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(54) ELECTRICALLY CONDUCTIVE PROTECTIVE LINER

(57) A protective liner includes a base layer that can
be affixed to an aircraft canopy or other substrate, a con-
ductive polymeric interlayer positioned over the base lay-
er, and a conductive top layer containing a reactive or-
ganic salt, or a hygroscopic salt, positioned over the con-
ductive polymeric interlayer. The substrate can also be
treated with a multilayer stack (including a substrate base
coat layer, a metal layer positioned over the substrate
base layer, a metal oxide layer positioned over the metal
layer, and a tie layer positioned over the metal oxide lay-
er). The protective liner can be affixed to a pretreated
substrate by lamination or other means to form an en-
hanced, multilayer stack having beneficial properties.
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Description

FIELD OF INVENTION

[0001] This invention relates generally to transparent
compositions and coated transparencies and laminates
incorporating such compositions. More particularly, the
invention relates to an electrically conductive coating
stack having anti-static or static-dissipative properties.

BACKGROUND OF INVENTION

[0002] Modern jet aircraft canopies, such as F-22
stealth fighter canopies, are made of polymeric materials.
Such materials are preferred because of their light
weight, high strength, and ease of shaping. However,
most polymeric materials are not infrared-reflective and
do not meet the requirements for stealth jet fighters, such
as low surface resistance (high electrical conductivity)
and the ability to withstand extreme weather conditions.
As a result, both organic and inorganic coatings are em-
ployed to impart infrared reflection, conductivity, and oth-
er necessary stealth characteristics to the canopy.
[0003] Canopies for stealth jet fighters need to be elec-
trically conductive so that they can drain or dissipate stat-
ic electricity. A low surface resistance is desired to pre-
vent a buildup of static charge, because static charge
interferes with various electromagnetic field and radar
attenuation functions of the aircraft. The canopies should
be capable of de-icing and de-fogging, and should pro-
vide infrared reflection, radar attenuation, and electro-
magnetic pulse protection. To meet these requirements,
current canopies are coated with several layers of mate-
rials to form a "metal conductive stack" or "multilayer
stack" i.e., a multilayer coating containing at least one
electrically conductive metal or metal oxide layer. How-
ever, current canopies do not have good static drain and
have poor abrasion resistance.
[0004] FIG. 1 illustrates a conventional multilayer stack
for a modern aircraft canopy. The multilayer stack 100’
generally includes a substrate base layer 20, a metal
conductive layer 40, a tie layer 60, and a top coat 80.
The substrate base layer 20 provides adhesion between
the metal conductive layer 40 and an aircraft canopy sub-
strate 10 that lies underneath. In addition, the substrate
base layer 20 covers imperfections such as scratches or
dents that may exist on the surface of the substrate 10.
Suitable materials that can be used for the substrate base
layer 20 include UV-curable polymers such as acrylates.
[0005] The metal conductive layer 40 includes a silver
layer 45 and a layer of indium tin oxide (ITO) 50 and helps
dissipate static charge that can develop during flight
and/or from lightning strikes. In addition, the metal con-
ductive layer 40 provides for electromagnetic interfer-
ence (EMI) shielding and radar attenuation. Further, the
metal conductive layer 40 can be heated for de-fogging,
de-misting, defrosting, or deicing, thereby providing a
means of clearing any ice or moisture that may accumu-

late on the top surface of the stack or the inside surface
of the canopy. Since the metal conductive layer 40 is
prone to oxidation and degradation upon exposure to
moisture, the top coat 80 is typically made of aliphatic
polyurethane and is sufficiently durable and flexible to
withstand the thermal contraction and expansion caused
by extreme temperature conditions encountered during
flight.
[0006] While the prior art multilayer stack provides ad-
equate infrared reflection, EMP protection, and radar at-
tenuation to the canopy, its service life is limited due to
delamination and the formation of blue spots on the mul-
tilayer stack. In some aircraft, dark blue spots and signs
of delamination are observed after only 25 hours of serv-
ice, and it is not unusual for the entire canopy to be re-
placed after 80 hours of service because of severe dela-
mination and blue spot formation. The blue spots result
from oxidation of the silver layer 45. As moisture pene-
trates through the top coat 80, it reaches the silver layer
45 and causes it to corrode.
[0007] Despite the advances made to date in aircraft
canopy coatings, a need still remains for electrically con-
ductive coating stacks having greater durability and func-
tionality.

SUMMARY OF THE INVENTION

[0008] A protective liner that can be applied to a coated
or uncoated substrate, such as an aircraft canopy is pro-
vided. When applied to a canopy that already bears a
multilayer stack, the liner plus the multilayer stack act in
concert as an enhanced multilayer stack having a com-
bination of beneficial properties.
[0009] In a first aspect, the liner comprises a polymeric
base layer, a conductive polymeric interlayer positioned
over the base layer, and a conductive top layer positioned
over the conductive polymer layer. The liner can be ap-
plied to a coated or uncoated substrate by marrying the
polymeric base layer to the substrate, using, for example,
heat and pressure. The conductive polymeric interlayer
generally has suitable surface resistance that facilitates
the dissipation of static charge. The conductive top layer
provides additional anti-static properties.
[0010] In some embodiments, the conductive top layer
contains metal particles and/or particles of a conductive
metal oxide. In other embodiments, the conductive top
layer contains a quantity of an anti-static agent, or a hy-
groscopic salt, such as a quaternary ammonium salt, suf-
ficient to provide a surface resistance below 1012 Ω/h,
or more specifically about 108 to 107 Ω/h as measured
under various testing conditions (i.e. -40°F to room tem-
perature and from ambient to dehumidified conditions).
In another embodiment, the conductive top layer contains
a reactive organic salt, such as quaternary ammonium
chloride with at least one reactive group, to further en-
hance the retention of the salt in the conductive top layer.
Nonlimiting examples of reactive groups include -SH,
-NH2, and -OH.
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[0011] In another aspect, a protective liner includes a
base layer for laminating or marrying the protective liner
to a substrate, a conductive bus bar for improving p-static
charge dissipation, and a top layer. In one embodiment,
the conductive bus bar is positioned over the top layer.
In another embodiment, the conductive bus bar is posi-
tioned between the top layer and the base layer.
[0012] In another aspect, a protective liner includes a
top layer, a conductive polymer interlayer, a base layer
for marrying the liner to a substrate, and a conductive
bus bar for improving p-static charge dissipation. In one
embodiment, the conductive bus bar is positioned under
the top layer. In another embodiment, the conductive bus
bar is positioned under the conductive polymer interlayer.
[0013] When applied to an aircraft canopy or other sub-
strate, the protective liner, alone or in combination with
other layers previously applied to the substrate, forms a
multilayer stack having a number of desirable properties.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The accompanying drawings, together with the
specification, illustrate various aspects and embodi-
ments of the invention.

FIG. 1 is an exploded, cross-sectional view of a con-
ventional, prior art multilayer stack for an aircraft can-
opy;
FIGs. 2 and 6 are exploded, cross-sectional views
of multilayer stacks according to various embodi-
ments of the invention; and
FIGs. 3-5, and 7-8 are exploded, cross-sectional
views of protective liners according to various em-
bodiments of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0015] In the following description, and in the claims,
various layers are described as being "positioned" over
or "on" one or more additional layers, and this language
simply denotes the relative positions of the layers. Thus,
in some embodiments, two adjacent layers are literally
right next to each other, while in other embodiments, the
same two layers are separated by one or more additional
layer(s). In each case, one of the two layers is considered
to be "positioned over" or "on" the other layer, unless
otherwise noted.
[0016] As used herein, the term "precoated substrate"
refers to a substrate that has been protected (e.g., coat-
ed) with one or more layer(s) of metal particles and/or
metal oxide to make the substrate conductive. The sub-
strate can be made of glass or plastic, coated or uncoat-
ed, and may form a window, a windshield of a car, aircraft,
or boat, a building, or another structure.
[0017] When various compositions are described, it is
to be understood that the stated percentage or amount
of each ingredient is provided on a "wet" basis prior to
drying or curing, unless specified otherwise. Unless oth-

erwise noted, the percentages given are in weight per-
cent.
[0018] Throughout the text and the claims, use of the
word "about" in relation to a range of values (e.g., "about
30 to 50 mils") is intended to modify both the high and
low values recited, and reflects the penumbra of variation
associated with measurement, significant figures, and in-
terchangeability, all as understood by a person having
ordinary skill in the art to which this invention pertains.
[0019] In a first aspect, a protective liner that can be
applied to a precoated substrate to protect the metal
and/or metal oxide conductive layer(s) therein is provid-
ed. In combination with the precoated substrate’s con-
ductive layer, the liner forms an enhanced multilayer
stack having a number of desirable properties. With ref-
erence to FIG. 2, one embodiment of a multilayer stack
200 having a liner 120 disposed on a precoated substrate
100 is shown. The precoated substrate 100 includes a
substrate 10; a substrate base layer 20 positioned over
the substrate; a primary conductive layer 40 (composed
of two sub-layers: a metal layer 45 and metal oxide layer
50), positioned over the base layer; and a tie layer 60,
positioned over the primary conductive layer. The sub-
strate base layer 20 covers minor defects and imperfec-
tions of the substrate. In addition, it promotes adhesion
between the primary conductive layer 40 and the sub-
strate 10. The primary conductive layer 40 provides static
drain, UV absorption, IR reflection, radar attenuation, and
electromagnetic pulse protection. The tie layer 60 pro-
tects the primary conductive layer by improving its weath-
er resistance. It also improves the adhesion of the primary
conductive layer to a protective liner 120 that is positioned
over it.
[0020] Positioned over the precoated substrate is the
protective liner 120. Because the primary conductive lay-
er 40 in the pretreated substrate contains metal and/or
metal oxide particles, it is susceptible to attack by air and
water. The protective liner 120 is used to thwart such
attack, and retards corrosion of the primary conductive
layer. In addition, in some embodiments (described be-
low) it provides additional functionality. The protective
liner 120 also can include an anti-static agent that makes
the protective liner 120 more conductive and thereby low-
ers the surface resistance of the multilayer stack 200.
The protective liner 120 can be made separately and
laminated onto the precoated substrate 100.
[0021] As shown in FIG.2, the precoated substrate 100
includes a canopy substrate 10 with a substrate base
layer 20 positioned over it. In one embodiment, the sub-
strate base layer 20 is formed by flow coating. The metal
conductive layer 40 is then formed on the precoated base
layer by a process such as physical vapor deposition or
magnetron sputtering. In the latter, a high voltage plasma
discharge causes atoms to be ejected from a metal tar-
get. The metal atoms then strike the precoated substrate
and form a thin, transparent metal layer. Since the coating
is formed on an atomic scale, it is possible to produce
uniform layers of films.
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[0022] For certain metals, such as silver, the deposition
process must be carried out at a relatively low tempera-
ture in order to avoid unwanted oxidation of the metal.
Thus, for silver, the magnetron sputtering process is car-
ried out at about 50 to 100 deg. F.
[0023] The metal oxide layer 50 is formed by the same
sputtering process using ITO.
[0024] Because the silver layer 45 is prone to oxidation
upon exposure to moisture, a tie layer 60 is applied al-
most immediately after the sputtering process. The tie
layer is typically formed by flow coating. After allowing
the tie layer 60 to dry, the precoated substrate 100 is
ready to be coated or protected with the liner 120.
[0025] The protective liner 120 includes a base layer
130, a conductive polymeric interlayer 140, and an outer
or "top" layer 150. The base layer 130 acts as a backing
for the conductive polymeric interlayer 140 and the top
layer 150, to be formed thereon. Further, the base layer
130 has sufficient flexibility and adhesiveness that it can
conform and adhere to a curved or non-planar surface,
such as an aircraft. Nonlimiting examples of suitable base
layer materials include polyurethane, and polyurethane
laminating adhesive.
[0026] A specific example of one such polyurethane is
formed from a mixture of polytetramethylene ether glycol
and liquid cycloaliphatic diisocyanate, at a weight ratio
of about 55:38 (wt/wt) or, more generally, from about
50:45 to 60:30 wt/wt. Polytetramethylene ether glycol is
sold by E.I. Dupont under the tradename Terathane
1000. A liquid cycloaliphatic diisocyanate is commercially
available from Bayer under the tradename Desmodur W.
Polytetramethylene ether glycol is a waxy white solid ma-
terial, which melts to a clear colorless, viscous liquid. It
reacts with the liquid cycloaliphatic diisocyanate to form
a polyurethane resin.
[0027] Other components that can be present, in the
mixture and/or the resulting base layer 130, include light-
and UV-stabilizers, polymerization catalysts, modifiers,
adhesion promoters, and chain extenders, in small (or
trace) amounts. Nonlimiting examples of such additives
include liquid hindered amines, octadecyl-3,5-di-tert-
butyl-4-hydroxyhydrocinnamate, dimethyltin dilaurate
catalyst, and aminosilanes. In one embodiment, the com-
position from which the base layer 130 is formed includes
1,4-Butanediol at a concentration of about 4.66 wt%. In
another embodiment, the composition includes ethylene
glycol at a concentration of about 2.14 wt%.
[0028] The formed polyurethane resin is then pelleti-
zied, mixed and extruded to form the base layer 130. In
one embodiment, the base layer is about 15 mils thick
or, more generally, about 10 to 25 mils thick.
[0029] Positioned over the base layer 130 is a conduc-
tive polymeric interlayer 140, which improves the liner’s
ability to dissipate charge. A number of suitable conduc-
tive polymers are known. Nonlimiting examples include
substituted and unsubstituted polypyrrole, polyaniline,
polyacetylene, polythiophene, polyphenylene vinylene,
polyphenylene sulfide, poly p-phenylene, and polyhete-

rocycle vinylene. In one embodiment, the conductive pol-
ymer is poly(3,4-ethylene dioxythiophene)-poly(styrene
sulfonate) ("PEDTO-PSS"), commercially available from
Bayer.
[0030] Other conductive materials can also be used to
promote dissipate charge in lieu of or in addition to the
conductive polymeric interlayer 140. These conductive
materials can either be incorporated in a polymeric resin.
They can also be sprayed or sputtered on to form a thin
conductive film with a sufficient thickness that does not
cause significant reduction in light transmission. Nonlim-
iting examples of suitable conductive materials include
carbon nanotubes, carbon graphine, and nano conduc-
tive ceramics, such as antimony tin oxide.
[0031] The conductive polymeric interlayer 140 can be
prepared using various techniques such as spin-coating,
coating from a flat film die, knife coating, dip coating,
spray coating, electrostatic spray coating, roll coating,
printing and other similar processes. In one embodiment,
the conductive polymeric interlayer 140 is formed using
a 1 wt% conductive polymer solution by a spray coating
technique. The conductive polymer is mixed with a suit-
able solvent (e.g., a protic solvent, such as water) and
sprayed on top of the base layer 130 until a sufficient film
thickness is built up to obtain a surface resistance less
than 106 Ω/h, or more specifically, from 105 to 104 Ω/h.
The solvent is then allowed to evaporate leaving behind
a coat of the conductive polymer. Hence no heating or
curing is required.
[0032] In one embodiment, the thin conductive poly-
meric interlayer 140 has a surface resistance less than
105 Ω/h, or more specifically, from 102 to 103 Ω/h. At
these surface resistance measurements, the conductive
polymeric interlayer 140 is effective in dispersing and dis-
sipating p-static charge, thereby mitigating build-up of
static charge on the multilayer stack/substrate.
[0033] An outer surface of the conductive polymeric
interlayer 140 is covered by a top layer 150, which is an
external film or top coat that protects the conductive pol-
ymeric interlayer 140 as well as the entire multilayer stack
200. It is typically made of an organic resin, such as a
polyol mixture. In one embodiment, the organic resin con-
tains polyester.
[0034] For some applications, a thin top layer 150 is
desirable because it does not add weight to the canopy
and the aircraft as a whole. On the other hand, a thick
layer provides better protection to the underlying coatings
and may aid in dissipating static charge. In one embod-
iment, the top layer 150 is sufficiently thick so that it can
provide adequate protection against UV light, humidity,
abrasion, and rain erosion, i.e., from about 5 to 45 mils,
or more particularly from 10 to 15 mils, or even more
particularly, about 40 mils thick.
[0035] In some embodiments, the top layer 150 is also
conductive, and includes an anti-static agent to aid in
charge dissipation. Build-up of static charge not only in-
terferes with various communication systems of the air-
craft, but also can cause hot spots, which are eventually
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damaged by a rapid discharge of electrical current. A
highly conductive top layer 150 is desirable because it
can be used as a stand alone layer to dissipate accumu-
lated static charge.
[0036] Nonlimiting examples of anti-static agents in-
clude electrically conductive materials such as metal or
metal oxide particles. However, conventional metal or
metal oxide particles are often too large and can impart
an unwanted color or even interfere with or reduce can-
opy visibility. Accordingly, the top layer 150 incorporates
a reactive organic salt, or a hygroscopic salt, such as a
quaternary ammonium salt, rather than metal or metal
oxide particles as the primary anti-static agents. Nonlim-
iting examples include quaternary ammonium chloride,
particularly quaternary ammonium chloride having func-
tional groups, such as -SH, -NH2, and -OH. In one em-
bodiment, quaternary ammonium chloride with two hy-
droxyl groups is employed. In yet another embodiment,
an anti-static agent, commercially available from Ad-
vanced Materials and Coating Specialty under the trade-
name SuperStat 463 50% solids, is used. The use of an
anti-static agent or more specifically, a quaternary am-
monium salt enhances top coat resiliency and abrasion
and rain erosion resistance. In addition, the conductivity
of the quaternary ammonium salt-doped top layer is not
pH-dependent.
[0037] The concentration of the reactive organic salt,
or hygroscopic salt in the conductive top layer 150 should
be high enough to provide a desired conductivity (i.e., a
surface resistance less than about 108Ω/h), but not so
high as to diminish the weatherability and light-transmis-
sion of the top coat. In some embodiments, the salt is a
functional quaternary ammonium salt present in a con-
centration of about 35 wt% or, more generally, from about
25 to 60 wt%. At a concentration higher than 60 wt%, the
quaternary ammonium salt is still bound within the poly-
meric matrix of the top layer 150, but the layer may be
undesirably tacky.
[0038] In one embodiment, the top layer 150 can be
formed by a casting process. The process involves the
injecting the top layer composition between two plates,
or two highly polished glass panes, which is then allowed
to cure. The formed layer is then ready to be affixed to
the conductive polymeric interlayer/base layer sub-as-
sembly to form the protective liner 120 using a lamination
technique. In one embodiment, the top layer 150 is
draped over the base layer 130/conductive polymeric in-
terlayer 140 subassembly, and put in a pressurized and
heated chamber for a period of time sufficient to allow
the top layer 150 to form a irreversible bond to the con-
ductive polymeric interlayer 140 and/or the base layer
130. In one embodiment, the irreversible bond forms after
about 2 hours at about 205°F and about 150 psi. The
resulting protective liner is less than 60 mil thick (about
55 mil).
[0039] The protective liner 120 provides abrasion and
weather resistance, including protection against lightning
strikes. In the event of a lightning strike, the protective

liner dissipates energy and static charge. The protective
liner also protects the underlying substrate from moisture
penetration. The protective liner can be made ahead of
time in rolls and later cut to size for laminating to an air-
craft canopy or other substrate.
[0040] FIG. 3 shows another embodiment of a protec-
tive liner according to the invention. The liner 126 in-
cludes a base layer 130; a support layer 145 positioned
over the base layer; and two conductive layers 140 and
150 positioned over the support layer. In combination
with precoated substrate 100, the protective liner forms
a multilayer stack 300. In one embodiment, the base layer
130 is adhesive and can be affixed directly to a substrate
or pretreated substrate. Alternatively, it can be laminated
to the substrate by applying heat and pressure, as de-
scribed above. Further, the base layer 130 provides
some flexibility so that it can conform to the curved or
non-planar surface of the substrate. Suitable base layer
materials are described above. In one embodiment, the
base layer 130 contains or is a thermoplastic-elastomeric
polyurethane (TPU), which has high tensile strength, rub-
ber-like elasticity, exceptional structural memory, high re-
silience, and low temperature flexibility. The base layer
130 is about 15 mils thick or, more generally, from about
10 to 25 mils, and is formed according to any of the proc-
esses described above.
[0041] Positioned over the base layer 130 is a support
layer 145. The support layer 145 is a plastic film made
of polycarbonate materials, and has a thickness of about
40 mil, or, more generally, about 30 to 50 mils. Nonlimiting
examples of polycarbonate materials include acrylic, and
polycarbonate. In some embodiments, the support layer
145 is affixed to the outer surface of the base layer 130
by laminationation, as described above (e.g., 2 hours @
205°F and 105 psi).
[0042] In the embodiment shown in FIG. 3, the liner
includes a conductive polymeric interlayer 140 (as de-
scribed above) and a top layer 150 positioned over the
support layer 145. The conductive polymeric interlayer
has a resistance of about 103 Ω/h.
[0043] The top layer 150 is made of a polyurethane-
based material in which is incorporated an anti-static
agent, e.g., about 35 wt% of a hygroscopic salt, such as
a quaternary ammonium salt with at least one functional
group. More generally, the organic salt has a concentra-
tion of about 25 to 60 wt%, or, more specifically, about
45 to 50 wt%. In this embodiment, the top layer has a
film thickness of about 5 mil, or, more generally, about 1
to 10 mil, and a surface resistance of about 106 Ω/h.
[0044] The liner 150 can be made separately and then
laminated onto a precoated substrate 100, as described
above.
[0045] FIGs. 4 and 5 show protective liners having a
conductive bus bar according to the invention. The liners
124 and 125 include a polymeric base layer 130, a pol-
ymeric top layer 150, and a conductive bus bar 70. The
polymeric base layer 130 and top layer 150 are made of
organic resins as described, respectively, above. The
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bus bar 70 is formed from a conductive paste, which is
brushed along the edges of the liner. The conductive
paste contains about 70 to 80 wt% silver mixed in an
epoxy resin, or more particularly, an anhydride amine
resin system. The liners 124 and 125 are capable of dis-
sipating static charge because of the presence of the bus
bar 70.
[0046] As shown in FIG. 4, the ground bus bar 70 is
positioned on top of and in close proximity to the top layer
150. This arrangement is typically employed if the top
layer is not conductive. However, in various embodi-
ments, the top layer 150 is frequently doped with a qua-
ternary ammonium salt or other reactive organic salt as
described above, to provide p-static discharge capability.
Accordingly, in various embodiments as shown in FIG.
5, the conductive bus bar 70 is positioned between the
base layer 130 and the top layer 150 to form a protective
liner 125. In this arrangement, the conductive bus bar 70
is still effective at dissipating static charge. When a static
charge accumulates on the top layer 150, it is transferred
out of the stack via the conductive bus bar 70.
[0047] FIGS. 6-8 show alternative embodiments of lin-
ers 127-129 according to the invention, in which the liners
incorporate a conductive polymeric interlayer 145. In one
embodiment, as shown in FIG. 6, the conductive bus bar
is brushed along the edges of the top layer 150. In another
embodiment, the conductive bus bar is positioned be-
tween top layer and the conductive polymeric interlayer.
In yet another embodiment, the conductive bus bar is
positioned between the conductive polymeric interlayer
and the base layer 130 or alternatively, the support layer
145.
[0048] The liners can be laminated onto a precoated
substrate 100 that has an incorporated conductive layer
40. In this case, the protective liner is placed on top of
an uncoated or coated substrate (e.g., a canopy having
a tie layer 60) and the whole assembly is put in a pres-
surized and heated chamber for a period of time (e.g.,
about 2 hours) until the protective liner forms a irrevers-
ible bond to the tie layer 60. Lamination chamber condi-
tions at about 185°F and 150 psi are representative. The
resulting protective liner has a thickness of about 60 mils
or, more generally, about 50 to 60 mils.
[0049] Although the invention has been described with
reference to various preferred and exemplary embodi-
ments, it is not limited thereto. Various modifications
and/or equivalent arrangements can be made and are
included within the scope of the invention, which is limited
only by the appended claims and equivalents thereof.
[0050] The following section comprises numbered
clauses which are not claims but are additional state-
ments of the invention.

1. A protective liner comprising:

a polymeric base layer;
a conductive polymeric interlayer positioned
over the polymeric base layer; and

a conductive top layer containing a reactive or-
ganic salt, positioned over the conductive poly-
meric interlayer.

2. The protective liner of clause 1, wherein the pol-
ymeric base layer comprises a polyurethane.

3. The protective liner of clause 1, wherein the pol-
ymeric base layer comprises the reaction product of
a mixture of polytetramethylene ether glycol and liq-
uid cycloaliphatic diisocyanate.

4. The protective liner of clause 3, wherein the pol-
ytetramethylene either glycol and liquid cycloaliphat-
ic diisocyanate are provided at a wt/wt ratio of from
50:45 to 60:30.

5. The protective liner of clause 1, wherein the pol-
ymeric base layer further comprises one or more
components selected from the group consisting of
liquid hindered amines, octadecyl-3,5-di-tert-butyl-
4-hydroxyhydrocinnamate, dimethyltin dilaurate cat-
alyst, aminosilanes, 1,4-butanediol, ethylene glycol,
light-stabilizers, UV-stabilizers, polymerization cat-
alysts, adhesion promoters, and chain extenders.

6. The protective liner of clause 1, wherein the con-
ductive polymeric interlayer comprises a polymer se-
lected from the group consisting of substituted and
unsubstituted polypyrrole, polyaniline, polyacety-
lene, polythiophene, polyphenylene vinylene,
polyphenylene sulfide, poly p-phenylene, and poly-
heterocycle vinylene.

7. The protective liner of clause 1, wherein the con-
ductive polymeric interlayer has a surface resistance
less than or equal to about 105 Ω/h.

8. The protective liner of clause 1, wherein the con-
ductive top layer comprises an organic resin incor-
porating a hygroscopic salt.

9. The protective liner of clause 8, wherein the or-
ganic resin is selected from the group consisting of
polyurethanes, and polyester.

10. The protective liner of clause 1, wherein the re-
active organic salt comprises a quaternary ammoni-
um salt.

11. The protective liner of clause 10, wherein the
quaternary ammonium salt comprises at least one
functional group.

12. The protective liner of clause 10, wherein the
quaternary ammonium salt comprises two hydroxyl
groups.
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13. The protective liner of clause 10, wherein the
quaternary ammonium salt is present in the conduc-
tive top layer in an amount of from 25 to 60 wt%.

14. The protective liner of clause 10, wherein the
quaternary ammonium salt is present in an amount
of about 35 wt%.

15. The protective liner of clause 1, wherein the con-
ductive top layer has a surface resistance of less
than about 1010Ω/h.

16. The protective liner of clause 1, further compris-
ing a support layer positioned between the polymeric
base layer and the conductive polymeric interlayer.

17. The protective liner of clause 16, wherein the
support layer comprises a polycarbonate film or an
acrylic film.

18. The protective liner of clause 1, wherein the pol-
ymeric base layer is adhesive.

19. A protective liner comprising:

a polymeric base layer;
a support layer positioned over the polymeric
base layer;
a conductive polymeric interlayer positioned
over the support layer; and
a conductive top layer containing a hygroscopic
salt, positioned over the conductive polymeric
interlayer.

20. A protective liner comprising:

a polymeric base layer; and
a conductive top layer containing a hygroscopic
salt, positioned over the polymeric base layer.

21. The protective liner of clause 20, wherein the
hygroscopic salt comprises a quaternary ammonium
salt.

22. The protective liner of clause 21, wherein the
quaternary ammonium salt comprises at least one
functional group.

23. The protective liner of clause 21, wherein the
quaternary ammonium salt comprises two hydroxyl
groups.

24. The protective liner of clause 21, wherein the
quaternary ammonium salt is present in the conduc-
tive top layer in an amount of from 25 to 60 wt%

25. The protective liner of clause 21, wherein the
quaternary ammonium salt is present in an amount

of about 35 wt%.

26. The protective liner of clause 20, further com-
prising a support layer positioned between the pol-
ymeric base layer and the conductive top layer.

27. The protective liner of clause 26, wherein the
support layer comprises an organic resin.

28. The protective liner of clause 1 further comprising
a conductive bus bar positioned over the polymeric
top layer or between the polymeric base layer and
polymeric top layer.

29. The protective liner of clause 28, wherein the bus
bar comprises a metal and an epoxy resin compos-
ite.

30. The protective liner of clause 29, wherein the
metal is silver and the silver is present in an amount
of about 70 to 80 wt% based on the total weight of
the composite.

31. The protective liner of clause 1, further compris-
ing a polymeric support layer.

32. The protective liner of clause 31, wherein the
conductive bus bar is positioned between the sup-
port layer and the top layer.

33. In a pretreated aircraft canopy having a canopy,
a protective multilayer stack including a base layer
positioned over the canopy a conductive layer posi-
tioned over the base layer and a tie layer positioned
over the conductive layer; the improvement compris-
ing:

a protective liner affixed to an outer surface of
the pretreated canopy, the protective liner com-
prising a polymeric base layer and a conductive
top layer containing a hygroscopic salt, posi-
tioned over the polymeric base layer.

34. The improved canopy of clause 33, wherein the
protective liner further comprises a conductive pol-
ymeric interlayer positioned between the polymeric
base layer and the conductive top layer.

35. A multilayer stack, comprising:

a substrate base layer;
a primary conductive layer positioned over the
substrate base layer;
a base layer positioned over the primary con-
ductive layer;
a conductive polymeric interlayer positioned
over the base layer; and
a conductive top layer containing a hygroscopic
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salt, positioned over the conductive polymeric
interlayer.

36. A multilayer stack, comprising:

a substrate base layer;
a metal layer positioned over the substrate base
layer;
a metal oxide layer positioned over the metal
layer;
a tie layer positioned over the metal oxide layer;
a base layer positioned over the primary con-
ductive layer;
a conductive polymeric interlayer positioned
over the base layer; and
a conductive top layer containing a hygroscopic
salt, positioned over the conductive polymeric
interlayer.

Claims

1. A protective liner comprising:

a polymeric base layer; and
a conductive top layer containing a hygroscopic
salt, positioned over the polymeric base layer.

2. The protective liner of claim 1, further comprising:

a support layer positioned over the polymeric
base layer;
a conductive polymeric interlayer positioned
over the support layer, the conductive top layer
being positioned over the conductive polymeric
interlayer.

3. The protective liner of claim 2, wherein the support
layer comprises an organic resin.

4. The protective liner of claim 1, wherein the hygro-
scopic salt comprises a quaternary ammonium salt.

5. The protective liner of claim 4, wherein the quater-
nary ammonium salt comprises at least one func-
tional group.

6. The protective liner of claim 4, wherein the quater-
nary ammonium salt comprises two hydroxyl groups.

7. The protective liner of claim 4, wherein the quater-
nary ammonium salt is present in the conductive top
layer in an amount of from 25 to 60 wt%

8. The protective liner of claim 4, wherein the quater-
nary ammonium salt is present in an amount of about
35 wt%.

9. The protective liner of claim 1, further comprising a
support layer positioned between the polymeric base
layer and the conductive top layer.

10. The protective liner of claim 9, wherein the support
layer comprises an organic resin.
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