — CF2 — O)x — (CF2 — O)y — CF3
CF3
Pendent: CF3 — CF2 — CF2 — O — C — CF2 — O
F

— CF2 — CF3
x

K’NEX, the rod and connector construction toy. They are very

PFPE to wet very effectively the nooks, crannies, and surface of

flexible molecules, able to remain fluid at much lower temper-

sintered parts to retard friction and wear.

atures than pendents. Depending on the viscosity, D and M oils

Whether using grease or oil, the viscosity of the base oil is

can remain fluid and lubricious to about –75°C. The pour point

another important selection criteria. Low-torque, low-tempera-

of a very light viscosity Z fluid goes even lower, to –90°C. Of

ture applications require a relatively light oil, while high-speed,

course, with this added cold-temperature performance comes

high-temperature, heavily loaded devices call for a more vis-

added cost. Grease formulated with a Z fluid can cost as much

cous base oil. In addition, the viscosity of the oil should remain

as $500/lb., about four times the cost of grease formulated with

relatively constant throughout the temperature range of the

D or M fluids. By contrast, the Y and K fluids are more eco-

application; otherwise the oil may gum up at low temperatures

nomical but do not function well much below -40°C, a temper-

or waft away at high temperatures. In either case, lubricant is

ature easily reached by synthetic hydrocarbon lubricants.

depleted. Viscosity Index (VI) is a dimensionless number that
describes how much viscosity varies with temperature: the

FILM STRENGTH, VISCOSITY INDEX, VOLATILITY

higher the number, the less change. As with temperature and

While linears get the nod for extreme low-temperature applica-

film strength, the molecular structure of a PFPE affects its VI.

tions, pendents deliver more film strength, which means better

Because of their flexibility, linear PFPEs usually perform bet-

wear-prevention, especially under heavier loads. Again, molec-

ter in applications where the operating environment has wide-

ular structure shapes the fluids’ lubricating characteristics.

temperature excursions. When tested at -40°C, +40°C, and

Pendent molecules are like a two-dimensional K’NEX model.

+100°C, M and Z fluids yield a very respectable VI of 340. D

They have side chains, sometimes called branches, which make

fluids, also linear PFPEs, had VIs ranging from 170 to 210,

them more rigid. While these branches decrease the molecule’s

where lower viscosity D fluids yielded the lower VIs. In con-

flexibility, they form a series of lattices that help prevent mat-

trast, pendent Y and K oils had VIs ranging from 110 to about

ing parts from coming into contact.

140, which approximates the VI of a synthetic hydrocarbon.

One exception is worth noting. Compared to the usually more

All PFPEs are known for low volality, but even the tendency

robust pendents, linear M fluids seem to deliver superior per-

to vaporize is influenced by molecular structure or, more specif-

formance as lubricants for sintered, a.k.a. powdered-metal,

ically, the molecular weight. Generally, at equal viscosities, the

bearings. It is believed that the very low surface tension of the

higher the molecular weight, the lower the volatility. Note,

M fluid, combined with the sheer volume of oil in a properly

however, that the molecular weight of any fluid is actually an

impregnated sintered bearing, enables this particular linear

average of the molecular weights of each molecule that makes
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up the fluid. So, volatility is also dependent on the homogene-

reduce bearing life. Different PFPE molecules have different

ity of the molecules in a given batch of fluid. If the molecules

rates of catalysis. While Z fluids offer the best wide-tempera-

in a batch of K fluid, for example, have a narrow range of

ture serviceability, they seem to be more vulnerable to catalyt-

molecular weights, the oil is less volatile than a batch of K fluid

ic degradation than D fluids. In a Four Ball Wear test in our lab

with a wide range of molecular weights. Lighter molecules,

(75°C for 1 hr. @ 1200 RPM with a 40Kg load), balls lubricat-

sometimes called fractions, tend to vaporize easily — which

ed with Z fluid had a wear scar of 1.22 mm, while balls lubri-

hastens lubricant depletion and component failure. The range

cated with a D fluid of the same viscosity had a wear scar of

of molecular weights in a batch of oil can be controlled during

only 0.39mm. D fluids are more inert in the presence of fresh

production or in post-production through fractional distillation,

metal, so they tend to reduce the brown sugar phenomenon.

a process that removes the lighter, more volatile fractions. For

What happens when an application calls for characteristics of

critical applications — like connectors in an ABS system —

more than one PFPE fluid? Blend them. Recently, we blend-

testing the volatility of each batch of PFPE oil is required.

ed a linear and a pendent PFPE to formulate a new grease for
an automotive bearing. The application called for the load-car-

A LITTLE BROWN SUGAR, A LITTLE BLENDING

rying ability of a pendant at –40°C. While there are pendants

The catalytic stability of a PFPE lubricant is also an important

that function at –40°C, their viscosity is too low, which jeop-

consideration. In loaded bearing and gear applications, partic-

ardizes wear reduction. A standard pendant would offer good

ularly at slower speeds, there is a well-documented phenome-

wear protection, but it would cause torque problems at –40°C.

non wherein nascent metals tend to promote catalytic break-

The solution turned out to be a 50/50 blend of a K and an M

down of the PFPE molecule. This catalysis creates a residue

fluid. The K fluid was viscous enough to ensure good load-car-

that looks like brown sugar. Semi-solid and abrasive, it can

rying ability; the Z-fluid ensured performance at –40°C.

■

Figure 2

Overview of PFPE Fluids
PFPE

Service
Temp (°C)

Viscosity
(cSt) @40°C

Pour
Point (°C)

Viscosity
Index

Typical Applications

K&Y

-54 to 250

25 to 510

-56 to -28

105 to 150

Multipurpose, economical, PFPE lubricant for
gears, slides, and bearings especially when
high temperature and plastic and elastomer
compatibility is required

D

-70 to 250

25 to 200

-75 to -53

150 to 210

Wide-temperature, high-load PFPE bearing
lubricants with ultra-low volatility and
resistance to oxide-induced catalysis

M

-70 to 250

90 to 150

< -70

340

Wide-temperature PFPE lubricants with low
volatility and elastomer and plastic compatibility.
Economical alternative to Z fluids for less
critical applications.

Z

-90 to 250

90 to 355

-90 to -63

303 to 360

Extreme-temperature PFPE lubricants for very
small, delicate precision instruments, sensors,
potentiometers, actuators, and bearings where
low-temperature and low torque are critical
design parameters.
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