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(57) Abstract: The present invention is directed to a coating system deposited onto at least a portion of a substrate comprising: an
inner coating layer deposited onto at least a portion of the substrate; a viscous gel coating layer deposited onto at least a portion of
the inner coating layer wherein the viscous coating layer comprises: (A) the reaction product of: (i) at least one primary amine; (ii) a
monofunctional surfactant; and (iii) a liquid polybutadiene; (B) optionally, a fatty acid; and (C) optionally, a secondary swelling
agent; and an outer coating layer deposited onto a least a portion of the viscous coating layer; and an outer coating layer deposited
onto a least a portion of the viscous coating layer.

SELF HEALING COATING SYSTEM FOR USE WITH FUEL TANKS

BACKGROUND OF THE INVENTION
Field of the Invention
[0001]

The present invention relates generally to a self healing coating system.

More specifically, the present invention relates to a self healing coating system that
can be utilized in connection with fuel tanks.

Background Information
[0002]

Fuel tanks are present in essentially every motorized vehicle that relies on a

combustion engine to power the vehicle. Moreover, non-motorized fuel tanks, such
as tractor trailers, rail cars, and pipe lines, can be used to transport gasoline to

various locations around the world.
[0003]

In a combat environment, however, these fuel tanks can be susceptible to

small arms fire which can puncture the fuel tank thereby allowing the contents of the
fuel tank to leak or spill from the tank.

Since fuel tanks typically contain highly

combustible materials, a punctured fuel tank can greatly increase the hazardous
conditions of not only the combat environment but of the area immediately
surrounding the fuel tank.
[0004]

While there have been attempts to line fuel tanks with liners that aim to

minimize the likelihood of a punctured fuel tank from releasing its contents, many of
these liners have inherent shortcomings.

For instance, in some situations,

installation of the liner within the fuel tank is time consuming and requires a large
number of installers. In other instances, the liner itself may not completely stop the
leakage if the fuel tank was punctured.
SUMMARY OF THE INVENTION
[0005]

The present invention is directed to a coating system deposited onto at least

a portion of a substrate comprising: an inner coating layer deposited onto at least a
portion of the substrate; a viscous gel coating layer deposited onto at least a portion

of the inner coating layer wherein the viscous coating layer comprises: (A) the
reaction product of: (i) at least one primary amine; (ii) a monofunctional surfactant;
and (iii) a liquid polybutadiene; (B) optionally, a fatty acid; and (C) optionally, a

secondary swelling agent; and an outer coating layer deposited onto a least a portion
of the viscous coating layer; and an outer coating layer deposited onto a least a
portion of the viscous coating layer.
[0006]

A process for coating a substrate with a coating system comprising:

depositing an inner coating composition onto at least a portion of the substrate

wherein the inner coating composition comprises a polyurea or polyurethane coating
composition; depositing a viscous coating composition onto at least a portion of the
first coating composition, wherein the viscous coating layer comprises: (A) the
reaction product of; (i) at least one primary amine; (ii) a monofunctional surfactant,
and (iii) a liquid polybutadiene; (B) optionally, a fatty acid; and (C) optionally, a

secondary swelling agent; and depositing an outer coating composition onto at least
a portion of the viscous polyurethane coating composition wherein the outer coating
composition comprises a polyure or polyurethane coating composition that can be
the same or different from the polyurea or polyurethane coating composition of the
inner coating composition.
DETAILED DESCRIPTION OF THE INVENTION
[0007]

As used herein, unless otherwise expressly specified, all numbers such as

those expressing values, ranges, amounts or percentages may be read as if
prefaced by the word "about", even if the term does not expressly appear. Plural
encompasses singular and vice versa.

For example, although reference is made

herein to "an" outer coating layer, "an" inner coating layer, "a" viscous coating layer,
"a" surfactant, "a" fatty acid, "a" liquid polybutadiene, a combination (a plurality) of

these components can be used in the present invention.
[0008]

As used herein, "plurality" means two or more.

[0009]

As used herein, "includes" and like terms means "including without

limitation."
[0010]

When referring to any numerical range of values, such ranges are

understood to include each and every number and/or fraction between the stated
range minimum and maximum. For example, a range of

"1

to 10" is intended to

include all sub-ranges between (and including) the recited minimum value of 1 and
the recited maximum value of 10, that is, having a minimum value equal to or greater
than 1 and a maximum value of equal to or less than 0 .
Coating System
[0011]

As stated above, the present invention is directed to a coating system that

can be applied or deposited onto a fuel tank.

In certain embodiments, the coating

system disclosed herein can be applied onto the outer surface of the fuel tank. It has
been surprisingly found that the coating system that is described herein may address

many of the inherent shortcomings of liners that are presently being used as fuel tank
liners.

For instance, in some embodiments, not only can the coating composition

disclosed herein be sprayed applied onto a substrate, but the coating system of the

present invention can also significantly reduce or eliminate the possibility of fuel
leakage if the fuel tank is punctured by small arms fire.
[0012]

Accordingly,

the present invention is directed to a coating system that

comprises an inner coating layer and an outer coating layer. The inner coating layer
is typically applied onto at least a portion of the substrate, such as the outer surface

of a fuel tank, while at least a portion of the outer coating layer is applied over the
inner coating layer.

Disposed between the inner and outer coating layers (i.e.,

sandwiched between the two coating layers) is a mid-layer which is comprised of a
viscous gel coating layer. As used herein, "viscous gel" means that the material has
a viscosity of 600 Pascal seconds (Pa s) at 25°C as measured by an AR 2000
Rheometer (available from TA Instruments) using a parallel plate set under the conditions of
Hz and 5% strain.

[0013]

As a projectile, such as bullet, travels through the fuel tank, it will first travel

through or become lodged in the outer coating layer. If the projectile travels through
the outer coating layer, then the projectile will travel through or become lodged in the
viscous gel coating layer.

If the projectile travels through the viscous gel coating

layer, then it will either become lodged or travel through the inner coating layer.

It

should be noted that by the time the projectile travels through the inner coating layer,
it has already lost a significant portion of its kinetic energy. Moreover, if the projectile

reaches the viscous gel coating layer, the viscous coating layer can automatically fill,
via mechanical flow mechanisms,

the puncture hole thereby ensuring that the

contents of the fuel tank does not exit from the fuel tank through the projectile's entry
point. For example, in one embodiment, if the projectile punctures the outer coating
layer and travels through the outer coating layer and into the viscous gel coating
layer, then at least a portion of the viscous gel coating will flow into at least a portion
of the puncture hole in the outer coating layer thereby sealing the puncture hole. If
the projectile is able to puncture a hole in the inner coating layer, then the viscous gel
coating will not only fill at least a portion of the puncture hole in the outer coating
layer but also a portion of the puncture hole that was created in the inner coating
layer.

It should be noted, however, the despite the preceding sentence describing

only a puncture hole, the viscous gel coating will fill or seal at least a portion of any
hole or crack that may form in the outer and inner coating layers regardless of
whether it was caused by a projectile.

In certain embodiments, at least a portion fo

the viscous gel coating can expand if it comes into contact with certain substances
and materials thereby decreasing or eliminating the likelihood that the contents of the
fuel tank will exit through the projectile's entry point.

As will be discussed in greater

detail below, the ability of the viscous gel coating layer to swell is partly due to its
chemical composition. For example, the liquid polybutadiene component of the
viscous coating layer can contribute to the swelling ability of that particular coating
layer since, in certain embodiments, the polybutadiene component will swell upon
contact with fuel, such as gasoline.
Inner and Outer Coating Layers
[0014]

Both the inner and outer coating layers of the coating system of the present

invention are deposited from a coating composition that comprises a polyurethane or
polyurea polymer. While the same coating composition may be utilized in both the
inner

and

compositions

outer

coating

layers,

in

certain

embodiments,

may be used for each coating layer.

different

For instance,

coating
in some

embodiments, the inner coating layer may be a polyurea coating layer while the outer
coating layer may be a polyurethane coating layer. In other embodiments, the inner
coating layer may be a polyurethane coating layer while the outer coating layer may
be a polyurea coating layer. In yet other embodiments, both coating layers may be

polyurea coating layers.

The selection of the type of coating composition used to

form the inner and outer coating layers will be dependent upon the mechanical
properties that user would like to achieve.

Accordingly, any combination of the

aforementioned polyurea and polyurethane coating layers may be used.
[0015]

In certain embodiments, one or both of the outer and inner coating layers

can be considered polyurethane or polyurea elastomers. That is, the overall density

of each of the layers is 99% or greater. One skilled in the art will recognize that, in
these embodiments, the overall density of the elastomer is not intentionally being
lowered but variation can occur due to air being trapped in the elastomer composition
as a result of the spray operation and methods.

Therefore, it is noted that other

factors, such as the distance to the spray surface as well as the type of spray
equipment used, could change the amount of air entrapment and thus impact the
overall density of the elastomer.
Polyurea :
[0016]

The polyurea coating composition that can be utilized in the present

invention typically comprises an (1) isocyanate containing compound and (ii) a
compound that contains a functional group that is reactive with the isocyanate
containing compound, such as an active hydrogen containing compound.

An

example of compound (2) would be an amine compound.
[0017]

Suitable isocyanate compounds that may be used as compound (1) include,

without limitation, aliphatic and aromatic (poly)isocyanates known in the art.

For example, the aliphatic isocyanates described in U.S. Pat. No. 4,748,192

[0018]

may be utilized in the present invention. Accordingly, they are typically aliphatic
diisocyanates and, more particularly, are the trimerized or the biuretic form of an
aliphatic diisocyanate, such as hexamethylene diisocyanate, or the bifunctional
monomer of the tetraalkyl xylene diisocyanate such as the tetramethyl xylene
diisocyanate. Also, cyclohexane diisocyanate is considered the preferred aliphatic
isocyanate. Other useful aliphatic polyisocyanates are described in U.S. Pat. No.
4,705,814 in column 2 , line 52, to column 3 , line 25, which portion is incorporated
herein by reference. They include aliphatic diisocyanates, for example, alkylene

isocyanates with 4 to 12 carbon atoms in the alkylene radical, such as 1,12dodecane

diisocyanate

1,4-hexamethylene

and

diisocyanate. Also useful are

cycloaliphatic isocyanates, such as 1,3- and 1,4-cyclohexane diisocyanate, as well
as

any

desired

mixture

of

isocyanatomethyl-cyclohexane
2,4'-dicyclohexylmethane

these

isomers:

1-isocyanato-3,3,5-trimethyl-5-

(isophorone diisocyanate or "IPDI"); 4,4', 2,2'- and

diisocyanate;

as well

as the

corresponding

isomer

mixtures, and the like.
[0019]

A wide variety of aromatic polyisocyanates can also be utilized in the

present invention. Such aromatic polyisocyanates, include without limitation, pphenylene

diisocyanate,

polymethylene

diisocyanate, dianisidine diisocyanate,
diisocyanate,

bis(4-isocyanato

polyphenyl-isocyanate,

2,6-toluene

bitolylene diisocyanate, naphthalene-1 ,4-

phenyl)methane,

naphthalene

bis

(4-phenyl

isocyanate) or "MDI", and 4,4' diphenylpropane diisocyanate may all be used alone
or in combination as compound (1).
[0020]

Other aromatic polyisocyanates that can be used include, without limitation,

naphthalene-bridged polyphenyl polyisocyanates mixtures which have a functionality
of from about 2 to about 4 . These latter isocyanate compounds are generally
produced by the phosgenation of corresponding naphthalene bridged polyphenyl
polyamines, which are conventionally produced by the reaction of formaldehyde and
primary aromatic amines, such as aniline, and the presence of hydrochloric acid

and/or other acidic catalysts. Known processes for preparing polyamines and
corresponding

naphthalene-bridged

polyphenyl polyisocyanates there from are

described in the literature and in many patents, for example, U.S. Pat. Nos.
2,683,730; 2,950,263; 3,012,008; 3,344,162; and 3,362,979, all incorporated herein
by reference.
[0021]

Usually naphthalene-bridged polyphenyl polyisocyanates mixtures contain

from about 20 to about 100 percent by weight naphthalene diphenyl diisocyanate

isomers, with the remainder being polymethylene polyphenyl diisocyanat.es having
higher functionalities and higher molecular weights. Typical of these are polyphenyl
polyisocyanates mixtures containing from about 20 to about 100 percent by weight
diphenyl diisocyanate isomers, of which from about 20 to about 95 percent by weight
thereof is the 4 4'-isomers with the remainder being polymethylene polyphenyl
polyisocyanates of higher molecular weight and functionality that have an average
functionality of from about 2.1 to about 3.5. These isocyanate mixtures are known,
commercially available materials and can be prepared by the process described in
U.S. Pat. No. 3,362,979.

[0022]

It is to be understood that the term "isocyanate" also includes quasi-

prepolymers of isocyanates with active hydrogen-containing materials such as those
described below. For example, the active hydrogen-containing materials used to
prepare a prepolymer can include, without limitation, a polyol or a high molecular
weight amine-terminated

polyether, also described herein as amine-terminated

alkylenes, or a combination of these materials.
[0023]

Suitable amine compounds that may be used as compound (2) include,

without limitation, the JEFFAMINE

line of amines (available from Huntsman

International LLC), aspartic ester amines, monoamine, polyamines, or combinations
thereof.
[0024]

The aspartic esters that can be employed in the practice of this invention

comprise the reaction product of a polyamine and a dialkyi maleic or fumaric acid
ester. The aspartic esters can be formed by known methods, which generally entail
reacting the polyamine with the dialkyi maleic or fumaric acid ester such that a
reaction product is formed. Such procedures are set forth in the examples herein and
are described in U.S. Pat. No. 5,243,012. In the practice of the present invention, the

mole ratio of amine functionality in the amine chain extender to dialkyi maleate or
fumarate is greater than 1: 1 . Typically, the mole ratio of amine functionality to dialkyi
maleate or fumarate is greater than about 1:4. In one embodiment of this invention,
the mole ratio is about 1:2 (about one-half of the amine groups have been reacted
with the double bond of the dialkyi maleate or fumarate).
[0025]

The primary polyamines generally correspond to the formula: X(NH 2)

wherein X represents an organic group which has a valence of n and is inert towards
isocyanate

groups

at a temperature

of 100 centigrade

or less.

In

certain

embodiments, X represents a divalent hydrocarbon group obtained by removal of the
amino groups from an aliphatic, araliphatic or cycloaliphatic polyamine, particularly a
diamine. The "n" represents an integer with a value of at least about 2 , in certain

embodiments from about 2 to about 4 , and in one embodiment 2 . Representative
examples of such polyamines include, but are not limited to, ethylene diamine, 1,2diaminopropane,

,4-diaminobutane, 1,3-diaminopentane, 1,6-diaminohexane, 2,5-

diamino-2,5 -dimethlhexane, 2,2,4- and/or 2 ,4,4-trimethyl-1 ,6-diaminohexane, 1, 1 1 diaminoundecane, 1,12-diaminododecane, 1,3- and/or 1,4-cyclohexane diamine, 1amino-3,3,5-trimethyl-5-aminomethyl-cyclohexane,

2,4-

and/or

2,6-

hexahydrotoluylene diamine, 2,4' and/or 4,4'-diaminodicyclohexyl methane and 3,3'dialkyl-4,4'-diamino-dicyclohexyl

methanes

such

as

3,3'-dimethyl-4,4-diamino-

dicyclohexyl methane and 3,3'-diethyl-4,4'-diaminodicyclohexyl

methane; aromatic

polyamines such as 2,4- and/or 2,6-diaminotoluene and 2,6-diaminotoluene and 2,4'
and/or 4,4'-diaminodiphenyl methane; and polyoxyalkylene polyamines (also referred
to herein as amine terminated polyethers), especially diamines, as are described
hereinbelow. Mixtures of polyamines can be employed in preparing the aspartic
esters used in the practice of this invention.
[0026]

The maleic or fumaric acid esters generally correspond to formula: R OOC--

CR3== CR4 --COOR 2 wherein R and R2 may be the same or different and represent

organic groups which are inert towards isocyanate groups at a temperature of 100
centigrade or less. R and R2 may be, for example, methyl or ethyl groups. Such
maleic or fumaric acid esters include, but are not limited to, those corresponding to
the formula which are dimethyl, diethyl and dibutyl esters of maleic acid and fumaric
acid and corresponding to maleic or fumaric acid esters substituted by methyl in the

2- and/or 3-position. Representative examples of useful maleic acid esters include
dimethyl maleate, diethyl maleate, dibutyl maleate, dioctyl maleate and mixtures
thereof.
[0027]

Certain of the aspartic esters of this invention may be represented by the

formula: X[-NH--C(R )(COOR )--CH(R 4)(COOR 2)] , wherein X , R

4

and n are as

described above.
[0028]

The amine terminated polyethers, isocyanates, and chain extender that can

be used in accordance with the present invention are those well known in . the

polyurea art as described in U.S. Pat. Nos. 4,891 ,086; 5,013,813; 5,082,917;
5,162,388; 5,171 ,819; 5,189,075; 5,418,005; 5,466,671 ; and 5,317,076.
[0029]

The active hydrogen containing material of compound (ii) can also be amine

terminated polyethers. Preferably, the amine terminated polyethers are selected from
animated diols or triols and, more preferably, include a blend of animated diols or
triols or both. More preferably, the amine terminated polyethers are selected from
mixtures of high molecular weight polyols, such as mixtures of difunctional and

trifunctional materials. However, a single high molecular weight aminated polyurea
can be used. Also, high molecular weight amine terminated alkylenes and simple

alkyl amines are included within the scope of this invention, and may be used alone
or in combination with the aforementioned amine terminated polyols. In addition,
other amine terminated materials having different molecular weights or different
chemical compositions, may be used. The term began "high molecular weight" is
intended to include polyether amines having a molecular weight of at least ,500.
[0030]

Suitable amine terminated polyether include, without limitation, primary and

secondary amine terminated polyethers having greater than 1,500 average molecular
weight, with a functionally of from 2 to 6 , such as from 2 to 3 , and amine equivalent
weight of from 750 to 4,000. Mixtures of amine terminated polyethers may be used.
In a preferred embodiment, the amine terminated polyethers have an average

molecular weight of at least 2,000. These materials may be made by various
methods known in the art.
[0031]

The amine terminated polyethers useful in this invention may be, for

example, polyether resins made from an appropriate initiator to which lower alkylene
oxides, such as ethylene oxide, propylene oxide, butylene oxide, or mixtures thereof,
are added with the resulting hydroxyl terminated polyols then being aminated. When
two or more oxides are used, they may be present as random mixtures or as blocks
of one or the other polyether. In the amination step, it is highly desirable that the
terminal hydroxyl groups in the polyols be essentially all secondary hydroxyl groups
for ease of amination. If ethylene oxide is used, it is desirable to cap the hydroxyl
terminated polyol with a small amount of higher alkylene oxide to ensure that the
terminal hydroxyl groups are essentially all secondary hydroxyl groups. The polyols
so prepared are then reductively aminated by known techniques, such as described
in U.S. Pat. No. 3,654,370. Normally, the amination step does not completely replace

all of the hydroxyl groups. However, the great majority of hydroxyl groups are

replaced by amine groups. Therefore, in one embodiment, the amine terminated
polyether resins useful in this invention have greater than about 80 percent of their
active hydrogens in the form of amine hydrogens.
[0032]

The mix ratio for compound (1) and (2) can range from 1: 1 to 4:1 .

Polyurethane :
[0033]

The polyurethane coating composition that can be utilized in the present

invention typically comprises an (a) isocyanate containing compound and (b) a
compound that contains a functional group that is reactive with the isocyanate

containing compound, such as an active hydrogen containing compound.

An

example of compound (b) would be a hydroxyl functional compound.
[0034]

Suitable isocyanate compounds that may be used as compound (a) include,

without limitation, those that are listed as compound (1) in the preceding paragraphs.
[0035]

Suitable hydroxyl functional compounds that may be used as compound (b)

include, without limitation, polyhydroxyl compounds having a molecular weight
ranging from 62 to 299. Examples of such polydydroxyl compounds include, without
limitation, ethylene glycol, propylene glycol, trimethylol
hexane; low molecular weight, hydroxyl-containing
dicarboxylic

acids of the type exemplified

propane,

,6-dihydroxy

esters of these polyols with

hereinafter;

low molecular

weight

ethoxylation and/or propoxylation products of these polyols; and mixtures of the
preceding polyvalent modified or unmodified alcohols.
[0036]

The mix ratio for compound (a) and (b) can range from 1: 1 to 4:1 based on

the total volume of the compounds.
Viscous Gel Coating Layer
[0037]

The viscous gel coating layer comprises (A) the reaction product of (i) at

least one primary amine compound, (ii) a monofunctional surfactant compound; and
(iii) a liquid polybutadiene compound; (B) optionally, a fatty acid; and (C) optionally, a

swelling agent.
[0038]

Suitable primary amine compounds that can be used as component (i) of the

present invention include, without limitation, the primary amines described above in
connection with compound (2) above.
combination

of JEFFAMINE

Accordingly,

in some embodiments,

T 5000 and JEFFAMINE

a

D 230 (available from

Huntsman International LLC) may be used as compound (i) in the viscous coating
composition.

In certain embodiments, the primary amines are di- or tri-functional

polyamines having a number average molecular weight ranging from 148 to 5000.
[0039]

Suitable compounds that could be used as compound (ii) include, without

limitation,

monofunctinal

hydroxy

compounds

(manols),

monofunctional

amine

compounds (monoamiens), or combinations thereof. In certain embodiments, these
compounds are non-ionic compounds.

Examples of suitable manols that may be

used include SURFONIC N 3 1 .5, 60, 95 and 150 (available from Huntsman Chemical

Company), WL5000 (available from Huntsman Chemical Company), or combinations
thereof. It should be appreciated that some compounds used as compound (ii), such
as SURFONIC N 150, can act as a swelling agent when it comes into contact with
the contents of the fuel tank. For example, SURFONIC N 150 swells when it comes
into contact with fuel, such as gasoline or diesel fuel.

It should also be noted that

SURFONIC N 150 can react with the maleic anhydride capping moiety, if present, of
component (iii) which can contribute to the gelling and swelling characteristics of the
viscous gel coating layer and thereby adds to the effectiveness of the viscous gel
coating layer to reduce the amount of or prevent gasoline from draining from a fuel
tank that has been punctured by a small arms projectile. One advantage of using the
aforementioned monofuncitonal hydroxyl compounds, as opposed to polyols having a
higher number of hydroxyl functionality, is that the likelihood of having a high amount
of cross-linking between the various components is significantly reduced and this
contributes to the viscous nature of the viscous gel coating layer. For example, if a
polyol material is used in lieu of the manoi, then there is a high likelihood that the
material would not be as viscous as the material that is disclosed in the present
invention and would not be able to flow into the puncture holes as readily as the
viscous gel coating of the present invention.
[0040]

In addition to compounds (i) and (ii), the viscous gel coating layer of the

present invention also includes (iii) a liquid polybutadine compound.

In certain

embodiments, the "liquid" polybutadine compound used in the present invention has
minimal crosslinking thereby enabling the polybutadiene compound to remain in a
thick viscous or liquid state as opposed to being in a highly cross linked solid rubber
state. Suitable polybutadiene compounds that may be used in the present invention
include polybutadienesuccinimide,

polybutadienesuccinate

thereof.

at least a portion of the liquid polybutadiene

In some embodiments,

ester, or combinations

compound is fully or partially capped with maleic anhydride.

That is, at least a

portion of the polybutadiene compounds have been reacted with maleic anhydride
using techniques that are well known in the art.
[0041]

In certain embodiments, the mix ratio of (i) and (ii) to (iii) and, optionally, (B)

ranges from 1: 1 to 1:4 based on to the total volume of the coating composition.
[0042]

The viscous gel coating layer can, optionally, comprise (B) a fatty acid

compound, such as vegetable oil (e.g., food grade canola oil). While, the fatty acid
compound can be used in an amount ranging from 0 weight % to 70 weight % , such
as 10 weight % to 20 weight % , based on the total weight of the ingredients or
components

used to form the viscous gel coating layer, the total amount of

component (B) present in the viscous gel coating layer will depend on a variety
factors such as the spray equipment used as well as the process conditions (e.g.,
temperature) that will be used to spray the viscous gel coating layer.

It should be

noted that component (B) can aid in the sprayability of the viscous gel coating layer
due to its ability to reduce the viscosity of the liquid polybutadiene compound.

For

example, in certain embodiments, a viscous gel coating layer free of component (B)
can potentially limit the process used to the viscous coating layer to high pressure
and higher application temperatures.

While vegetable oil is an inert viscosity

modifier, in some embodiments, other compatible solvents such as aliphatic and
aromatic solvents, aromatics and mineral oils, and ketones and esters can be used in
the present invention in lieu of vegetable oil.
[0043]

Optionally, in some embodiments, the viscous gel coating layer of the

present invention further comprises (D) secondary swelling agents that can further
contribute to the coating layers' ability to swell upon contact with the contents of the
substrate thereby increasing the effectiveness of the coating system to prevent the
leakage of the contents of the substrate. Suitable secondary swelling agents include,
without limitation, IMBIBER BEADS (available from Imtech).

Because component

(D) is optional, in certain embodiments, the viscous coating layer is free of secondary

swelling agents.
Method of Making the Coating System
[0044]

Each of the various coating compositions disclosed herein can be sprayed

onto a substrate using equipment that is known in the art.

As used herein, the

substrate can be the inner surface of a fuel tank or the outer surface of the fuel tank.
Accordingly, the fuel tank itself can be made from a metal alloy such as steel,
aluminum, or plastics such as polypropylene or composite tanks.

Additionally, the

substrate itself may be coated with another coating layer prior to application of the
outer coating layer onto the substrate.
[0045]

Suitable apparatuses know in the art can be used to deposit or apply the

various coating compositions onto the substrate.

For example, a low or high

pressure mix, two component spray gun with a static mix tube attachment (available
from Graco/Glass Craft) can be used to deposit the coating compositions onto the
substrate. Since one skilled in the art would know how to operate such a spary gun,
a detailed description of the operation of the equipment will not be necessary.
However, it should be understood that particular components

of the coating

compositions described above (e.g., the components used to form the outer or inner
coating layer) will initially be separated into two sides: an A-side and a B-side. For
example, with regard to a polyurea or polyurethane coating layer, the isocyanate
compound (1) would be in the A-side while the active hydrogen containing compound
(2) would be in the B-side. These two components remain separated until they are

simultaneously introduced into and sprayed from the spray gun.
located

in the

spray gun, the two components

While they are

mix and begin to undergo

polymerization thereby forming either a polyurea or polyurethane coating composition
that is deposited onto the substrate. With regard to the viscous gel coating layer, in
certain embodiments, the (iii) fatty acid compound and the (iv) liquid polybutadiene
compound are located in the A-side while the (i) primary amine compounds and the
(ii) hydroxyl containing surfactant compound are located in the B-side. When these

components come into contact with one another within the spray gun, a chemical
reaction occurs which leads to the formation of the viscous gel coating composition
that is deposited onto the outer coating layer.
[0046]

While a user can typically apply the viscous gel coating layer immediately

onto the inner coating layer after the inner coating layer is applied onto the substrate,
in some embodiments, the user can allow the inner coating layer to cure for a time

period ranging from 3 seconds to 48 hours after application.

However, the

application of the outer coating layer onto the viscous gel coating layer can occur
immediately after the viscous coating layer is applied onto the inner coating layer or it
can also be applied days after the viscous gel coating layer has been applied onto
the inner coating layer.
[0047]

In some embodiments, the dry film thickness of each of the inner and outer

coating layers is at least 0.31 cm (0.125 in.), such as 0.64 cm (0.25 in.) and higher.
In some embodiments, the thickness of each of the inner coating layer and the inner

coating layer may be the same or different. Accordingly, in certain embodiments, the
inner coating layer may be either thicker or thinner then the outer coating layer.
Additionally, in certain embodiments, the dry film thickness of the viscous gel coating
layer, after application onto at least a portion of the inner coating layer is at least 0.31
cm (0.125 in.), such as 0.64 cm (0.25 in.) and higher.

For example, in certain

embodiments, the viscous coating layer has a thickness ranging from 0.95 cm (2.34
in.) to 1.27 cm (3.23 in.).

[0048]

While specific embodiments of the invention have been described in detail, it

will be appreciated by those skilled in the art that various modifications and
alternatives to those details could be developed in light of the overall teachings of the
disclosure.

Accordingly, the particular arrangements disclosed are meant to be

illustrative only and not limiting as to the scope of the invention which is to be given
the full breadth of the claims appended and any and all equivalents thereof.
Therefore, any of the features and/or elements which are listed above may be
combined with one another in any combination and still be within the breadth of this
disclosure.

EXAMPLES
[0049]

Example 1:

[0050]

As described in the next paragraph, the viscous coating gel layer that was

applied onto the polyurea coating layer was formed from the following composition:

* Maleinised liquid polybutadiene available from Synthomer Limited
** Vegetable Oil Food Grade
*** Surfactant available from Huntsman Corp.
**** Amine available Huntsman Corp.

[0051]

The exterior surface of a metal fuel tank was first coated with a polyurea

spray coating composition comprising RIMLINE 95015 and SUPRASEC 9608
(available from Huntsman Corp.) using a Graco high pressure spray apparatus at a
volume ratio of 1/1 . The polyurea coating composition was applied in an amount to
yield a coating layer having a dry film thickness of approximately 0.635 cm (0.25
inches). After, the polyurea coating layer was cured, the viscous coating gel layer,

which is described above, was applied onto the polyurea coating layer at a volume
ratio of 1/1 using a commercially available static mixer to yield a coating layer having

a thickness of approximately 0.95 cm (0.375 inches). After application of the viscous
coating gel layer, a second coat of the aforementioned polyurea coating layer was
applied over the viscous coating gel layer in an amount sufficient to yield a coating

layer having a dry film thickness of approximately 0.64 cm (0.25 inches) using the
Graco high pressure spray apparatus described above. The final coating system that
was formed from these layers was a three layer system that comprised the viscous
coating gel layer of the present invention disposed between two polyurea coating
layers.
[0052]

The coated fuel tank was then filled with diesel fuel and shot multiple times

with 9 mm, .22 caliber, and .45 caliber projectiles, which were shot from various
firearms, in order to evaluate the self-sealing performance of the coating system.

The .45 caliber projectiles left entry holes, which had a diameter of approximately

1mm, on the surface of the outer polyurea coating layer. During this test, there was
either no fuel leaking from the various entry holes or there was a small amount of fuel
leaking from the various holes which later stopped in less than 60 seconds.

[0053]

The entry holes of the bullets into the fuel tank itself correlated well with the

caliber of the gun when compared to a fuel tank that lacked the aforementioned
coating system (e.g., bare fuel tank) and that was shot with the same firearms.
Moreover, when this fuel tank was shot, the contents of the fuel tank exited the fuel
tank until the diesel fuel level in the tank reached the bullet entry point at which time it
stopped.
[0054]

Another test was run where only the first polyurea coating layer was applied

onto the metal fuel tank.

In this test, it was found that 9mm projectiles left holes

having a diameter of approximately

0 mm. Unlike the test described above, in this

test, the contents of the fuel tank exited the fuel tank until the diesel fuel level in the

tank reached the bullet entry point at which time it stopped.
[0055]

Accordingly, the coating system of the present invention exhibited superior

self-sealing properties when compared to a bare fuel tank or a fuel tank that was
coated with a single polyurea coating layer.

What is claimed is :
1.

A coating system deposited onto at least a portion of a substrate comprising:
an inner coating layer deposited onto at least a portion of the substrate;

a viscous gel coating layer deposited onto at least a portion of the inner
coating layer wherein the viscous coating layer comprises: (A) the reaction product
of: (i) at least one primary amine; (ii) a monofunctional surfactant; and (iii) a liquid

polybutadiene; (B) optionally, a fatty acid; and (C) optionally, a secondary swelling
agent; and an outer coating layer deposited onto a least a portion of the viscous
coating layer; and
an outer coating layer deposited onto a least a portion of the viscous coating

layer.
2.

The coating system according to Claim 1, wherein the polybutadiene

compound comprises polybutadienesuccinimide,

polybutadienesuccinate

ester, or

combinations thereof.
3.

The coating system according to Claim 1, wherein the inner coating layer is

deposited from a coating composition comprising a polyurethane or polyurea coating
composition.
4.

The coating system according to Claim

1,

wherein the outer coating layer is

deposited from a coating composition comprising a polyurethane or polyurea coating
composition.
5.

The coating system according to Claim 1, wherein the outer coating layer and

the inner coating layer are deposited from a polyurethane or polyurea coating
composition, and wherein the outer coating layer and the inner coating layer may
comprise the same or different coating compositions.
6.

The

coating

system

according

to

Claim

1, wherein

the

(iii)

liquid

polybutadiene comprises maleic anhydride capped polybutadienes.
7.

The coating system according to Claim 1, wherein the mix ratio of (i) and (ii)

to (iii) and, optionally, (B) ranges from 1: 1 to 1:4 based on to the total volume of the
coating composition.
8.

The coating system according to Claim 1, wherein (i) comprises at least one

tri-functional primary amine and at least one di-functional primary amine; wherein (ii)
comprises a non-ionic, mono-hydroxyl surfactant; and wherein (B) comprises a
vegetable oil.

The coating system according to Claim 1, wherein the substrate is the outer

9.

surface of a fuel tank.
A process for coating a substrate with a coating system comprising:

10.

depositing an inner coating composition onto at least a portion of the
substrate

wherein

the

inner

coating

composition

comprises

a polyurea

or

polyurethane coating composition;
depositing a viscous coating composition onto at least a portion of the first
coating composition, wherein the viscous coating layer comprises: (A) the reaction
product of: (i) at least one primary amine; (ii) a monofunctional surfactant, and (iii) a
liquid polybutadiene; (B) optionally, a fatty acid; and (C) optionally, a secondary
swelling agent; and
depositing an outer coating composition onto at least a portion of the viscous
polyurethane coating composition wherein the outer coating composition comprises a
polyure or polyurethane coating composition that can be the same or different from
the polyurea or polyurethane coating composition of the inner coating composition.
11.

The coating system according to Claim 10, wherein the swelling agent

comprises polybutadienesuccinimide, polybutadienesuccinate ester, or combinations
thereof.
12.

The process according to Claim 10, wherein the (iii) liquid polybutadiene

comprises maleic anhydride capped polybutadienes.
13.

The coating system according to Claim 10, wherein the mix ratio of (i) and (ii)

to (iii) and, optionally, (B) ranges from 1: 1 to 1:4 based on to the total volume of the
coating composition.
14.

The process according to Claim

0 , wherein (i) comprises at least one tri-

functional primary amine and at least one di-functional primary amine; wherein (ii)
comprises a non-ionic, mono-hydroxyl surfactant; and wherein (B) comprises a
vegetable oil.
15.

The process according to Claim 10, wherein the inner coating composition is

allowed to cure prior to deposition of the viscous polyurethane coating composition.
16.

The process according to Claim 10, wherein the substrate is an outer surface

of a fuel tank.
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