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The Navy has need for non-skid coatings so that sailors can maneuver on a
ship’s deck and equipment, machinery and aircraft do not slide when operating
at sea. Non-skid coatings for Navy use must be qualified by military standard
MIL-PRF-24667C, “Performance Specification: Coating System, Non-Skid, for
Roll, Spray, or Self-Adhering Applications.” Currently in compliance are two-
component epoxies with various sizes of aggregate. The vast majority of these
non-skid coatings are qualified as either MIL-PRF-24667C, Type I (high-durabil-
ity, rollable deck coating) or Type V (extended durability, rollable deck coat-
ing), which provide up to 12 or 36 months of service life, respectively.

Since the inception of this standard these non-skid coatings have been
applied with a napless roller to generate a rough “peak and valley” profile 
(Fig. 1, p. 37) thereby providing a skid/slip-resistant surface once cured. The
roll application of non-skid coatings is a slow, manual process and the appear-
ance of the peak and valley profile has subtle variations over the deck.
Inadequate profile and appearance, such as slumped peaks, can lead to
reduced traction for maneuvering on decks under wet and dry conditions,
whereas non-skid with thin, sharp peaks can injure sailors and easily tear the
suits of divers when used on the turtlebacks of submarines. Non-skid coatings
that are roll applied too thin on decks, or where coverage in the valleys is of
insufficient film thickness, can also lead to the early onset of corrosion, there-
by resulting in an unsightly appearance and premature replacement of the
non-skid before the service life has been reached.
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Epoxy-based non-skids, which contain aromatic epoxy resins, are
chemical resistant and durable systems. However, these aromatic
molecules suffer from degradation due to sunlight, thereby resulting
in chalking and loss of profile within a few months after application
(Fig. 2). Degradation from chalking can require overcoating with a
dark gray or black colored silicone alkyd topcoat in order to maintain
the appearance of a non-degraded and slip-resistant surface.
Application of these “color-toppings” significantly reduces the coeffi-
cient of friction of the non-skids by filling in the valleys and reducing
the peak-to-valley ratio. Coefficient of friction (CoF) is a value repre-
senting the resistance to sliding of two surfaces in contact with each
other. Higher values indicate greater resistance to sliding.

In 2007, a modified Type I epoxy non-skid was spray-applied on the
flight deck of the USS Ross (DDG-71) using a commercial spray gun,
large fluid passageways and a conventional bottom-feed pressure pot.
The modified non-skid contained smaller aggregate to reduce the vis-
cosity and allow for spraying without clogging, however, these modifi-
cations resulted in a surface with CoF values that were lower than
those obtained with the unmodified roll-applied version. Furthermore,
the CoF values of the sprayed non-skid decreased by approximately
15 percent over a period of less than one year due to the UV degra-
dation of the epoxy-based non-skid. It should be noted that the
sprayed non-skid coating did demonstrate enhanced corrosion resis-
tance due to the more homogeneous surface.

Spray-applied non-skid coatings have been proposed as a method
of extending service life on decks and addressing profile generation
due to variations in roll applications. However, several technical chal-
lenges have prevented implementation from occurring, such as the
lack of commercially viable spray equipment for applying these vis-
cous coatings and the difficulty in spraying qualified epoxy non-skid
coatings without modifying the formulations to reduce the viscosity.

To take advantage of the standardized surface capability of a
spray-applied coating while maintaining an acceptable CoF value, the
United States Naval Research Laboratory (NRL) has developed a silox-
ane-based non-skid/nonslip coating that provides enhanced color and
profile retention in sunlight, is low in volatile organic compounds
(VOCs), lower in viscosity than epoxy-based non-skids, and can be
applied using commercial pressure-pot spray equipment. NRL has
also partnered with a small company to develop new spray equipment
that is capable of applying the siloxane non-skid with large aggregate
for generating surface CoF values that are equivalent to those found
with rolled non-skids. Spray demonstrations of the siloxane non-skid
coating have been performed on Navy surface ships and submarines

that operate in unique environments, yet both the coating and equip-
ment are applicable to non-military markets where non-slip coatings are
currently utilized.

Sprayable Siloxane Non-Skid Coating
The coating developed by the NRL is a two-component, siloxane-based
non-skid coating suitable for the decks of Navy surface ships and sub-
marines. The coating possesses silicon-oxygen (Si−O) bonds, which
have greater bond strength than the carbon-carbon (C−C) bonds found
in epoxy coatings, thereby providing greater exterior durability against
UV degradation from sunlight. In addition, the siloxane non-skid coating
is lower in VOCs, repels hydrocarbons and detergents, and does not
blush or bloom after application (Fig. 3, p. 38). The siloxane non-skid is
formulated as a 4:1 mix ratio (by volume) and the same formulation can
be rolled or sprayed without the need for additional modifications. The
NRL has licensed the non-skid technology to a coating manufacturer to
advance the process to commercialization level, and multi-gallon quanti-
ties have been roll-applied on the decks of Navy surface ships in
Norfolk, Virginia and San Diego. This siloxane non-skid coating is cur-
rently being qualified to MIL-PRF-24667C, Type V requirements (Fig. 4,
p. 38).

The NRL’s coating possesses a lower viscosity than traditional epoxy-
based non-skid coatings due to its unique composition, which enables
the coating to be more easily sprayed than MIL-PRF-24667C, Type I
and V qualified epoxy non-skids that must be modified for spray applica-
tion. In 2010, NRL spray-applied the siloxane non-skid coating in the
mooring station of the USS Oak Hill (LSD-51) using traditional pressure
pot spray equipment (Fig. 5, p. 39). The coating sprayed easily but
blockage within the spray gun occurred due to clustering of the aggre-
gate. To address this issue, the NRL began working with a small com-
pany to develop a specialized spray gun and pressure pot that allows

Fig. 2: This image depicts a color-faded and degraded epoxy non-skid 
on the deck surface of a ship less than six months after installation.

Fig. 1: This images displays the generation of a "peak and valley" 
profile via roll application of non-skid coating.
All photos courtesy of the U.S. Naval Research Laboratory



provided a cured coating with CoF values of
1.47 to 1.59 at 75 F versus those of 1.26 to
1.40 at 75 F for the modified Type I epoxy.
Atomization of the unmodified Type V epoxy non-
skid remained an issue due to its higher viscosi-
ty, which resulted in a non-homogeneous sur-
face appearance and CoF values of 1.35 to
1.45 at 75 F. A Type XI (temporary repair, self-
adhering deck covering) non-skid appliqué was
also applied over epoxy-primed steel panels and
the CoF values were recorded as 1.20 to 1.30
at 75 F for comparison. It should be noted that
CoF values were obtained using ASTM G133,
“Standard Test Method for Linearly
Reciprocating Ball-on-Flat Sliding Wear.”

The sprayed coatings and appliqué were eval-
uated for chemical resistance, impact resis-
tance, wear resistance and resistance to accel-
erated weathering according to MIL-PRF-
24667C (Table 1). For chemical resistance, the
sprayed siloxane and epoxy-based non-skids
were unaffected by immersion in hydrocarbons

such as jet fuel, grease,
hydraulic fluid; detergent; aque-
ous firefighting foam (AFFF) in
seawater; deicing fluid and
ethyl alcohol. The non-skid
appliqué was also unaffected
by the immersion tests,
although the adhesive under
the appliqué was softened by
nearly all the fluids, especially
when immersed in hydraulic
fluid and ethyl alcohol This
resulted in the ability to easily
peel-off and remove the
appliqué from the epoxy
primer. Use of a sealer around
the edges of the appliqué

improved the immersion resistance although several tests, such as jet
fuel immersion, still resulted in up to 40 percent delamination. It should
be noted that NAVSEA prohibits the use of appliqués on deck areas
that are frequently contaminated with hydraulic fluids.
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the siloxane non-skid coating to be easily
spray-applied without clogging, even when uti-
lizing larger sized aggregate than that found in
rolled versions of qualified epoxy non-skid 
coatings.

Laboratory Testing versus  
MIL-PRF-24667 Qualified Non-Skids
Although originally designed for the siloxane
non-skid, this newly developed equipment was
able to spray a modified (with smaller aggre-
gate) Type I epoxy and an unmodified Type V
epoxy non-skid for comparison to the sprayed
siloxane non-skid. All coatings were applied
over epoxy-primed steel panels. The siloxane
and modified Type I epoxy non-skid coatings
sprayed easily and both provided full coverage of the substrate with
uniform grit distribution.

CoF values of rolled-on non-skid coatings typically range from 1.40
to 1.70 at 75 F. The larger-sized aggregate in the siloxane non-skid

Non-Skid/Non-Slip Coatings
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Fig. 3: This photo shows a qualified MIL-PRF-24667C, Type I epoxy non-skid that has become 
white due to blooming.

Fig 4: This picture depicts a qualified Type V epoxy non-skid (left)
compared to the siloxane non-skid (right) after six months of exte-
rior exposure on the USS MASON (DDG-87).

Non-Skid Coating Chemical Resistance Impact Resistance Wear Resistance Accelerated Weathering – Color Stability

Sprayed Modified Type I Epoxy Unaffected Passed Passed at 500 cycles Fading & noticeable color change

Sprayed Type V Epoxy Unaffected Passed Passed at 500 cycles Fading & noticeable color change

Sprayed NRL Siloxane Unaffected Passed Passed at 500 cycles No fading or color change

Type XI Appliqué Adhesive softened Passed Significant damage Minor fading
by several fluids after 150 cycles 

Table 1: Performance Evaluation
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All sprayed non-skid coatings and the appliqué passed the impact
resistance test, as the homogenous surface did not present thick
peaks or areas that might otherwise be broken off during impact,
unlike the rolled versions. As for the resistance-to-wear test via cable
abrasion, after 50 cycles, none of the surfaces lost enough mass to
produce a notable decrease in CoF values and both the sprayed silox-
ane and the epoxy non-skid coatings were not significantly affected
even after 500 cycles. However, testing of the appliqués with and
without a sealer was ceased after 150 cycles, as the material was

either severely torn or completely worn through to
the underlying primer. The reduced-wear resis-
tance of appliqués prohibits them from being
used on ship decks where hand trucks, pallet
jacks and fork lifts routinely operate.

A comparison of the sprayed non-skid coatings
and non-skid appliqué in accelerated weathering
tests showed visible differences in color stability.
For instance, exposure of the materials to UVB
radiation for 400 hours, according to ASTM
G154, “Standard Practice for Operating
Fluorescent Light Apparatus for UV Exposure of
Nonmetallic Materials,” resulted in color fading of
the epoxy-based materials, although the change

was more noticeable with the modified Type I and unmodified Type V
sprayed non-skids than with the appliqué. The color of the siloxane non-
skid coating was unchanged after 400 hours of UVB exposure. The non-
skids were also exposed to artificial sunlight for 1,000 hours using a
xenon arc light source, also known as Weather-Ometer (WOM), accord-
ing to ASTM G155-13, “Standard Practice for Operating Xenon Arc
Light Apparatus for Exposure of Non-Metallic Materials,” and once 
again the Type I and Type V epoxy non-skids demonstrated a noticeable
color change. The exact color change of the non-skids could not be

Fig. 5: This image shows sprayed siloxane non-skid aboard the USS OAK HILL (LSD-51).



than sprayed, modified Type I epoxy non-skid with reduced aggregate
size, sprayed, unmodified Type V epoxy non-skid, and a Type XI non-
skid appliqué. This siloxane coating is also lower in viscosity and VOCs
compared to unmodified epoxy non-skids, which provides for a coating
that is easier to spray apply even though it contains larger-sized aggre-
gate. Furthermore, the sprayed siloxane non-skid has shown to provide
greater corrosion resistance than rolled epoxy non-skids because of the
absence of areas with lesser-than-adequate coating thickness. The coat-
ing also has applications in numerous non-military markets where non-
skid/nonslip coatings are currently utilized, such as on oil rigs, commer-
cial ships, factory floors, ramps and walkways.  
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determined due to the inability to achieve flush contact between the
non-skid surfaces and a color meter.

Demonstrations on Navy Platforms
The siloxane non-skid has been spray-applied to the decks of several
more Navy surface ships during the past four years including the USS
Mason (DDG-87), the USS Ramage (DDG-61), the USS Whidbey Island
(LSD-41) and the USS Laboon (DDG-58) (Fig. 6). The cured coatings all
provided initial CoF values of 1.31 to 1.49 at 75 F and after two years
of service the values aboard the USS Mason and USS Whidbey Island
were 1.21 to 1.46 at 75 F and 1.23 to 1.32 at 75 F, respectively. The
sprayed siloxane non-skid has not yet been utilized on a flight deck;
however, the NRL is working with multiple systems commands to pur-
sue such test opportunities. The sprayed siloxane non-skid has shown
to wear evenly through the coating, unlike rolled non-skids that lose
their peaks as they wear.

As a result of the performance of the sprayed siloxane non-skid on
Navy surface ships, a black-colored version of the material was spray-
applied on the steel turtleback of the USS Michigan (SSGN-727) sub-
marine in 2011. After three years of service, the siloxane non-skid had
retained its color and sufficient slip resistance for walking in wet and
dry conditions, and color-topping of the non-skid has not been
required. The sprayed siloxane non-skid also provided greater corro-
sion resistance when compared to a neighboring rolled Type I epoxy
(applied as a control) due to the more homogenous surface obtained
from the spray application.

In all demonstrations, the siloxane non-skid coating was spray-
applied in less than half the time of a typical roll application and gener-
ation of a more uniform coating thickness provided for greater spread
rates (for example 30 to 40 square feet per gallon for spray versus
18 to 30 square feet per gallon when rolled) due to the elimination of
the thick peaks that are typically produced during the roll process.

Conclusion
The NRL sprayable siloxane non-skid coating has shown to provide
greater exterior color stability, CoF values and chemical resistance
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Fig. 6: This photo shows sprayed siloxane non-skid on the boat deck
of the USS LABOON (DDG-58).
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